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. Why (yet another pipeline)?
[. What (is Firehose, anyway)?
. How (will it help)?
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TCGA

SYNONYM: FLOOD (OF DATA & ALGORITHMS)

® [housands of samples: 23 tumor sets + clinical
® Already 5K patient cases, heading to 11K+ total
® Swirling amongst 20 centers nationwide

e TODAY ... AND EVOLVING DAILY
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® At this point you have a broad sense of the TCGA centers and data stream

® But how do they come together to answer common biological questions?

® Such as:

Is my gene of interest altered in this tumor type? How?
Is that alteration significantly above the background rate?
What distinguishes tumors with clinical or molecular feature X?

® [here is Nno one-size-fits-all, cookie-cutter method to answer such questions

® But some analyses are common to many questions and can be automated:

» Mutation calling, classifying, summarizing and significance-testing

» Copy number alteration detection and significance-testing

» Expression- and methylation-based clustering

» Associating genomic data with common clinical, treatment or survival groups
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® [hese common results then become building blocks for higher-level analysis

® So that downstream users do not have to repeat each time

® Nor perform ad-hoc reinvention of methods

® Nor download all low-level data from which they were generated

® ... justto utllize a lower-level analysis result for higher-level, integrative questions
® Nor should they institute their own ad-hoc data freeze/versioning scheme

® ... to ensure accuracy & reproducibility of analytic/statistical results

® Nor institute ad-hoc QC program ... to minimize human error in large-data analyses

It Is these concerns which Firehose aims to address.
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PROVIDING

Version control for computational experiments

Coupled with automated pipeline infrastructure

Where both analysis code AND data are versioned

Towards highest possible standards of:

» Throughput
» Transparency —— Re
» Scientific Vetting

oroducibility

» And ultimately, Reliabilr

LY

Everything computed as quickly as possible.
verified as accurately as possible.
recorded as completely as possible.
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Because The Bad Old Days:
Manual Experimentation

---------------------------------------------------------------------------------------

% create a folder
7% download data.from.some.where
% perform local data validation

7% run_your_computational analysis

Then do it again Nov |3, |7/,..
. Then forget ... and search, search search
- Then repeat ALL for |9 more tumors

GBM, LUNG,AML, ...

---------------------------------------------------------------------------------------

Then multiply by 5, 10 ... researchers at your site



DOESN’T SCAL

~TumorType  Biospecimen

BLCA 54
BRCA 844
CESC 75
COAD 423
COADREAD 591
DLBC 10
GBM 600
HNSC 241
KIRC 502
KIRP 107
LAML 202
LGG 80
LIHC 59

LLNNH 2
LUAD 270
LUSC 229
0)Y 592
PAAD 14
PRAD 101
READ 168
STAD 149
THCA 133
UCEC 421
Totals 5276

+ 1423

Any_Level 1 Clinical  CNA  Methylation
26 26 35 0
662 810 703 316
23 6 36 0
202 404 375 167
276 555 520 236
0 0 0 0
550 534 537 288
97 160 127 0
475 497 489 219
43 49 43 36
0 0 0 188
30 63 58 0
38 0 53 0
0 0 0 0
85 195 172 128
184 210 194 133
570 580 519 519
7 0 14 0
65 0 82 0
74 151 145 69
1 148 149 82
39 0 85 0
220 341 283 17

3501 4174 4099 2262
ELS54y €20559 El6lS 271

s

- mRNA miR
0 0
533 0
0 0
155 0
224 0
0 0
543 491
0 0
72 0
16 0
0 178
27 0
0 0
0 0
33 0
155 0
570 566
0 0
0 0
69 0
0 0
0 0
54 0
2227 1235
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So Firehose Produces

1. Biologist-friendly reports, companioned with

2. Regular package of standard analyses results (~monthly)
For published, vetted algorithms: GISTIC, MutSig, ...

3. From version-stamped, standardized datasets

Generated at Broad, precursor to automated pipeline



So Firehose Produces

1. Biologist-friendly reports, companioned with

2. Regular package of standard analyses results (~monthly)
For published, vetted algorithms: GISTIC, MutSig, ...

3. From version-stamped, standardized datasets

Generated at Broad, precursor to automated pipeline

These broadly map to 3 use cases, loosely
corresponding to computational preference.



