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•  Running	  ChIP-‐seq_analyze	  script	  on	  the	  cluster	  from	  different	  sources	  

(SRA,	  fastq	  files,	  bam	  files)	  

•  Visualizing	  ChIP-‐seq	  results	  in	  IGV	  genome	  browser	  

•  Defining	  and	  visualizing	  overlapping	  peak	  sets	  using	  intersectBed	  and	  VennMaster	  

•  CreaKng	  heat	  maps	  with	  HOMER,	  Cluster	  and	  TreeView	  

•  Mapping	  de	  novo	  moKfs	  to	  the	  peaks	  

•  Summarizing	  the	  numbers	  of	  the	  analysis	  
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•  Aim:	  To	  have	  a	  simple	  script	  that	  can	  be	  used	  either	  to	  analyze	  local	  
ChIP-‐seq	  sequencing	  data	  or	  to	  do	  meta-‐analysis	  of	  ChIP-‐seq	  
experiments	  stored	  on	  the	  NCBI	  SRA	  database	  

•  Command	  line	  tool	  
•  Input:	  SRA	  (NCBI	  reads),	  fastq	  (reads),	  bam	  (alignments)	  

–  Downloads	  SRA	  format	  files	  NCBI	  
–  Maps	  fastq	  format	  reads	  
–  Peak	  calling	  by	  HOMER	  and	  MACS	  
–  Peak	  annotaKon	  by	  HOMER	  
–  Known	  and	  denovo	  moKf	  finding	  by	  HOMER	  
–  GO	  enrichment	  analysis	  by	  HOMER	  
–  Generates	  bedgraph	  and	  bed	  files	  for	  visualizaKon	  

Barta	  E	  
Command	  line	  analysis	  of	  ChIP-‐seq	  results.	  
EMBNET	  JOURNAL	  17:(1)	  pp.	  13-‐17.	  (2011)	  
	  

ChIP-‐seq	  analyze	  script	  
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ChIP-‐Seq	   Reads	  /	  tags	  
(fastq	  format)	  

Alignment	  files	  (bam)	  

Burrows-‐Wheeler	  
Alignment	  Tool	  

Hypergeometric	  
OpKmizaKon	  of	  

MoKf	  EnRichment	  

Peak	  files	  (bed)	  

DifferenKal	  Binding	  
Analysis	  of	  ChIP-‐Seq	  
peak	  data	  

Model	  Based	  
Analysis	  for	  
ChIP-‐Seq	  data	  

Peak	  files	  (bed)	  

BWA	  /	  SAMtools	  

Homer2	  
makeTagdirectory	  
makeUCSCfile*	  

findPeaks	  

MACS2	  
callpeak*	  

Significant	  peaks	  
(top	  1000	  summits)	  

Homer2	  
findMoKfsGenome	  

RD	  files	  (txt)	  

*Genome	  coverage	  files	  (bedgraph)	  

Homer2	  
annotatePeaks	  

MoKf	  matrices/logos	  

DiffBind	  
edgeR,	  limma	  

Homer	  Tagdirectory	  

Mo6f	  files	  (bed)	  

Bash	  
sort,	  head	  

Bash	  
sort,	  head	  

PeakAnnotator	  

FuncKonal	  annotaKon	  
of	  binding	  and	  
modificaKon	  loci	  

beds	   VennMaster	  lists	  

Significant	  peaks	  
(top	  1000	  summits)	  

Significant	  peaks	  
(top	  1000	  “summits”)	  

BEDTools	  
intersectBed	  

beds	  

Quality	  improvement:	  
spli>ers/clippers/trimmers	  

w/o	  input	  

NormalizaKons,	  
strand	  specificity	  

Directed	  moKf	  finding	  
because	  of	  masked	  out	  moKves	  

Contrasts	  

Redundancy	  

Whatever	  infile	  

Gene	  list	  

IP	  efficiency	   Overlaps,	  distances	  

Merge	  



Reads	  (fastq	  format)	  

•  Raw	  data	  from	  pictures	  

•  SeparaKng	  
individual	  
samples	  
(fastx_barcode_spliser.pl)	  
	  

