ILOTS CPG ET METHYLATION
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CpG

dinucléotides C-G sur le méme brin :

CpG

la distribution de CpG varie dans le génome humaine
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http://en.wikipedia.org/wiki/File:CpG_island.png

Meéthylation

Typiquement, la cytosine de CpG est méthylée, et peut se transformer en thymine

facilement
NH, NH, o)
H,;C
A N
| N — N NH
Kethwaﬂon /Qammatmn /&
N O N @ N
H H H O
Cytosine 5-methyl Thymine
Cytosine

Wikipedia
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http://en.wikipedia.org/wiki/File:Cytosine_becomes_thymine.png

Ilots CpG

enrichissement dans une région de longueur £ : compter les occurrences n.

NCpG
nc-ng

CpG(o/e) =/

ilot CpG (CpG island) : définitions par (G4 C)% élevée, enrichissement de CpG,

longueur minimale

Pe.: (G4 C)% > 50%, £ > 200, CpG(o/e) > 0.6
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Ilot CpG : parametres

— parametres différents . . .
— CpG fréquent dans éléments mobiles (p.e., Alu)

CpG island defined by existing criteria

%GC=53%,0bsCpG/ExpCpG=0.77,Length=1233

CpG island defined by new criteria
%GC=57%,0bsCpG/ExpCpG=0.84,Length=620

100bp

NHP2L 1
Exon1
ch2z | HH s —
CpGl6060

Alu Alu
Overview of CpG island prediction algorithms.
Database/prediction Length G+C CpGlo/e] RM* Comments Reference
ENSEMBL >400 >50% >0.6 N Stringent length constraint [88]
NCBI relaxed >200 >50% =>0.6 N Total CGIs =307 193
NCBI strict =500 >50% >0.6 N Total CGIs =24 163
uscsP >200 >50% >0.6 Y Total CGIs =28 226 [89]
EMBOSS UD€ UD uD NA Variable parameters [90]
CpGProD >500 >50% >0.6 Y Total CGIs =76 793 [23]
CpGcluster NA NA NA N Clustering Total = 197 727 [25]

4 RM, repeat masked; Y, yes; N, no; NA, non applicable.

b Parameters used for CGI identification for the ENCODE project although totals vary due to repeat masking differences between hg17 and hg18 builds [87].

¢ UD, user defined.

Takai & Jones PNAS 99 :3740 (2002) ; lllingworth & Bird FEBS Lett 583 :1713 (2009)
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Ilots CpG : distribution

— longueur ~ 1kpb

— parfois se trouvent a 'intérieur d’'un gene ou dans une région intergénique

Human Chromosome 19 17195000-17260000

OCEL1 C19orf62 ANKLET
i Cr———1—1 Fo-rm
—= — H———s wesee
CpG [o/e] NR2F6 USHBP1 Ak
4 ilots
dans une région
de 65 kpb

ilots aux promoteurs
des genes

ilot a l'intérieur
du gene

Mlingworth & Bird FEBS Lett 583 :1713 (2009)
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Meéthylation et transcription
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Figure 1| Molecular anatomy of CpG sites in chromatin and their roles in gene
expression. About 60% of human genes have CpG islands (CGls) at their promoters
and frequently have nucleosome-depleted regions (NDRs) at the transcriptional start
site (TSS). The nucleosomes flanking the TSS are marked by trimethylation of histone H3
at lysine 4 (H3K4me3), which is associated with active transcription, and the histone
variant H2A.Z, which is antagonistic to DNA methyltransferases (DNMTs). Downstream
of the TSS, the DNA is mostly CpG-depleted and is predominantly methylated in
repetitive elements and in gene bodies. CGls, which are sometimes located in gene
bodies, mostly remain unmethylated but occasionally acquire 5-methylcytosine (5mC)
in a tissue-specific manner (not shown). Transcription elongation, unlike initiation, is not
blocked by gene body methylation, and variable methylation may be involved in
controlling splicing. Gene bodies are preferential sites of methylation in the context
CHG (where His A, C or T) in embryonic stem cells®, but the function is not understood
(not shown). DNA methylation is maintained by DNMT1 and also by DNMT3A and/or
DNMT3B, which are bound to nucleosomes containing methylated DNA®. Enhancers
tend to be CpG-poor and show incomplete methylation, suggesting a dynamic process
of methylation or demethylation occurs, perhaps owing to the presence of ten-eleven
translocation (TET) proteins in these regions, although this remains to be shown. They
also have NDRs, and the flanking nucleosomes have the signature H3K4me1 mark

