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Epigenetic introduction

Summary

@ Epigenetic introduction
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Epigenetic introduction

Epigenetics

The term epigenetics refers to heritable changes in gene expression
(active versus inactive genes) that does not involve changes to the
underlying DNA sequence; a change in phenotype without a change in

genotype

Cubas et al, 1999

Morgan et al, 1999
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Epigenetics

EPIGENETIC MECHANISMS

are affected by these factors and processes:
+ Development (in uters, childhood)

* Environmental chemicals
» Drugs/Pharmaceuticals
« Aging
* Diet

d} METHYL GROUP

CHROMOSOME

DNA g |/ \

HEALTH ENDPOINTS
* Cancer

+ Autcimmune disease

+ Mental disorders

+ Diabetes

EPIGENETIC
‘ FACTOR
o

¥

| DNA mathylation

| Methyl group (an epigenstic factor found
in some distary sources) can tag DNA
and activate or repress genes. HISTONE TAIL

HISTONE TAIL

DNA accessible, gene active

Histone modification
The binding of epigenetic factors to histone “tails”

Histones are proteins around which alters the extent to which DNA is wrapped around
DA can wind for compaction and DMNA inaccessible, gene inactive histones and the availability of genes in the DNA
gene regulation. to be activated.
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Epigenetic introduction

DNA methylation
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@ The predominant epigenetic modification of DNA in mammalian
genomes is methylation of cytosine nucleotides (5-MeC).

Histone —s
Tails
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Epigenetic introduction

DNA methylation
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@ The predominant epigenetic modification of DNA in mammalian
genomes is methylation of cytosine nucleotides (5-MeC).
@ Mammalian main modification is on 5'-CpG-3' dinucleotides

Histone —s
Tails
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Epigenetic introduction Pip

DNA methylation
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@ The predominant epigenetic modification of DNA in mammalian
genomes is methylation of cytosine nucleotides (5-MeC).

@ Mammalian main modification is on 5'-CpG-3' dinucleotides

@ In plant also occurs on CHG and CHH context (where H can be A,C
orT)

Histone —s
Tails

https://www.epigentek.com/catalog/dna-methylation-c-75_21.html
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Epigenetic introduction

DNA methylation

Normal
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Promoter region
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Epigenetic introduction

DNA methylation analysis methods

platform T

Detection Array-based
method DNA methylation analysis
- . : Methylation-specific Immunoprecipitation
Principle (Blsulﬁ!e conversmn) (restriction enzymes of methylated DNA
Detection Deep sequencing for
method DNA methylation analysis

Sequencing ROCHE 454 ABISOLID  )(llumina/SOLEXA @
platform

Gupta et al, Review BioTecnique, 2010
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Epigenetic introduction

DNA methylation analysis methods

/’!’\_\ — T — T —
Array @'ho NimbleGen .Oﬁymptrm >< Agilent )Cth\ad!\rmy >
platform ,__4_,,// — T — —_—

Array-based
DNA methylation analysis

Detection
method

Princiol Bi Iﬁ Methylation-specific Immunoprecipitation
rinciple isu 'e conversioj restriction enzymes of methylated DNK\J

Detection Deep sequencing for
method DNA methylation analysis

5;‘;;’::‘"9 C\C_)CHHi)(\A_m suu[?/v lllurina/SOLEXA /\_whcm -)Qnr‘mrmm->

Gupta et al, Review BioTecnique, 2010
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Epigenetic introduction

Bisulfite treatment

What is bisulfite treatement?

Bisulfite

Bisulfite o~ A0
No reaction : C™ o

DNA : PCR with

Bisulfite DNA polymerase
—TCGCCGGTAC— — —TUGUUGGTAU— —TmGTmGGTAT—

Bisulite PCR
—TCGCCEGTAC— — —TCGUCGETAU— —— 1eTdGGTAT—

Locations of C™ in original DNA

https://www.promega.com/~/media/files/promega,20worldwide/north%20america/promega%20us/webinars)20and’,

20events/epigeneticwebinarsept2012.pdf
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Summary

© Pipeline overview
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Pipeline overview

Purpose

Identification of differential methylated regions.