•  FastQC	  
•  Adaptors,	  linkers,	  barcodes,	  low	  QC	  bases	  –	  removing	  
with	  splisers,	  trimmers,	  clippers	  
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fastq	  files	  
!
!
@HWI-H148:96:C0FTRACXX:1:1101:1634:2070 1:N:0:!
TAGTCTCTTAAGAGCCATGGCTACTAGAAAATTGATAGATCTGGATACACN!
+!
+1:B1BBDFDBCFF>GD@9A9;@:?B+9A+9AG4?:C**1::11:9?B*?#!
@HWI-H148:96:C0FTRACXX:1:1101:2201:2016 1:N:0:!
GAGTTTCAGGATCTGTTGTTATGTCTCCCTTTTCATTTCTGATTNNNNNNN!
+!
@@;DDDDAHH<FHHIH:CEGEDFFEHIGEHGEGHEGHCGHIFHI#######!
@HWI-H148:96:C0FTRACXX:1:1101:2165:2024 1:N:0:!
GAGCTTTTTTTCCTCGCCATATTTCACGTCCTAAAGTGTGTATTNNNNNNN!
+!
=?1+ADDDHF>FHIIHBDGHGGDCB@GH?FDGG9BDG<BF?FFH#######!
@HWI-H148:96:C0FTRACXX:1:1101:2314:2026 1:N:0:!
GATTTTAGGTAACAGCCAGGGCAGGATAATCAAGGACATTTTTTNNNNNNN!
+!
11144AABDADHDIEGIIIHDGHDEFHGHIIIGGGEGCE<GHII#######!
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•  Large	  text	  files	  
–  IdenKfier	  

•  Instrument	  name	  
•  Lane	  number	  
•  Tile	  number	  
•  X-‐coordinate	  
•  Y-‐coordinate	  
•  Member	  of	  the	  pair	  
•  Passing	  filter	  
•  Control	  bits	  
•  Index	  sequence	  

–  Raw	  sequence	  
–  OpKonal	  descripKon	  
–  Quality	  values	  

•  Can	  be	  splised	  and	  
concatenated	  



SRA	  toolkit	  
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Finding	  ChIP-‐seq	  experiments	  in	  the	  
NCBI’s	  SRA	  database	  



{p://{p-‐trace.ncbi.nlm.nih.gov/sra/sra-‐instant/reads/
ByExp/sra/SRX/SRX142/SRX142907	  
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Ge|ng	  the	  link	  to	  the	  FTP	  site	  for	  
downloading	  sra	  format	  reads	  
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BWA	  
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SAMTOOLS	  
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BAMTOOLS	  



Finding	  peaks	  
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•  The	  number	  of	  peaks	  depends	  on	  the	  
methods	  used	  and	  the	  cutoff	  values	  
applied.	  

•  More	  reads	  doesn’t	  mean	  necessarily	  more	  
peaks	  

•  Different	  methods	  give	  only	  60-‐80%	  similar	  
peaks!	  
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•  MACS	  is	  a	  PYTHON	  script	  developed	  and	  
maintained	  by	  Tao	  Liu	  

•  It	  is	  the	  most	  widely	  used	  and	  cited	  method	  now	  
•  There	  are	  a	  lot	  of	  switch	  to	  fine	  tune	  the	  analysis	  
•  Single	  experiments	  and	  control-‐treated	  pairs	  can	  
be	  analyzed	  as	  well	  

•  It	  provides	  a	  BED	  format	  file	  for	  the	  peaks	  (ChIP	  
regions)	  and	  for	  the	  summits	  and	  an	  XLS	  file	  for	  
the	  peaks.	  

•  It	  also	  provides	  bedgraph	  format	  coverage	  files	  

Peak	  finding	  with	  MACS	  



HOMER	  
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List	  of	  HOMER	  uKliKes	  



The	  IGV	  
genome	  

browser	  (for	  
visualizaKon	  of	  
the	  genomic	  

data)	  
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Coverage-‐1	  

Coverage-‐2	  

Coverage	  
Merge	  
BAM	  

Strand	  
specific	  

Small	  

Big	  

Background	  

Coverage	  
MACS2	  
(merge)	  

Homer2*	  

M
er
ge
	  

*normalized	  to	  10	  million	  reads	  
	  	  no	  GC	  normalizaKon	  	   19	  

BAM	  and	  bedgraph	  files	  
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Peak	  finding	  using	  HOMER	  
(findPeaks)	  



