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Outline	
  

•  ChIP-­‐Seq	
  overview	
  	
  
•  Cistrome	
  Analysis	
  Pipeline	
  	
  

– Peak	
  calling:	
  MACS	
  	
  
– ChIP-­‐seq	
  integra6ve	
  analysis	
  	
  
– BETA:	
  Binding	
  Expression	
  Target	
  Analysis	
  	
  

•  Cistrome	
  Dataset	
  Browser	
  	
  

•  Hands-­‐on	
  example	
  with	
  Cistrome	
  Analysis	
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ChIP-­‐Seq	
  is	
  used	
  to	
  study	
  Cistrome,	
  the	
  in	
  vivo	
  genome-­‐wide	
  
loca6on	
  of	
  a	
  transcrip6on	
  factor	
  or	
  a	
  histone	
  modifica6on.	
  	
  

ENCODE	
  Consor6um	
   3	
  



ChIP-­‐Seq	
  overview	
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@ILLUMINA-8879DC:231:KK:3:1:1070:945 1:Y:0: 
NNNAATACAGTCAGAAACATATCATATTGGAGAATA 
#################################### 
@ILLUMINA-8879DC:231:KK:3:1:1153:945 1:Y:0: 
NNNAAGCACACAGAAGATAACTAAACAATCAAGTAG 
#################################### 
@ILLUMINA-8879DC:231:KK:3:1:1222:945 1:Y:0: 
NNNAAGGGTCTTGAGAAGAAATCATTCTGGATGGCA 
#################################### 
@ILLUMINA-8879DC:231:KK:3:1:1304:939 1:Y:0: 
NNNCCAGGCTCCCGCGATTCTCCTGCCTCAGCTTCT 
#################################### 
@ILLUMINA-8879DC:231:KK:3:1:1354:945 1:Y:0: 
NNNCTCTTCCTTAGCTAAACTTTCAACTAAGCCAAA 
#################################### 
@ILLUMINA-8879DC:231:KK:3:1:1411:932 1:Y:0: 
NNNGTAGGACCATTGGCGTTGCGACACAAAAAATTT 
#################################### 
@ILLUMINA-8879DC:231:KK:3:1:1496:937 1:Y:0: 
NNNTTCATCGGGTTGAGAGTCCCCTTGTTGCATGCA 
#################################### 
@ILLUMINA-8879DC:231:KK:3:1:1533:939 1:Y:0: 
NNNATTTTCCCGTTCCAGGTCGCAATTTCCGCCGTT 
#################################### 
@ILLUMINA-8879DC:231:KK:3:1:1573:940 1:Y:0: 
NNNGGGGTGCGCCTTTAGTCCCAGCTACTCAGGAAC 
#################################### 



ChIP-­‐Seq	
  data	
  analysis	
  overview	
  

•  Where	
  in	
  the	
  genome	
  do	
  these	
  sequence	
  reads	
  come	
  
from?	
  -­‐	
  Sequence	
  alignment	
  and	
  quality	
  control	
  	
  

•  What	
  does	
  the	
  enrichment	
  of	
  sequences	
  mean?	
  	
  -­‐	
  
Peak	
  calling:	
  MACS	
  or	
  SICER	
  	
  

•  What	
  can	
  we	
  learn	
  from	
  these	
  data?	
  –	
  Downstream	
  
analysis	
  and	
  integra6on	
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Cistrome	
  can	
  help!	
  



ChIP-­‐Seq	
  data	
  analysis	
  overview:	
  basic	
  processing	
  	
  

•  alignment	
  of	
  each	
  sequence	
  read:	
  bow6e	
  or	
  BWA	
  	
  

•  redundancy	
  control:	
  both	
  MACS	
  and	
  SICER	
  can	
  do.	
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cannot	
  map	
  to	
  the	
  reference	
  genome	
  
can	
  map	
  to	
  mul6ple	
  loci	
  in	
  the	
  genome	
  
can	
  map	
  to	
  a	
  unique	
  loca6on	
  in	
  the	
  genome	
  

✗


✗



✔	
  

✔	
  
Langmead	
  et	
  al.	
  2009,	
  	
  
Zang	
  et	
  al.	
  2009	
  



•  pile-­‐up	
  profiling	
  
	
  