Use Case 1: Brief

® Browse reports only

® High Level : capture flavor, not depth

® Quickly gain sense of big picture for tumor type X
® \When time is short: think Pls

® Useful for idea creation, hypothesis generation

® Can be offline :

» Onaplane
» Orin tedious meetings
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Use Case 2: Hands On

® Perhaps start with reports for perspective, but also

® Explore automated analysis results in more depth

® | oad output data files from DCC into R, Matlab, etc

® | ow-hanging point-of-reference for your custom analyses

“Oh, that’s interesting, maybe my code has
found something here ... | wonder if this is
seen in the Firehose results, too?”

e Durability of DCC archive fosters citable referencing:

“We compared our results to TCGA dataset
version X generated by Firehose version Y”



Use Case 3: Cutting Edge

e Computational sophisticate

® Maybe doesn’t want canned analyses

® Or wants to verify automated pipeline output
® Prefers to reprocess entire analysis sequence

® From scratch, using only lowest-level data



Use Case 3: Cutting Edge

e Computational sophisticate

® Maybe doesn’t want canned analyses

® Or wants to verify automated pipeline output
® Prefers to reprocess entire analysis sequence

® From scratch, using only lowest-level data

Standardized, versioned data quite useful here

» Avoid hard/tedious work of aggregating & normalizing data
by hand from 19 centers

» Fosters concordant views of data: my result may differ from
yours because | used v3 of TCGA dataset, but you used v2
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Operational ~11 months

Reproduce ~90% of
2-3 years TCGA pilot
analyses results in
2-3 days



Vol 455123 October 2008 doi10.9038/nature07385 nature

ARTICLES

Comprehensive genomic characterization
defines human glioblastoma genes and
core pathways

The Cancer Genome Atlas Research Network*

FIREHOSE

Broad GDAC

Human cancer cells typically harbour multiple chromosomal aberrations, nucleotide substitutions and epigenetic
mod“lcations thao Adudiin vanlluonat bunaclnvosstlow TYhananona [ L FPNPRN Ablace FYOCAN dllad vanloas \l.....’ !O assess 1he Value

of large-scale mu ide the data rapidly

to the research ¢ xpression and DNA
methylation aber and nucleotide

sequence aberrat i of ERBB2, NFT and
TP53, uncovers fr (3R, and provides a

network view of | mutation, DNA
methylation and ¢ mutator phenctype

!
consequent to mismatch repair deficiency in treated glioblastomas, an observation with potential dinical implications. O era tlona/ BiC 1 1 mon thS
Together, these findings establish the feasibility and power of TCGA, demonstrating that it can rapidly expand knowledge of

the molecular basis of cancer.

ARTICL

L+]

d01:10.1038/nature 10166

Reproduce ~90% of

" igiecgnﬁfai genomic analyses of ovarian 2-3 years TCGA pilot

analyses results in

A catalogue of molecular aberrations that cause ovarian cancer is critical for developing and deploying therapies that will 2 —— 3 d ayS
improve patients’ lives. The Cancer Genome Atlas proiect has analvsed messenger RNA exoression, microRNA

expression, prom« arcinomas and the
DNA sequences of e serous ovarian

cancer is characte istically recurrent
somatic mutation: rificant focal DNA
copy number abel rated four ovarian
cancer transcriptii d a transcriptional

signature associat( RCA1/2 (BRCAI or
BRCA2) and CCN| recombination is
defective in about half of the tumours analysed, and that NOTCH and FOXMI signalling are involved in serous ovarian
cancer pathophysiology.



Il : How?



BCR

BCR

FIREHOS

GSC

GSC

GSC

GCC

GCC

GCC

GCC

GCC

= ROL

=S IN TCGA

— ) =P [ ] —>

CcC
Level 4 Standard

Analyses Results &
Reports

h N

Versioned &
Normalized
Level 2/3 Data

GDAC

GDAC

GDAC

GDAC

BROAD

)

\—/

N

R X7

FIREHOSE

Broad GDAC



ROLE 1: MONTHLY ANALYSIS RUNS

® APPROX 20 PIPELINES, MANY TAKEN FROM TCGA PILOT
® RUN EN MASSE: AGAINST ALL AVAILABLE TCGA DATA

® \VITH EASILY COMPREHENDED SUMMARY REPORTS

® | IKE DRAFT RESULTS SECTION ... SANS PUBLICATION DELAY
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ROLE 1: MONTHLY ANALYSIS RUNS

® APPROX 20 PIPELINES, MANY TAKEN FROM TCGA PILOT
® RUN EN MASSE: AGAINST ALL AVAILABLE TCGA DATA

® \VITH EASILY COMPREHENDED SUMMARY REPORTS

® | IKE DRAFT RESULTS SECTION ... SANS PUBLICATION DELAY

ORRELATE_ Cuxecar, vs suR_Crosters Coxsexsus

Correlate Clinical to
MIR_CLUSTER_CONSENSUS
analysis report

* Overview e Standard visual format for ALL pipelines
Nozzle : Analyst & ’ e examined the association between MIR CLUSTER CONSENSLS e Intelligent Scoping:
. . . and 9 ciial features across 506 samples. The anayss deteted ome e drill from overview to details
BlOlOngt-Frlendly shown in Table1, T T ° Significant results “bubble up”
Reports Results <« e don’t miss needle in haystack

Methods & Data



Firehose Reports | At-a-Glance [EZBROAD

AN INSTITUTE

=> Reports are compatible with Firefox 4+, Chrome 12+, Safari 5+, Opera 11+ and Internet Explorer 9+.