=ai ERET]
1760l a7, 7eal 5,171, 200l 171,20 5,172, 000 <172, 100l 172,200 &, 172,30 172,10 & 172,500l

T e

20 TS1ands (1513005 ¢ 998 Bazez ars Lishe Crcsny

S lma e Muclzotice o luncrphisns (ABSHE 1983 Fourd in 7= 13 of Sewpl=s

Refeq Genes

Gaélle Lefort, Céline Noirot (INRA) Workflow-BS April 8, 2016 12 / 41



Epigenetic introduction Pipeline overview Bioinformatics steps Biostatistics steps

Conclusion and perspective

Purpose

Identification of differential methylated regions.

::::: ET) Ere
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mm

@ Projects: Epitherm/Epibird (GenPhySE), Epinod (LIPM),
FrAG-ENCODE (SelGen), Mitomics (submitted)

o Kind of data: WGBS, sequence capture, soon RRBS
@ Community: France Genomic Methylation WG, FAANG
@ Needs: bioinformatics and biostatistics tools
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Pipeline overview

Pipeline overview

Cleaning
Alignment “"""“,I {_Demek | “’““"',I
extraction _
extraction —
o D“""F‘- _
detection

==
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Pipeline overview

Supported data

o Fastq files from illumina sequencing
» Bisulfite treated
> For example a Hiseq 2500 run :
* up to 2 billion single read or 4 billion paired-end reads
* read length: from 36bp up to 150bp

[@HWTI - ST314:257:D1WGCACXX:2:1101:1130: 51555 1:N:0:TCGAAG
TATGAAAATAAGGTGGATAAGTGTTTTTTGATGTTTATTAGTGATATGTTATTTGAGTTTTGAGTATTTGTATTAGAAAGTTAGATTGATTATTTTAGTT

B@@[)[)FFFHGHHFGHIEHIJJHIIHIJJJGBHIIIJFIJF[)FHGIGIGIJJJJJFIJFGIIIGHFHGGIGIJIIGCHHHHCED?@DFCEEEECEEEECCC
@HWI-S5T314:257 :DIWGCACXX:2:1101:1137:35617_1:N:0: TCGAAG
GGATTTATAGAATTATTTGTTTTCGAAATGCGGGAGGGTATGTTTTTGTTTAATATAGTGAGATAAATAGTAAGTTTGTTGTTTTTTAGGGAGTATATTT

+
[BBBDFFFFHHHGHIIJJJHHIJJJEHIJIDHHIGFHITIFCEGHITIIJFHITIIJHHHEEEEBEDDD!
@HWI-S5T314:257 :DIWGCACXX:2:1101:1151:27741_1:N:0:TCGAAG

AGGTATAGTGTTTGTTTTGTGTTTTTTTTTTAGTATTGGTTTAGTTGTGTTTTGTGGTTGTATATGTTTTATAGMTATTTTTTTTGTGGTTATGATGGT

CEEEEF>CAACACDDDDDDY : 2CB?ACCDEE

BBB[)[)EFFHHHHHGHHIJHGGIIJJJJJJJJDB @CGAFHGGECHHAHAHEHFB?C?CC?>CDDD : CCEC>@C>ACCCCFFEDDDDR8<0?BEC>3>[> !
@HWI-S5T314:257 :DIWGCACXX:2:1101:1160:46348_1:N:0:TCGAAG
AGAAAAAGGTATGAGAGAAAGAATAGGGAAGGAATTATTATTTTAGGTGTTTGGAAATAGATAAGATTAGATTAGTTTTTTAGTGMGATGATTTTTTTT

CCCFFFFFHFFHHGHGIJJJJJJJJJJJJFC[)GHIJJJJIJJJJIGHFHIHHFGIIGIJJJIJJHIHIJIJJHHHHEHHF[)[)ACC[)[)[)[)[)[)[)EEE[)[)[)[)[)
@HWI-5T314:257 :DIWGCACXX:2:1101:1186:63430_1:N:0: TCGAAG
ATTTTTTTTTTATTTGTTTGTTTTTTTTTTTTGTGTTAAATTAGGAGGAGAAGGGAAGTTTGAATGAAGTAGTTTATTT

+
(CCRFFFFFHHH?FHI4?FHAGHHTIOIIHFDD' |, , 52ADA; ((, ((30((22<AB<88>>@:
[HWI-ST314:257:DIWGCACKX :2:1101:1224:90588 1:N:0:TCGAAG

1@-C:

14(4>A4:@C
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Pipeline overview

