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... X-seq

• ChIP-seq – Chromatin ImmunoPrecipitation

= where are Proteins located in the genome

• DNAse-seq – DNAse I hypersensitive sites 

= cis-regulatory regions, enhancer, promoter, insulator, ...

• MNAse-seq – (Micrococcal NucleAse)

= where are nucleosomes

• Cmet-seq – DNA CpG methylation 

= which CpGs are methylated and what is the frequency

of methylation



... indentify protein-bound regions
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Where are transcription factors located?



beads on the string 30 nm fibernucleosome

... chromatin
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N-terminal tail
... can be modified to change structure

or for interaction

~ 147 bp DNA

... nucleosome and histone modifications
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... histone modifications

Where are histone modifications located?



... 1 make sure the protein sticks to the DNA

crosslinking – use formaldehyde



... 2 break chromatin into small pieces

fragmentation – use sound
= sonification



... 3 fish for the protein of interest

immunoprecipitation – use antibody  

Magnetic 

bead



... 4 remove unbound stuff

washing  

Magnetic 

bead



... 5 get unbound stuff



... 6 reverse crosslinks



... 7 isolate DNA



... 8 ligate sequencing adaptors



... 9 sequence



... 10 map tags against genome

• bowtie (Langmead et al. 2009)

• BWA (Li & Durbin 2009)

• ....

low quality reads?

non-unique matches?



... 11 analyze data

tag density along the genome

peak calling region calling



... 11 analyze data

tag density along the genome

peak calling region calling

? ?statistical significance



... the multiple testing problem

Suppose you carry out 10 hypothesis tests at the 5% level

(assume independance)

• the probability of declaring a particular test

significant under its null hypothesis is 0.05

• but the probability of declaring at least

1 of the 10 tests significant is 0.401

• if you perform 20 hypothesis tests, this

probability increases to 0.642…

1 - 0.9510

1 - 0.9520

genome-wide we are testing millions

of hypothesis! (1 – 0.951,000,000 ≈≈≈≈ 1)



... the multiple testing problem

Testing m null hypothesis Hj (j = 1,…,M) 

M0 true and M1 false null hypothesis; 

R: # H0 rejected (false positives)

MRM - R

M1ST# false H0

M0VU# true H0

# H0 rejected# H0 not rejected

unobservable

random variables

known quantityobservable quantity



... Benjamini-Hochberg
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... Benjamini-Hochberg – worked-out

• order the p-values such that 

• calculate

• then rejecting the null hypotheses corresponding
to p1, . . .,pk provides FDR = M0/M · α ≤ α.

Mppp ≤≤≤ L21
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... the q-value
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... the p-value
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... what determines tag density variation
in one ChIP sample?

• probability that a region is bound to the target

• mappability

• repeat regions => no unique hits

• repeat-like regions => false positive hits due 

to sequencing errors 

• efficiency of fragmenting chromatin

• efficiency of sequencing



... controls

PolII-ChIP

Input (100-350 bps)

Input (350-800 bps)

Mock IP

genomic 

resequencing

Auerbach et al. (2009)



... is input a good choice?

Genome

Input
ChIP



... strand dependent bimodality

Wilbanks et al. (2010)



... ssp

Kharchenko et al. (2008)



... shift the tags

Kharchenko et al. (2008)



... allow gaps and mismatches?

Kharchenko et al. (2008)



... background anomalies

Kharchenko et al. (2008)

singular high

tag density

only one strand

Larger, nonuniform

regions of increased 

background tag density

Background tag density 

patterns resembling

true protein-binding positions



... peak calling

Kharchenko et al. (2008)

Window tag density

(WTD)

Matching strand peaks

(MSP)

Mirror tag correlation

(MTC)

(p1 + n2) / (n1 + p2)



... FDR?
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Kharchenko et al. (2008)



... Model based analysis of ChIP-Seq - MACS

Zhang et al. (2008)

Assume Poisson-distribution



... Model based analysis of ChIP-Seq - MACS

Zhang et al. (2008)

ChIP-seq peaks

Control = Input peaks



... Model based analysis of ChIP-Seq - MACS
FDR?

Zhang et al. (2008)



... peak calling - comparison

Wilbanks et al. (2010)
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