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Outline 

•  ChIP-seq overview  
•  Characteristics of histone ChIP-seq data 
•  SICER algorithm  
•  Hands-on SICER tutorial 
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ChIP-seq overview 
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ChIP-seq is used to study the in vivo genome-wide location 
of a transcription factor or a histone modification  

ENCODE Consortium 4	
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ChIP-seq profiles reveal gene regulatory 
functions of histone modifications 
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Wang, Zang et al. Nat Genet 2008 

histone acetyl transferases (HATs) can associate with different
regions of genes. For example, PCAF associates with the elongation-
competent RNA Pol II, whereas p300 interacts with the initiation-
competent RNA Pol II (ref. 19). Additionally, depletion of GCN5
or PCAF, but not CBP or p300, affects H4K8ac and H3K14ac20.
The distribution patterns of these histone acetylations and histone
methylations are exemplified by the genomic locus for ZMYND8 (also
known as PRKCBP1), which is expressed in CD4+ T cells (Fig. 1g). The
promoter region (highlighted in red), which was defined as a 2-kb
region surrounding the TSS, is associated with 25 modifications
(P o 10!7).

To identify the patterns of histone modifications in an unbiased
way, we examined each of the 12,541 gene promoters for association
with each of the 18 acetylations, 19 methylations and H2A.Z. Of the
possible patterns, only a small fraction exists at promoters. Of 4,339

detected patterns, 1,174 are associated with
multiple genes and 3,165 with only one gene
each (Fig. 2a). The 13 most prevalent patterns
are each associated with more than 62 genes.
We next examined the expression of genes in
these patterns, using the mean expression of
all genes as a reference (Fig. 2b). It seems that
we can roughly classify these top patterns into
three classes (I, II and III in Fig. 2b) accord-
ing to expression. Four of six patterns in class
I contain H3K27me3 and correlate with low
expression. These patterns also contain
H3K4me1/2/3, H3K9me1 and H2A.Z but
no acetylations. The patterns containing
only H3K4me3 or no modification also
belong to this class. Class II contains
H3K36me3 or a modification backbone con-
sisting of 17 modifications (as discussed
below), or the backbone plus H4K16ac,
which correlates with intermediate gene
expression. Class III shows the highest expres-
sion, and it includes H2BK5me1, H4K16ac,
H4K20me1 and H3K79me1/2/3 in addition
to the modification backbone (Fig. 2b). Our
Gene Ontology analysis suggests that genes

involved in cellular physiology and metabolism are enriched in the
active class III patterns, consistent with their house-keeping roles (data
not shown). In contrast, many genes involved in development, cell–
cell signaling and synaptic transmission are enriched in the inactive
class I patterns, consistent with their not being required for mature
T-cell function.

To correlate each modification with gene expression, we compared
the average gene expression with or without each modification
(Fig. 2c). H3K27me3 was among a group of repressive marks also
including H3K27me2, H3K9me2, H3K9me3 and H4K20me3, whereas
most other modifications correlated with activation. Although the
modification patterns do not uniquely determine the extent of
expression, the H3K79me3 and H2BK5ac modifications showed
weak correlation with expression within a modification pattern
(Supplementary Fig. 5 online).
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Figure 3 Patterns of histone modifications at
enhancers. (a) The histone modification pattern at
the CD28RE enhancer (highlighted in red) of the
IL2RA gene. Significant modifications are
indicated by asterisks on the left. (b) Histone
modification patterns at the IFNG gene and its
downstream enhancer, CNS22, are shown.
Significant modifications at CNS22 are indicated
by asterisks on the left. (c) The fractions of
enhancers associated with each of the 38
modifications. (d) Patterns of histone
modifications at 4,179 DNase hypersensitive
sites. The y axis indicates the number of patterns,
and x axis indicates the number of hypersensitive
sites associated with each pattern. (e) Correlation
analysis of gene expression with the ten largest
modification patterns by assigning an enhancer to
the TSS of the nearest known gene. All, all
DNase I hypersensitive sites. The number of
hypersensitive sites associated with each
pattern is indicated.
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Public ChIP-seq data are skyrocketing                                 
We are entering the “Big Data” era 
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How ChIP-Seq is done 
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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 

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

•  What does the enrichment of sequence reads mean?  - 
Peak calling (e.g. SICER, MACS) 

•  What can we learn from these data? – Downstream 
analysis and integration  

8	



ChIP-Seq data analysis overview: basic processing  

•  alignment of each sequence read: bowtie or BWA  

•  redundancy control: 

9	

cannot map to the reference genome 
can map to multiple loci in the genome 
can map to a unique location in the genome 

