
ChIP‐seq



What is ChIP‐Sequencing?

• ChIP‐Sequencing is a new frontier technology to 
analyze protein interactions with DNA.

• ChIP‐Seq
– Combination of chromatin immunoprecipitation
(ChIP) with ultra high‐throughput massively parallel 
sequencing

– Allow mapping of protein–DNA interactions in‐vivo on 
a genome scale

– TFs such as NRSF and STAT1 
– Histone modifications such as H3K4me1, H3K27ac



Mardis, E.R. Nat. Methods 4, 613-614 (2007)
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Workflow



Why ChIP‐Sequencing?

• Previous microarray and ChIP‐chip designs require 
knowing sequence of interest as a promoter, enhancer, 
or RNA‐coding domain.

• ChIP‐seq evaluates the entire genome in a single 
experiment.

• Much lower cost
• Less work
• Higher accuracy



Main advantages of ChIP‐seq
1. .  Potential binding regions need not be specified prior to 

experiment 

2. ChIP‐seq data are likely to have less noise or artifacts. 



Main disadvantages of ChIP‐seq

1. The number of tags needed to characterize a protein binding or 
modifications is highly variable, while the number of sequence tags 
generated from a single sequencing run is relatively fixed.

2. ChIP‐seq does not tell where the factor does not bind, may not 
comparable for different antibodies





Johnson et al, 2007

• ChIP‐Seq technology is used to understand in 
vivo binding of the neuron‐restrictive silencer 
factor (NRSF)

• Results are compared to known binding sites
– ChIP‐Seq signals are strongly agree with the 
existing knowledge

• Sharp resolution of binding position
• New noncanonical NRSF binding motifs are 
identified





Robertson et al, 2007
• ChIP‐Seq technology used to study genome‐wide 
profiles of STAT1 DNA association

• STAT1 targets in interferon‐γ‐stimulated and 
unstimulated human HeLA S3 cells are compared

• The performance of ChIP‐Seq is compared to the 
alternative protein‐DNA interaction methods of ChIP‐
PCR and ChIP‐chip. 

• 41,582 and 11,004 putative STAT‐1 binding regions are 
identified in stimulated and unstimulated cells 
respectively.





Barski et al, 2007
• 21 histone ChIP‐Seq together with Pol2 and CTCF ChIP‐seq

• Typical patterns of histone methylations exhibited 
at promoters, insulators, enhancers, and transcribed 
regions are identified.

• H3K27me1, H3K9me1, H4K20me1, H3K79me1, and 
H2BK5me1 are all linked to gene activation

• H3K27me3, H3K9me3, and H3K79me3 are linked to 
repression. 

• H2A.Z associates with functional regulatory elements, and 
CTCF marks boundaries of histone methylation domains.



Illumina Genome Analysis System

8 lanes
100 tiles per lane



Data output and processing

Image data output (tiff files) (around 2008)
100 tiles per lane, 8 lanes per flow cell, 36 cycles.
4 images (A,G,C,T) per tile per cycle = 115,200 images
Each tiff image is ~ 7 MB = 806,400 MB of data
1.6 TB for 70 nt reads, 
3.2 TB for 70 nt Paired‐end reads

llumina Pipeline:
• Firecrest (image analysis)Locates clusters and calculates intensity and 
noise

• Bustard (base calling)Deconvolutes signal and corrects for cross‐talk, 
phasing

• GERALD –generation of recursive analyses linked by dependency
• ELAND –Efficient large‐scale alignment of nucleotide databases



File formats
A brief note

Sequence formats

• FASTA

• FASTQ

Feature formats

• GFF

• GTF

Alignment formats

• SAM

• BAM



Formats: FASTA

 Deceptively simple format (e.g. there is no standard)

 However in general:
 Header line, starts with ‘>’

 followed directly by an ID

 … and an optional description (separated by a space)

 Files can be fairly large (whole genomes)