De	  novo	  moKf	  finding	  with	  HOMER	  
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	  How	  findMoKfsGenome.pl	  works:	  
1.  Verify	  peak/BED	  file	  
2.  Extract	  sequences	  from	  the	  genome	  corresponding	  to	  the	  

regions	  in	  the	  input	  file,	  filtering	  sequences	  that	  are	  >70%	  
"N”	  

3.  Calculate	  GC/CpG	  content	  of	  peak	  sequences.	  
4.  Preparse	  the	  genomic	  sequences	  of	  the	  selected	  size	  to	  

serve	  as	  background	  sequences	  
5.  Randomly	  select	  background	  regions	  for	  moKf	  discovery	  
6.  Auto	  normalizaKon	  of	  sequence	  bias.	  
7.  Check	  enrichment	  of	  known	  moKfs	  
8.  de	  novo	  moKf	  finding	  
	  



22	  

}  RXR	  peaks	  overlapping	  with	  GRO-‐seq	  paired	  peaks	  
}  Enrichment	  =	  %	  of	  Targets	  /	  %	  of	  Background	  
}  The	  P-‐value	  depends	  on	  the	  size	  of	  the	  sample	  (not	  comparable	  between	  different	  samples)	  
}  Best	  match	  (HOMER	  has	  its	  own	  moKf	  library	  coming	  from	  the	  JASPAR	  database	  and	  from	  ChIP-‐seq	  

analyses)	  does	  not	  mean	  perfect	  match!	  

HOMER	  denovo	  moKf	  finding	  result	  



Homer	  
MoKves	  are	  close	  to	  peak	  summits	  
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p-‐value	   target	  %	   bg	  %	   fold	  

PU.1	  
1E-‐86	   18.97	   5.34	   3.55	  
1E-‐135	   21.85	   4.62	   4.73	  
1E-‐169	   44.24	   8.28	   5.34	  

NRhalf	  
1E-‐18	   0.64	   0.01	   64.00	  
1E-‐52	   9.52	   2.18	   4.37	  
1E-‐258	   59.23	   10.39	   5.70	  

Width	   p-‐value	  target	  %	   bg	  %	   fold	  

PU.1	  

50	   1E-‐74	   23.17	   4.66	   4.97	  
60	   1E-‐91	   28.62	   5.94	   4.82	  
80	   1E-‐142	   34.02	   5.32	   6.39	  

100	   1E-‐169	   44.24	   8.28	   5.34	  

NRhalf	  

50	   1E-‐151	   39.27	   6.96	   5.64	  
60	   1E-‐184	   41.05	   6.02	   6.82	  
80	   1E-‐254	   52.78	   7.63	   6.92	  

100	   1E-‐258	   59.23	   10.39	   5.70	  



Homer	  
Searching	  for	  moKf	  enrichments	  

•  FuncKons	  that	  make	  impossible	  complex	  moKf	  search	  if	  a	  simple	  
(component)	  moKf	  is	  highly	  enriched:	  
–  cyclic	  re-‐opKmizaKon	  of	  moKves	  
–  masking	  out	  found	  moKves	  from	  further	  searching	  

•  Parameters:	  
–  quickMask:	  omits	  “rank	  masking”	  
–  maskMoKf:	  masks	  given	  moKves	  
–  len:	  10,12,14,16	  instead	  of	  8,12,16,20	  
–  size:	  200,	  100,	  given	  (summit	  +/-‐50)	  
–  opt:	  opKmizing	  a	  given	  moKf	  
–  mis:	  (3	  instead	  of)	  2	  

24	  



MoKf	  matrix	  files	  and	  logos	  
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RGGTCANRGGTCA!

>Consensus	  sequence 	  Name 	  Score	  threshold	  
>RGGTCANRGGTCA 	  DR1 	  15.2051888767745	  
0.499 	  0.001 	  0.499 	  0.001	  
0.001 	  0.001 	  0.997 	  0.001	  
0.001 	  0.001 	  0.997 	  0.001	  
0.001 	  0.001 	  0.001 	  0.997	  
0.001 	  0.997 	  0.001 	  0.001	  
0.997 	  0.001 	  0.001 	  0.001	  
0.25 	  0.25 	  0.25 	  0.25	  
0.499 	  0.001 	  0.499 	  0.001	  
0.001 	  0.001 	  0.997 	  0.001	  
0.001 	  0.001 	  0.997 	  0.001	  
0.001 	  0.001 	  0.001 	  0.997	  
0.001 	  0.997 	  0.001 	  0.001	  
0.997 	  0.001 	  0.001 	  0.001	  

R!
G!
G!
T!
C!
A!
N!
R!
G!
G!
T!
C!
A!