	
  

•  Data	
  visualiza6on:	
  	
  
	
  UCSC	
  genome	
  browser	
  
	
  IGV	
  
	
  WashU	
  EpiGenome	
  Browser	
  

ChIP-­‐Seq	
  data	
  analysis	
  overview:	
  peak	
  calling	
  

•  DNA	
  fragment	
  size	
  es6ma6on	
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Original algorithm of MACS 
v1
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•  MACS	
  (Zhang,	
  2008)	
  
For	
  sharp	
  peaks	
  (transcrip6on	
  
factor	
  binding,	
  DNase	
  HS)	
  	
  
	
  
Poisson	
  model	
  with	
  dynamic	
  
local	
  background	
  

	
  	
  

ChIP-­‐Seq	
  data	
  analysis	
  overview:	
  peak	
  calling	
  

•  SICER	
  (Zang,	
  2009)	
  
For	
  broad	
  peaks	
  (histone	
  
modifica6ons,	
  “super-­‐
enhancers”)	
  	
  
	
  
Spa6al	
  clustering	
  of	
  localized	
  
weak	
  signal	
  and	
  integra6ve	
  
Poisson	
  model	
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Formulas of scores

• local lambda of Poisson distribution: 

• p-value score: 

• q-value score, using approximate FDR calculation from 
Benjamini–Hochberg–Yekutieli <http://en.wikipedia.org/
wiki/False_discovery_rate>

Where, N is the total number of basepairs covered, k is 
the rank of certain score_p.

�
local

= max(�
d

,�1kb,�10kb)

score
p

= � log10 poisson cdf(pileup
d

,�
local

, upper tail)

scoreq(k) = scorep(k)� log10
N

k

= scorep(k) + log10 k � log10 N
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Wang,	
  Zang	
  et	
  al.	
  2014	
  

NOTCH1	
  
	
  
H3K27ac	
  



Cistrome.org	
  



Cistrome	
  Analysis	
  Pipeline	
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Overview	
  of	
  Cistrome	
  AP	
  project	
  
Liu	
  T,	
  Or6z	
  JA,	
  Taing	
  L,	
  Meyer	
  CA,	
  Lee	
  B,	
  Zhang	
  Y,	
  Shin	
  H,	
  Wong	
  SS,	
  Ma	
  J,	
  Lei	
  Y,	
  et	
  al.	
  2011.	
  Cistrome:	
  an	
  
integra6ve	
  plahorm	
  for	
  transcrip6onal	
  regula6on	
  studies.	
  Genome	
  Biol	
  12:	
  R83.	
  



CEAS:	
  annota6on	
  and	
  visualiza6on	
  

coding	
  exons	
  

introns	
  

Data	
  from:	
  
Kolasinska-­‐Zwierz	
  P	
  et	
  al.	
  Nat	
  Genet	
  2009	
  



Heatmap	
  and	
  peak	
  clustering	
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K-­‐means	
  clustering	
  



Heatmap	
  and	
  peak	
  clustering	
  

Feng	
  D,	
  et	
  al.	
  Science	
  2011	
  	
  



Heatmap	
  and	
  peak	
  clustering	
  

Data	
  from:	
  

Gerstein	
  MB,	
  et	
  al.	
  Science	
  2010.	
  	
  



• Search	
  the	
  sequence	
  mo6fs	
  around	
  
peak	
  center	
  posi6ons	
  
• Search	
  in	
  known	
  mo6f	
  databases	
  
• Perform	
  de	
  novo	
  mo6f	
  discovery	
  
based	
  on	
  MDscan	
  algorithm	
  
• Cluster	
  similar	
  mo6fs	
  

! = !! − 0.5
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Integra6ve	
  Analysis:	
  BETA	
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•  Correla6on	
  with	
  expression	
  (Binding	
  
Expression	
  Target	
  Analysis,	
  BETA,	
  Wang	
  et	
  al.	
  