 Any residue type (DNA, RNA, protein), but simple alphabet

>unique_sequence_ID My sequence is pretty cool
ATTCATTAAAGCAGTTTATTGGCTTAATGTACATCAGTGAAATCATAAATGCTAAAAA



E.g. a read

E.g. a chromosome

>unique_sequence_ID

ATTCATTAAAGCAGTTTATTGGCTTAATGTACATCAGTGAAATCATAAATGCTAAAAATTTATGATAAAA

>Group10 gi|323388978|ref|NC_007079.3| Amel_4.5, whole genome shotgun 

sequence

TAATTTATATATCTATTTTTTTTATTAAAAAATTTATATTTTTGTTAAAATTTTATTTGATTAGAAATAT

TTTTACTATTGTTCATTAATCGTTAATTAAAGATAGCACAGCACATGTAAGAATTCTAGGTCATGCGAAA

TTAAAAATTAAAAATATTCATATTTCTATAATAATTAAATTATTGTTTTAATTTAAGTAAAAAAATTTCT

AAGAAATCAAAAATTTGTTGTAATATTGAAACAAAATTTTGTTGTCTGCTTTTTATAGTAACTAATAAAT

ATTTAATAAAAAATTACTTTATTTAATATTTTATAATAAATCAAATTGTCCAATTTGAAATTTATTTTAT

CACTAAAAATATCTTTATTATAGTCAATATTTTTTGTTAGGTTTAAATAATTGTTAAAATTAGAAAATGA

TCGATATTTTCAAATAGTACGTTTAACTAATACTTAAGTGAAAGGTAAAGCGGTTATTTAAAATATTGAT

TTATAATATTCGTGACATAATATATTTATAAATAGATTATATATATATATATACATCAAAATATTATACG

AGAACTAGAAAATATTACAGATGCAAAATAAATTAAATTTTGTAAATGTTACAGAATTAAAAATCGAAGT

Formats: FASTA



 DNA sequence with quality metadata

 The header line, starts with ‘@’,followed directly by an ID and an optional 
description (separated by a space)

 May be ‘raw’ data (straight from sequencing) or processed (trimmed)

 Variations: Sanger, Illumina, Solexa  (Sanger is most common)

 Can hold 100’s of millions of records

 Files can be very large - 100’s of GB apiece

@unique_sequence_ID

ATTCATTAAAGCAGTTTATTGGCTTAATGTACATCAGTGAAATCATAAATGCTAAAAATTTATGATAAAA
+

=-(DD--DDD/DD5:*1B3&)-B6+8@+1(DDB:DD07/DB&3((+:?=8*D+DDD+B)*)B.8CDBDD4

Formats: FASTQ

 FASTQ – FASTA with quality



“Phred” quality (Q) scores
Whole‐genome sequencing and comprehensive 
variant analysis of a Japanese individual using 
massively parallel sequencing
Akihiro Fujimoto, Hidewaki Nakagawa, Naoya
Hosono, Kaoru Nakano, Tetsuo Abe, Keith A 
Boroevich, Masao Nagasaki, Rui Yamaguchi, Tetsuo 
Shibuya, Michiaki Kubo, Satoru Miyano, Yusuke 
Nakamura & Tatsuhiko Tsunoda
Nature Genetics, 2010

Q score Prob. of wrong call Accuracy

10 1 in 10 (0.1) 90%

20 1 in 100 (0.01) 99%

30 1 in 1000 (0.001) 99.9%

40 1 in 10000 (0.0001) 99.99%



 FASTQ – FASTA with quality
@unique_sequence_ID

ATTCATTAAAGCAGTTTATTGGCTTAATGTACATCAGTGAAATCATAAATGCTAAAAATTTATGATAAAA

+unique_sequence_ID

=-(DD--DDD/DD5:*1B3&)-B6+8@+1(DDB:DD07/DB&3((+:?=8*D+DDD+B)*)B.8CDBDD4

Formats: FASTQ
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Sanger = Illumina 1.8+



Formats : SAM

 SAM – Sequence Alignment/Map format

 SAM file format stores alignment information

 Plain text

 Specification: http://samtools.sourceforge.net/SAM1.pdf

 Contains quality information, meta data, alignment information, 
sequence etc.