>Consensus	  sequence 	  Name 	   	   	   	  Score	  threshold	  
>DRGGTCARAGGTCARN 	  1-‐DRGGTCARAGGTCARN 	  8.661417	  	  	  	  	  	  	  	  *	  
0.367 	  0.067 	  0.311 	  0.256	  
0.466 	  0.001 	  0.532 	  0.001	  
0.189 	  0.022 	  0.656 	  0.133	  
0.111 	  0.100 	  0.667 	  0.122	  
0.133 	  0.256 	  0.156 	  0.455	  
0.166 	  0.512 	  0.222 	  0.100	  
0.966 	  0.001 	  0.011 	  0.022	  
0.378 	  0.067 	  0.477 	  0.078	  
0.821 	  0.001 	  0.177 	  0.001	  
0.066 	  0.011 	  0.922 	  0.001	  
0.044 	  0.022 	  0.767 	  0.167	  
0.111 	  0.089 	  0.134 	  0.666	  
0.078 	  0.855 	  0.045 	  0.022	  
0.900 	  0.001 	  0.022 	  0.077	  
0.278 	  0.211 	  0.378 	  0.134	  
0.300 	  0.211 	  0.222 	  0.267	  

Log	  P	  value 	  Unused 	  Match	  in	  Target	  and	  Background,	  P	  value	  
*	  -‐226.958685 	  0 	  T:159.0(19.06%),B:970.0(2.08%),P:1e-‐98	  

D!
R!
G!
G!
T!
C!
A!
R!
A!
G!
G!
T!
C!
A!
R!
N!

DRGGTCARAGGTCARN!
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BEDtools	  



BEDtools:	  intersectBed	  
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Switches:	  

-‐  -‐a	  peakfile1.bed	  -‐b	  peakfile2.bed	  
	  
((-‐abam	  =>	  -‐bed))	  

-‐  -‐u	  

-‐  -‐v	  

-‐  -‐c	  (count	  b	  on	  a)	  

-‐  -‐wo	  (fusing	  beds	  in	  a	  “double	  bed”	  table)	  

-‐  -‐f	  (minimum	  overlap	  %)	  	  –	  	  -‐u	  -‐f	  0.6	  

-‐  -‐r	  (reciprocal	  overlap)	  	  –	  	  -‐u	  -‐f	  0.6	  -‐r	  

-‐  -‐s	  (strand	  specific	  match)	  
	  

1	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  1	  	  	  	  	  	  	  	  	  	  	  0	  	  	  	  	  	  	  	  	  	  1	  	  	  	  	  	  1	  	  	  	  0	  



PU.1	  
RXR	  

p300	  
27055	  

2811	  
861	  

196	  
324	  

280	  

1254	  

VennMaster	  
Peak	  overlaps	  
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Unit	  (peak) 	  Group	  
… 	  …	  
A-‐30917 	  PU.1	  
A-‐30918 	  PU.1	  
A-‐30919 	  PU.1	  
A-‐30920 	  PU.1	  
A-‐30921 	  PU.1	  
A-‐30922 	  PU.1	  
A-‐30923 	  PU.1	  
A-‐1 	  RXR	  
A-‐2 	  RXR	  
A-‐3 	  RXR	  
A-‐4 	  RXR	  
A-‐5 	  RXR	  
A-‐6 	  RXR	  
A-‐7 	  RXR	  
. 	  .	  
. 	  .	  
. 	  .	  

