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microarray

« Different fromthe arrays for transcriptome
analysis : all the genome on the slide!
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ChlP on chip procedure:
a tool to map protein /genome inter action

Add formaldehyde and
sonicate DNA to -1 kb

R It
!

Add specific antibody l
A mm&!'w
P oy o A Reference:

Immunoprecipitation Reverse cross W C E

¥ | links and purify
DNA

Reverse cross links

and purify DMNA s
RS AR
+ CyS | Amplify and label + Cy3

Hydridize to
microarray

Buck and Lieb, 2004



1. Crosslink and chromatin preparation

QEle
(=iTe) -Cross link with formaldehyde
Croaslink and lyse
-Cell lysis
| Soricals -Sonication of the DNA into 1 kb fragments

CRAPED I 28]

i ege
2. lmmunopr ecipitation and cross link reversion
Ad specific anfibod . -Over-night IP with antibodies

P 1 Fl I coupled with magnetic beads
. M)‘ -Specific antibodies are required

Immunoprecipitation 1 Reverse cross _ _

| | :i]nr::and purify  -Reversion of the cross link by

|P WCE

heating and agitating



3. Amplification and labeling of DNA

-Proteinase and Rnase treatment : to
« clean » the DNA

| P WCE
| -Amplification (PCR ) : random
atwigm R primers or ligation mediated
+Cy5 ‘ Amplify and label | +Cy3
-Labeling : direct or indirect (aadUTP)
Hydridize to
microarray

Microarray with the
whole genome



Theresultsof ChlP on chip experiments

Enriched DNA Input DNA
(from IP) (from WCE)

+ Cy5 ‘ Amplify and label | + Cy3

@ o
Hydridize to
microarray

All the sequences bourd%by' the protein of interest

- Global map of the protein fixation
- No need to know some of the targets before thererpat

- No need to determine the non enriched sequendeelibe experiment



Analysis of theresults
For one experiment :

1. For each spot (each sequence) the enrichmentisati
determined : IP/WCE

2. Then, the data are normalized : so that the madg® ratio =0

Default Normalization Mowves Distribution

Mormalized
= Raw

count

[=1 — ] o ] =+
Log: ratio from one array experiment

But one experiment is not enough...



Representation : Chip vs ChlP on chip

Transcriptome microarrays ChlP on chip

o Symetric representaﬁon e Thereis Only enrichment of DNA,
- there is no depletion!

Non enriched

. : Default Normalization Mowves Distribution
repressed | activated ? _
] enriched
i g

Log2 ratio ! PR SR

= e £ o e -+

Log: ratio from one array experiment



Analysis of theresults
For 4 experiments :

At least 4 biological independent experiments arpiired to obtain
significant results.

* For each sequence, the median of the normalizexdisacalculated

Mormalization of ChIP Data

= Default Mormalization |

&
]
=]

e e e

Resulis are skewead
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INonemnriched Enriched L
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Median log2 ratio

=ledian = 0,255
edian=0

us =
o -

BUT, the amplitude of the ratios can change dramati¢ediy one
experiment to another for the same spcoe- RANK



Analysis of theresults
The median rank method
1. What i1s a rank?

The rank of a sequence is the position of this sequenadist
sorted by ratio in descending order.

. e _Replicate1 | ____Replicate 2_____| | ____Replicate 3 : 1
frray Elernert Log Ratio | % Rank | Log Ratio! % Rank | Log Ratio | % Rark M edian Ba Rark
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2. Why the ranks rather than ratios?
- To avoid normalization pb

- It's easy



Exp 1

Analysis of theresults

The Median rank method

Exp 2

Exp 3

Exp 4

log2Ratio IP/WCE

Normalized
log2Ratio IP/WCE

)
Rank

log2Ratio IP/WCE

Normalized
log2Ratio IP/WCE

)
Rank

log2Ratio IP/WCE

Normalized
log2Ratio IP/WCE

)
Rank

log2Ratio IP/WCE

Normalized
log2Ratio IP/WCE

)
Rank

N\

Median rank

—



Analysis of theresults

Median percentile rank method
1L |

160 -

Theoretically

140 - E
120. /
Emﬂ—
&S B0
87 1
40 For real
- |
5 L N(NINE Non-enrichod I
1] 20 40 B0 80 100
Median | P rank

e That should give a bimodal distribution that makes thieaff easier
e Efficient if more than 4% of the total elements anei@hed

 Loss of amplitude information



Transcriptional regulatory networksin Saccharomyces cerevisiae.

