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Background
• After cloning of lots of genes that encoding 

TFs, what will we do next?

• What’s the function of the non-protein coding 
sequences in the genome?
23,000 protein-coding genes, only about 1.5% of the genome codes for proteins

• Epigenetic marks is essential for transcription 
regulation.



ChIP-chip/seq/PET description

• all based on ChIP

• techniques for genome-wide profiling of DNA-
binding proteins, histone modifications or 
nucleosomes



ChIP: Chromatin immunoprecipitation

a common method for 
detecting interactions 
between a protein and a 
DNA sequence in vivo

Figure from R&D systems



Figures from R&D systems
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ChIP-chip

a. chip
• cDNA probes (> 

200 nt), usually 
produced by 
PCR, attached 
to either nylon 
or glass 
supports

Figures from Dr. Sean May



• Oligonucleotides (25-30 nt) synthesized in situ 
on silica wafers (Affymetrix)

Figures from Dr. Sean May



b. ChIP-chip outline

ChIP

PCR

Fluorescently labeling

Hybridization to chip

Scan

Kim and Ren 2006, 
Annu. Rev. Genomics 
Hum. Genet.



briefly

• Red: cy5>cy3

binding sites

• Yellow: cy5=cy3

non-specific DNA 

• Green: cy5<cy3

input DNA



ChIP-seq
a. brief introduction of the next generation    

sequencing  (solexa as example)

Mardis 2008, Annu. Rev. Genomics Hum. Genet.





Shendure and Ji 2008, 
Nature biotechnology



Feature 
generation 

Cost 
per 

megab
ase

Cost per 
instrument 

Paired 
ends? 

1°error 
modality 

Read-
length 

Referen
ces 

454 Emulsion PCR ~$60 $500,000 Yes Indel 250 bp 14,20 

Solexa Bridge PCR ~$2 $430,000 Yes Subst. 36 bp 17,22 

SOLiD Emulsion PCR ~$2 $591,000 Yes Subst. 35 bp 13,26 

Polonator Emulsion PCR ~$1 $155,000 Yes Subst. 13 bp 13,20 

HeliScope Single molecule ~$1 $1,350,000 Yes Del 30 bp 18,30 

Other platforms and comparison

More and more cheap!!!



b. ChIP-seq result example

The sequencing result is mapped to the 
reference genome



ChIP-PET
a. PET

paired-end tag, two tags (20–30 bp)  extracted 
from the two ends of the target DNA 
fragments as signature information

Type IIS restriction enzyme

e.g.   MmeI cuts DNA 18/20 bp down stream 
of its recognition site

EcoP15I 25/27bp



PET methodology

Fullwood et al. 2009, Genome Res.





b.An overview of ChIP-PET

Pan et al. 2008, J. BIOL. CHEM.  



so, sometimes the promoter region is longer than 
3-4kb 

the transcription regulation is far more complicated 
than what we’ve known.



comparison of ChIP–chip and ChIP–seq



ChIP-seq surpasses ChIP-chip for
identifying sites of transcription factor binding

ChIP-seq data give finer resolution and a greater 
signal-to-noise ratio

Rozowsky et al. 2009, NAT. BIOTECHNOL. 



The benefit of 
ChIP-PET over 
ChIP-seq is that 
it provides two 
connected DNA 
end tags for 
unambiguous 
identification 
of TFBS 
locations.

comparison of ChIP–seq and ChIP–PET



The application of ChIP based methouds

Transcription regulation network

Epigenome mapping
Histone modification maps

Nucleosome maps

Chromatin interaction 

……



Thank you!


