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  Metadata	
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+	
  
CCCFFFFFHHHHGIJJIGGHEIIEGGEGGIJJBHIG	
  
@BI:SL-­‐HAB:D0RRAACXX:8:2309:21201:7829	
  1:X:0:GCCGTCGA	
  
CTAACCCTAACCCTAACCCTAACCCTAACCCTAACC	
  
+	
  
CCCFFFFFHHHHHJJJJJJJGJJJJIIJJJJGGIGJ	
  
@BI:SL-­‐HAB:D0RRAACXX:8:2113:4623:40045	
  1:X:0:GCCGTCGA	
  
GGGTTAGGGTTAGGGTTAGGGTTAGGGTTAGGGTTA	
  
+	
  
??@ADDBDH:CDHHI+AEFHI?GGHII:EFIII?F=	
  
@BI:SL-­‐HAB:D0RRAACXX:8:2206:11680:21762	
  1:X:0:GCCGTCGA	
  
AGGGTTAGGGTTAGGGTTAGGGTTAGGGTTAGGGTT	
  
+	
  Sample	
   Library	
   Primary	
  Data	
   Processed	
  Data	
  



DCC	
  Delivers	
  ENCODE	
  Data	
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+	
  
CCCFFFFFHHHHGIJJIGGHEIIEGGEGGIJJBHIG	
  
@BI:SL-­‐HAB:D0RRAACXX:8:2309:21201:7829	
  1:X:0:GCCGTCGA	
  
CTAACCCTAACCCTAACCCTAACCCTAACCCTAACC	
  
+	
  
CCCFFFFFHHHHHJJJJJJJGJJJJIIJJJJGGIGJ	
  
@BI:SL-­‐HAB:D0RRAACXX:8:2113:4623:40045	
  1:X:0:GCCGTCGA	
  
GGGTTAGGGTTAGGGTTAGGGTTAGGGTTAGGGTTA	
  
+	
  
??@ADDBDH:CDHHI+AEFHI?GGHII:EFIII?F=	
  
@BI:SL-­‐HAB:D0RRAACXX:8:2206:11680:21762	
  1:X:0:GCCGTCGA	
  
AGGGTTAGGGTTAGGGTTAGGGTTAGGGTTAGGGTT	
  
+	
  Sample	
   Library	
   Primary	
  Data	
   Processed	
  Data	
  

AWS	
  S3	
  Bucket	
  
ENCODE	
  Files	
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  Analysis	
  Pipelines	
  as	
  Deliverables	
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+	
  
CCCFFFFFHHHHGIJJIGGHEIIEGGEGGIJJBHIG	
  
@BI:SL-­‐HAB:D0RRAACXX:8:2309:21201:7829	
  1:X:0:GCCGTCGA	
  
CTAACCCTAACCCTAACCCTAACCCTAACCCTAACC	
  
+	
  
CCCFFFFFHHHHHJJJJJJJGJJJJIIJJJJGGIGJ	
  
@BI:SL-­‐HAB:D0RRAACXX:8:2113:4623:40045	
  1:X:0:GCCGTCGA	
  
GGGTTAGGGTTAGGGTTAGGGTTAGGGTTAGGGTTA	
  
+	
  
??@ADDBDH:CDHHI+AEFHI?GGHII:EFIII?F=	
  
@BI:SL-­‐HAB:D0RRAACXX:8:2206:11680:21762	
  1:X:0:GCCGTCGA	
  
AGGGTTAGGGTTAGGGTTAGGGTTAGGGTTAGGGTT	
  
+	
  Sample	
   Library	
   Primary	
  Data	
   Processed	
  Data	
  

Goals:	
  
1.  Deploy	
  ENCODE-­‐defined	
  pipelines	
  for	
  ChIP-­‐seq,	
  RNA-­‐seq,	
  DNase-­‐seq,	
  methyla`on.	
  
2.  Use	
  those	
  pipelines	
  to	
  generate	
  the	
  standard	
  ENCODE	
  peaks,	
  quan`ta`ons,	
  CpG.	
  
3.  Capture	
  metadata	
  to	
  make	
  clear	
  what	
  socware,	
  versions,	
  parameters,	
  inputs	
  were	
  used.	
  
4.  Capture,	
  accession,	
  and	
  distribute	
  the	
  output.	
  
5.  Deliver	
  exactly	
  the	
  same	
  pipelines	
  in	
  a	
  form	
  that	
  anyone	
  can	
  run	
  on	
  their	
  data	
  or	
  with	
  

ENCODE	
  data	
  –	
  one	
  experiment	
  or	
  1000.	
  