Supported data

o Fastq files from illumina sequencing
@ Single or paired reads

Single-end reads

—-—
—-—
—-—
—
—-—
reference
sequence
Paired-end reads
-— —-—
— -—
— -—
— —-—
—-— -—
reference
sequence

sequenced  unknown  sequenced
fragment sequence fragment
= =
e — |
200 - 1000bp
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Epigenetic introduction Pipeline overview Bioinformatics pS Biostatistics steps Conclusion and perspective

Supported data

o Fastq files from illumina sequencing
@ Single or paired reads

@ Protocol
» WGBS: Whole Genome Bisulfite sequencing

r 1 r

Low methylation High methylation Depth of coverage CpG
% Methylation CpG
% Methylatlon CpG Low

» RRBS: Reduced Representation Bisulfite sequencing

GM12878 I
1

| b b g pul. o
w5 IL.,J IIIIIUII il \l
SR ol IR .MIIII LI

RefSeq gene
CpGs Islands ™
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Pipeline overview

Data from epibird project

@ 4 male vs. 4 female chicken embryos
@ Sequenced by HiSeq3000

@ Whole Genome Bisulfite sequencing
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Bioinformatics steps

Summary

© Bioinformatics steps
@ Quality control and cleaning
@ Alignment
@ Methylation extraction
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Bioinformatics steps

Bioinformatics steps

Cleaning

Alignment “"""“I T o I

earadtion e s |
extraction —

Preprocessing [Fitering & Normalization &SNP « Remove SNP
['[U]': -'_;IPI'::l ['IU]R DMC & DMR calling DRAC calling (methyliit)
detection (DsS) DMR calling (eDMR)

IRt
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Bioinformatics steps

Quality control and cleaning

@ Trim adapters

@ Trim bad quality
Software: Trim_galore
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c introduction Pipelin Bioinformatics steps

Quality control and cleaning

o Trim adapters

@ Trim bad quality
Software: Trim_galore

Reads timmed Base timmed
250000000 & s . 25000000000
200000000 20000000000
150000000 15000000000
[ © mNbread timmed = Trimmed bases
100000000 mReads deaned 10000000000 u Clean bases
50000000 5000000000
o o o 0w o
e O & P O o O D S & D P N P @
S & & & & & & & S & & &S S
S & & & S LS &S S & & & &S S S
& & S F S S S &S & L& S S
IR AR R S AR SRR A T

@ Reads: about 40% of reads are trimmed
o Bases: about 4% of total bases
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Bioinformatics steps

Alignment
Genomic DNA sequence @ATGATGTECTGAEC@

DNA methylation level ~ 100% 50% 50% 0%
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Alignment

Genomic DNA sequence @ATGATGTECTGAEC@

DNA methylation level ~ 100% 50% 50% 0%

@ wild-card alignment

Reference sequence Y/{EATGATGT{YTGATEYA[EA
Read alignment TEEA
TEEA
THET
THET
aggr
AREA
AT GEY

DNA methylation level 100% 50% 100% 0%

Existing software: BSMAP, GSNAP, Last, Pash, RMAP, RRBSMAP,
segemehl...
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Bioinformatics steps

Alignment
Genomic DNA sequence @ATGATGTECTG@CAE\

DNA methylation level ~ 100% 50% 50% 0%

@ wild-card alignment
@ 3-base encoding

Reference sequence TJEATGATGTIET TCANETAEA

Read alignment

bt chy
THET
AHEA
AR
DNA methylation level N/A 50% N/A - 0%

Existing software: Bismark, BRAT, BS-Seeker, MethylCoder...

Gaélle Lefort, Céline Noirot (INRA) Workflow-BS April 8, 2016 19 / 41



Bioinformatics steps

Alignment

Mapping efficiency (percent of mapped reads) depends
@ read length
@ single or paired end library

@ genome composition and variability

Gaélle Lefort, Céline Noirot (INRA) Workflow-BS April 8, 2016 20 / 41



Bioinformatics steps

Alignment

Mapping efficiency (percent of mapped reads) depends
@ read length
@ single or paired end library
@ genome composition and variability

Comparison of 2 strategies :

70

™ Mapping efficiency BISMARK
= Mapping efficiency BSmap
0
A0 A6 A7 A1 A3 A4 T1 T2 T3 TIO T4 T8

M2 Bioinfo 2014 - Julien Plennecassagne - Projet Epiterm
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Alignment: Epibird results

Overview of mapped reads

250000000

200000000
150000000
m Nbreads
100000000 W Reads aligned
Reads after rmdup
50000000
0= .

