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Summary
Transcriptionnal regulation: a 2-slides introduction
MBD2, a major DNA methylation reader
Heat*seq web app:
http://www.heatstarseq.roslin.ed.ac.uk/
Functionnal annotation transfert using co-

expression networks

Epigenomics and the human transcript diversity
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MBD2 binding dynamics during
oncogenic transformation
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MBD family MBD2 represses
MECP2 MBD transcription of
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DNA methylation alterations in
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MBD2 ChIPseq validation
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MBD?2 ChIPseq validation
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Endogenous MBD2 binds methylated DNA
IN Vivo
Almost all
MBD2 binding
sites are
methylated
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Endogenous MBD2 binds methylated DNA

N Vivo
Almost all 1/4th of
MBD2 binding methylated DNA
sites are regions are bound
by endogenous
MBD?2
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Endogenous MBD2 binds methylated DNA

Almost all
MBD2 binding
sites are

methylated
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Endogenous MBD2 1s a DNA
methylation dependent transcriptional
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MBD2 Is a DNA methylation dependent
transcriptional repressor

cictrl sIMBD2 RNAseq after depletion of MBD2 by
-MBD2 S SIRNA,
QCACHn  —— or after DAC (5-aza-deoxycytidine)
treatment (DNA methylation
siCt siMBD DA enzymesirmbitor)

2164 genes up

3510 genes up
by sIMBD2?

by DAC

/0% also up by
DAC

43% also up by
SIMBD?2

667 genes down 1459 genes down

by sIMBD?2 by DAC
40% also up 18% also up
down DAC

down M50

HMLER FC 025 1 4



Redistribution of MBD2 during oncogenic
transformation: example of CLDN6/TNFRSFI2A
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MBD2Z represses transcription of
DNA methylggion(M&DﬁSFqﬁe A‘U\/ MBDZhI(;hIPseq
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* MBD2 IS
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Conclusions & Perspectives

* MBD2 s a major reader of DNA
methylation, at least In studied
cell lines.

redistrioputed  during
oncogenic transformation. This
redistribution plays role in the
transcriptome modifications of
transformed cell lines.

mechanism
implicated in the redistribution of
MBD2?

Does targeting MBD2 reduces the
transformed nhenotvpe?
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Organism

Homo sa piens
Homo sa piens
Mus musculus
Homo sa piens
Homo sa piens
Mus musculus
Homo sa piens
Homo sa piens
Mus musculus
Homo sa piens
Mus musculus
Homo =a piens
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sample

N/A

N/A

ESC, stem cell

immortalized cell

ESC, stem cell

ESC, stem cell

Experiment

MBD2 ChiP-se
MBD2 ChiP-se
MBD2 ChiP-se
MBD2 ChiP-se
MBD2 ChiP-se
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TS 1s cheap

Big public
datasets

Genome-wide
comparison Is
challenging
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BheslE - Visit website:
nvw.heatstarseq.roslin.ed.ac.uk

2- Select

dataset .

experiment

brain G5M102064%
Ammon's horn GSM759591
brain GSM1015150

brain GSM1015151

brain GSM1020657
Ammon's horn GSM759593
Ammon's horn GSM75958%9
Ammon's horn GSM759592
brain GSM752615

brain GSMAO706A4A0)

correlation

0.2496700

0.9445169

0.2430056

0.2426334

0.9415478

0.9414239

0.2400874

0.9383826

0.9375823

N9274927G9

A\ 4

4- Explore
results

female gonad GSM1196047
female gonad GSM1196046
female gonad GSM1064842
brain GSM1069683

brain GSM1064841

brain GSM752616

brain GSM752614

brain GSM752615

brain GSM1020649

brain GSM1020640

brain GSM1020657

brain GSM1015150

brain GSM1015151

my RNA-seq

Correlation coefficient

3-Upload
processed data

brain GSM1020649

2
my RNA-seq

Pearson correlation coefficient: 0.9497
Spearman correlation coefficient: 0.902


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

Bgee

Blueprint
epigenome

ENCODE

Roadmap
Epigenomics

Flybase

GTEXx

ENCODE

CODEX

modENCODE

Number of
Organism experiment

S
human 77
mouse 109
human 163
human 302
mouse 192
human 57
drosophil 124
a
human 8555
human 690
mouse 156
human 238
mouse 651
drosophil 85
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Gene
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Tab-delimited text
ChIB -Seq