Replicability	
  –	
  Provenance	
  –	
  Ease	
  of	
  Use	
  –	
  Scalability	
  



ENCODE	
  DAC	
  Specifies,	
  DCC	
  Implements	
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h3ps://docs.google.com/document/d/
1lG_Rd7fnYgRpSIqrIfuVlAz2dW1VaSQThzk836Db9
9c/edit?pli=1#heading=h.9ecc41kilcvq	
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+	
  
CCCFFFFFHHHHGIJJIGGHEIIEGGEGGIJJBHIG	
  
@BI:SL-­‐HAB:D0RRAACXX:8:2309:21201:7829	
  1:X:0:GCCGTCGA	
  
CTAACCCTAACCCTAACCCTAACCCTAACCCTAACC	
  
+	
  
CCCFFFFFHHHHHJJJJJJJGJJJJIIJJJJGGIGJ	
  
@BI:SL-­‐HAB:D0RRAACXX:8:2113:4623:40045	
  1:X:0:GCCGTCGA	
  
GGGTTAGGGTTAGGGTTAGGGTTAGGGTTAGGGTTA	
  
+	
  
??@ADDBDH:CDHHI+AEFHI?GGHII:EFIII?F=	
  
@BI:SL-­‐HAB:D0RRAACXX:8:2206:11680:21762	
  1:X:0:GCCGTCGA	
  
AGGGTTAGGGTTAGGGTTAGGGTTAGGGTTAGGGTT	
  
+	
  Sample	
   Library	
   Primary	
  Data	
   Processed	
  Data	
  

Replicability	
  –	
  Provenance	
  –	
  Ease	
  of	
  Use	
  –	
  Scalability	
  
We	
  chose	
  to	
  deploy	
  first	
  to	
  a	
  web/cloud-­‐based	
  plamorm,	
  DNAnexus	
  
Code	
  is	
  open	
  source	
  now	
  and	
  will	
  be	
  deployed	
  toaddi`onal	
  plamorms	
  

h3ps://github.com/ENCODE-­‐DCC	
  

Develop	
   Share	
   Run	
   Elas=c	
   Provenance	
   Cost	
  
HPC	
  Cluster	
  (Scripts)	
   Hard	
   Hard	
   Hard	
   Cluster-­‐Dependent	
   Moderate	
   Obscure/Subsidized	
  

HPC	
  Container	
   Hard	
   Moderate	
   Moderate	
   Cluster-­‐Dependent	
   Good	
   Obscure/Subsidized	
  

Web/Cloud	
   Moderate	
   Easy	
   Easy	
   Highly	
   Excellent	
   Apparent	
  but	
  Low	
  



Schema:	
  	
  ENCODE	
  ChIP-­‐seq	
  Pipeline	
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Target	
   Key	
  SoIware	
   Input	
  Files	
   Output	
  Files	
   QA	
  Metrics	
  

TF's	
  

bwa	
  

fastq's	
  (SE	
  or	
  PE)	
  
Two	
  biological	
  
replicates	
  

Matched,	
  replicated	
  
controls	
  

	
  	
  
NRF	
  (Non-­‐redundant	
  frac`on)	
  

PBC1	
  and	
  2	
  (PCR	
  bo3leneck	
  coefficients)	
  
Number	
  of	
  dis`nct	
  uniquely-­‐mapping	
  reads	
  

NSC/RSC	
  (Strand	
  cross-­‐correla`on)	
  	
  
IDR	
  Rescue	
  Ra`o	
  

IDR	
  Self-­‐Consistency	
  Ra`o	
  
IDR	
  Reproducibility	
  Test	
  

Number	
  of	
  replicated	
  peaks	
  (histone)	
  

Picard	
  markDuplicates	
   One	
  bam	
  per	
  replicate	
  
samtools	
   bigWig	
  fold	
  signal	
  over	
  control	
  

MACS2	
  (Signal	
  tracks)	
   bigWig	
  p-­‐value	
  signal	
  over	
  control	
  
SPP	
  (PeakSeq,	
  GEM	
  future)	
   bed/bigBed	
  true	
  replicates	
  peaks	
  

IDR2	
   bed/bigBed	
  pooled	
  replicates	
  peaks	
  
	
  	
