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I	  know	  gene	  X	  is	  highly	  expressed	  in	  the	  
cancer	  type	  I	  am	  researching;	  Is	  it	  also	  
highly	  expressed	  in	  other	  closely	  related	  

cancers?

What	  cluster	  of	  genes	  are	  highly	  
correlated	  in	  expression,	  between	  cancer	  

X	  and	  Y?

Is	  the	  mutation	  in	  gene	  X	  and	  
gene	  Y	  mutually	  exclusive?



Large-‐scale	  Cancer	  Genomics	  Studies	  (TCGA,	  ICGC)

Petabytes	  of	  multi-‐dimensional	   information	  from	  thousands	  of	  
patients

Integrative	  multi-‐point	  analyses	  &	  biological	  
interpretation

?



TCGA	  cohorts	  and	  data	  types



FireBrowse: Mining 
Firehose of TCGA
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National Institutes of Health 
Bethesda, MD

Data	  collection	  &	  
characterisation

Data	  storage	  &	  integrative	  
analyses

Reports,	  data	  visualization	  
&	  biological	  data	  
interpretation



CGHub

TCGA	  data	  
portal





The	  GDAC	  FireHose offers…Back on earth, GDAC Firehose produces …

Version-stamped, standardized datasets1

2  Version-stamped package of standard analyses results

Version-stamped, biologist-friendly reports3

• Precursor to automated analyses: aggregates all available sample batches 
• Into a single, uniformly-formatted bolus (one per disease X datatype), which can be 
• Immediately fed to algorithmic codes without further data preparation 
•  Monthly

•  Automatically generated for dozens of algorithms:  GISTIC, MutSig, Clustering, Correlation, ! 
•  Quarterly 

•  Encapsulating analysis results in a form accessible to a wide audience 
•  Online for public browsing 
•  Citable in the literature through DOIs

Rigorous 
Data Science 

!
!

Credible Biology



Three	  modes	  of	  integrative	  data	  mining

• Discovery	  mode	  /	  Hypothesis	  generation
• Finding	  global	  correlations across	  heterogeneous	  datatypes

• Confirmation	  mode	  /	  Explain	  mechanism	  of	  already	  observed	  correlations
• Finding	  correlations	  for	  a	  few	  genes/genomic	  regions	  across	  heterogeneous	  
datatypes

FireBrowse:	  iCoMut
Next	  generation	  clustered	  heatmaps (NG-‐CHM)
UCSC	  Cancer	  Genomics	  Browser	  -‐>	  Xena Browser
BioDiscovery NexusDB

cBioPortal
FireBrowse:	  ViewGene
canEvolveWeb	  Portal	  	  (Dana	  Farber	  Institute)
PROGgeneV2:	  Pan-‐cancer	  prognostics	  database

Create	  NG-‐CHMs	  
for	  your	  own	  

multi-‐point	  data	  

Create	  OncoPrints
for	  your	  own	  

multi-‐point	  data	  





FireBrowse:	  Simplified	  Portal	  Access
Easy	  to	  find	  any	  of	  the	  TCGA	  datasets	  or	  Firehose analysis	  result	  reports



What	  can	  you	  do	  using	  FireBrowse ?

1. Access	  analysis	  reports	  for	  a	  chosen	  cancer	  cohort	  +	  datatype

2. Access	  version	  stamped	  datasets	  to	  generate	  your	  own	  analysis	  +	  
reports

3. Visualize	  expression	  profile	  of	  one	  gene	  across	  cancer	  cohorts

4. Visualize	  integrative	  multi-‐panel	  analysis	  profiles	  for	  a	  chosen	  
cancer	  cohort

5. Construct	  your	  own	  interactive	  queries	  using	  the	  API



1. Access	  analysis	  reports

Choose Cohort

~1500 Analyses (reports) per run 
Find your favorite in 2 clicks

Then  
DataType Inspect



2.	  Access	  version	  stamped	  datasets

Many 1000s of datasets per run 
Find your favorite in 2 clicks

Choose Cohort

Then DataType

Click to download



Integrated directly into firebrowse.org

viewGene iCoMut

3.	  Visualize	  expression	  profile	  of	  one	  gene	  across	  
cancer	  cohorts

View	  expression	  profile	  of	  
one	  gene	  across	  different	  

cancer	  cohorts



Visualize	  boxplots	  of	  mRNA	  expression	  profiles	  for	  a	  selected	  
gene	  across	  cancer	  cohorts

