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Goals	
  of	
  ENCODE	
  
•  Catalog	
  the	
  func4onal	
  elements	
  in	
  human	
  and	
  
mouse	
  genomes	
  

•  Generate	
  high	
  quality	
  data	
  using	
  high	
  throughput	
  
pipelines	
  

•  Develop	
  new	
  technologies	
  and	
  analy4cal	
  tools	
  to	
  
generate,	
  analyze	
  and	
  validate	
  data	
  

•  Provide	
  data	
  and	
  tools	
  to	
  the	
  community	
  in	
  as	
  
useful	
  form	
  as	
  possible	
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Three	
  Phases	
  

I)	
  Pilot	
  Phase	
  -­‐1%	
  of	
  Genome	
  (2003-­‐2007)	
  
	
  

II)	
  Scale	
  Up	
  Phase	
  I	
  (2007-­‐2012)	
  
	
  

III)	
  Current	
  Produc4on	
  Phase	
  (2012-­‐2016)	
  
	
  
Related	
  Projects:	
  
Mouse	
  ENCODE	
  (2009-­‐2012)	
  
	
  

modENCODE	
  (2007-­‐2012)	
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The	
  ENCODE	
  Dataset	
  has	
  many	
  dimensions	
  



Overview	
  of	
  Human	
  Datasets	
  

Human:	
  3,331	
  datasets	
  submiTed/released;	
  5,501	
  proposed;	
  8,832	
  total	
  	
  



Overview	
  of	
  Mouse	
  Datasets	
  

Mouse:	
  963	
  datasets	
  submiTed/released;	
  720	
  proposed;	
  1,683	
  total	
  	
  



ENCODE Dimensions (Current) 
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K562: 513 Assays (Epigenome/196 TFs/7 RBPs) 

3,331 Experiments 
>5 Tb TeraBases 
~3000x of the Human Genome 

Chip-seq (~200 TFs 
    + Histone marks;  
    1665 data sets) 
iCLIP (9 RBPs) 
RNA-seq (422) 
DNAse-seq (331) 



Methods/Factors 

C
el

ls
 

38
7 

C
el

l L
in

es
/ T

is
su

es
 

K562: 1746 Assays (Epigenome/766 TFs/250 RBPs) 

8,832 Experiments 
>5 Tb TeraBases 
~3000x of the Human Genome 

Chip-seq (1084 TFs 
    + Histone marks;  
    5101 data sets) 
iCLIP (250 RBPs) 
RNA-seq (643) 
DNAse-seq (449) 

ENCODE Dimensions (2016?) 



Data	
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Some	
  Assays	
  Were	
  Conducted	
  Across	
  
a	
  Broad	
  Range	
  of	
  Biosamples	
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Number	
  of	
  Data	
  Set	
  Per	
  Biosample	
  Type	
  
	
  

Human	
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Unique	
  Biosample	
  Types	
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Assays	
  Per	
  Biosample	
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Deep	
  Explora4on	
  of	
  Factors	
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Established Standards For 
Community 

•  ChIP-Seq  
•  DNAaseHS 
•  RNA-Seq 

Antibody characterizaiton, Biological replicates, 
QC measures 

Resource

ChIP-seq guidelines and practices of the ENCODE
and modENCODE consortia
Stephen G. Landt,1,26 Georgi K. Marinov,2,26 Anshul Kundaje,3,26 Pouya Kheradpour,4

Florencia Pauli,5 Serafim Batzoglou,3 Bradley E. Bernstein,6 Peter Bickel,7 James B. Brown,7

Philip Cayting,1 Yiwen Chen,8 Gilberto DeSalvo,2 Charles Epstein,6

Katherine I. Fisher-Aylor,2 Ghia Euskirchen,1 Mark Gerstein,9 Jason Gertz,5

Alexander J. Hartemink,10 Michael M. Hoffman,11 Vishwanath R. Iyer,12

Youngsook L. Jung,13,14 Subhradip Karmakar,15 Manolis Kellis,4 Peter V. Kharchenko,12

Qunhua Li,16 Tao Liu,8 X. Shirley Liu,8 Lijia Ma,15 Aleksandar Milosavljevic,17

Richard M. Myers,5 Peter J. Park,13,14 Michael J. Pazin,18 Marc D. Perry,19 Debasish Raha,20

Timothy E. Reddy,5,27 Joel Rozowsky,9 Noam Shoresh,6 Arend Sidow,1,21

Matthew Slattery,15 John A. Stamatoyannopoulos,11,22 Michael Y. Tolstorukov,13,14

Kevin P. White,15 Simon Xi,23 Peggy J. Farnham,24,28 Jason D. Lieb,25,28 Barbara J. Wold,2,28

and Michael Snyder1,28

1–25[Author affiliations appear at the end of the paper.]