and also the histone variant H2A.Z321%, The binding of proteins such as CTCF to

Jones Nat Rev Genet 13 :484 (2012)

vii



Meéthylation et cellules souches

— méthylation de cytosine aussi a de sites CH (H = {A,C, T})

— change lors de la différentiation de cellule
OmCG EmMCHG OmCHH [OC

i PQ0O ;| 990 O 9@ O ,|f
wrooL_ Q99 || Q90 Q ;. Q@ Q ||F
H1l @@QQ | | @@Q Cp I 1 @@ qz |

w0009 ;| 390 Q i 99 B,
rsuroa_ DP9 O09CCP ;@ 9OQ |%

vrooL_ Q0@ || Q90 QO | 0@ Q ||°
svpe i Q009 | 080 QO , 0@ O |

Chr 1: 200,015,530-  Chr 3: 100,016,095~  Chr 10: 30,837,441
200,015,725 (W) 100,016,287 (W) 30,837,664 (W)

(H1 = cellules souches ; IMR90=lung fibroblast)

Lister, Pelizzola & al Nature 462 :315 (2009)

Methylation x IFT6299 H2014 x UdeM x Miklos Cslirds viii



Détection de méthylation

Table 1 | Main principles of DNA methylation analysis

Pretreatment

Enzyme
digestion

Affinity
enrichment

Sodium
bisulphite

Analytical step
Locus-specific analysis
* Hpall-PCR

* MeDIP-PCR

* MethyLight
* EpiTYPER
* Pyrosequencing

Gel-based analysis

® Southern blot
* RLGS

* MS-AP-PCR

o AIMS

e Sanger BS
* MSP

* MS-SNuPE
* COBRA

Array-based analysis

* DMH

* MCAM

* HELP

* MethylScope
e CHARM

* MMASS

* MeDIP
e mDIP
e mCIP
* MIRA

* BiMP
* GoldenGate

e [nfinium

NGS-based analysis

* Methyl-seq
* MCA-seq

* HELP-seq
* MSCC

* MeDIP-seq
* MIRA-seq

* RRBS
* BC—seq
* BSPP
* WGSBS

AIMS, amplification of inter-methylated sites; BC—seq, bisulphite conversion followed by capture and sequencing; BiMP, bisulphite
methylation profiling; BS, bisulphite sequencing; BSPP, bisulphite padlock probes; CHARM, comprehensive high-throughput arrays
for relative methylation; COBRA, combined bisulphite restriction analysis; DMH, differential methylation hybridization; HELP, Hpall
tiny fragment enrichment by ligation-mediated PCR; MCA, methylated CpG island amplification; MCAM, MCA with microarray
hybridization; MeDIP, mDIP and mCIP, methylated DNA immunoprecipitation; MIRA, methylated CpG island recovery assay;
MMASS, microarray-based methylation assessment of single samples; MS-AP-PCR, methylation-sensitive arbitrarily primed PCR;
MSCC, methylation-sensitive cut counting; MSP, methylation-specific PCR; MS-SNuPE, methylation-sensitive single nucleotide
primer extension; NGS, next-generation sequencing; RLGS, restriction landmark genome scanning; RRBS, reduced representation
bisulphite sequencing; —seq, followed by sequencing; WGSBS, whole-genome shotgun bisulphite sequencing.
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Seéquencage bisulphite

