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" Lab: ChIP for determining transcription factor
binding sites

1. Protein complexes that contact DNA are cross-linked to
their binding sites
2. The chromatin is sheared into short fragments
3. Specific DNA fraction that interacts with the protein
(transcription factor, TF) of interest is isolated by
immunoprecipitation.
4. A genome-wide readout of the protein binding sites is
produced either by
= Hybridization to a tiling array (Chip-chip) or by
= End-sequencing millions of different DNA-fragments
(Chip-Seq)

Valouev et al. Nature methods, 2008
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- 1. Get reads:

k3

B s 6 sequence.txt, output of one
Solexa lane, first lines out of
18531580, 4.6 million reads, 36bp

each => 167Mb

@HWI-EAS178 3 20390AAXX:6:1:883:500
TATTGATAGATCCATTTTGTAGATGAGAAAAATGAG
+HWI-EAS178 3 20390AAXX:6:1:883:500
[COOOOCOOCOOOOIYIIOIY I [YZ[YVVY [XQUUSSD
@HWI-EAS178 3 20390AAXX:6:1:764:233
GAACTACTATCCACGGGAATAAATTGGTCCTATTAT
+HWI-EAS178 3 20390AAXX:6:1:764:233
COOOCOOOOOOOOIITIIRITTT[Z [XYWEKDAGGJH
@HWI-EAS178 3 20390AAXX:6:1:380:771
GAGATCACGCCACTGCACTCCAGCCTGGCCACAGAA
+HWI-EAS178 3 20390AAXX:6:1:380:771
COOOOCOOCOOIVITIIVITIIVZ[ZOHHKTITIACGA
@HWI-EAS178 3 20390AAXX:6:1:428:794
GAAATGATGATATGAGGAAGGAAATATGAAGTTGAT
+HWI-EAS178 3 20390AAXX:6:1:428:794

COLCLLCIOIIIIL22ZI[[[[2Z[YTYYGLVAPE

Short sequences with base qualities

M First four lines: one read and its
Phred-like base quality scores
® Phred quality 30 <=> error
probability 0.001

TATTGATAGATCCATTTTGTAGATGAGAAAAATGAG

277 277 277 277 277
277 277 277 277 277
277 277 277 25 277
277 277 277 25 277
277 25 26 277 25
22 22 25 277 24
17 21 21 19 19
5



2. Align reads to the reference genome: Where
does the fragment come from?

B Mapping quality: a Phred-scaled probability that the read
alignment is wrong — takes into account
® Read base qualities
® The quality of the alignment: number of mismatches
® Repeat structure of the reference genome: number and
quality of alternative alignments

Chromosome, position, strand

/[ /0

HWI-EAS178 3 20390AAXX:6:1:883:500 17 29005204 -

0 0 C 67 D 67 67 0 0 1 0 36

ctcatttTtctcAtc M cAAAALGGATCTATCAATA $4460629<:77:<; :<< :§<< P <LLLLLL L L L L L L

Mapping quality
Number of 0-mismatch

Number of mismatches of the best hit hits of the first 24bp



" 3. Detect peaks: Large number of overlapping
‘ fragments indicating possible binding site
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Figure: Zhang et a. Genome biol. 2008, 9:R137

4. Compare peaks to the IgG control:
Fragment counts and confidence, challenges

B The height of the peaks varies
between samples
® Antibody quality, TF
expression level ...
B The background is not uniform
B The distribution of the reads in
the 1gG control does not follow
Poisson distribution
® ChIP sample and IgG
control correlate!
® Chromatin structure, DNA-
amplification and sequencing
bias, genome copy number

variation ...



4. Compare peaks to the IgG control:
Fragment counts and confidence, solutions?

B The probability of observing x fragments in ChIP sample
and y fragments in IgG control by chance?

B Challenges
P_R?\X m Often more ChIP reads than IgG reads: e.g. 2:1
p(X) — ' ® |_ow counts: e.g. 6/1 vs. 60/10 reads in ChlP/IgG (2:1)
X!

® |s y a good local estimate of expected number of fragments A?
B Zhang et al. Model-Based ... Genome Biol. 2008, 9:R137

® Linear scaling of total read counts

® Estimate A as max from windows of different sizes in IgG
B Audic, Claverie. The significance of digital gene expression

profiles, Genome Res. 1997, 7, 986-995.
® [ntegrates over unknown A given the observed count y
® Takes into account the uncertainty associated to low counts
and the different number of ChIP sample and IgG reads



4. Compare peaks to IgG control:
False discovery rate?

Number of FoxA1 peaks for FDR 1% B Testing every base in the genome!
N B For given p-value, how many false
positives do we take?
. B Sample swap (Zhang et al. Genome Biol.
2008)?
7 ®m FDR = #(lgG peaks) / #(ChlIP peaks)

I . I : ® Problematic when the number of ChlP and
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|IgG reads is different
® #(IgG reads) << #(ChlIP reads) and scaling

Tag ratio (# Control tags / # FoxA1 tags)

Figure: Zhang et al. Genome biology 2008, 9:R137 _ -
=> uncertainty about A amplified



Conclusions

B Method and tool development still needed
B Open questions?
® How much to sequence
m Sequence effects, saturation ...
B Resolution, number of binding sites in a peak...
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