Navigate to previous l In auto width mode the report is automatically fit to the width of the browser window.
or next report or to g stitute.org/~g
the overview page. Expand or collapse all SET AUTO WIDTH

sections of the report.
+ htt

/nozzle/report Tell us about a prob-

lem with the report or

the results by sending
an email directly to

our tracking system.

PRINT REPORT
EXPAND ALL q

Load a printable
version of the report.

REPORT A PROBLEM

asto

by Dan DiCara (Br

0 0 d Glioblagtoma Multiforme: @6py number analysis (GISTIC2)
3| (o) [ A Ehups //rwww.brvidmsulul‘g/~gda(/no‘/rtpons_zﬂ.\lc725-produ<non/(an:ev/GBM/( ¢ l(Q- Google t

EXPANDALL| | COLLAPSEALL | SETAUTOWIDTH | PRINT REPORT REPORT A PROBLEM

Contact the report
maintainer by email.

Glioblastoma Multiforme: Copy number analysis (GISTIC2)
Maintained by Dan Dicara (5road Institute) Click figures to enlarge.

- Overview Click again to scale down.

+ Introduction

- Summary

There were 501 tumor samples used in this analysis: 23 significant arm-level results, 14 significant focal amplifications, and 52
significant focal deletions were found.

ts _r - Results
- Focal results
ults e —————

Red markers indicate statistically

i 1fi 1 1 1 Figure 2. Genomic positions of deleted regions: the X-axis represents the normalized deletion signals (top) and significance by Q value (b
5|gmﬁcant results in this section. groen i roprasents tho Signficance eutof at G value-0.5. ! '

GET FULL TABLE

Get the complete set

GET FULL TABLE

Table 1. Amplifications Table - 14 significant amplifications found. Click the link in the last column to view a comprehensive list of of results as a text file.
candidate genes. If no genes were identified within the peak, the nearest gene appears in brackets.

Cytoband  Q value i Wide Peak ies  # Genes in Wide Peak
— B o chisaosaze-saoeson  o[EGER]
|0 et cnzsemeeyseusy [

4m2 67649e85 67649085 chr4i54727006-54861623 1 ~
v v 10521 15248057 17421057 chr1:202664385-202815040 2
12q14.1 5.1922 12q5 38163670 4.0392031 chnzib7457108-67551544 2
302633 4.5642¢-09  4.5642¢-09 chr3:182584087-183044402 2
4q12 6.764 Jaiz  oobieos 170050l  chpmibiosmnteersn 1 ew a compre
12p1332  2.4873-08 2.4873¢-08 chr12:3839133-4302336 3
1 1044 2.0116€-07  4.0275€-07 chr1:241495233-242804011 6
. . . 7q21.2 1.2098¢-06  2.7782e-06 chr7:91966270-92368284 5 . .
REd boxes Indlcate 5tat|5t|' 1p36.21 17964605 1.7964¢-05 chr1:13735235-14250524 2 # Genes m Wld
. e 2p24.3  45245€-05 4.5245¢-05 chr2:15933362-16304271 2
cally significant results. B oo  oossr chrI3108563148-100682638 3 ]
19912 0.069145  0.069145 chr19:34867390-35007574 2 Tables can be
GET FULL TABLE i H
Table 2. Deletions Table - 52 significant deletions found. Click the link in the last column to view a ive list of candidate \ sorted by clickin 9
— on a column header.
Genes in Wide Peak
is is the comprehensive list of genes in the wide peak for 12q14.1.
Table S1. Genes in bold are cancer genes as defined by The Sanger Institute's Cancer Gene Census (7]
Genes
. “ . CDK4
Click “X" to hide ovea7m
TSPAN31
the supplementary MARCio
results panel o
. DTt P
—— T — T e — 8011 0 [EGFR]
2047 B
e 1S Daseu va. - v uescribing cOpy NWkue. — ceau: 11, alld @ SECONd Ol «. s QUIALYSIS O Sig..

variations among the blood normals in the TCGA data set.