 Files can be very large: Many 100’s of GB or more

 Normally converted into BAM to save space (and text format is 
mostly useless for downstream analyses)

@HD [format version]
@SQ SN:chr_1 LN:12345678
@PG [information about program that made this]
HWI‐D00758:59:C7U2JANXX:1:1101:1398:2079        0       chr_1     130447256       255     1S9M *       0       
0       NAGCTCTTTA    #/<<BFBBFF NH:i:1  HI:i:1  AS:i:93 nM:i:2



Formats : BAM

 BAM – BGZF compressed SAM format
 Compressed/binary version of SAM and is not human readable.

Uses a specialized compression algorithm optimized for indexing 
and record retrieval (bgzip)

Makes the alignment information easily accessible to 
downstream applications (large genome file not necessary)

 Unsorted, sorted by sequence name, sorted by genome 
coordinates

May be accompanied by an index file (.bai) (only if coordinate 
sorted)

 Files are typically very large: ~ 1/5 of SAM, but still very large



ChIP‐seq Workflow
Confirm ChIP

Prepare library

Submit for Sequencing

Get Raw sequence data & do QC

Map sequence reads to genome

Identify ChIP peaks over input background

Downstream bioinformatic analyses



Illumina FASTQ file generation pipelines include an adapter trimming 
option for the removal of adapter sequences from the 3’ ends of reads

The adapters contain the sequencing primer binding sites, the index 
sequences, and the sites that allow library fragments to attach to the 
flow cell lawn.

Trimmomatic, 
https://academic.oup.com/bioinformatics/article/30/15/2114/2390096

Cutadapt
https://cutadapt.readthedocs.io/en/stable/

Adaptor sequence removal and read filtration



Available software



Read distribution around protein binding 
positions

Nat Biotechnol. 2008; 26(12): 1351–1359



Read extension or shifting



Which reads to use? 

The plots show the change in strand mean cross‐correlation profile when this class 
of tags is considered together with the base class of perfectly aligned tags (25 bp, 
no mismatches). 





Three major types of background 
anomalies

(a) Singular positions with extremely high tag count. (b) Larger, nonuniform regions of 
increased background tag density. (c) Background tag density patterns resembling true 
protein‐binding positions. Each plot shows density of tags from ChIP and input samples. The 
tag histograms give combined tag counts. 



Scale input and ChIP samples



MACS and MACS2



The Integrative Genomics Viewer (IGV) is a high‐
performance, easy‐to‐use, interactive tool for the visual 
exploration of genomic data. It supports flexible 
integration of all the common types of genomic data and 
metadata, investigator‐generated or publicly available, 
loaded from local or cloud sources

Integrative Genomics Viewer (IGV)



IGV visualization of MACS results using the University of Washington H3K4me3 data set.



Summary Steps

• Confirm ChIP worked by qPCR before sending 
the ChIP samples to the sequencing center.

• Have a control sample
• Clean reads and mappability
• Non‐redundant fraction of reads
• Read extension/shifting
• Scale the input and the ChIP sample
• MACS2



Summary Tools

• Trimmomatic or Cutadapt to remove adaptor 
sequences and filter low quality reads

• Bowtie 2 to map reads to references
• MACS2 to define peaks



references

• https://www.youtube.com/watch?v=zwuUveG
gmS0

• https://galaxyproject.org/learn/
• https://rockefelleruniversity.github.io/RU_ChI
Pseq/



1st In‐class question

• What will you do if you can sequence a human 
genome with $10?

submit your answer at webcourse no later than 
6pm today. 