Built on top of the FireBrowse API, lets one quickly inspect 
mRNASeq expression levels for a selected gene, across all cohorts.
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Integrated directly into firebrowse.org

viewGene iCoMutView	  comprehensive	  multi-‐
panel	  analysis	  profiles	  for	  

one	  cancer	  cohort	  

4.	  Visualize	  integrative	  multi-‐panel	  analysis	  profiles	  
for	  a	  chosen	  cancer	  cohort









iCoMut takes researchers beyond staring at static figures in journals, 
wondering what the pixels mean, and how they’ll reproduce—allowing 
them to interactively view, sort and reorder samples & results as they see fit

and many more graphical controls …
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iCoMut















5.	  Construct	  your	  own	  interactive	  queries

!"
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❓But	  how	  do	  I	  re-‐analyze	  large	  scale	  TCGA	  
datasets	  with	  my	  custom/updated	  analytical	  
pipeline	  without	  having	  to	  download	  terabytes	  

of	  data	  on	  my	  local	  computer	  ?
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Three	  Cancer	  Genomics	  Cloud	  Pilots	  

• PI:	  Gad	  Getz
• Google	  Cloud
• Firehose in	  the	  cloud
• http://firecloud.org

Broad	  Institute

• PI:	  Ilya Shmulevich
• Google	  Cloud
• Interactive	  visualization	  and	  analysis
• http://cgc.systemsbiology.net/

Institute	  for	  Systems	  
Biology

• PI:	  Deniz Kural
• Amazon	  Web	  Services
• >	  30	  public	  pipelines
• http://www.cancergenomicscloud.org

Seven	  Bridges	  Genomics
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Cloud	  Pilots:	  Coming	  your	  way!

Broad

• Version	  1.0	  – 1/20/2016
• Version	  1.1	  – 4/2/2016

ISB

• Pre-‐release	  – 11/15/2015	  (open-‐access	  data)
• Version	  1.0	  – 12/20/2016
• Version	  2.0	  – 3/20/2016

SBG

• Early	  access	  – 11/15/2015
• Version	  1	  – 12/28/2015
• Version	  2	  – 3/28/2016



FireCloud is	  modeled	  on	  Firehose,	  
the	  cancer	  genome	  analysis	  
platform	  built	  by	  the	  Getz	   lab	  at	  the	  
Broad	  Institute,	  which	  supports	  
both	  small	  groups	  and	  major	  
projects	  (e.g.	  TCGA,	  GTEx).	  	  
FireCloud significantly	  expands	  on	  
Firehose’s capabilities.	  Firehose is	  
used	  by	  both	  production	  managers	  
for	  large-‐scale	  analysis	  and	  analysts	  
for	  interactive	  analysis,	  curation	  
and	  manual	  review	  of	  data	  for	  
publication.

Free trial workspaces 
are available

for all new users!

Firehose re-born in the cloud

FireCloud is	  a	  collaboration	  of	  the	  Broad	  
Institute,	  University	  of	  California	   at	  
Santa	  Cruz and	  University	  of	  California	  

at	  Berkeley.

This	  project	  has	  been	  funded	  by	  the	  
National	  Cancer	  Institute	  and	  
National	  Institutes	  of	  Health.	  



What	  is	  FireCloud?	  

A	  workspace	  environment
● holds	  data,	  tools	  workflows,	  results
● has	  robust	  security
● provides	  access	  control	  for	  users	  and	  groups
● workspaces	  can	  be	  shared	  or	  cloned	  -‐ including	   tools,	  data,	  

workflows	  and	  results
● provenance	  is	  captured	  for	  every	  run	  (ie:	  what	  version	  of	  what	  

method	  was	  run	  on	  what	  data	  at	  what	  time)
● holds	  pre-‐loaded	  analyses	  of	  TCGA	  data	  (by	  tumor	  type)	  and	  

other	  public	  data

FireCloud is	  pre-‐loaded	  with	  data
● TCGA	  data

○ public	  data	  will	  be	  accessible	   to	  all	  users
○ controlled	  access	  data	  will	   require	  dbGAP approval

