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Transcriptionnal regulation: a 2-slides introduction

v MBD2, a major DNA methylation reader

v Heat*seq web app: 

http://www.heatstarseq.roslin.ed.ac.uk/ 

v Functionnal annotation transfert using co-

expression networks

v Epigenomics and the human transcript diversity

Epigenetics & farm animals

2017-12-19

Summary

http://www.heatstarseq.roslin.ed.ac.uk/
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v Same genome

v Distinct cellular phenotypes

v Differential gene expression

v Cellular environment + 

epigenetics 

@G_Devailly
2017-12-19
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MBD2 binding dynamics during 
oncogenic transformation 
PhD at the Cancer Research Center of Lyon
Supervisor: Robert Dante
Patrick Mehlen’s team

@G_Devailly
2017-12-19
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Vertebrate DNA methyation
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v 5hmC TET + BER
v BER / NER / MMR
v passive 

demethylation

A prototipical epigenetics mark
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MBD2 represses 
transcription of 
methylated plasmids. Ng et al., 
Nature Genetics, 1999, Guy et al., Nat Genet., 2001

MBD family

MECP2 MBD
1

MBD2 MBD
4

UHRF family

UHRF
1

UHRF
2

MECP2 MBD2 UHRF1 

KAISO ZFP57 KLF4 

MECP2 MBD2 UHRF1 

KAISO ZFP57 KLF4 



Normal cell

Cancerous cell

methylated 
CpGunmethylated 
CpG

Silencing of 
repetitive 
elements

Regulation of tissue 
specific gene 
expressions

Most expressed 
genes are 

unmethylated

Local 
hypermethylatio

ns

10-30 % global 
decrease of 
methylation

Activation of some 
transposable elements

(Alu, LINE, etc.)
Genome instability

Ectopic gene 
expressions

Silencing of tumor 
suppressor genes

DNA methylation alterations in 
cancer

8
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HMEC-hTERT

@G_Devailly
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HMLER

ChIP-seq:
Input

MBD2 ChIP
MeDP (MethylMiner, invitrogen)

High throughput 
sequencing30 - 50 millions of 50 bp reads per 

conditions
Illumina HiSeq 2000

T/t SV40
HRAS G12V

Immortalized
Non tumorigenic

Tumorigenic

Endogenous proteins
Pool of 5 experiments RNA-seq:

 RNA extract from 
untreated cells or cells 
treated with siMBD2 or 

DAC
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α-MBD2

α-Actin

siCtrl siMBD2

Endogenous MBD2 is a DNA 
methylation dependent transcriptional 

repressorRNAseq after depletion of MBD2 by 
siRNA,

or after DAC (5-aza-deoxycytidine) 
treatment (DNA methylation 
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MBD2 is a DNA methylation dependent 
transcriptional repressor

RNAseq after depletion of MBD2 by 
siRNA,

or after DAC (5-aza-deoxycytidine) 
treatment (DNA methylation 

enzymes inhibitor)siCt
rl

siMBD
2

DA
C

siCt
rl

siMBD
2

DA
C

2164 genes up 
by siMBD2

70% also up by 
DAC

667 genes down 
by siMBD2
40% also up 
down DAC

HMLER 
cells

3510 genes up 
by DAC

43% also up by 
siMBD2

1459 genes down 
by DAC
18% also up 
down siMBD2

α-MBD2

α-Actin

siCtrl siMBD2
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Conclusions & Perspectives
v MBD2  is a major reader of DNA 

methylation, at least in studied 
cell lines.

v MBD2  is redistributed during 
oncogenic transformation. This 
redistribution plays role in the 
transcriptome modifications of 
transformed cell lines.

v What are the mechanism 
implicated in the redistribution of 
MBD2?

v Does targeting MBD2 reduces the 
transformed phenotype? 

http://ngs-qc.org/navi/index.php 

http://ngs-qc.org/navi/index.php
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by 
@TheCastleHunter

Guillaume Devailly
Anagha Joshi’s group, The Roslin Institute, University 
of Edinburgh
@G_Devailly