LeeTl, Rinaldi NJ, Robert F, Odom DT, Bar-Joseph Z, Gerber
GK, Hannett NM, Harbison CT, Thompson CM, Simon I,
Zeitlinger J, Jennings EG, Murray HL, Gordon DB, Ren B,
Wyrick JJ, Tagne JB, Volkert TL, Fraenkel E, Gifford DK, Young
RA.

Science 2002 Oct 25;298(5594).763-4

P-value 0.05
35,365 interactions

P-value 0.01

= s 12,040 interactions
Regulator Tag

P-value 0.005
8,190 interactions
106 strains, each Chromatin IP to enrich Microarray to identify
with a tagged promoters bound promoters bound
regulator by regulator in vivo by regulator in vivo

P-value 0.001
3,985 interactions



1.Profiling thedynamics of TF binding

Genome-wide analysis of 84 TF in yeast...
...In many different growing conditions

wemas  Highly hyperoxic

Elevated temperature

Harbison et al 2004



1.Profiling thedynamics of TF binding

Identification of cis-regulatory elements

By merging informations from ChlP on chip, phylogenyammior knowledge

Harbisson et al 2004

CACCTL.  pmmmenmesr
Radiscoversd saquence spacifiicities Discovarad sequance specificities
AbT TCAc. AC Phet =C C__._L
aeer  TRACTC aat -C0GCCG. New regulatory
Pho4 Ciﬂ.c T = amz s C CTA___E:
e ~TTCCACC ase  TCG. CGA sequences
Ste12 T__Q.A.Q'cf. YDRO28C TTACCC =




1.Profiling the dynamics of TF binding

Transcriptional regulatory code of an eukaryotic gen@m

Single regulator
Gond
| T ARGA Gllodsal bahevkour
Gcnd
e [ His3
Gicn
TRFP3 Conditon
. — Invarlant == = e
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S - - — e
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2. Study of the general transcription machinery

Recruitment of general transcription machinery is often
the end point in a cascade of regulatory events

M /

RMAPCLI

g-ﬂw-ENF
Transcription
ﬁ"‘ ﬁ"‘w M M i
SUAAAY AT AY

TATA

ChIP on chip to have a genome-wide viefARNA
polymerase (Il and Ill) repartition along the chromosome
In different conditions



2. Study of the general transcription machinery

Genome-wide analysis of RNA Pol Il location during
stationnary phase (SP) in yeast

« To survive to harsh conditions, yeast adopt a qurdsce
state (=GO for mammalian).

 Transition fromand to this state were not well known, at
the gene regulation level

e General shutdown of Pol Il transcription has beemmsal.

At what point does this shutdown occur?

Are there genes that escape repression?

Radonjic et al, 2005



2. Study of the general transcription machinery

FIRST : Global changing in mRN&vels during quiescence
exit and entry studied with microarrays gmeg

| — Extremely rapid response uponeX|t fr@p
(2500 genes upregulated within 6 min)

Hypothesis. this extremely rapid response can be explained
by the fact that the transcription machinery is maintdioe
the promoter.



2. Study of the general transcription machinery

ChIP on chip experiments

SF) ﬁ < Tap Tag version of
¥oe) Rpb3, a Polll subunit

* Pol Il is located upstreamwr rapid exit genes during SP

o Different fromthe current model : Pol Il recruitment is the
rate limiting step controled through chromatin remodglin

—>How this selective Polll binding occurs?