   	
  	
   bed/bigBed	
  IDR	
  thresholded	
  peaks	
  

Histone	
  
Mods	
  

MACS2	
  for	
  peaks	
   Narrow	
  and	
  Gapped	
  peaks	
  
Overlap	
  thresholding	
   bed/bigBed	
  Replicated	
  peaks	
  

IDR2	
  (future)	
  

fastq	
  
reads	
   Map	
  

Pool	
  Replicates	
  
Subsample	
  

Pseudoreplicates	
  
Call	
  Peaks	
   Replicated	
  

Peaks/IDR	
  

Signal	
  Tracks	
  

BAM	
  
BAM	
  

2	
  Pseudoreplicates	
  
per	
  replicate	
  

2	
  Pseudoreplicates	
  
per	
  pool	
  

Peak	
  
Calls	
  

IDR-­‐
thresholded	
  
TF	
  Peak	
  Calls	
  

bigWig	
  
BAM,	
  BAI	
  
Processed,	
  

mapped	
  reads	
  

h0ps://github.com/ENCODE-­‐DCC/
chip-­‐seq-­‐pipeline	
  

Replicated	
  
Histone	
  Peak	
  

Calls	
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Es=mates	
   Descrip=on	
   References	
  
Depth	
   Number	
  of	
  mappable	
  reads	
   Jung	
  YL,	
  	
  et	
  al.	
  Nucleic	
  Acids	
  Research.	
  2014;42(9):e74	
  

Useable	
  fragments	
  (=SE	
  filtered	
  reads,	
  PE/2)	
  

Library	
  Complexity	
   Non-­‐Redundant	
  Frac`on	
  

Landt	
  S,	
  et	
  al.	
  Genome	
  Res.	
  2012.	
  22:	
  1813-­‐1831	
  PCR	
  Bo3leneck	
  Coefficient	
  

ChIP	
  Quality	
   Normalized	
  Strand	
  Cross-­‐Correla`on	
  
Rela`ve	
  Strand	
  Cross-­‐Correla`on	
  

Replicate	
  Concordance	
  
IDR	
  Rescue	
  Ra`o	
  

Li	
  Q,	
  et	
  al.	
  Annals	
  Applied	
  Sta`s`cs.	
  2011,	
  Vol.	
  5,	
  No.	
  3,	
  1752–1779	
  IDR	
  Self-­‐Consistency	
  Ra`o	
  
IDR	
  Reproducibility	
  Test	
  

fastq	
  
reads	
   Map	
  

Pool	
  Replicates	
  
Subsample	
  

Pseudoreplicates	
  
Call	
  Peaks	
   Replicated	
  

Peaks/IDR	
  

Signal	
  Tracks	
  

BAM	
  
BAM	
  

2	
  Pseudoreplicates	
  
per	
  replicate	
  

2	
  Pseudoreplicates	
  
per	
  pool	
  

Peak	
  
Calls	
  

IDR-­‐
thresholded	
  
TF	
  Peak	
  Calls	
  

bigWig	
  
BAM,	
  BAI	
  
Processed,	
  

mapped	
  reads	
  

h0ps://github.com/ENCODE-­‐DCC/
chip-­‐seq-­‐pipeline	
  

Replicated	
  
Histone	
  Peak	
  

Calls	
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Pipeline	
  overview	
  pages	
  on	
  the	
  
ENCODE	
  Portal:	
  
h3ps://www.encodeproject.org/
chip-­‐seq	
  
	
  
h3ps://www.encodeproject.org/
chip-­‐seq/transcrip`on_factor/	
  
	
  
h3ps://www.encodeproject.org/
chip-­‐seq/histone/	
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Uniformly	
  Processed	
  Data	
  On	
  the	
  ENCODE	
  Portal	
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h3ps://www.encodeproject.org/experiments/ENCSR069XHI/	
  
Mouse	
  e13.5	
  
heart,	
  H3K9ac	
  



Uniformly	
  Processed	
  Data	
  On	
  the	
  ENCODE	
  Portal	
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h3ps://www.encodeproject.org/experiments/ENCSR069XHI/	
  

Analysis	
  step	
  metadata	
  



Uniformly	
  Processed	
  Data	
  On	
  the	
  ENCODE	
  Portal	
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h3ps://www.encodeproject.org/experiments/ENCSR069XHI/	
  

Analysis	
  step	
  metadata	
  QC	
  metrics	
  associated	
  with	
  files	
  



Uniformly	
  Processed	
  Data	
  On	
  the	
  ENCODE	
  Portal	
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h3ps://www.encodeproject.org/experiments/ENCSR000FCD/	
  
K562,	
  SMAD5	
  



ENCODE	
  ChIP-­‐seq	
  on	
  the	
  Cloud	
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Workflows	
  map	
  inputs	
  to	
  outputs	
  



ENCODE	
  ChIP-­‐seq	
  on	
  the	
  Cloud	
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Early	
  stages	
  feed	
  subsequent	
  stages	
  



ENCODE	
  ChIP-­‐seq	
  on	
  the	
  Cloud	
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Outputs	
  that	
  are	
  accessioned	
  at	
  the	
  