Nat.	
  Protoc.	
  2013)	
  

Wang,	
  Zang	
  et	
  al.	
  2014	
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Workflow	
  of	
  BETA	
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Func6on	
  predic6on	
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Direct	
  target	
  predic6on	
  
RPg	
  =	
  Rgb/n	
  *	
  Rge/n	
  	
  	
  	
  	
  	
  (p-­‐value)	
  
Direct	
  target	
  genes	
  

	
  
Target	
  gene	
  associated	
  peaks	
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Mo6f	
  analysis	
  on	
  target	
  regions	
  

21	
  



Details	
  of	
  Cistrome	
  tools	
  

•  Import	
  Data	
  
•  Data	
  preprocessing	
  
•  Gene	
  expression	
  
•  Integra6ve	
  analysis	
  
•  BETA	
  
•  Linover/Others	
  
•  Low	
  level	
  file	
  opera6ons	
  



Import	
  data	
  
•  Upload	
  file	
  

–  Upload	
  through	
  HTML	
  for	
  small	
  files	
  -­‐-­‐	
  don’t	
  close	
  webpage.	
  

–  If	
  you	
  have	
  uploaded	
  files	
  through	
  Aspera,	
  you	
  can	
  select	
  them.	
  Good	
  for	
  
huge	
  file	
  >100MB	
  

•  Expression	
  CEL	
  file	
  packager	
  
–  It	
  can	
  download	
  Affymetrix	
  expression	
  array	
  CEL	
  files	
  directly	
  from	
  GEO,	
  

make	
  treatment	
  and	
  control	
  groups	
  if	
  necessary,	
  then	
  package	
  a	
  cel.zip	
  file	
  
suitable	
  for	
  Cistrome	
  expression	
  analyses.	
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Data	
  preprocessing	
  
•  MACS	
  1.4.1	
  for	
  ChIP-­‐seq	
  peak	
  calling	
  

–  Input	
  should	
  be	
  sequence	
  alignment	
  in	
  ELAND,	
  BED,	
  SAM,	
  or	
  BAM	
  formats	
  

•  MA2C	
  for	
  NimbleGen	
  2-­‐color	
  array	
  

–  Need	
  POS,	
  NDF,	
  and	
  PairData	
  files	
  

•  General	
  peak	
  caller	
  
–  Take	
  wig	
  file	
  from	
  e.g.	
  MACS/MA2C/MAT	
  and	
  recall	
  peaks	
  with	
  other	
  parameter	
  serng	
  

•  MMChIP-­‐chip	
  and	
  MMChIP-­‐seq	
  

–  Meta	
  analysis	
  to	
  combine	
  wiggle	
  files	
  from	
  different	
  plahorm	
  or	
  labs	
  

–  ChIP-­‐chip	
  and	
  ChIP-­‐seq	
  can’t	
  be	
  combined	
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Gene	
  expression	
  
•  Gene	
  expression	
  level	
  

–  Input	
  should	
  be	
  cel.zip	
  (Affy)	
  or	
  xys.zip	
  (other)	
  
–  Zip	
  file	
  contains	
  a	
  pheno.txt	
  -­‐-­‐	
  check	
  tool	
  descrip6on	
  on	
  Cistrome	
  site	
  for	
  detail	
  

–  Can	
  take	
  output	
  from	
  Expression	
  CEL	
  file	
  packager	
  

•  	
  Differen6al	
  expression	
  
–  Take	
  output	
  from	
  ‘Gene	
  expression’	
  tool	
  for	
  either	
  RefSeq,	
  EntrezID,	
  or	
  gene	
  symbols	
  

•  Highest	
  expressed	
  TF	
  using	
  GO	
  term	
  

–  Take	
  output	
  from	
  ‘Gene	
  expression’	
  tool	
  

•  Correlated	
  gene	
  or	
  TFs	
  given	
  gene	
  symbol	
  and	
  GO	
  term	
  
–  .eset	
  file	
  from	
  ‘Gene	
  expression’	
  tool	
  

•  GO:	
  Gene	
  Ontology	
  
–  Take	
  a	
  list	
  of	
  EntrezIDs,	
  run	
  GO	
  on	
  BP,	
  CC,	
  MF,	
  also	
  send	
  query	
  to	
  DAVID	
  of	
  the	
  first	
  200	
  genes	
  (	
  due	
  to	
  

limita6on	
  on	
  DAVID	
  )	
  