3. Chl P on chip analysis and chromatin dynamics

*Transcription occurs only if DNA iaccessible!
The chromatin components are important regulators
of transcription

Changes in modification or occupansays, affect TF bagdi

O Mudao=smes

% Hislone modications



3. ChlP on chip analysisand chromatin dynamics

e To increase accessibility :
1. Nucleosome disruption bygmodeling complexes (SWI-SNF)

2. Chemical modifications of nucleosome ltngtone modifying
complexes (HATs, HDACS)

) l TF

— -

_ BM&PCLI

@ . anscripti
alaal ol cal cal calcallia

[ A
%
PR AL AL ALY

TATA

Genome-wide correlation between chromatine modificeéind gene
activation by using ChlP on chip : detectionenizymes andhistones
modification



3. Chl P on chip analysis and chromatin dynamics

Genome-wide studies of histone modifications

Systematic ChlIP on chip to map 11 different histoneydatson marks in
yeast
e Compared with - each other

- gene expression

eConclusions :

Genes that share the same pattern of acetylation aregmalg related

*For the future : basis for deciphering complex pagerhhistone
modification and their downstream effects on gene eswas

Kurdistani et al, 2004



3. ChlP on chip analysis and chromatin dynamics

Analysis of histone-modifying proteins location

e Binding sites of HAT and HDAC
= both global and gene specific control

- recruitment of HAT on active promoters

- recruitment of HDAC have a preference for
distinct gene classes

Roberts et al, 2004



3. ChlP on chip analysisand chromatin dynamics
Challenges of applying ChIP on chip to chromatin

 Formaldehyde fixation » Epitop accessibility
e T A

 Differential underlying

nucleosome occupancy  Choice of microarray design

O Nuclecsomes ™ Tanscription start site
PP L antibodis % Protains
] El uuuuuuuuuuuuuuuuu fy Crosslinks




3. Chip chip analysis and chromatin dynamics

ChIP on chip is not efficient to detect direct modiatons of DNA

 Two microarray-based methods to detect methylations

» Methylation-sensitive restriction endonucleases
high MW fragments are not methylated
microarray

» Treatment U but Cmeth? Cmeth
after PCR: ©T

use of special design oligonucleotide array to quantify
the C>T changes



4. Alternativesto ChlP on chip

The protein of interest is fused to DNA methyl adenine
DAMID
transferase (DAM)

ChlIP on chip DAM ID
a Cross-inking b eSS I e ey o
8 Vi o
oA " rogd et
* CMA purification *
P v Dpnl digestic v
"ﬁ“ @@
* oy f t tI | t | I:iTJ,-:\f *
L &< Van steensel et al, 2004
v OMA labeling v
o &

Advantage :No specific antibody required, no crosslink

Limits : no detection of histone modification



4. Alternativesto ChlP on chip

Protein Binding Microarray
« ChIP on chip : in vivo, but, it doesn’t give all the potial targets...

a b c

dsDNA microarrays

Bind epitope-tagged TF
to dsDMA microarrays

_abel with fluorophore-tagged
antibody to epitope

Scan triplicate
micraarrays

Mukherjee et al. 2004

Calculate normalized PBM data

Advantages : Limits :
- No need for specific antibody -in vitro
- No need to find the condition for -Few overlap between ChiP on chip

. . . _ and PBM results
which the protein of interest is nuclear



Conclusion

ChlIP on chip Is a very powerful tool to explore gene
regulation

ChlIP on chip can also be useful to study the dynamics
of replication and recombination

ChlIP on chip is not restricted & cerevisiae

Real challenge in the future :
- Integrating all these data using bioinformatics

- Studying the dynamics of the response to one
condition at all the levels




ChIP and SOLID fragment library construction
N
IO !! AN/,
NWRZ oo
“MOMQ’QNW NI MSW

1. Cross-link bound 2. Isolate chromatin 3. Precipitate
proteins to DNA. and shear DNA. chromatin with
protein-specific
antibody.
WIS
Ry SRR
NRARY NG -

.ﬁﬂ“ﬂnmrﬂuzumuv

4. Reverse cross-link 5. Ligate P1 and P2
and digest protein. adaptors to construct
fragment library.

@) cervomna




ChIP — Chromatin Immunoprecipitation

Living celis @©
CXO)

- Crosslink DNA-protein interactions

<7 - Fragment chromatin

— e - -
.L.-—.'-.—

- Add specific antibody
- Immunoprecipitate

— 4 o4

ﬂ - Reverse crosslinks

ChIP DNA
G%DMNIA Mext-Gen Jequencing: Technologies 22 November2010




Sequencing ChIP DNA
I

ChIP DNA — —_—
- Massively parallel sequencing
(llumina, SOLID,...)
Millions of > = @ —_— = =
shortreads = e

Alignment and further data analysis...