@ Bismark: 61 to 81% of mapping efficiency

@ Rmdup: 73 to 93% of reads kept after rmdup
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Bioinformatics steps

Per base methylation extraction

TGV
File_Genomes View Tracks Regions Tools GenomeSpace Help
Chicken (galGald) ~||chr1 | [chr1:77.582.699.77.588,125 ‘m, ft o« N = B
r |
sa19mm

758 00t 7ty 7585008 s 7587 00t 7 sas 000
I ! P =

7127emb08_no_puc.bam Covel

7127emb08_no_puc bam
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Prssz

4
[T

e | I TFmorasn

Gaélle Lefort, Céline Noirot (INRA) Workflow-BS April 8, 2016 22 /41



Per base methylation extraction

Per sample extract :

Bioinformatics steps

chrBase chr base strand coverage freqt  freqT
chr1.913 chri 913 R 1 100.00 ©0.00
chri.417 chri 417 R 3 100.00 ©.80
chri.258 chri 258 F 1 100.00 0.00
chr1.699 chri 699 F 3 100.00 ©.80
chri.589 chri 589 R 6 83.33 16.67
chr1.718 chri 718 R 6 0.00 160.00
chri.573 chri 573 F 8 87.50 12.50
chri.832 chri 832 R 3 100.00 ©0.00
chr1.755 chri 755 R 7 85.71 14.29
chr1.233 chri 233 F 1 100.00 0.80
chri.483 chri 403 R 3 100.00 ©.80
chri.668 chri 608 F 5 40.00 60.00
chri.684 chri 684 R 4 100.00 ©.80
chri.760 chri 700 R 3 100.00 ©.00
chr1.831 chri 831 F 5 100.00 ©.80
chr1.931 chri 931 F 1 100.00 ©.00
chri.739 chri 739 F 6 83.33 16.67
chri.252 chri 252 F 1 100.00 ©.80
chr1.633 chri 633 R 3 33.33 66.67
chr1.717 chri 717 F 4 0.00 160.00

@ C in specific context (CpG, CHG, CHH)

@ choose coverage threshold

Existing software: methylKit, bismark_methylation_extraction

Gaélle Lefort, Céline Noirot (INRA) Workflow-BS
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Biostatistics steps

Summary

@ Biostatistics steps
@ Preprocessing: normalization and filter on coverage
@ Identification of DMCs
@ Identification of DMRs
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Biostatistics steps

Biostatistics steps

Si
... .‘:‘arnple.fas’ﬂij
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A”gﬂment Reference ' Control
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Methylatmn
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Preprocessing —
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detection
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Pipeline overview Bioinformatics steps Biostatistics steps Conclusion and perspec

@ Normalization and filter on coverage
@ Identification of differentially methylated cytosines (DMCs)

@ Identification of differentially methylated regions (DMRs)

Gaélle Lefort, Céline Noirot (INRA) Workflow-BS April 8, 2016 26 / 41



Epigenetic introduction Pipeline overview Bioinformatics steps Biostatistics steps Conclusion and perspective

Step 1: Preprocessing on methylation data

© Remove known SNPs
© Remove bases with a very high read coverage

© Normalize read coverage of each cytosine (5 methods: libsize,
median, upper-quartile, RLE and LR)

© Remove bases with a very low read coverage (a minimum coverage of
5x is recommended)
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Biostatistics steps

Normalization diagnostics plots

R coverage disiution of metylts ctosss R coverage disi
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Epigenetic introduction Pipeline overview Bioinformatics steps Biostatistics steps Conclusion and perspective

Step 2: identification of DMCs

Used methods

@® Fisher exact test: all replicates are pooled (methylKit without
replicates)

© Logistic regression: the hypothesis is that all data is from the
same distribution (methylKit)

© Beta-binomial model: take into account of the biological variability
between samples (DSS)

Case without replicats: nearby cytosines can be used to estimate variability (DSS)

© Hidden Markov model: take into account of the spatial correlation
between nearby cytosines
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Epigenetic introduction Pipeline overview Bioinformatics steps

Biostatistics steps Conclusion and perspective

Beta-binomial model (from DSS package)