HeatChlPseq

RNA-seq

HeatRNAseq

genelD tpm

ENSG000001340
46

ENSG000001416
44

ENSG000001690
57

ENSGO000001742

0.54
Eféembl or Flybase gene

ENSG000001840 42
98

120.12

85.24

CAGE

HeatCAGEseq



RNA-seq

HeatRNAseq

Tab-delimited text
ChiP&eq

HeatChlPseq

chr
chrl

chrl

chr4
chrl2

chrX

start
125423

854503
2

452369
8

854120

245875
0

end
125891

854625
4

452478
5

854870
245987

CAGE

HeatCAGEseq

2ame genome version
__than the dataset



RNA-seq

HeatRNAseq

Tab-delimited text
Ch]iB—eseq

HeatChlPseq

chr

chr2

chr6

chr6

chrl7

chr21

start

25486325

5896321

223541

5012035

960032

end

25486487

5896380

223602

5012100

960098

CAGE

HeatCAGEseq

name

CAGEpeak
1

CAGEpeak
2

CAGEpeak
3

CAGEpeak
4

CAGEpeak
5

rpm

458.1
2

25.03

1.23

45.3

8.70

stran
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Source code:

S

Processed data
collection
(.Rdata)

Heat*seq
HeatRNAseﬂ
q

HeatChlPse

R allh. .'.Bloconductor
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Heat*seq Home About

Heat*seq

An interactive web tool for high-throughput sequencing experiment comparison with public data

RNA-seq ChlIP-seq CAGE

HeatRNAseq HeatChlPseq HeatCAGEseq
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Use application Instructions

HeatRNAseq

1 - Select a dataset

Bgee RNA-seq (mouse)

2 - Load your data (optional)

@ Upload your expression file

Use the example file

Choose afile:

Browse._. | No file selected.

¥| The expression file contains a header.
Name of your experiment:

my RNA-seq

3 - Plot customization

¥| Highlight my experiment in the heatmap.

Tissue (empty to select all):

Developmental stage (empty to select all):

Library type (empty to select all):

Uploaded experiment correlation correction:

MNone

Static heatmap

||'7r'.=—|_—‘| H L @RI ﬂ? e



# Heat'seq  Useapplication  Instructions
HeatRNAseq
1 - Select a dataset
Bgee RNA-seq (mouse) -

2 - Load your data (optional)

@ Upload your expression file

Use the example file

Choose afile:

Browse._. | No file selected.

¥| The expression file contains a header.
Name of your experiment:

my RNA-seq

3 - Plot customization

¥| Highlight my experiment in the heatmap.

Tissue (empty to select all):

Developmental stage (empty to select all):

Library type (empty to select all):

Uploaded experiment correlation correction:

MNone i

|

Ll

%ﬂ

|

e

M-

HeatRNAseq

1 - Select a dataset
Bgee RNA-seq (mouse)

Bgee RNA-seq (human)

Blueprint RNA-seq (human)

Roadmap Epigenomics RNA-seq (human)
GTEX summary (human)

GTEx - all samples (human)

ENCODE RNA-seq (human)

Bgee RNA-seq (mouse)

ChITIME TRIA cmm frnme st

| Erowse.. |Noﬁ|eselected.




Use application Instructions

HeatRNAseq

1 - Select a dataset

Bgee RNA-seq (mouse)

2 - Load your data (optional)

@ Upload your expression file

Use the example file

Choose afile:

Browse._. | No file selected.

¥| The expression file contains a header.
Name of your experiment:

my RNA-seq

3 - Plot customization

¥| Highlight my experiment in the heatmap.

Tissue (empty to select all):

Developmental stage (empty to select all):

Library type (empty to select all):

Uploaded experiment correlation correction:

MNone

Static heatmap

||'7r'.=—|_—‘| H L @RI ﬂ? e



Use application Instructions

HeatRNAseq

1 - Select a dataset

Bgee RNA-seq (mouse)

2 - Load your data (optional)

@ Upload your expression file

Use the example file

Choose afile:

Browse.. | mK3_1l.ixt

¥| The expression file contains a header.
Name of your experiment:

kidney mk3 cell line

3 - Plot customization

¥ Highlight my experiment in the heatmap.

Tissaelemptytoselectail)
Developmental stage (empty to select all):

Library type (empty to select all):

Static heatmap

R
rj_r‘w HJﬁH’H TP 11 I'I—1J.-|'| L2 &1 m




3 - Plot customization

Y| Highlight my experiment in the heatmap.