Watson >>ACGTTCGCTTGAG>> C™ methylated
Crick <<TGCAAGCGAACTC<< C Un-methylated
1) Denaturation ﬂ
Watson >>AC"GTTCGCTTGAG>> Crick <<TGC"AAGCGAACTC<K
2) Bisulfite Treatment ﬂ
BSW >>ACGTTUGUTTGAG>> BSC <<KTGCAAGUGAAUTU<K
3) PCR Amplification @
BSW >>ACGTTTGTTTGAG>> BSC <<KTGCrAAGTGAATTT<
BSWR <<TG CAAACAAACTC<KL BSCR >>ACG TTCACTTAAA>>

Xi & Li BMC Bioinformatics 10 :232 (2009)
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Séquencage bisulphite 2

Alignement asymétrique . . .

1) Multiple Mapping

Bisulfite Read >>ATTTCG>>
[]

! | | | S

ATTTCG ATTTCG ATTTCG
Reference > > 7 TACTTCGATGCATCTCGCAAGACTCCGGC>>

2) Mapping Asymmetry

Bisulfite Read Reference
cC < ¥ C

T «— T

Xi & Li BMC Bioinformatics 10 :232 (2009)
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BSMAP

hachage + manipulation de bits pour détecter match/mismatch (stocker un masque

pour la référence)

>>ACGTCGCTTGATAGCT>>

Coordinate: 4875362

PERILTT]

value

4875362, ...
4875362, ...
4875362, ...
4875362, ...
4875362, ...
4875362, ...
4875362, ...
4875362, ...

A
Reference
Seed
Table
key
original - = GTcGeT
seed
ACGTCGTT
bisulfite | ACGTTGCT
seeds ACGTTGTT
ATGTCGCT
ATGTCGTT
ATGTTGCT
ATGTTGTT
Read >>ATGTCGCTTGAGAGCT>>

B
Ref >>ACGTCGCTTGATAGCT>>

Mask 11011111011101111111111111110111

Read >>ATGTCGCTTAACAGCT>>

00111011011001111100000100100111

Masked >>ACGTCGCTTAACAGCT>>

Read 00011011011001111100000100100111

Methylation x IFT6299 H2014 x UdeM x Miklos Cslirds

C
Ref  >>ACGTCGCTTGATAGCT>>

00011011011001111110001100100111

Masked >A\CGTCGCTTAACAGCT>>

Read

00011011011001111100000100100111
X 00000000000000000010001000000000
Result 1 l l

match mismatch

Xi & Li BMC Bioinformatics 10 :232 (2009)
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Pénalisation modifiee

On peut aussi trouver une pénalisation propre (LODS) a la conversion bisulfite :

Table 1. Score matrix for aligning bisulfite-converted DNA reads to

a reference genome sequence

a C g t
a 6 —18 —18 —18
$ c ~18 6 ~18 3 o
g\\@% g —18 —18 6 —18 4__':- match
¢ £ —18 —18 —18 3 C:TouT:T

Columns refer to bases in the read, and rows
genome.

Methylation x IFT6299 H2014 x UdeM x Miklos Cslirds

refer to bases in the

Frith, Mori & Asai Nucleic Acids Res 40 :e100 (2012)

xiil



Ambiguite

Placement est difficile : plus de matches C :T et T :T, régions de compléxité réduite

(CpG)

a Setup of the example

Genomic DNA sequence clEaTcATGTECTCAMECAREA
DNA methylation level ~ 100% 50% 50% 0%

DNA fragmentation, selective
conversion of unmethylated
Csinto Ts, DNA sequencing

Bisulphite-sequencing reads AT , AfeA , ARJEA , ARfET,
e, TEEA, TRET, THET

b Wild-card alignment

Reference sequence Y{{EATGATGTIEYTGATEYATEA

; TEEA
Read al t i .-
ead alignmen TEA Read alignment <
iy T@gr
THET . THET
b\ J
Ccoy <t-- <t
JAT G ATG
JATCI AT G
DNA methylation level 100% 50% 100% 0% DNA methylation level N/A 50% N/A 0%

