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Outline
• Lecture 1

– ChIP-seq technique introduction
– ChIP-seq data analysis strategy
– Read mapping (bowtie2)
– Data formats

• Lecture 2
– Peak calling (macs2)
– Quality control
– Data visualization (IGV)

• Lecture 3
– Downstream analysis and integration
– Online resources
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Lecture 3: Downstream analysis, 
integration, and online resources
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Raw sequence reads (fastq)

Mapped reads (sam/bam/bed)

Non-redundant reads (sam/bam/bed)

Peaks (bed)

Pile-up for visualization 
(bedGraph, wig, bigwig)
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alignment (bowtie2)

redundancy assessment

peak calling

macs2

downstream analysis/integration
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ChIP-seq: downstream analysis

1. DNA sequences at the peaks: motif discovery
2. Annotation of the peaks
3. Integration with other omics data/information for 

functional analyses

5



Position weight matrix (PWM) representation of DNA sequence motifs
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GAGGTAAAC
TCCGTAAGT
CAGGTTGGA
ACAGTCAGT
TAGGTCATT
TAGGTACTG
ATGGTAACT
CAGGTATAC
TGTGTGAGT
AAGGTAAGT

weblogo.berkeley.edu
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MEME  ( meme-suite.org )
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HOMER  ( homer.ucsd.edu ) 
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GREAT ( great.stanford.edu )
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ChIPseeker: an R/Bioconductor package

10



ChIP-seq: online resourses
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Galaxy: web-based analysis platform
• https://usegalaxy.org/
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Cistrome, a Galaxy-based platform for ChIP-seq analysis
• http://cistrome.org/ap/
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ENCODE
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https://www.encodeproject.org/



Cistrome Data Browser
http://cistrome.org/db/
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Mei et al. Nucleic Acids Res. 2017
Zheng et al. Nucleic Acids Res. 2018



BART: TF prediction using public ChIP-seq data

Gene list

ChIP-seq

Region set

Hi-C

>12,000 TF ChIP-seq datasets

Cis-regulatory profile

Adaptive Lasso regression

BART: Binding Analysis for Regulation of Transcription

Mapping

differential 
interaction

ROC associations

Statistical tests,
Background adjustment,
Rank integration Cis-regulatory element 

repertoire
(2.7 million in the human 
genome, 1.5 million in 
mouse)

>700 H3K27ac ChIP-seq

User input

Output prediction

Rank of all TFs

http://bartweb.org

Wang et al., Bioinformatics 2018

Ma et al., under review 2020
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Limitations of ChIP-seq

• Dependent on antibody availability and quality
• Semi-quantitative: does not detect global change
• Needs many cells – difficult for clinical samples
• Cellular heterogeneity
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Take-home message

• Why am I learning these if I am not a bioinformatician?
• Help improve experimental design
• Quality control
• Better interpret the experimental data
• Take advantage of existing tools and data resources
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Thank you very much! 

zang@virginia.edu
zanglab.org

19



Call broad peaks: SICER
• Spatial-clustering Identification of ChIP-Enriched Regions
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Zang et al. Bioinformatics 2009

10kb

5kb



Try SICER2
• https://zanglab.github.io/SICER2/

21

Jin Yong (Jeffrey) Yoo 2020