● other	  public	  datasets
○ 1000	  Genomes,	  CCLE,	  GTEx

● data	  is	  co-‐located	  for	  efficiency
○ no	  need	  to	  download	  and	  store	  large	   files

● users	  can	  upload	  data	  to	  workspaces	  to	  co-‐analyze	  with	  TCGA	  
or	  other	  data

An	  informatics	  infrastructure	  in	  the	  cloud
● elastic	   compute	  	  in	  the	  Google	  Cloud	  allows	  for	  expandable	  

compute	  capacity
● promotes	  community-‐wide	  access	  and	  use
● public	  REST	  APIs	  provide	  scalability	   and	  service
● tools	  and	  workflows	  are	  ‘containerized’	   for	  security,	  

packaging,	  and	  tracking

FireCloud contains	  Tools,	  Pipelines,	  and	  
Workflows
● the	  Method-‐store	  enables	  publishing	  &	  sharing	  tools
● workflows	  can	  be	  assembled	  with	  Workflow	  Description	  

Language	  (WDL)
● best	  practice	   pipelines	  and	  other	  standard	  pipelines	  current	  

state-‐of-‐the-‐art	  tools	  are	  available
● tutorials	  and	  documentation	  will	  be	  provided

This	  effort	  is	  firmly	  rooted	  in	  the	  data-‐sharing	  principles	  set	  forth	  by	  the	  Global	  Alliance	  for	  Genomics	  and	  Health	  (GA4GH),	  making	  it	  both	  technology-‐driven	  and	  mission-‐driven	  from	  its	  incipience.



What	  data	  is	  loaded	  in	  FireCloud?	  
FireCloud users	  will	  be	  able	  to	  analyze	  and	  compute	  on	  TCGA	  data	  in	  the	  cloud	  
• The	  FireCloud	  will	  contain	  co-‐located	  TCGA	  data	  

(controlled	  access	  and	  open	  access	  data)	  including:
• de-‐identified	  clinical	  data
• copy	  number	  data	  
• miRNA	  data
• somatic	  and	  germline	  mutation	  calls
• DNA-‐seq	  and	  RNA-‐seq	  BAM	  files

• Controlled	  access	  TCGA	  data	  will	  be	  available	  to	  authorized	  TCGA	  users	  

• TCGA	  dbGaP	  approval	  needed	  for	  controlled	  access	  data
• data	  is	  accessed	  via	  secure	  authorization	  and	  	  authentication	  (ERA	  Commons/NIH)	  

• Open	  access	  TCGA	  data	  will	  be	  available	  to	  all	  users	  

• Users	  will	  be	  able	  to	  upload	  their	  own	  data	  into	  the	  system	  to	  co-‐analyze	  with	  TCGA	  data

• Co-‐location	  will	  reduce	  the	  need	  for	  costly	  downloads	  and	  storage



What	  are	  pre-‐loaded	  FireCloud	  workspaces?	  
FireCloud	  will	  be	  populated	  with	  pre-‐loaded	  workspaces,	  which,	  when	  cloned,	  will	  allow	  
users	  to	  replicate	  analysis	  from	  curated	  and	  published	  works
• A	  sampling	  of	  pre-‐loaded	  workspaces	  follows:

• curated	  TCGA	  Tumor	  Type	  Analysis	  Working	  Group	  workspaces	  
• TCGA	  GDAC	  Analysis	  Working	  Group	  workspaces
• TCGA	  PanCanAtlas	  analysis	  workspace
• tutorial	  workspaces	  containing	  paired	  tumor	  and	  normal	  cell	  lines
• benchmarking	  data	  to	  enable	  users	  to	  test	  developing	  tools	  and	  methods

• synthetic	  bams	  for	  testing	  contamination
• synthetic	  bams	  for	  testing	  mutation	  calling

• Eventually,	  we	  hope	  to	  expand	  and	  add	  non-‐TCGA	  data	  -‐ for	  example:
• CCLE	  analysis	  workspace
• 1000G	  analysis	  workspace
• GTEx	  expression	  data	  (open	  access	  data)

A	  sampling	  of	  pipelines:

TCGA	  Production	  

Analysis

PCAWG	  Pipeline

TCGA	  GDAC	  Pipeline



•Hands-‐on	  tutorial	  on	  FireBrowse



Next-‐Generation	  Clustered	  Heatmaps (NG-‐CHM)
• Clustered	  heat	  maps	  are	  still	  the	  most	  popular	  way	  to	  visualize	  patterns	  in	  molecular	  profiling	  
data,	  from	  microarrays	  and	  sequencing	  technologies.	  