✗

✗


✔	

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



•  pile-up profiling 
 
 

 
•  Data visualization:  

 UCSC genome browser 
 IGV 
 WashU Browser 

ChIP-Seq data analysis overview: basic processing 

•  DNA fragment size estimation  
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Original algorithm of MACS 
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•  Sharp peaks 
transcription factor binding, 
DNase HS 
 
 
 
MACS (Zhang, 2008) 
 

  

ChIP-Seq data analysis overview: peak calling 

•  Broad peaks  
 histone modifications, 
 “super-enhancers” 
 Diffuse 
  

SICER (Zang, 2009) 
Spatial clustering of localized 
weak signal and integrative 
Poisson model 

11	
Wang,	Zang	et	al.	2014	

NOTCH1	
	
H3K27ac	



Characteristics of histone ChIP-seq data 

In other words, how to call “peaks” 
from such diffuse ChIP-seq data? 

12	



Histone modification patterns are diffuse  

Characteristics:  
•  Noisy 
•  Unlike transcription 

factors  
•  Enriched regions 

are spread out 
•  Lack saturation 

•  Why? 

13 



Histone modification tends to spread out 

Nucleation 

Propagation 

 Domain 
formation 
model for 
repressive 
marks  

•  Yeast:         
HP1    
H3K9me3 

•  Drosophila: 
PC1/PC2 
H3K27me3 

 
 



SICER: Motivation 

•  To detect broad/diffuse signals from ChIP-Seq 
•  Make use of the underlying biology 

–  domain formation of histone modifications  
•  Account for background biases and provide 

statistical significance 

15 



SICER:  
Spatial-clustering method for Identification 

of ChIP-Enriched Regions 

16	



SICER: Definition of Island 

17 

•  Eligible and ineligible 
windows  

•  Eligible windows are 
separated by gaps of 
ineligible windows.  

•  Island: cluster of eligible 
windows separated by 
gaps of size at most g 
windows.  

Example islands for  
l0 = 2  and  g = 2  

Zang et al. Bioinformatics 2009 



SICER: Scoring islands 

•  The scoring function is based on the probability of finding 
the observed tag count in a random background.  

•  For a window with m reads,  
–  The probability of finding m reads is Poisson  
–                       is the average number of reads in each window  

•  Scoring function for an eligible window:  

•  Key quantity: the score of an island  
–  Aggregate score of all eligible windows in the island  
–  It corresponds to the background probability of finding the 

observed pattern   

18 

ln ( , )S P m λ=−

/w Lλ = Ν
( , )P m λ

Zang et al. Bioinformatics 2009 



SICER: Island score statistics 

•  Probability distribution of scores for a single window in a 
random background model:  

•  Probability of a window being ‘ineligible’:  

•  Gap factor:  

19 Zang et al. Bioinformatics 2009 



SICER: Island score statistics 

•  Recursion relation 

•  Probability of finding an island of score s:  

20 Zang et al. Bioinformatics 2009 



SICER: Island score statistics 
•  Asymptotics of island score  
    distribution in the random  
    background 

•  Statistic: E-value 
–  Expected number of islands with score above sT in the 

background  

21 Zang et al. Bioinformatics 2009 



SICER: Significance determinations 
•  Significance determination with random 

background model:  
–  E-value determines an island score threshold 
 

•  Significance determination with control sample 
–  Identify candidate islands using random background 
–  For each candidate island, compare sample with 

control 
–  P-value             
–  False Discovery Rate (FDR) 

22 Zang et al. Bioinformatics 2009 



SICER: Choosing parameters 

•  Fragment size 
•  Window size: data resolution 
•  Gap size:  

23 Zang et al. Bioinformatics 2009 



•  Compared with other methods, SICER focuses 
on the clustered enrichment rather than local 
enrichment.  

•  A schematic illustration: 

•  SICER can identify                                  
clustered enriched                                          
regions from diffuse                                                 
data 

SICER: evaluation 

24	



SICER: Work flow 

25	
Zang et al. Bioinformatics 2009 



SICER: Installation 

•  Download source code: 
 http://home.gwu.edu/~wpeng/Software.htm 

Requirements: python and scipy 
(www.scipy.org)  

•  Galaxy 
 https://usegalaxy.org/ 

 
•  Genomatrix 

26	



ChIP-seq data examples 
•  http://cistrome.org/~czang/chipseqdata.htm 

•  Data format requirement: 
Mapped reads, BED format, 6 columns 

chr11  10344210  10344260  255  0  - 
chr4  76649430  76649480  255  0  + 
chr3  77858754  77858804  255  0  + 
chr16  62688333  62688383  255  0  + 
chr22  33031123  33031173  255  0  - 