ENCODE	
  Portal	
  



Running	
  Pipelines	
  on	
  DNAnexus	
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To	
  set	
  up	
  an	
  account:	
  
h3ps://www.encodeproject.org/tutorials/encode-­‐users-­‐mee`ng-­‐2015/	
  
	
  
Click	
  “Prepare	
  to	
  run	
  web-­‐based	
  pipelines”	
  

Log	
  in	
  -­‐>	
  



Publicly	
  Accessible	
  Pipelines	
  

J.	
  Seth	
  Stra3an,	
  PhD	
  	
  ENCODE	
  DCC	
  
19	
  



Copy	
  Pipeline	
  to	
  Your	
  Project	
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Select	
  a	
  Workflow	
  to	
  Run	
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Select	
  the	
  workflow	
  
“Run	
  Analysis	
  …”	
  



A	
  Workflow	
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INPUTS	
  

Once	
  input	
  
requirements	
  
are	
  met	
  …	
  “Run	
  
as	
  Analysis”	
  



The	
  “Monitor”	
  Tab	
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Gather	
  Results	
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Atomic	
  outputs	
  

Output	
  files	
  
(downloadable)	
  



Summary	
  and	
  Development	
  Plans	
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•  DCC	
  have	
  implemented	
  ChIP	
  analysis	
  pipelines	
  as	
  specified	
  by	
  the	
  DAC.	
  
•  Signal	
  tracks	
  and	
  peak	
  calls	
  are	
  produced,	
  along	
  with	
  QC	
  metrics.	
  
•  First	
  deployment	
  is	
  to	
  the	
  DNAnexus	
  cloud	
  plamorm.	
  
•  All	
  ChIP	
  experiments	
  from	
  the	
  October	
  2015	
  freeze	
  have	
  been	
  run	
  through	
  the	
  

mapping,	
  and	
  TF	
  or	
  histone	
  pipelines.	
  
•  Anyone	
  can	
  run	
  these	
  pipelines	
  on	
  DNAnexus.	
  
•  Currently	
  under	
  development	
  (early	
  2016	
  release):	
  

•  Add	
  GEM	
  and	
  PeakSeq	
  peak	
  callers	
  to	
  TF	
  pipeline.	
  
•  Add	
  mo`f	
  analysis.	
  
•  Refine	
  IDR	
  metrics	
  for	
  histone	
  pipeline.	
  
•  Improved	
  documenta`on.	
  
•  GRCh38	
  processing	
  of	
  all	
  experiments.	
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RNA-­‐seq	
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RNA-­‐Seq	
  Pipeline	
  

Non	
  bisulfite	
  
conversion	
  rate	
  

QC	
  metrics	
  
Map	
  to	
  λ	
  genome	
  

FASTQ	
  (SE/PE)	
  
Replicates	
  

Extract	
  methyl	
  calls	
  

Trim	
  Reads	
   BAM	
  

BigWigs	
  BigWigs	
  BigBEDs	
  
(.bb)	
  

Map	
  
	
  (converted	
  genome)	
  

FASTQ	
  (SE/PE)	
  Replicates	
  

Extract	
  methyl	
  calls	
  

Trim	
  Reads	
   BAM	
  
(Bismark)	
  

BigWigs	
  BigWigs	
  BigBEDs	
  
(.bb)	
  

Map	
  
	
  (converted	
  genome)	
  

BISMARK	
  (v	
  0.10)	
  

Bed/BigBed	
  files	
  for:	
  
•  CG	
  context	
  
•  CHG	
  context	
  
•  CHH	
  context	
  

h0ps://github.com/ENCODE-­‐DCC/dna-­‐me-­‐pipeline	
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  ENCODE	
  RNA-­‐seq	
  Pipeline	
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IDR/MAD	
  

FASTQ	
  (SE/PE)	
  
Replicates	
  

Map	
  Reads	
  

Quan=fica=on	
  

Signal	
  Tracks	
  BAM	
  
(tophat)	
  

RSEM	
  
file	
  

Map	
  Reads	
   BAM	
  
(STAR)	
  

BigWigs	
  BigWigs	
  BigWigs	
  BigWigs	
  
(.bw)	
  

Signal	
  Tracks	
   BigWigs	
  BigWigs	
  BigWigs	
  BigWigs	
  
(.bw)	
  

QC	
  &	
  filtered	
  
quan=fica=on	
  

FASTQ	
  (SE/PE)	
  Replicates	
  

Map	
  Reads	
  

Quan=fica=on	
  

Signal	
  Tracks	
  BAM	
  
(tophat)	
  

RSEM	
  
file	
  

Map	
  Reads	
   BAM	
  
(STAR)	
  

BigWigs	
  BigWigs	
  BigWigs	
  BigWigs	
  

Signal	
  Tracks	
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