Compare your HTS 
experiment with

datasets 
in 

RNA-seq
ChIP-seq
CAGE

Heat*seq



Heat*Seq

HTS is cheap

Big public 
datasets

Genome-wide 
comparison is 
challenging



Workflow

www.heatstarseq.roslin.ed.ac.uk 
1- Visit website:

2- Select 
dataset

3-Upload 
processed data

4- Explore 
results

http://www.heatstarseq.roslin.ed.ac.uk/


Assay Dataset Organism
Number of 

experiment
s

RNA-seq Bgee human 77

mouse 109

Blueprint 
epigenome

human 163

ENCODE human 302

mouse 192

Roadmap 
Epigenomics

human 57

Flybase
drosophil
a 124

GTEx human 8555

TF ChIP-
seq

ENCODE human 690

mouse 156

CODEX human 238

mouse 651

modENCODE
drosophil
a

85

CAGE Fantom5 human 1058

mouse 490

Datasets



HeatRNAseq

Gene name
(~40.000)

Exp 1 Exp 2 Exp 3 … Exp 
77

ENSG0000000000
3

3.983 2.361
10.21

6
…

80.58
3

ENSG0000000000
5

0.071 0.260 0.000 … 3.329

ENSG0000000041
9

10.27
7

2.893
14.15

3
…

42.63
9

… … … … … ….

ENSG0000027349
3

0.000 0.000 0.000 … 0.000 \ Exp 
1

Exp 
2 

Exp 
3 

… Exp 
77

Exp 
1

1 0.94
2

0.93
8

… 0.66
3

Exp 
2

0.94
2

1 0.91
7

… 0.68
0

Exp 
3

0.93
8

0.91
7

1 …
0.70

6

… … … … 1 …

Exp 
77

0.66
3

0.68
0

0.70
6

… 1

Expression 
matrix

Correlation 
matrix

Clustered 
heatmap

Pearson’s, after log10 
scaling



HeatChIPseq

Coordinates
(~700.000 non 
overlapping 
regions)

Exp 1 Exp 2 Exp 3 …
Exp 
690

chr1:10073-10413 F T F … F

chr1:16110-16390 F F T … T

chr1:29198-29688 F F F … F

… … … … … ….

chrY:28709160-
28709494

T T F … F
\

Exp 
1

Exp 
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Exp 
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…
Exp 
690

Exp 
1

1 0.05
9

0.78
6

… 0.03
5

Exp 
2

0.05
9

1 0.05
8

… 0.11
8

Exp 
3

0.78
6

0.05
8

1 … 0.04
7

… … … … 1 …

Exp 
690

0.03
5

0.11
8

0.04
7

… 1

Correlation 
matrix

Clustered 
heatmap

Binary peak 
matrix



File format
Tab-delimited text 

file

geneID tpm

ENSG000001340
46 120.12

ENSG000001416
44 0

ENSG000001690
57 85.24

ENSG000001742
82 0.54

ENSG000001870
98 42

… …

Ensembl or Flybase gene 
id



File format
Tab-delimited text 

file

chr start end

chr1 125423 125891

chr1 854503
2

854625
4

chr4 452369
8

452478
5

chr12 854120 854870

chrX 245875
0

245987
2

… … …

Same genome version 
than the dataset



File format
Tab-delimited text 

file

Same genome version 
than the dataset

chr start end name rpm stran
d

chr2 25486325 25486487 CAGEpeak
_1

458.1
2 +

chr6 5896321 5896380 CAGEpeak
_2 25.03 +

chr6 223541 223602 CAGEpeak
_3 1.23 -

chr17 5012035 5012100 CAGEpeak
_4 45.3 +

chr21 960032 960098 CAGEpeak
_5 8.70 -

… … … … … …



Implementation

https://github.com/gdevailly/HeatStarSeq_gh
 

Source code:

Processed dataset 
collection
(.Rdata)

User file

Heat*seq
HeatRNAse
q
HeatChIPse
q
HeatCAGEs
eq

Icons: 
http://iconmonstr.com/

Webpag
e

https://github.com/gdevailly/HeatStarSeq_gh


Live demonstration

www.heatstarseq.roslin.ed.ac.uk
 

http://www.heatstarseq.roslin.ed.ac.uk/


If live demo fails…























Mouse hovering widget

Zoom by drag and drop

Send plot to plotly and share with 
the world







Conclusions

• A lightweight web application

• Quick comparison of RNA-seq, ChIP-seq 

and CAGE experiments

• First step to guide you before in depth 

analysis



What’s next

• Other datasets (suggestions?)

