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Calibrated Chip-Seq
      (Quantitative)



1.cross-linking 

2.cell breakage

3.DNA sonication

4.immunoprecipitation (for a given number of 
epitopes)


5.persistence of DNAs within the 
immunoprecipitates during the washing 
procedure


6.release from the immunoprecipitation beads

7.de-crosslinking

8.subsequent DNA purification

9.library construction

10. library amplification by PCR

11.sequencing reaction. 

Chip-Seq

Jkwchui - Cell diagram adapted from LadyOfHats' Animal Cell diagram. Information

based on Illumina data sheet, as well as ChIP and immunoprecipitation articles & references.

https://commons.wikimedia.org/wiki/User:Jkwchui
https://en.wikipedia.org/wiki/en:File:Animal_cell_structure_en.svg
http://www.illumina.com/Documents/products/datasheets/datasheet_chip_sequence.pdf
https://en.wikipedia.org/wiki/en:Chip-sequencing
https://en.wikipedia.org/wiki/en:Immunoprecipitation


Chip-Seq
Occupancy, O(t) is the probability that the 
IP protein is at position t

Number of cells

Efficiency

IP reads number

IP(t) number of reads at position t



Chip-Seq
Occupancy

Number of cells

Efficiency

IP reads number

1.cross-linking 

2.cell breakage

3.DNA sonication

4.immunoprecipitation (for a given number of 
epitopes)


5.persistence of DNAs within the 
immunoprecipitates during the washing 
procedure


6.release from the immunoprecipitation beads

7.de-crosslinking

8.subsequent DNA purification

9.library construction

10. library amplification by PCR

11.sequencing reaction. 

IP(t) number of reads at position t



Chip-Seq
Occupancy

Number of cells

Efficiency

IP reads number

Without IP

Whole Cell Extract



Chip-Seq

VS

x3 x3



Chip-Seq limitation
•Formaldehyde cross-links single stranded DNA to proteins much more efficiently than it does 
double stranded DNA. 

•ChIP-seq merely reveals an estimate of the distribution of a protein across a genome. 

•If occupancy were reduced or increased at all loci throughout the genome in a similar manner, then 
conventional ChIP-seq would not reveal any change. 

VS

Hu et. All NAR 2015



Calibrated Chip-Seq
Ox

Nx

Ex

IPx

Oc

Nc

Ec

IPc

Experiment Calibration

Hu et. All NAR 2015



Calibrated Chip-Seq
Ox

Nx

Ex

IPx

Oc

Nc

Ec

IPc

Experiment Calibration

Without IP

WCEx WCEc

Hu et. All NAR 2015



Calibrated Chip-Seq
Ox

Nx

Ex

IPx

Oc

Nc

Ec

IPc

Experiment Calibration

WCEx WCEc

Hu et. All NAR 2015

IP = N x O x E
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ChIP-seq profiles are unaffected by reference cells. 

Hu et. All NAR 2015

IP of cohesin’s Scc1 subunit

•Saccharomyces  cerevisiae (SacCer) 

•Candida glabrata (CanGla) 




•Correlation between percentages of 
reads aligning to S. cerevisiae 
genome from IP and whole cell 
extract (W) samples. 


•ORs of mixtures with the indicated 
ratios. 


•ChIP-seq distributions of SacCer 
Scc1 on chromosome I from 
mixtures with different ratios of S. 
cerevisiae and C. glabrata cells. 

Hu et. All NAR 2015



Conventional ChIP-seq profiles

cohesin (Scc1) during synchronous S. cerevisiae cell cycles

Calibrated ChIP-seq profiles



https://gitbio.ens-lyon.fr/LBMC/Bernard/quantitative-nucleosome-analysis
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