51623 1

4riations among

-) Download Results

@ This is an experimental feature. The full results of the analysis summarized in this report can be downloaded from the TCGA
Data Coordination Center.

51 Underlined results have
associated supplemen-
tary information. Click to
open the supplementary
results panel. Dark blue
indicates the result for
which supplementary
information is shown.

o Analysis Results (MD5 checksum)
o Auxiliary Data (MD5 checksum)

* MAGE-TAB File (MD5 checksum)

| Download Results
This is an expenme

+ References

Download all result files associ-
ated with the analysis presented
in the report from the TCGA DCC.

Copyright © 2011 Broad Institute TOGA GDACas part of the TCGA Research Network, All rights reserved.
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- Overview Click again to scale down. .
+ Introduction

- Summary oy » w e

There were 501 tumor samples used in this analysis: 23 significant arm-level results, 14 significant focal amplifications, and 52
significant focal deletions were found.
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LE 1S DadSCu e - .« uescribing copy Nuinue. suil, allU @ SECoNd Ol « s aUALYSIS Of Sig..

variations among the blood normals in the TCGA data set.

4riations among

-) Download Results

@ This is an experimental feature. The full results of the analysis summarized in this report can be downloaded from the TCGA
Data Coordination Center.

Underlined results have
associated supplemen-

 Analysis Results (MD5 checksum) 3 . .

iary Data (D5 checksum) tary information. Click to

File (MDs checksum)

| Download Resultd

This is an expenme open the supplementary
ata 3 D References results panel. Dark blue
Download all result files associ- - . ] ) indicates the result for
Copyright © 2011 Broad Institute TCGA GDAC as part of the TCGA Research Network. All rights reserved. .
ated with the analysis presented which supplementary
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the overview page.

e |

| In auto width mode the report is automatically fit to the width of the browser window.
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Contact the report
maintainer by email.
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version of the report.
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Glioblastoma Multiforme: @6py number analysis (GISTIC2)
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Glioblastoma Multiforme: Copy number analysis (GISTIC2)

Maintained by Dan DiCara (Broad Institute)

Click figures to enlarge.
Click again to scale down.

- Overview

Introduction

Summary

There were 501 tumor samples used in this analysis: 23 significant arm-level results, 14 significant focal amplifications, and 52
significant focal deletions were found.

——@ - Resuits

ults }

- Focal results

Red markers indicate statistically
significant results in this section.

7p11.2 0
12q14.1

4q12

5.1922
6.7649;

GET FULL TABLE

Get the complete set
of results as a text file.

Table 1. Amplifications Table - 14 significant amplifications found. Click the link in the last column to view a comprehensive list of
candidate genes. If no genes were identified within the peak, the nearest gene appears in brackets.

Cytoband  Q value i Wide Peak # Genes in Wide Peak
7p11.2 o o chr7:54954372-54968011 0 [EGFR]
chriz56411663-56442647 [

120141 5.922e139 6.2020-113

aq12 6.7649¢-85  6.7649¢-85 chr4:54727006-54861623
19320 1524857 17421657 chr1:202664385-202815140
12015 38163670 4.0392e-31 €hr12:67457108-67551544
302633 4.56420-09 4.56426-09 chr3:182584087-183044402

70312 9.9818e-09 1.7005¢-08

€hr7:116105324-116267511
12p13.32  2.4873e-08 2.4873¢-08 2

1944 2.01260-07  4.02756-07 chr1:241495233-242804011

Red boxes indicate statisti-
cally significant results.

79212 1.2008e-06 27782006
1p36.21 1.7964€-05  1.7964¢-05
2p24.3 4-52456-05  4.5245€-05
13034 003487  0.03487

¢hr7:91966270-92368284
chr1:13735235-14250524
chr2:15933362-16304271
chr13:108563148-109682638

=

Click "X" to hide
the supplementary
results panel.

Download a[l resu[t files associ-
ated with the analysis presented
in the report from the TCGA DCC.

Mo M Bl B b e e

19012 0.069145  0.069145

chr19:34867390-35007574

Tables can be
sorted by clicking
on a column header.

GET FULL TABLE
Table 2. Deletions Table - 52 significant deletions found. Click the link in the last column to view a comprehensive list of candidate

Genes in Wide Peak
is is the comprehensive list of genes in the wide peak for 12q14.1.