–  If	
  you	
  only	
  have	
  refseq	
  gene	
  list	
  or	
  gene	
  symbols,	
  use	
  ‘convert	
  gene	
  ids’	
  tool	
  first	
  

•  Histogram	
  or	
  boxplot	
  of	
  expression	
  levels	
  

–  Take	
  the	
  gene	
  expression	
  level	
  file,	
  and	
  a	
  list	
  of	
  genes	
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Integra6ve	
  analysis	
  (correla6on)	
  
•  Correla6on	
  of	
  wiggle	
  files	
  in	
  whole	
  genome	
  scale	
  

–  take	
  mul6ple	
  wiggle	
  files	
  

–  Can	
  draw	
  heatmap	
  with	
  hierarchical	
  clustering	
  

•  Correla6on	
  of	
  wiggle	
  files	
  within	
  special	
  regions	
  
–  Beter	
  to	
  inves6gate	
  the	
  correla6on	
  at	
  such	
  as	
  certain	
  binding	
  sites	
  or	
  

DNAse	
  regions	
  or	
  TSS	
  regions	
  

•  Correla6on	
  of	
  two	
  wiggle	
  files	
  in	
  the	
  union	
  region	
  of	
  two	
  regional	
  BED	
  files	
  
–  Beter	
  to	
  check	
  if	
  two	
  replicates	
  are	
  consistent	
  

•  Venn	
  diagram	
  

–  Show	
  the	
  overlap	
  between	
  up	
  to	
  3	
  regional	
  BED	
  files	
  
–  Beter	
  to	
  show	
  the	
  co-­‐localiza6on	
  of	
  two	
  or	
  three	
  TFs	
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Integra6ve	
  analysis	
  (associa6on)	
  
•  CEAS:	
  summarize	
  the	
  bias	
  of	
  cistrome	
  

–  take	
  regional	
  BED	
  file	
  and	
  op6onal	
  wiggle	
  file	
  
–  mul6ple	
  pages	
  report	
  including	
  profiling	
  on	
  metagene	
  body	
  

•  Sitepro:	
  draw	
  aggrega6on	
  plot	
  around	
  given	
  sites	
  
–  Take	
  mul6ple	
  wig	
  files	
  or	
  bed	
  files	
  

–  Can	
  be	
  used	
  to	
  show	
  e.g.	
  histone	
  marks	
  around	
  TFBS	
  

•  Conserva6on	
  plot	
  at	
  given	
  sites	
  
•  Heatmap:	
  the	
  signal	
  patern	
  around	
  given	
  regions	
  

–  Can	
  use	
  mul6ple	
  wiggle	
  files	
  or	
  only	
  use	
  one	
  of	
  them	
  to	
  either	
  do	
  k-­‐means	
  clustering	
  
or	
  sort,	
  then	
  reorder	
  all	
  sites.	
  

–  Can	
  output	
  region	
  in	
  each	
  cluster,	
  to	
  be	
  combined	
  with	
  other	
  tools	
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Integra6ve	
  analysis	
  (mo6f)	
  

•  SeqPos	
  mo6f	
  discovery	
  and	
  search	
  

–  Perform	
  both	
  de	
  novo	
  mo6f	
  discovery	
  and	
  known	
  
mo6f	
  search	
  in	
  PBM,	
  Y1H,	
  Transfac,	
  Jaspar,	
  and	
  our	
  
curated	
  Cistrome	
  mo6f	
  collec6on	
  	
  

–  Consider	
  the	
  distance	
  between	
  the	
  middle	
  points	
  
of	
  given	
  sites	
  and	
  mo6f	
  loca6ons	
  

•  Screen	
  mo6f	
  tool	
  	
  

–  take	
  a	
  mo6f	
  and	
  given	
  regions,	
  scan	
  the	
  
occurrences.	
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Name	
   Descrip6on	
  

General	
  ChIP-­‐seq	
   A	
  generic	
  ChIP-­‐seq	
  pipeline	
  for	
  Next	
  Genera6on	
  Sequencing	
  
plahorm	
  data	
  of	
  single	
  replicate	
  

ChIP-­‐seq	
  with	
  two	
  
replicates	
   Calculate	
  correla6on	
  of	
  two	
  ChIP-­‐seq	
  replicates	
  

Generate	
  differen6al	
  gene	
  
list	
  	
  

Take	
  the	
  differen6al	
  expression	
  result	
  and	
  generate	
  the	
  up/
down-­‐regulated	
  genes,	
  which	
  can	
  be	
  used	
  in	
  CEAS.	
  