A	  lis�ile	  

VennMaster	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  filename	  
	  	  	  	  	  ê	  

Peak	  (posiPon;	  merge) 	  Group	  
… 	  …	  
chr2:14108549-‐14108910 	  PU1peaks	  
chr2:14113626-‐14114054 	  PU1peaks	  
chr2:14125966-‐14126214 	  PU1peaks	  
chr2:14128322-‐14128869 	  PU1peaks	  
chr2:14150196-‐14150481 	  PU1peaks	  
chr2:14150692-‐14151155 	  PU1peaks	  
chr2:14155587-‐14155954 	  PU1peaks	  
… 	  …	  

New	  list	  file	  format	  
automaKcally	  from	  beds:	  



AnnotaKon	  of	  the	  peaks	  (annotatePeaks.pl)	  
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•  Genomic	  localizaKon	  
•  Closest	  TSS	  
•  MoKf	  occurrences	  
•  Enrichment	  in	  different	  
ontologies	  	  

Method:	  Generate	  a	  list	  
of	  genes	  and	  compare	  
the	  list	  staKsKcally	  with	  
the	  list	  of	  genes	  present	  
in	  a	  given	  ontology	  



1.  BAM	  format	  alignment	  files	  for	  visualizaKon	  and	  for	  
occupancy	  analysis	  name.bam	  

2.  Bedgraph	  files	  for	  visualizaKon	  
1.  name.bedgraph.gz	  :	  normalized	  (10	  million)	  extended	  reads	  

from	  both	  strand	  
2.  name_small.bedgraph.gz:	  normalized	  (10	  million),	  extended	  

reads	  shown	  in	  the	  posiKve	  strand	  (summit	  shows	  the	  binding	  
site)	  

3.  name_big.bedgraph.gz	  :	  same	  as	  above	  but	  with	  the	  highest	  
resoluKon	  (and	  someKmes	  in	  a	  bigger	  size)	  

3.  Bed	  files	  for	  visualizaKon	  and	  for	  further	  analysis	  
1.  ChIP	  regions	  from	  HOMER	  analysis	  (name_macs_peaks.bed).	  

Summit	  +-‐	  100	  bp	  
2.  ChIP	  regions	  from	  MACS	  analysis	  (name-‐homerpeaks.bed)	  
3.  MACS	  peak	  summits	  (name_macs_summits.bed)	  
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Outputs	  of	  the	  primary	  analysis	  I.	  	  



Outputs	  of	  the	  primary	  analysis	  II.	  	  

4.  AnnotaKon	  file	  (name_homermoPfsannot.txt),	  tab	  
delimited,	  can	  be	  directly	  imported	  into	  the	  excel	  or	  
other	  programs).	  There	  is	  an	  other	  file	  (name_macs-‐
homermoPfsannot.txt)	  for	  MACS	  peak	  annotaKon	  

5.  denovo	  moKf	  finding,	  known	  moKf	  enrichment	  and	  
GO	  annotaKon	  enrichment	  for	  the	  best	  1000	  peaks	  
from	  both	  the	  HOMER	  and	  MACS	  peak	  predicKons.	  
HTML	  format,	  which	  can	  be	  opened	  directly	  from	  any	  
internet	  browser	  (homerResults.html)	  

6.  Overall	  staKsKcs	  of	  the	  experiments	  (generated	  with	  
a	  separate	  script)	  
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	  Comparing	  different	  samples	  
– Overlapping	  regions	  (intersectBed)	  
– Occupancy	  analysis	  (diffBind)	  
– GeneraKng	  profiles	  
– Re-‐analyze	  peak	  subsets	  for	  moKf	  occurrences	  
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Downstream	  analysis	  
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Goals	  of	  the	  module	  



hsp://genomics.med.unideb.hu/	  
•  László	  Nagy 	  director	  
•  Bálint	  L	  Bálint	  	  head	  of	  the	  lab	  

BioinformaKcs	  team:	  
•  Gergely	  Nagy 	  predoctor	  
•  A|la	  Horváth	  system	  administrator,	  R	  programmer	  
•  Dávid	  Jónás 	  bioinformaKcian 	  	  
•  László	  Steiner	  mathemaKcian	  
•  Erik	  Czipa 	  PhD	  student	  

hsp://nlab.med.unideb.hu/	  
László	  Nagy 	  lab	  leader	  
Bálint	  L	  Bálint 	  senior	  researcher	  
Zsuzsanna	  Nagy 	  senior	  researcher	  
Bence	  Dániel 	  PhD	  student	  
Zoltán	  Simándi 	  PhD	  student	  
Péter	  Brázda 	  PhD	  student	  
Ixchelt	  Cuaranta 	  PhD	  student	  

Supported	  by	  NKTH/ANR	  Regulomix	  
OMFB-‐00313/2010	  

34	  

Acknowledgments	  
	  