Table S1. Genes in bold are cancer genes as defined by The Sanger Institute’s Cancer Gene Census (7]
Genes
CDK4
CYP27B1
TSPAN3
MARCH9
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-) Download Results
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® Overview (“Abstract”)
® Results
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Firehose Reports: Example 1

ARTICLE

doi:10.1038/ nature 10166

Integrated genomic analyses of ovarian
carcinoma

The Cancer Genome Atlas Rescarch Network®

Table 2 | Significantly mutated genes in HGS-OvCa

Gene No. of mutations No. validated No. unvalidated

- TP53 302 294
BRCA1 11 10
w LRPaND ML OOLLAPSE ALL WY AL WOt ey srce m CSMD3 19 19
Ovarian Serous Cystadenocarcinoma: Mutation Analysis NF1 13 13
(MutSig) CDK12 9 9
ot B 14 FAT3 19 18
Overview GABRAG6 6 6
. lcv*‘.rr_-:in. ction BRCA2 10 10
N RB1 6 6
Results

+ Breakdown of Mutations by Type

OCOO0O OO0

Validated mutations are those that have been confirmed with an independent assay. Most of them are
validated using a second independent whole-genome-amplification sample from the same tumour.

+ Target Coverage for Each Individusl Unvalidated mutations have not been independently confirmed but have a high likelihood to be true
+ Distribution of Mutation Counts, Coverage, and Mutation Rates Across Samples mutations. An extra 25 mutations in TP53 were observed by hand curation.

+ Breakdown of Mutation Rates by Category Type

Significantly Mutated Genes
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4 FATY FAT tumsce supprosscr bomoleg 3 (Deoscph ) Sy 19 4 2 3 9 1 ooty ooy
[3 GANRAS gamena sl pobenyrie ackd (G A mecepoor. alpba 6 S 6 L83 P © 00000y 0087
[ COKix 139984 9 0 9 : 3 5§ oOooouys oo
b 4 M QLU and Seady | medtple dormaing 3 MTRI W 1 2 7 B Q0000 000
L] o & 3 (iacluding ) ™Mizel 4 0 o 1 0 8§ ooy oo
v A2 DOvasT Canoer 2, oarly (ot o%RA w0 1 9o @ a2 7 DO000s4 0N
w0 ORas alfacwny Gy 3, sublaendly D, 16 58 4 2 0 I 3 0 Owoots O
e Aehbaanonie oo e s _a e -

Mutation Significance



Firehose Reports: Example 2

@ Cancer Cell

A TCGA Core Samples

Integrated Genomic Analysis Identifies Clinically e =l Classcal
Relevant Subtypes of Glioblastoma Characterized
by Abnormalities in PDGFRA, IDH1, EGFR, and NF1

-~

| awesr 4 masme

Glioblastoma Multiforme: Clustering of mRNA expression:
consensus NMF

Overview
The most robast comsenmus XMV clastering of 490 sarnples using the P00 most variable proes wan Mectifed Soo b « 4 dusten
We computod the dustering for & = 3 104 = § and wed Lhe copbenetic coerelation cosflicient 10 determine the best solution

Results

T 2 T oM sa s B CAat g IN0wd 4 ChAn w T Lrvied OVt Detete’ LAY

Mesanchymal

%)

Figure 2. Gene Expression Data Identify Four Gene
(A) Using the predictive 840 gene list, samples were ordere:

samples.

Gene Expression Clustering
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FINE PRINT

These results are offered to the community as an
additional reference point, enabling a wide range of
cancer biologists, clinical investigators, and genome &
computational scientists to easily incorporate TCGA into

the backdrop of ongoing research.
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 Aim is to enable readers (like bench bios, clinical trialists)

 To quickly take pulse of pipeline for given tumor type(s)

* With just a few glances at common representational figures

* Not deep head-scratching
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Flow of Standard Analyses Runs
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THE BABEL PROBLEM

RARELY IS THERE AGREEMENT ON CENTRAL QUESTION:

How MucH DATA Do WE HAVE?
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Mt ROLE2: V

® BI-WEEKLY OUTPUT OF OUR DATA STANDARDIZER

RSIONED DATA RUNS

® \/VHICH PREPARES TCGA INPUTS FOR AUTOMATIC CONSUMPTION

v' Partition: to one sample per file
v Cleanup: remove variations that are problematic for automation

v’ Selection: filtered (by DNU list) samples merged ...

® \VE USE THESE NORMED DATA FOR STANDARD ANALYSES

® AND HAVE BEGUN TO PROVIDE TO ENTIRE TCGA




BABEL PRO

rank gene P q

1
2

3

TP53 <1.00e-11 <4.72e-08
LOC200030 <1.00e-11 <4.72e-08

NBPF16 <1.00e-11 <4.72e-08
CSNK2B <1.00e-11 <4.72e-08
ACYP1 1.26e-10 4.76e-07
PDESB 3.27e-10 1.03e-06
OR2W3 9.79e-10 2.64e-06
ACSBG2 1.17e-09 2.75e-06

DNAJC25-GNG1 1.91e-09 4.00e-06
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BABEL PRO

rank gene p q

1
2

3

TP53 <1.00e-11 <4.72e-08
LOC200030 <1.00e-11 <4.72¢-08

NBPF16 <1.00e-11 <4.72e-08
CSNK2B <1.00e-11 <4.72e-08
ACYP1 1.26e-10 4.76e-07
PDESB 3.27e-10 1.03e-06
OR2W3 9.79e-10 2.64e-06
ACSBG2 1.17e-09 2.75e-06

DNAJC25-GNG1 1.91e-09  4.00e-06

383 MUTATION SAMPLES
IN FIREHOSE MAY 201 1

~ 70 CONTAMINATED

BLEM IN ACTION : OVARIAN

Table 2 | Significantly mutated genes in HGS-OvCa

Gene No. of mutations No. validated No. unvalidated
TP53 302 294 8
BRCA1I 11 10 1
CSMD3 19 19 0
NF1 13 13 0
CDK12 9 9 0
FAT3 19 18 1
GABRAG6 6 (3} 0
BRCAZ2 10 10 0
RB1 6 6 0

316 MUTATION SAMPLES

JUNE 2010 MANUSCRIPT (ABOVE)



BABEL PRO

rank gene p q

1 TP53 <1.00e-11 <4.72e-08
2 LOC200030 <1.00e-11 <4.72e-08
3 NBPF16 <1.00e-11 <4.72e-08
4 CSNK2B <1.00e-11 <4.72¢-08
5 ACYP1 1.26e-10 4.76e-07
6 PDESB 3.27e-10 1.03e-06
7 OR2W3 9.79e-10 2.64e-06
8 ACSBG2 1.17e-09 2.75e-06
9 DNAJC25-GNG1 1.91e-09 4.00e-06

383 MUTATION SAMPLES
IN FIREHOSE MAY 2011

~ 70O CONTAMINATED

BLEM IN ACTION : OVARIAN

Table 2 | Significantly mutated genes in HGS-OvCa

Gene No. of mutations No. validated No. unvalidated
TP53 302 294 8
BRCA1 11 10 1
CSMD3 19 19 0
NF1 13 13 0
CDK12 9 9 0
FAT3 19 18 1
GABRA6 6 3 0
BRCAZ2 10 10 0
RB1 6 S} 0

Table 3. A Ranked List of Significantly Mutated Genes, Number of significant genes found: 9. Number of genes cisplayed: 35

rank rene

1 P53

2 BRCA1

3 NF1

4 FAT3

5 GABRAG
) CDKiz

7 CSMD3
8 RB1

9 BRCA2

316 MUTATION SAMPLES

JUNE 2010 MANUSCRIPT (ABOVE)
MANUALLY REDACTED FIREHOSE RUN (BELOW)

- Significantly Mutated Genes

description
tumor protein p53
breast cancer 1, early onset

neurofibromin 1 (neurofibromatosis, von Recklinghausen
discase, Watson discase)

FAT tumor suppressor homolog 3 (Drosophila)

gamma-aminobutyric acid (GABA) A receptor, alpha 6

CUB and Sushi multiple domains 3
retinoblastoma 1 (including osteosarcoma)

breast cancer 2, early onset

N
384444
1728968

2512246

3559809
423382
1205984
3473121
791208
2762828

n
292
9

13

19

6

9
19
6

10

nt nz n3 ng

48 32 37
0o o0 1
1 o0 1
4 2 3
1 3 1
0 o0 1
1 2 7
0o o0 1
1 0 0

63

0
3
Y
1
3
8

0

r
-

ns
12

p
<L00e-11

1.433e-06
2.43e-06

0.000013
0.000023
0.000035
0.000037
0.000039

0.000054

q
<1.89e-07

0.013

0.015

0.0063
0.087
0042
0.0y2
0.042

o1
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Scores of scientists re-validating
thelr data across TCGA would
curtall their collective scientific reach.

S

s that wise!?

Better to at least try to minimize duplication, no?
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Mt ROLES3: Ta

e Analysis Targets Of Opportunity:

RG

e.g. for coordinated activity like AWG workshops

® Example: 2 runs performed in April 2011

- Standard analyses run
- TOO for May 2 LUNG workshop in NC

=D AWG RUNS

Broad GDAC Analysis Summary
lung _awg_2011_05_02 Run

Tables of Ingested Data: HTML PNG TSV

Tumor Type # Completed Percentage
LUSC 19 19%
LUAD 19 79%

Excerpted GISTIC report  LUAD LUSC

Excerpted MutSig report LUAD LUSC

Broad Institute VPN

All LUAD Reports (needs VPN + FH login)

All LUSC Reports (needs VPN + FH login)

Excerpted Nozzle LUAD & LUSC Reports




Peek Behind The Mirror

7% cd <DCC>/tcgadyeo/tumor && ds

blca has size  26G Ihc has size 66G
brca has size 866G uad has size 163G
cesc hassize |/G usc has size 224G
coad has size 402G ov has size [.6T
_gbm has size  |.8T paad has size 5.3G
nnsc has size /3G prad has size  66G
«rc has size 453G read has size |53G
Arp has size 64 stad has size 384G
aml has size  30G thca has size 611G
oo has size 61G ucec has size 262G

Sept 2011: ~6.4 T total ... CEL, mage-tab, MAF, XML ...



Putting New Codes In

* Source code not private (published/open/available)
* Tested on TCGA data, preferably multiple tumors
* Provides programmatic access to version info

* Runnable from Unix
* Drivable by command line args

* Meaning essentially any language is OK, even
proprietary runtimes (but only MatlLab so far)

e Library ok, but need executable wrapper
* Then contact us

Coming in 2012: Public FH Release with Task Registry



Accessing Results

Q: How or where can | access the results of a run?
A: In one of two ways:

e Both analyses and standardized data are stored in the Broad repository of the TCGA Data
Coordination Center (DCC). After signing in (TCGA credentials required), you should see
something like

Index of /tcgafiles/ftp_auth/distro_ftpusers/tcgadyeo/other/gdacs/gdacbroad

L Ar Y

LATEST RUN 08-0ct-2011 15:34 40

README . txt 04-Feb-2011 13:33 411

blea/ O8=-0Oct-2031 11:0) -

brcoa 08~-0ct~2011 10:15¢ -

cesc 08-Oct-2011 11:03 - "

08-0ct-2011 10 -

coadread/ 08-0ct~2011 11:01 - EE;E;EB

full 0B-0Cct«2011 10:5¢ -

e 08-0ct-2011 10:5¢ -
[ ] n
e uy - Jim Robinson &
08-0ct-2011 10:57 -

Kirp, 08-0ct-2011 10:58 - . .

08-0ct-2011 10:5¢ - Raktim Sinha

199/ 08-0Oct~-2011 11:03 -

Lihe 08-0ct~2011 11:03 - '
08-Oct-2011 10:58 - For Details
08-0ct~2011 10:58 -

ov/ 0B-0Cct«2011 10:58 -

paad/ 08-0ct-2011 11:03 - ’

s ad / O8-0Oct~-2021 11:0) -

p

read 08-0ct-2011 11:01

epo 120002011 14:12

atad 08-0Oct-2011 11:01

thcoa 08~0ct~2011 11:01

n

from which you may simply navigate to the tumor type and run date of interest. ‘

» Standardized data packages can also be viewed directly within your local IGV installation,
without signing in to the DCC, by following the instructions given here.




Quicklook Visualization in IGV

IGY

Go B « » @ B X

Human hgl8 v All

.TOTe Available Datasets

W Available Datasets .
2 » Broad Firehose Run: 2011_09_21 B ™ 0 Y
v ¥ Broad Firehose Run: 2011 07 _28

COAD

CESC
PAAD
STAD
LUSC
READ
THCA
LIMC

4 ¥ ¥ ¥ ¥ r »“ *«»

™ CopyNumber: [genome_wide_snp_6__broad)]
M Expression [agilentg4502a_07_2)

W Methylation: [humanmethylation27? Jhu_usc)
™ Mutation

LGG

LAML

COADREAD

BLCA

KIRC

UCEC

PRAD

LUAD

ov

BRCA

HNSC

KIRP

> Broad Firehose Run: 2011_05_25
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Cancel ) 0k )

T

Baies genes PRy PPN W G 7T GRNUI DY PROPO ol QoW e i SN SRR vy Y T T PN T

Loading ... b | 84M of 253M



Quicklook Visualization in IGV

Human hg18 : All : Go Bt « » @ B X
(&) Available Datasets
M Available Datasets
> Broad Firehose Run: 2011 _09 21 18 - v
| v ¥ Broad Firechose Run: 2011 07 28 | |
| > COAD

> CESC
> PAAD
» STAD
» LUSC
> READ
> THCA
» LIMC
v

M CopyNumber: [genome_wide_snp_6__broad)
M Expression [agilentg4502a_07_2)
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Insight 1:

This ... Is really a META-pipeline of pipelines

Getz et al. Science comment 2007

S NS P R W N - Ny
1 Mutation_Significance :

M - TCGA GBM paper, Nature 2008

Ding, Getz, Wheeler, et al. 2008 lung adenocarcinoma

Chapman et al. Nature 2011 multiple myeloma
Stransky et al. Head and Neck, Science 2011 in press
o i > TCGA Ovarian paper, Nature 2011 in press
-------- ’ Beroukhim, Getz et al, PNAS 2007 (GISTIC 1)
Mermel, Schumacher et al, Genome Biol 2011 (GISTIC 2)

Some of which are themselves complex pipelined codes.

Continuously evolving through years of publication use.




Like ENIAC, no simple task
to keep it all running

... In part because ...



A Tale of Two Coders

Software Engineer mp Bio / R rcher

Careful, deliberate design Exploratory, open-ended analysis
Towards production deployment Towards publication
Must be fastidious

Can be messy

Overlapping, But Not Identical, Aims
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INTEGRATION TESTING must establish that
(changes to) codes plays nice with rest of system.

VITAL to maintain production
operation of Firehose “data factory”
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INTEGRATION TESTING must establish that
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nsight 3:

Versioning and Automation are sacrosanct

® Otherwise no reproducibility
® Or algorithmic scalability

e BOTH code AND data are versioned }
® Do not trust: version and verify

Babel
problem

® Automation not just of pipelines:

v but also tools used to create them ~ FH b services
v and reports generated from them GDAC website

v/ and data sources which feed them DCC, dbGAP
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Insight 4:  A- not good enough

Suppose all

CGA moving parts run 90% efficient

Average sample

travels at

least 4*S; steps:

BCR — GCC/GSC — DCC — GDAC
Minimum i=4 centers, S; steps within each
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Given that TCGA arguably largest/richest cancer data ever assembled

d Gene cluster
o155 8 15 CNMF clustering of OV miR
meecle2]40 21 51 29 : :
e e o expression yielded 3 subtypes

TCGA
2 1m
% i N = 480 ,
B One of which correlated to
SR o : o : s
g 04| C3 N significantly longer survivability
2 92| Log-rank P = 0.007
2 Oo 20 40 60 Integrated genomic analyses of ovarian carcinoma
Overall survival (months) TCGA Network, Nature, in press

Discoveries lurk in our GDAC pipeline outputs

Firehose for active research: low-hanging results waiting to be plucked
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Firehose makes these cross-tumor
analyses comparatively easy & automatic



Insight 7 : Clinical Correlations Hard
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Insight 8 : Context Switching is Costly
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For More Information

Poster /6 : Firehose infrastructure (D.Voet)
Poster 58 : Firehose data standardization (G. Saksena)
Poster 53 : Integrative Genomics Viewer (J. Robinson)

Dashboard » Broad TCGA GDAC » Home Browse + Michael Noble ~ EEERS Q: How or where can | access the results of a run?
A: In one of two ways:

» FAQ

« Both analyses and standardized data are stored in the Broad repository of the TCGA Data

' 1 g R AAd < ST Coordination Center (DCC). After signing in (TCGA credentials required), you should see
w FIREHOSE FAQ Zedt 4 Add~ £ Tooks e

Broad GDAC
Index of /tegafiles/ftp_auth/distro_ftpusers/tegadveo/other/gdacs/gdacbroad

Frequently Asked Questions

Q: When is the next run?
A: As of November 2011 the Broad Institute GDAC will aim to provide 3 runs per month:

« Standard Data Run: started on 1st of month
« Standard Data Run: started on 15th of month
« Analysis Run: started shortly after second data run completes

Q: What reference genome build are you using? from which you may simply navigate to the tumor type and run date of interest.

A: Presently we are using hg18, but recognize the need to transition to hg19 as soon as

possible. Our understanding is that TCGA standards stipulate that OV, GBM, COAD/READ, and « Standardized data packages can also be viewed directly within your local IGV installation,
LAML data are hg18, and all else is hg19 without signing in to the DCC, by following the instructions given here

WWW  http://gdac.broadinstitute.org
Emall  gdac@broadinstitute.org
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Broad GDAC Analysis Summary
2011_05_25 Run

Tables of Ingested Datax HTML PNG TSV

What Analyses?
ook at our dashboard ...



mailto:gdac@broadinstitute.org
mailto:gdac@broadinstitute.org

Broad GDAC Analysis Summary —
2011_05_25 Run S - - = 4 ry 0 : :

5
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