Gl G%MNIA Mext-Gen Sequencing: Technologies 22 November2010



ChIP — downstream analysis
]

Where are the protein bound?

O Preprocessing

o Peak detection

Can we indentify the exact binding sequences?
o Motif search

Can we find allele-specific binding

Which genes are regulated by the proteins

o Genomic annotation

o Signal footprints

o...

GE"’VDMNIA MNext-Gen Sequencing: Technologies 22 November2010




From reads to peaks

ChlIP-seq, alignment

—
—
—
e
— ——
—
—

@ Extend reads by fragment length

@ Calculate overlap signal

GEAA/OMNIA

MNext-Gen Sequencing: Technologies 22 November2010




Graphic representation of alignment of
ChiIP-seq reads (UCSC genomic browser)

Chri: 158458500 | 158460000 J:u tEQ-ﬁEHE'DU | 158461000 |
FOXA3-binding FOXA3- ndlng S@OUENC
i s b I o ik | 4 s et
TETRE TN i W™ ' e 1."'::“: " I.E'!.'EW-E'HI &
{ IR iy 1 ! "N *}I"}"m
- - -

110

FOXAS signal

o

Input rgpd'i L

10 Input signal
Control signal
0

WK _l..J_E__S_C_:_i__:'g-.Eiljl?_s__Eiﬁ_gei:l_[:n_ f-_t_r;fl_'cﬁ UniFProt, GenBank, CCDS and Compantive Genomics
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Peak detection

e
Aim: identify bound regions from ChlIP-seq data

Some available methods:

o QUEST (Volouev et al 2008)

o SISSRS (Jothi et al 2008)

o MACS (Zhang et al 2008)

Common features of peak finding algorithms

o Estimate average fragment length from data
o Create overlap signals

o Detect significant peaks

o Take into account strand information of reads

GEWMNIA MNext-Gen Sequencing: Technologies 22 November2010



L ! GEWMN'A Next-Gen Sequencing: Applications 22 November2010

TFBS detection
Emmmm |

Motif search algorithms can be used for TFBS detection

o Several methods exists

o Not all of them are suited for ChIP-seq data (1000s of regions)

BCRANK (predicting Binding site Consensus from RANKed sequences)
o Input: A list of DNA regions, ranked by ChIP enrichment signal

0 ldea: The true binding site should be...

frequently occurring in high peaks

less frequent in low peaks

I i

BCRANK is available from

Bioconductor (www.bioconductor.org)




BCRANK results

Results for FOXA1 and FOXA3 (ABI/SOLID sequencing)

ic
Foztbian

chTE 187134520 1=71Ea18
chrf 1479680 1<PIHGLR
s Bl e e e o
chTl 18819550 18845530
chri 1H5345750 1=8de=60
1 ETH4EE TR

| BIRDA-2G EO0EEA26
b DEAF4IG EORESAZE
chri 10:64%56 10L550ALE
chI2 181545556 IBLE=E3LE
LHIZ 1AIN4S2L0 IALSASLE
chrd ARF?SERGD RRTS3067
RTiZ 20812071 coBLATL
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ChIP-Seq vs ChIP-chip

Nimblegen
Whole genome

Agilent

Dedicated regions

SOLiD

Whole genome
4 Mrawreads |
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ChlP-seq on SOLID vs ChlIP-chip microarrays
. ]

SOLiD System (ChIP-Seq) Microarray (ChIP-chip)

Resolution

Genome coverage

Specificity

Sample multiplexing

(@) cewvomna

>400 million sequence tags
per run

Unlimited: entire genome
can be sequenced hypothesis
free

No cross-hybridization risks;
identifies unique sequence
tags

Yes

2.1 million oligonucleotide
features per array

Limited by probe design

Cross-hybridization risks
between closely related
elements

No



Comparative bidimensional transcriptome analysis of SW480 and SW620 cell lines.

T T

OI )

mRNAs in Total RNA
mRNAs in Polysomal RNA
Common mRNAs

e

Up-regulated mRNAs
] Down-regulated mRNAs

o

N »
1 I

o

N
1
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, Total RNA (Log Fold Change)
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1
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6 4 2 0 2 4 6 8
Polysomal RNA (Log Fold Change)

Provenzani A et al. Carcinogenesis 2006;27:1323-1333
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