Tissue (empty to select all):

Developmental stage (empty to select all):

Library type (empty to select all):

Uploaded experiment correlation correction:

None

Label size:
@ Automatic

Adjust manually
Show dendrogram(s)?

both

Show labels?

both

Tissue (empty to select all):

adult mammalian kidney b|

brain

bone marrow

brown adipose tissue
bone marrow macrophage
cerebellum

fibroblast

cerebral cortex

embrvonic stem cell

adult mammalian kidney
kidney mk3 cell line

adult mammalian kidney
adult man
adult mam
adult man

spleen GSMT759610
een GSM7E9607
een GSM759612
een GSMT759611
een GSM759608
een GSMT759609
een GSM102
een GSM102
een GSM1

GSM929706

GSM1015153

F GEM102

/ GSM1

GSM1




3 - Plot customization

Y| Highlight my experiment in the heatmap.

Tissue (empty to select all): - -
Distance calculation:

euclidean

Developmental stage (empty to select all):

Clustering method:

Library type (empty to select all): complete

Uploaded experiment correlation correction:

None

LGLJ'Ci ::-i.r.l:.
@ Automatic

Adjust manually
Show dendrogram(s)?

both

Show labels?

both




3 - Plot customization

Y| Highlight my experiment in the heatmap.

Tissue (empty to select all):

Developmental stage (empty to select all):

Library type (empty to select all):

Uploaded experiment correlation correction:

None

Label size:
@ Automatic

Adjust manually
Show dendrogram(s)?

both

Show labels?

both

Colour 1:

#FFFFFF

Value 1:

Colour 2:

#FFFFFF

Value 2:

Colour 3:

#FF8300

Value 3:

Colour 4:

#000000

Value 4:

Correlation coefficient

mammalian kidney G




e e = e =

|

Exalll

@ Upload your expression file

%ﬂ

Use the example file

Choose afile:

Browse._. | No file selected.

|

¥| The expression file contains a header.

hi

Name of your experiment:

my RNA-seq

3 - Plot customization

¥ Highlight my experiment in the heatmap.

Tissue (empty to select all):

Developmental stage (empty to select all):

Library type (empty to select all):

Uploaded experiment correlation correction:

None -

Label size:
- HLEIEE Correlation coefficient
Adjust manually

Show dendrogram(s)?
faTal = fa T = i W | = 4
both -
Show labels?

both v




# Heal"seq  Useapplication  Instructions

HeatRNAseq

Show E

geneName value




# Heal"seq  Useapplication  Instructions

HeatRNAseq

E‘ entri ch:

experiment correlation
adult mammalian kidr
adult mammalian kidr
adult mammalian kidr
adult mammalian kidr
adult mammalian kidr
adult mammalian kidr
adult mammalian kidr

adult mammalian kidr




# Heal"seq  Useapplication  Instructions

Static heatmap

HeatRNAseq

Pairwise correlations

x: lung GSMT59606
y: testis GSMT52630
z: 0.622457480099522

Mouse hovering widget
Zoom by drag and drop

Send plot to plotly and share with

-I—I/'\A " A /\/‘I/\I



# Heal"seq  Useapplication  Instructions

Static heatmap

HeatRNAseq

Show 25 Bentries Search:

geoAccession tissue name stage libraryType

GSM752614 brain brain G5M752614 post-juvenile adult single
stage

GSM752615 brain G5SM752615 post-juvenile adult single
stage

GS5M752616 brain G5M752616 post-juvenile adult single
stage

GSM752617 cerebellum cerebellum GSM752617 post-juvenile adult single
stage

G5M752618 cerebellum cerebellum G5SM752618 post-juvenile adult single
stage

GSM752619 cerebellum cerebellum GSM752619 post-juvenile adult
stage

GSM752620 heart heart GSM752620 post-juvenile adult
stage

GSM752621 heart heart G5M752621 post-juvenile adult
stage

G5M752622 heart GSM/752622 post-juvenile adult
stage




# Heal"seq  Useapplication  Instructions

HeatRNAseq

3 - Plot customization
Experiment 1:

adult mammalian kidney G¢

[

Experiment 2:

SM1020647

o

o
o
M~
2]
g
53
=
w
&}
c
[

r

adult mammalian Kidney GSM102C

sple
spleen G

Plot type:

1 2 3
spleen GSM759607
Data scaling:

log10{e + 1)

Add re on line (blue)

Add guide line (red)




- A lightweight web application

- Quick comparison of RNA-seq, ChlP-seq
and CAGE experiments

- First step to guide you before in depth
analysis



Other datasets (suggestions?)

Other data types (Histones, DNAsel, Gene
Lists/Ontologies)

Multiple user files
Gene name converter / liffover

Integration
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Functionnal annotation transfert
using co-expression networks
.048

Pla Francesca Loren Reyes, