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Broad GDAC

Born of the desire to systematize
analyses from The Cancer Genome
Atlas pilot and scale their execution

to the dozens of remaining diseases to

be studied, now sits atop |4 terabytes
of TCGA data and reliably executes
more than 1000 pipelines per month.



Data Snapshot

2012 04 12 stddata Run
~ Tumor  BCR  Clnical  CN  Methylaion —mRNA  mRNAseq  miR  miRseq  RPPA  MAF
0 28

BLCA 89 65 58 78 0 32 0 54
BRCA 859 857 833 858 529 751 0 781 408 507
CESC 110 25 68 0 0 0 0 8 0 36
COADREAD 590 590 575 584 224 83 0 255 399 224
DLBC 27 0 0 0 0 0 0 0 0 0
GBM 595 563 546 287 542 0 491 0 214 276
HNSC 294 255 165 292 0 103 0 89 0 0
KIRC 502 502 490 500 72 469 0 463 454 327
KIRP 135 84 75 117 16 14 0 16 0 0
LAML 202 200 0 192 0 179 0 187 0 199
LGG 144 140 143 0 27 0 0 30 0 0
LHC 84 55 58 0 0 17 0 28 0 0
LNNH 2 0 0 0 0 0 0 0 0 0
LUAD 372 274 266 347 32 106 0 95 0 147
LUSC 290 272 282 282 154 220 0 202 0 178
ov 592 580 564 551 568 0 564 46 412 316
PAAD 48 0 14 30 0 0 0 0 0 0
PRAD 153 0 100 153 0 0 0 63 0 0
SKCM 253 0 219 240 0 0 0 0 0 0
STAD 162 150 132 133 0 57 0 123 0 133
THCA 274 73 228 230 0 0 0 45 0 0
UCEC 462 425 430 451 54 266 0 359 200 239

PANCANCER 6239 5110 5246 5325 2218 2297 1055 2844 2087 2610
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Data Snapshot

2012 04 12 stddata Run
~ Tumor  BCR  Clnical ((CN_) @ethylaion) mRNA  mRNAseq ~ miR  miRseq  RPPA  MAF
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BLCA 89 32 0 54
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Data Snapshot

New datatype column
+2087 protein samples

\

. Tumor B8R Clnkal  (CCND) @ethylion) mRNA
BLCA 89 65 58 78 0
BRCA 859 857 833 858 529
CESC 110 25 68 0 0

COADREAD 590 590 575 584 224
DLBC 27 0 0 0 0
GBM 595 563 546 287 542
HNSC 294 255 165 292 0
KIRC 502 502 490 500 72
KIRP 135 84 75 117 16
LAML 202 200 0 192 0
LGG 144 140 143 0 27
LHC 84 55 58 0 0
LNNH 2 0 0 0 0
LUAD 372 274 266 347 32
LUSC 290 272 282 282 154

oV 592 580 564 551 568
PAAD 48 0 14 30 0
PRAD 153 0 100 153 0
SKCM 253 0 219 240 0
STAD 162 150 132 133 0
THCA 274 73 228 230 0
UCEC 462 425 430 451 54

PANCANCER 6239 5110 (5246 ) (5325 2218

+821
CopyNumber

2012 04 12 stddata Run

 mRNAseq  miR  miRseq
32 0 54
751 0 781
0 0 8
83 0 255
0 0 0
0 491 0
103 0 89
469 0 463
14 0 16
179 0 187
0 0 30
17 0 28
0 0 0
106 0 95
220 0 202
0 564 46
0 0 0
0 0 63
0 0 0
57 0 123
0 0 45
266 0 359
2297 1055 2844
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GDAC Session Yesterday

-
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\
Recommendation: formalize AWG co-chair role for each tumor type

Data Coordinator: ensure best possible data/analysis outcome.

J

YES!
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Recommendation: formalize AWG co-chair role for each tumor type

Data Coordinator: ensure best possible data/analysis outcome.
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BLCA > Standardized Data Workflow ]
LGG —
BRCA e Standard Analyses Workflow
CESC . > | miR_FindDirectTargets h | Mutation_Significance h—,—)' Mutation_Assessor [
CNTL LNNH > | Pathway_Paradigm_Expression | I CopyNumber_Gistic2 H
LUAD H Paﬁ\«fy_FdennchedGenes r
LOM.5
LUSK
COADREAD ke 1

OV
OLBC ‘g

~ Firehose approximates this for g

ESCA ‘g
PANCAM

= _— 23 tumorsets simultaneously

HNSC ‘g
RE/

KIRC g

KIRP M mRNAseq_Clust
| mRNAseq_Preprocess I

ering_ CNMF

Aggregate_Clusters I]

L SKCM '—; mRNAseq_Clustering_Consensus H—/
STAD > miR_Clustering_ CNMF H—J
LCLL - > |
miR_Clustering_Consensus
THCA }—> | [
UCEC Methylation_Clustering_ CNMF H—)I Methylation_Preprocess “




Volume, Change & Complexity

(" )

analyses: 26 x 23 tumor sets / month
_ stddata: 273 platforms over 23 tumorsets x 2/month

598
546
J




Volume, Change & Complexity

i analyses: 26 x 23 tumor sets / month = 598 )

_ stddata: 273 platforms over 23 tumorsets x 2/month = 546

® Not even counting RPPA: ingested & almost ready
e CPTAC Proteomics Consortium interested, too
® Nothing on this scale ever attempted before”

® But worthless it we cannot establish scientific credibility




Enormous QC Challenge

T

Computing Scientific
Infrastructure Veracity




Enormous QC Challenge

Computing
Infrastructure

Firehose
Genepatter
HP& system A_SF)
Unix Wesydtems
DCC Mirroring
Noprhalizgtion
Cgntrol Scrigts

Welbsite
Dashboards
Submission

etc

Scientific
Veracity

&

Data
How much?
Formatted ok?
New platforms?
Combine platforms?

Algorithms
What knob settings”?
New versions?
Credible results?
Wired together properly?
Reports ok? )




Scale preclude exhaustive inspection



Scale preclude exhaustive inspection

How We Cope

(" )

Automate
Aggregate
Clarify

Simpilify

>~ W o=




Scale preclude exhaustive inspection

How We Cope

(" )

Automate
Aggregate
Clarify

Simplify

- J

>~ W o=

Now some non-trivial examples ...



Automate: Continuous Unit Testing

Plan Build Completed Tests Reason
GDAC Ingestor @) #260 3 hours ago 26 passed Manual build by Daniel DiCara
Module Bam Realign BWA @_f/) #75 5 months ago 10 passed Dependant of CGA-NB-81
Module Create Merge Data Files SDRF @) #20 1 day ago 5 passed Updated by Daniel DiCara
Module Iterative Scatter Gather Test @) #57 5 months ago 3 passed Dependant of CGA-NB-81
Module PVCA Aggregator @_@ #14 4 months ago 3 passed Updated by Daniel DiCara
Pipeline GISTIC 2 @@ #366 19 hours ago 21 passed Updated by Chip Stewart
Pipeline Mutation Significance @3374 19 hours ago 2 of 6 failed Updated by Chip Stewart
Pipeline PARADIGM @ #172 1 month ago 19 passed Manual build by Daniel DiCara
Pipeline PVCA |Q-*9) #101 1 month ago 12 passed Manual build by Daniel DiCara
4 )

* Implemented in Bamboo framework
* Regression tests run automatically
* Immediately when changes checked in for covered tools

|- No need for CompBios / Binfs to explicitly run )

Daniel DiCara



Automate: Continuous Unit Testing

Plan Build Completed
GDAC Ingestor & #260 3 hours ago
Module Bam Realign BWA 1(\_/) w75 5 months ago
Module Create Merge Data Files SDRF @_/) #20 1 day ago
Module lterative Scatter Gather Test & #57 5 months ago
Module PVCA Aggregator 1&/) #14 4 months ago
Pipeline GISTIC 2 @_/) #366 19 hours ago
Pipeline Mutation Significance @#374 19 hours ago
Pipeline PARADIGM 'g_/) #1172 1 month ago
Pipeline PVCA 1<\_/) #1017 1 month ago

Tests

26 passed
10 passed
5 passed

3 passed

3 passed
21 passed
2 of 6 failed
19 passed

12 passed

Reason

Manual build by Daniel DiCara
Dependant of CGA-NB-81
Updated by Daniel DiCara
Dependant of CGA-NB-81
Updated by Daniel DiCara
Updated by Chip Stewart
Updated by Chip Stewart
Manual build by Daniel DiCara

Manual build by Daniel DiCara

P
* Implemented in Bamboo framework
* Regression tests run automatically

* Immediately when changes checked in for covered tools
|- No need for CompBios / Binfs to explicitly run

J

“Seems to find bugs before I've checked in the code!”

Daniel DiCara



Automate: Continuous Unit Testing

* Gradual but steady cultural change
Where's the Real Bottleneck in Scientific Computing?

www.americanscientist.ore Jan/Feb 2006

g Implemented in Bamboo framework

* Regression tests run automatically

* Immediately when changes checked in for covered tools
|+ No need for CompBios / Binfs to explicitly run 9k

J

“Seems to find bugs before I've checked in the code!”
Daniel DiCara


http://www.americanscientist.org/issues/pub/wheres-the-real-bottleneck-in-scientific-computing
http://www.americanscientist.org/issues/pub/wheres-the-real-bottleneck-in-scientific-computing
http://www.americanscientist.org
http://www.americanscientist.org

But Automation Not Enough

When N things break : manually diagnose / fix

Or automation N/A : eyeball clusters/plots



But Automation Not Enough

task
Aggregate_Clusters
CopyNumber_GeneBySample
CopyNumber_Gisic2
CopyNumber_Preprocess
Comelate_CopyNumber_vs _mIR
Comelate_CopyNumber_vs_mRNA
Correlate_Methylation_vs_mRNA
Methylation_Clusterng_CNMF
Methylaton_Preprocess
miRseq_Clustering_CNMF
miRseq_Clustering_Consensus
miRseq_Preprocess
miR_Clusterng_CNMF
mR_Clustering_Consensus
miR_AndDirectTargets
mRNAseq Clustenng_CNMF
mRNAseq Clstenng_Consensus
mRNAseq_Preprocess
mRNA_Clustenng_CNMF
mRNA_Custenng_Consensus
mRNA_Preprocess_Median
Mutation_Assessor
Mutation_Signficance
Pathway_FndEnnchedGenes
Pathway Paradigm_Expression

Pathway Paradigm_Expression_CopyNumber

Pathway_Paradigm_Lne
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Clarify:

(Aggregate: fallure dashboard for all tumors & analyses\

iInstant synoptic view of entire run

J

Saves 100s of clicks through Firehose GUI



Aggregate & Automate: Integration Testing

® Unit tests must be predictable

® \/Vhich means stable inputs and outputs
® [Essentially mandates old data

e \\Vhat about realtime”? More current/live data”



Aggregate & Automate: Integration Test

miR_FindDirectlargets

Pathway Paradygm

CopyNumber_Preprocess }

Clinical Aggregate Tierl o Clinical Pck Tierl jow

» Correlate Clinical vs miR

~ ~p: Correlate Clinical vs mRNA
» MmRNA Clustering CNMF [ -
. Correlate Chnical vs Mutation
miR Clustering CNMF |} | [ - ]
’ > Aggregate Clusters |
4
miR_Clusterning_Consensus
f —’" orrelate Methylation vs mRNA
7 |
mRNA_Preprocess_Median </>- MANA_Clustering_Consensus -
\

‘. Correlate_CopyNumber_vs_mRENA

/

|
o CopyNumber GeneBySample = Mutation _Significance et

& Correlate_CopyNumber_vs_miR

© 000000 0000000 0 0 00 o) CopyNumber Gistic2 p

x-/. Pathway FindEnnchedGenes

7

& & Mutation Assessor

& Correlate GenomicEvemts

1 Correlate_Clinical_vs_Molecular_Signatures

J

Establish that code changes play nice with rest of system



Aggregate & Automate: Integration Testing

\
Coad _ﬁ Clinical_Aggregate_Tierl Clinical_Pick_Tierl . Correlate_Clinical vs_mi ’
—— \.. .
gb m —# /-" Correlate_Clinical vs_ mRNA )’ Correlate_Clinical_vs_Molecular_Signatures
. f c

orrelate_Chnical vs_Mutation ‘I
J

' J .
"
. l | _ : | /
(I rp —* |‘ [ miR_Clustering_CNMF }—_ Aggregate Clusters
\
. \
\
am I _* mif_findDirectTargets ] |

[ miR_Clustering_Consensus

17
’ J
Pathway Paradigm ’ mANA_Preprocess_Median mANA_Clustering_Consensus -<I

CopyNumber_Preprocess |- CopyNumber_GeneBySample Mutation_Si gnificance Mutation_Assessor

read —> : i |

I\
o o o : _’//So Correlate_GenomicEvents
a oooooooooooooooooooo ) CopyNumber_Gistic2

J

Establish that code changes play nice with rest of system




Aggregate & Automate: Integration Testing

C Oad _ﬁ Clinical_Aggregate Tierl H Clinical_Pick_Tierl
e — — \
gb m _# - Correlate_Clinical_vs_Molecular_Signatures
[ f/

am I E ’ mif_FindDirectTargets

Pathway Paradigm

. .I \
\
‘|
Correlate_CopyNumber_vs_mRNA 4— Pathway FindEnrichedGenes
ﬁ :
Ov CopyNumber_Preprocess CopyNumber_GeneBySample Mutation_Si gnificance 4 Mutation_Assessor

Correlate_CopyNum ber_vs_mlﬂ\-

e o o _/ \’ Correlate_GenomicEvents
CopyNumber_Gistic2
ucec >\ J

Establish that code changes play nice with rest of system




Aggregate & Automate: Integration Testing

Coad —* Clinical_Aggregate_Tierl Hcm‘_&m -\ + Correlate_Clinical_ vs_m ‘
g [ RNA

Correlate_Clinical_vs_Molecular_Signatures ’

J

Establish that code changes play nice with rest of system




Aggregate & Automate: Integration Testing

_— )
brca —> o ~.

Correlate_Clinical_vs_miR '

Correlate_Clinical vs mRNA | a4 Correlate_Clinical vs_Molecular Signatures

ucec > _ J

Establish that code changes play nice with rest of system




Aggregate & Automate: Integration Testing

— )
brca —> ~
- : -~ Correlate_Clinical vs_mift |
C Oad —_— Clinical_Aggregate_Tierl ]—-—)&cmuu_m Y\——- orrelate_Clinical_vs_m '
gb m —) — N\ == Comrelate_Clinical vs_ mRNA [ Correlate_Clinical vs_Molecular_Signatures
(i rc f { P mRNA_Clustering_CNMF I--\ Corretote, Clinkcal_vs_ Mutation "
i rp — [mnR_CIustcting_CNMl } _ Agaregam Chasers |-
am| — > [romene e =
uad _* lPathﬂay_Pamdngm] ‘ S mANA_Clustering_Consensus "i/{ - -
LISC " Correlate_CopyNumber_vs_mRNA J,\ Pathway_FindEnrichedGenes
—_— :
Ov d ’ CopyNumber_Preprocess CopyNumber_GeneBySample ‘ Mutation_Significance \|| Mutation_Assessor
rea : Correlate_CopyNumber_vs_miR .}l
— _// _“# Corelate_GenomicEvents
ucec— >\ — J

Establish that code changes play nice with rest of system

Using same automation infrastructure as production runs.



Clarify : Internal Process Flow

DCC

mirror

l

——————————1

hghtyy | Broad

A 4

dicer

Production
Runs

Atomic Testin
Single tasks on

single isets

Integrated Testing
Workflow
dependencies across
all tasks & Isets

Read-Only
Production Task
Repository



Clarify : Internal Process Flow
8

: Atomic Testing
mirror Single tasks on
single isets
e Integrated Testing Previous
~~ Nightly Broad Workflow i :
dependencies across Slide

all tasks & isets

Read-Only
Production Task
Repository

Production
Runs



Clarify & Simpilify:

TCGA MAF
WorkFlow

Nikki Schultz
Broad Institute
Prachi Kothiyal

Heidi Sofia &

Many Others

MAF(s) from MAF(s) from
GSC1 GSC2

via QCLive

‘ oce | | pcc ‘
' J

GSC Step GSC
/rﬁ‘ disease curator
\ J

Collated Master MAF

(7) via QCLive

|

\ AWG MAE(s) on
Jamboree/Other site
(date-stamped files)

‘ DCC ’

vlo

Freeze list

AWG Step Experimental validgation

» "

Curated MAF
(replaces open access
master MAF)

< via QCLive

DCC


https://wiki.nci.nih.gov/display/%7EKothiyalP
https://wiki.nci.nih.gov/display/%7EKothiyalP

Simplify : firehose_get

2012 03 21 stddata Run

Short 10k script

e

stddata ® Download all or parts
e Of data or analyses runs

dashboard ® Open access : No passwora
® Sclect by run type & date
® Subselect by tumor type
12 03 23 e e Or analyses type / name
Anssisupon  £Ppeines  Wsuccessd  Download ® See what runs we did
| ® Or what tasks in each run

~ analyses |
. dashboard: =



Simpilify

2012 03 21 stddata Run

stddata
dashboard

2012 03 21 analyses Run

AnalysisReport # Pipelines % Successful Download

~ analyses -
. dashboard: =

. firehose get

Short 10k script

e

&

® Download all or parts

e Of data or analyses runs

® Open access : No password
® Sclect by run type & date

® Subselect by tumor type

® Or analyses type / name

® See what runs we did

e Or what tasks in each run

Easier
—> more eyeballs
—> higher quality
— Dbetter science




Clarify & Simplify : Quicklook Summaries

OV Analysis Summary

This is the analysis overview for Firehose run "21 March 2012".

I

: N
There were 547 tumor samples 1

g —

used in this analysis: 29 s ign

1s NMF
using
Pnes was
rs. We
ork=2
henetic

EXpr
Clusters

-
oability
o
m —_—
Z
A
(0]
o

Survwal

.kP= 0007

a 0!
0 20 40 60
Overall survival (months)

””””””””””””””””

[ (et -

(

\

® Pulse of entire tumor analyses
® |n key representational figures
® \/Vith short accompanying text

® Executive summary from
® 50+ page Nozzle reports
® Auto-excerpted from them

~

J

Human interpretation needed, but not automate-able

his distills iInto most concise aggregate form
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Related Posters

Engineering Firehose (DiCara et al)
RNA-Seq in Firehose (Zhang et al)
GDAC Interoperability (Cerami et al)
Broad SNP6 Pipeline (Saksena et al)
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