Mapped to reference genome: hg19, hg18, mm10, mm9, …  
BAMtools 

27	



Break 

Install SICER, download test data 

28	



Run SICER 

•  Case study 1: without input control 
SICER-rb.sh 

•  Case study 2: with input control 
SICER.sh 

•  Case study 3: Differential calling 
SICER-df.sh 

29	



1. Run SICER without input control 

•  Data file: H3K27ac_act.bed 
•  Script: SICER-rb.sh 
•  Parameters:  

["InputDir"]    .. 
["bed file"]     H3K27ac_act.bed 
["OutputDir"]    . 
["species"]    hg19 
["redundancy threshold"]   1 
["window size (bp)"]   200 
["fragment size"]    150 
["effective genome fraction"]  0.74 
["gap size (bp)"]    600 
["E-value"]    1000 

30	



Result output 
Output	file	name	 Descrip1on	

H3K27ac_act-1-removed.bed	 Non-redundant	reads	

H3K27ac_act-W200.graph	 Raw	data	profile:	bedGraph	

H3K27ac_act-W200-normalized.wig	 Raw	data	profile:	wiggle		

H3K27ac_act-W200-G600-E1000.scoreisland	 IdenQfied	islands	

H3K27ac_act-W200-G600-E1000-islandfiltered.bed	 Island-filtered	reads	

H3K27ac_act-W200-G600-E1000-islandfiltered-normalized.wig	 wiggle	profile	on	idenQfied	islands	

31	



2. Run SICER with input control 

•  Data files: H3K27ac_act.bed and input_act.bed 
•  Script: SICER.sh 
•  Parameters:  

[InputDir]     .. 
[bed file]     H3K27ac_act.bed 
[control file]     input_act.bed 
[OutputDir]     . 
[Species]     hg19 
[redundancy threshold]   1 
[window size (bp)]    200 
[fragment size]    150 
[effective genome fraction]   0.74 
[gap size (bp)]    600 
[FDR]     0.01 

32	



Result output 
Output	file	name	 Descrip1on	

H3K27ac_act-1-removed.bed	 Non-redundant	reads	

H3K27ac_act-W200.graph	 Raw	data	profile:	bedGraph	

H3K27ac_act-W200-normalized.wig	 Raw	data	profile:	wiggle		

H3K27ac_act-W200-G600.scoreisland	 Prescreened	islands	

H3K27ac_act-W200-G600-islands-summary	 SICER	summary	

H3K27ac_act-W200-G600-islands-summary-FDR.01	 SICER	summary	on	idenQfied	islands	

H3K27ac_act-W200-G600-FDR.01-island.bed	 SICER	idenQfied	islands	

H3K27ac_act-W200-G600-FDR.01-islandfiltered.bed	 Island-filtered	reads	

H3K27ac_act-W200-G600-FDR.01-islandfiltered-normalized.wig	 wiggle	profile	on	idenQfied	islands	

33	



3. Run SICER for differential peak calling 

•  Data files:  
H3K27ac_act.bed, input_act.bed 
H3K27ac_inh.bed, input_inh.bed 

•  Script: SICER-df.sh 
•  Parameters:  

[KO bed file]     H3K27ac_act.bed 
[KO control file]    input_act.bed 
[WT bed file]     H3K27ac_inh.bed 
[WT control file]    input_inh.bed 
[window size (bp)]    200 
[gap size (bp)]    150 
[FDR for KO vs KOCONTROL or WT vs WTCONTROL]  0.01 
[FDR for WT vs KO]      0.01 

•  What it does:  
1.  Call peaks for “WT” and “KO” separately (SICER.sh) 
2.  Identify union (merged) islands 
3.  Compare “KO” vs. “WT” for increased islands 
4.  Compare “WT” vs. “KO” for decreased islands 34	



Output example 
Output	file	name	 Descrip1on	

H3K27ac_act-vs-H3K27ac_inh-W200-G600-E-union.island	 Merged	islands	

H3K27ac_act-and-H3K27ac_inh-W200-G600-summary	 Merged	island	summary	

H3K27ac_act-W200-G600-increased-islands-summary-FDR0.01	 IdenQfied	increased	islands	

H3K27ac_act-W200-G600-decreased-islands-summary-FDR0.01	 IdenQfied	decreased	islands	

35	



Summary	

•  ChIP-seq for histone mark/epigenetic profiling 
•  ChIP-seq “broad peak” calling: SICER  

•  Use SICER for:  
–  Peak calling: with or without input control 
–  Differential peak calling 

•  SICER users group:  
https://groups.google.com/forum/#!forum/sicer-users  

36	
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