From	
  Heatmap	
  clustering	
  
to	
  Gene	
  names	
  

Take	
  the	
  Heatmap	
  clustering	
  results	
  on	
  gene	
  TSSs,	
  then	
  
separate	
  the	
  first	
  5	
  clusters	
  with	
  dis6nct	
  paterns,	
  which	
  can	
  
be	
  followed	
  by	
  GO	
  analysis	
  

BAM	
  to	
  BED	
   Convert	
  BAM	
  format	
  file	
  to	
  BED	
  while	
  filtering	
  out	
  unmapped	
  
reads	
  

Randomly	
  select	
  reads	
  in	
  
BAM	
  

Randomly	
  sample	
  BAM	
  file	
  to	
  given	
  number	
  of	
  reads	
  in	
  BED	
  
format	
  	
  

Find	
  regions	
  with	
  two	
  
different	
  mo6fs	
  

Scan	
  given	
  regions	
  of	
  two	
  different	
  mo6fs,	
  find	
  the	
  regions	
  
with	
  two	
  non-­‐overlapping	
  different	
  mo6fs	
  

Precompiled	
  workflows	
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Cistrome	
  Dataset	
  Browser	
  	
  

30	
  



Cistrome.org	
  



Cistrome	
  Dataset	
  Browser	
  



12,937	
  ChIP-­‐seq	
  datasets	
  have	
  been	
  collected	
  

The Data Collection (DC) : 2009 ~ 2011

• Lab members curated 5066 samples manually 

• Milestone: CistromeMap Published 

• However, planning never caches up with changes!

!
Numbers of ChIP-seq samples on GEO

33	
  



Features	
  of	
  ChIP-­‐seq	
  datasets	
  
•  Species	
  
•  Biological	
  source:	
  6ssue,	
  cell	
  type,	
  disease,	
  condi6on,	
  etc.	
  	
  
•  Factor	
  
•  Publica6on	
  	
  
•  Quality	
  Control:	
  	
  

–  Sequence	
  quality:	
  Raw	
  sequence	
  median	
  quality	
  score	
  and	
  raw	
  read	
  
GC	
  content	
  	
  

–  Mapping	
  quality:	
  Uniquely	
  mapped	
  ra6o	
  	
  
–  Library	
  complexity	
  (PBC):	
  PCR	
  botleneck	
  coefficient	
  
–  ChIP	
  enrichment:	
  sufficient	
  number	
  of	
  peaks	
  with	
  good	
  enrichment	
  
–  Signal	
  to	
  noise	
  ra6o	
  (FRiP):	
  Frac6on	
  of	
  reads	
  in	
  peaks	
  
–  Evolu6onary	
  conserva6on:	
  Phastcons	
  score	
  around	
  the	
  peak	
  summits	
  	
  
–  Regulatory	
  regions:	
  DHS	
  overlapped	
  ra6o	
  in	
  top	
  5000	
  peaks	
  	
  
–  Mo6f:	
  enrichment	
  of	
  corresponding	
  mo6fs	
  in	
  peaks	
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Features	
  of	
  ChIP-­‐seq	
  samples	
  

•  Visualize:	
  	
  
– WashU	
  Browser	
  
– UCSC	
  Browser	
  

•  Download:	
  	
  
– Peaks	
  (BED)	
  
– BigWig	
  
– Puta6ve	
  target	
  genes	
  	
  

•  Similar	
  datasets	
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Cistrome	
  Dataset	
  Browser	
  



Summary	
  

•  Cistrome	
  Analysis	
  Pipeline	
  	
  
– Peak	
  calling	
  	
  
–  Integra6ve	
  analysis	
  	
  
– BETA	
  

•  Cistrome	
  Dataset	
  Browser	
  
– Browse	
  and	
  reuse	
  published	
  ChIP-­‐seq	
  data	
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