Model
Xijk|Pijks Nijic ~ Binomial(Nijk, pijk)
with
Pijk ~ Beta(uy; ¢U)
and
¢jj ~ Log — Normal(moﬁ fgj)

Estimation Empirical Bayes approach

Test Wald test on mean methylation levels ;;

Gaélle Lefort, Céline Noirot (INRA) Workflow-BS April 8, 2016 30/ 41



Biostatistics steps

Comparison of normalization methods

4

®

Figure : DMCs identified with DSS depending on the Figure : DMCs identified with methylKit depending on the
normalization method normalization method

Flgure .: DMCs identified with methylKit and DSS without Figu I€ . DMCs identified with methylKit and DSS with
normalization median normalization

Gaélle Lefort, Céline Noirot (INRA) Workflow-BS




Step 3: identification of DMRs

Used methods

e Sliding windows or predefined regions (MethylKit, DMRcaller. . .)
@ From results on DMCs (DSS, eDMR. . .)

e With a hidden Markov model (Bisulfighter)
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Biostatistics steps

Differential analysis results and other plots

Distribution of the distance between 2 cytosines Boxplot on proportion of methylation
by type of region and condition
= i ] [
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Conclusion and perspective

Summary

© Conclusion and perspective
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Epigenetic introduction Pipeline overview Bioinformatics steps Biostatistics steps Conclusion and perspective

Pipeline conclusion

@ based on Jlow: error recovery, use most HPC (SGE, Condor, ...),
extensible
@ configuration with one config file
@ include all steps (bioinfo and biostats) within a single command line
@ re-runable after main step : alignment and methylation extraction
Available :

o github FAANG consortium

@ mulcyber: https://mulcyber.toulouse.inra.fr/plugins/
mediawiki/wiki/jflow-toolshed/index.php/Accueil
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Conclusion and perspective

Coming soon

@ Normalization and DSS
@ New aligners

@ A web server
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Conclusion and perspective

Coming soon ...

@ Normalization and DSS
@ New aligners

@ A web server

Next step :

@ Link methylation regions with transcriptomics data ...
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Conclusion and perspective

Thank you for your attention

Questions ?
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Conclusion and perspective

Bismark

ne Noirot (INRA)

genomic ragment
sequence after bisulfte
tment

cggcatgtttaaadget.
TTGGCATGTTTAAACGTT

AN

read conversion

G-to-A
TTAACATATTTAAACATT
A
| align to bisulfite
| converted genomes
@

caacatatttaaacact..
gttgtataaatttgtga.

C-to-T
|
TTGGTATGTTTAAATGTT
m-@
.ttggtatgtttaaatgtt.
~.aaccatacaaatttacaa..
®
. i

determine unique best alignment

@ read all four alignment
" outputs simultaneously
y to determine if the

/ sequence can be

mapped uniquely




Config file

#Input Tiles

~-reference-genome

#--control-genone
#/path/to/control..fa
~-snp-reference
workflovs/methysea/data/snp.vef

#sample description

~-sanple
Sanple-nane=sanplel

readl-workflows/methylseq/data/samplel Rl fastq.gz
read2-workflows/methylseq/data/sanple1.R2. fasta gz

#methylit=

Sanple-nane=sanple2
readl=workflows/methylseq/data/sanple2.Rl. fastq.gz
read2-workflows/methyLseq/data/sanple2

#Protocol paraneters :
#IF BAM PROVIOED : Set true if you provide alignment of single-end ibrary
#--is-single

#Type of nethylation context to extract and analyze
#-lrrbs

H

#To set if the Libraries are non directional (Default : False)
-

non-directional
M

Gaélle Lefort, Céline Noirot (INRA)



Config file

FBisrari aligraent parsneters
#sets.the nusber of aisnatches to allowed 1n 3 seod alignwent during mlti-seed aligmment
S igmeent wion

e

St nasioun snsert size for valid prired-end slignments.
et s

use bowtien instea of bavtie2 (longer, better for reads < Sobp) - default False
pestesy

#Force to not perforn mip ©
PRT,

ot vant € perfors statistical amlysis
Nlhy\aunn m.mm wvamun eyt

5

e of setylstion context to atrac and snalyce (GEICIIGHI
Sepcitie Setra Tines 17 you vt 10 sty sverl contc

@
ey

SONC paraneters will be perforn on ssch context (yos can specify several --test)

sooTSomlel somles soples snples
Boolz-sarplez,sanples, sanples, sarpler
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