Chromatin immunoprecipitation (ChIP) followed by high-throughput DNA sequencing (ChIP-seq) has become a valuable
and widely used approach for mapping the genomic location of transcription-factor binding and histone modifications
in living cells. Despite its widespread use, there are considerable differences in how these experiments are conducted, how
the results are scored and evaluated for quality, and how the data and metadata are archived for public use. These
practices affect the quality and utility of any global ChIP experiment. Through our experience in performing ChIP-seq
experiments, the ENCODE and modENCODE consortia have developed a set of working standards and guidelines for ChIP
experiments that are updated routinely. The current guidelines address antibody validation, experimental replication,
sequencing depth, data and metadata reporting, and data quality assessment. We discuss how ChIP quality, assessed in
these ways, affects different uses of ChIP-seq data. All data sets used in the analysis have been deposited for public viewing
and downloading at the ENCODE (http://encodeproject.org/ENCODE/) and modENCODE (http://www.modencode.
org/) portals.

[Supplemental material is available for this article.]

Methods for mapping transcription-factor occupancy across the
genome by chromatin immunoprecipitation (ChIP) were devel-
oped more than a decade ago (Ren et al. 2000; Iyer et al. 2001; Lieb
et al. 2001; Horak and Snyder 2002; Weinmann et al. 2002). In
ChIP assays, a transcription factor, cofactor, or other chromatin
protein of interest is enriched by immunoprecipitation from cross-
linked cells, along with its associated DNA. Genomic DNA sites
enriched in this manner were initially identified by DNA hybrid-
ization to a microarray (ChIP-chip) (Ren et al. 2000; Iyer et al. 2001;
Lieb et al. 2001; Horak and Snyder 2002; Weinmann et al. 2002),

and more recently by DNA sequencing (ChIP-seq) (Barski et al.
2007; Johnson et al. 2007; Robertson et al. 2007). ChIP-seq has
now been widely used for many transcription factors, histone
modifications, chromatin modifying complexes, and other chro-
matin-associated proteins in a wide variety of organisms. There is,
however, much diversity in the way ChIP-seq experiments are
designed, executed, scored, and reported. The resulting variability
and data quality issues affect not only primary measurements,
but also the ability to compare data from multiple studies or to
perform integrative analyses across multiple data-types.

The ENCODE and modENCODE consortia have performed
more than a thousand individual ChIP-seq experiments for more
than 140 different factors and histone modifications in more
than 100 cell types in four different organisms (D. melanogaster,
C. elegans, mouse, and human), using multiple independent
data production and processing pipelines (The ENCODE Project
Consortium 2004, 2011; Celniker et al. 2009). During this work, we
developed guidelines, practices, and quality metrics that are ap-
plied to all ChIP-seq work done by the Consortium (Park 2009).
Here we describe these, together with supporting data and illus-

26These authors contributed equally to this work.
27Present address: Institute for Genome Sciences and Policy, Duke
University, Durham, NC 27708, USA.
28Corresponding authors
E-mail mpsnyder@stanford.edu
E-mail woldb@caltech.edu
E-mail jlieb@bio.unc.edu
E-mail pfarnham@usc.edu
Article and supplemental material are at http://www.genome.org/cgi/doi/
10.1101/gr.136184.111. Freely available online through the Genome Research
Open Access option.

22:1813–1831 ! 2012, Published by Cold Spring Harbor Laboratory Press; ISSN 1088-9051/12; www.genome.org Genome Research 1813
www.genome.org

 Cold Spring Harbor Laboratory Press on March 4, 2015 - Published by genome.cshlp.orgDownloaded from 

Genome Res. 
2012 

…. 



High Quality Data 
•  > Two biological replicates 

•  Multiple quality control measures 
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ENCODE Uniform Analysis Pipeline 

Mapped	
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  Peak	
  Calling	
  Pipeline	
  (SPP,	
  PeakSeq)	
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Anshul Kundaje 

Uniform	
  peak	
  Calling	
  
(SPP,	
  PeakSeq)	
  

Quality	
  Control	
  

Derived	
  Data	
  	
  
(Chromosome	
  Segments,	
  

Expression)	
  

Processing	
  &	
  Element	
  Calling	
  Compa;ble	
  with	
  Other	
  Projects:	
  
GTEx,	
  REMC	
  



ENCODE	
  Data	
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Cloud	
  Storage	
  and	
  Compu4ng	
  
Data	
  available	
  at	
  Amazon	
  Web	
  Services	
  (AWS)	
  
Uniform	
  processing	
  pipelines	
  will	
  be	
  available	
  at	
  DNAnexus	
  	
  

related	
  projects	
  
	
  

High	
  Searchable	
  



ENCODE	
  Data	
  Open	
  Access	
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New	
  ENCODE	
  Portal	
  
hTps://www.encodeproject.org	
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Sohware	
  Tools	
  

21	
  

•  >30	
  Different	
  algorithms	
  
•  Wide	
  array	
  of	
  areas.	
  Examples:	
  

– Segmenta4on	
  
– Allele	
  calling	
  
– 3D	
  nuclear	
  analysis	
  
– Data	
  processing	
  and	
  peak	
  calling	
  
– Data	
  quality	
  control	
  



ENCODE Publications 
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