• They	  have	  been	  included	  in	  all	  of	  the	  TCGA	  papers	  published	  in	  Nature so	  far	  on	  the	  cancers	  
of	  specific	  tissue	  origin.	  

• Of	  necessity,	  however,	  they	  have	  been	  included	  in	  the	  pages	  of	  the	  journal	  as	  static	  images.	  

• ’Next-‐generation'	  clustered	  heat	  maps	  (NG-‐CHMs),	  use	  a	  Google	  Maps–like	  tiling	  technology	  
for	  extreme	  zooming	  and	  navigation	  without	  loss	  of	  resolution.	  

• NGCHMs	  provide	  pathway	  and	  Gene	  Ontology	  (GO)	  information,	  chromosomal	  interactive	  
ideograms,	  recoloring	  on	  the	  fly,	  high-‐resolution	  graphics	  output	  and	  linkouts to	  public	  
information	  resources	  on	  genes,	  proteins,	  pathways	  and	  drugs.	  

• Perhaps	  most	  importantly,	  all	  of	  the	  metadata	  elements	  needed	  to	  reproduce	  them	  months	  
or	  years	  later	  are	  captured	  and	  automatically	  saved.	  The	  result	  is	  a	  visually	  rich,	  dynamic	  
environment	  for	  the	  exploration	  of	  the	  masses	  of	  data	  produced	  by	  TCGA.	  



Different	  ways	  to	  using	  NG-‐CHMs
•A	  compendium	  of	  read-‐only	  NG-‐CHMs	  showing	  TCGA	  data	  is	  available	  at	  
http://bioinformatics.mdanderson.org/TCGA/NGCHMPortal/

•A	  publicly	  accessible	  server	  for	  creating	  your	  own	  test	  NG-‐CHMs	  is	  
available	  at	  http://bioinformatics.mdanderson.org/testchm

•Users	  with	  advanced	  system	  administrator	  skills	  can	  install	  a	  local	  NG-‐
CHM	  system	  instance	  based	  on	  docker.	  Installation	  instructions	  are	  
available	  at	  NG-‐CHM:Docker.	  Once	  installed,	  users	  can	  create	  NG-‐CHMs	  
using	  the	  built-‐in	  Builder	  Web	  Application	  (similar	  to	  the	  one	  on	  our	  test	  
server).	  

• Advanced	  bioinformatics	  analysts	  can	  also	  use	  our	  high-‐level	  R	  library	  for	  
building	  NG-‐CHMs.	  



http://bioinformatics.mdanderson.org/TCGA/NGCHMPortal/



Gene/Probe	   vs	  Gene/Probe

Which	  cluster	  of	  genes	  are	  highly	  co-‐regulated	  in	  the	  TCGA	  GBM	  cohort	  ?



Gene/Probe	   vs	  Sample

Are	  there	  distinct	  patterns	  of	  gene	  expression	  based	  on	  histological	  subtypes	  ?
Are	  there	  distinct	  patterns	  of	  gene	  expression	  based	  on	  mutation	  in	  a	  key	  gene	  ?



Sample	  vs	  Sample

Which	  samples	  have	  a	  high	  gene	  expression	  correlation?
Are	  there	  any	  batch	  effects	  that	  drive	  the	  clustering	  pattern	  ?



1	  x	  1	  Cancer	  Comparison	  Maps:	  LUAD	  vs	  LUSC



Create	  NG-‐CHMs	  for	  your	  own	  data

http://bioinformatics.mdanderson.org/testchm/



•Hands-‐on	  Exercise:	  NG-‐CHMs



More	  detailed	  step-‐by-‐step	  videos:
http://bioinformatics.mdanderson.org/main/Navigating_Clustered_Heatmaps



Thank	  You	  !


