
Video 3: 
Evaluating the quality of 

your ChIP-seq data"



How to evaluate a ChIP-seq run?"

•  Key	  Quality	  Control	  Steps:	  
– Complexity	  
– Control	  sample	  
– Measurement	  of	  global	  ChIP	  enrichment	  
– Cross-‐correla>on	  
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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-
opedmore 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 amicroarray (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-
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Complexity"



Complexity"

•  Non-‐redundant	  frac>on	  

– Decreases	  with	  sequencing	  depth	  
– Recommend	  >	  0.8	  for	  10	  million	  uniquely	  mapped	  
reads	  



Control Sample"

•  Two	  types	  of	  control	  sample:	  
•  “Input”	  DNA	  
– Sonicated	  DNA	  fragment	  w/o	  ChIP	  

•  A	  “mock”	  ChIP	  

– ChIP	  using	  non-‐specific	  IgG	  
– More	  closly	  mimics	  ChIP	  experiment	  
– Must	  recover	  enough	  DNA	  to	  gain	  complexity	  of	  
the	  library	  



Measurement of global ChIP enrichment"

•  A	  useful	  and	  simple	  first-‐cut	  metric	  for	  the	  success	  of	  
the	  immunoprecipita>on	  

•  FRiP	  (frac>on	  of	  reads	  in	  peaks)	  
–  Calculates	  the	  frac>on	  of	  all	  mapped	  reads	  that	  fall	  into	  
peak	  regions	  iden>fied	  by	  a	  peak-‐calling	  algorithm.	  

•  1%	  threshold	  is	  a	  general	  guideline	  
•  FRiP	  is	  very	  useful	  for	  comparing	  results	  obtained	  	  

–  with	  the	  same	  an>body	  across	  cell	  lines	  
–  with	  different	  an>bodies	  against	  the	  same	  factor	  

•  Affected	  by	  algorithm	  used	  for	  peak-‐calling	  



Cross-correlation analysis"



Cross-correlation analysis"

•  Sequence	  tag	  density	  accumulates	  on	  “+”	  and	  “-‐”	  strands	  centered	  around	  
the	  binding	  site.	  

•  It	  is	  computed	  as	  the	  Pearson	  correla>on	  between	  the	  Crick	  strand	  and	  
the	  Watson	  strand,	  a[er	  shi[ing	  Watson	  by	  k	  base	  pairs.	  



Cross-correlation analysis"
•  (Normalized	  Strand	  Coefficient)	  NSC	  and	  	  (Rela>ve	  Strand	  

Ra>o)	  RSC	  are	  strong	  metrics	  for	  assessing	  signal-‐to-‐noise	  
ra>os	  in	  a	  ChIP-‐seq	  experiment.	  

•  Consider	  re-‐do	  ChIP	  if	  NSC	  <1.05	  and	  RSC	  <0.8	  