• Other data types (Histones, DNAse1, Gene 

Lists/Ontologies)

• Multiple user files

• Gene name converter / liftover 
integration
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Functionnal annotation transfert 
using co-expression networks
Pía Francesca Loren Reyes, Tom Michoel, Anagha Joshi, 
Guillaume Devailly

@G_Devailly
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v Plenty of omic data

v Not enough functional annotations :(

v Can we use omic data to improve functional 

annotations?
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v Functional annotations are often inferred 
from other species

v This lead to over-annotations mistakes, 
notably in the cases of one-to-many or 
many-to-many homology groups

Hypothesis: if two orthologs are in the same 
co-expression cluster  in different species, 
then functional annotation are likely to be 
transferable.

And co-expression cluster are easy to build 
from public omic data! \o/
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Series ID n
total 920

GSE50789 96
GSE9630 59
GSE55756 47
GSE63027 39
GSE51885 27
GSE38067 24
… …

Series ID n
total 620

GSE13270 101
GSE59495 90
GSE24104 47
GSE5509 40
GSE23748 30
GSE27625 30
… …

Series ID n
total 248

GSE1479 36
GSE3530 36
GSE7487 24
GSE5500 21
GSE7605 18
GSE3440 15
… …

Series ID n
total 1202

GSE57822 433
GSE57800 429
GSE19290 82
GSE6104 45
GSE7999 30
GSE11851 20
… …

Public microarray expression 
data

Affymetrix Mouse Genome 430 2.0
Affymetrix Rat Genome 230 2.0

Mous
e

Rat Mous
e

Rat
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Data normalization

Identification of variable probes
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SCHype hyper-graph 
clustering tool

NCBI
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Conclusions & 
perspectivesv Provide evidence for resolving 

functional annotation transfer in 28 
complex homology groups (>100 
genes)

v Using free data!

v Different array, RNA-seq
v More tissues!
v More species!
v Still need functional annotation in 

at least one species
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Epigenomics and the human 
transcript diversity
using Roadmap Epigenomics data

@G_Devailly
2017-12-19
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v Epigenetic marks role at TSS and enhancer 
is (quite) well characterized

v Putative roles in TES, exon recognition, 
cryptic TSS repression?

v Plenty of data generated by Roadmaps 
Epigenomics (+ENCODE)

v RNA-seq, WGBS, DNAse1, plenty of HisMod 
in > 30 cell types
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What’s a gene?
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What’s a gene?
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What’s a gene TSS?
Default 
GENCODE 
‘gene’ TSS
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CpG 
density

Region 
2

mCpG/CpG
mCpG 

density

Region 
1

4 2

0.5 1

2 2

mCpG density main driver of methylation 
reader?

Which metric for DNA methylation?
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CpG 
density
mCpG 
ratio

mCpG 
density

coverage

H1­
hESC



.072
@G_Devailly

2017-12-19

H1­hESC
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H1­hESC
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H1­hESC
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H1­hESC
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H1­hESC
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v Features x marks x cell types x gene 
types  

v Combinatorial explosion: >5000 
plots

v Shiny App!
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GJA1(ENSG00000152661)
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Epigenetic marks 
at intron/exon 
boundaries?
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Epigenetic marks 
at intron/exon 
boundaries?
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Perspectives
v Epigenetic marks and alternative 
splicing? 

v Gene by gene tool in webapp
v Polish, write and submit
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GenEpi@GenPhySE

Epigenetics and 
heritability
v missing heritability
v Improving livestock 

epigenome

Non-heritable 
epigenetics
v Early prediction? v Variant annotation

(physiology and 
nutrition)
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