(mismatch asymétrique:
C:TT:T OK,
mais non pas 1:C)

Methylation x IFT6299 H2014 x UdeM x Miklos Cslirds

placement ambigu

. € Three-letter alignment Teel

Reference sequence TEATGATGTEI‘TGAETAEA o

(mismatch symétrique:
alphabet réduit avec
C converti en T’
partout)

Bock Nat Rev Genet 13 :705 (2012)
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Inference

On veut surtout détecter régions de méthylation diftérente (differentially methyla-

ted region, DMR ) entre échantillons (100s de génomes)

a
Genomic DNA sequence

Sample 1
Sample 2

Cases

Sample 3

Sample 4
Sample 5

Controls

Sample 6

b
Single-CpG analysis

Higher in cases (q value)

Higher in controls (g value)

CG

3%
2%
0%

. CG

0%
1%

0%
1%
0%

2%

2%

0.333
0.993

0.993
0.732

CG

. CG

0.085
0.993

1%
2%
1%

0.068
0.993

CG

CG

CG

. CG

1%
0%
2%

0%
1%
0%

1%
0%
0%

1%
0%
0%

.. CG .. .. CG

lcas| |cael  |cc7| |cas| |cay| CG10
0.993 0.993 0.993 0.993 0.196 0.993
0.070 0.104 0.104 0.110 0.993 0.351

q-value : estimation de taux de faux positives (False Discovery Rate, FDR )
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Bock Nat Rev Genet 13 :705 (2012)
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Inference 2

(signal plus fort dans fenétres ou selon annotation)

a
Genomic DNA sequence

Sample 1
Sample 2

Cases

Sample 3

Sample 4
Sample 5

Controls

Sample 6

c
Genome-wide tiling analysis

Higher in cases (g value)

Higher in controls (g value)

d

Annotated genome analysis

Higher in cases (g value)

Higher in controls (g value)

CG .. CG
3%
2%
0%
1%

Tiling region 1

CG

CG

1%
2%
1%

Tiling region 3

Tiling region 2

0.549
0.768

0.048*
0.993

Enhancer

0.024*
0.993

Methylation x IFT6299 H2014 x UdeM x Miklos Cslirds

Tiling region 4

CG CG .. CG cCG ... CG ... .. CG
1% 0% 1% 1%
0% 1% 0% 0%
2% 0% 0% 0%
Tiling region 5 Tiling region 7
Tiling region 6 Tiling region 8
0.988 0.988 0.549 0.988
0.067 0.067 0.299 0.299
Promoter region ‘
First exon
0.986 0.353
0.045* 0.299

Bock Nat Rev Genet 13 :705 (2012)
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Inference avec HMM ?

(@ mC calling

c-c: methylated C Pi . Alignment probability
c-7: unmethylated g, : Base quality
’I“C,,'e"e'= — 2 échantillons
Z;p 1419 — émissions : restreintes a CpG seulement
3 deloeres distribution binomiale (m reads avec méthylation
© 0otenwise sur 1, niveau 6 spécifique a I’état)

. Align reads allowing c-¢ matches and c-T mismatches
. Evaluate alignment probability based on read quality and multi-locus mapping

1
B m
3. Discard small-probability alignments Qm ( 1 — Q)n_m
4 n

. Estimate the mC level for each C position

(b) DMR detection — duration géométrique de rester dans un état
EATMGEr — LODS score d’une région :

chaining criteria

/ P{région ‘ UP}
— log

Sarplot —all oo 1 us [N P{région ‘ NoCH}

rewe Iy |11 4.0

State transition “ II I " “ I II

Saito, Tsuji & Mituyama Nucleic Acids Res (2014)
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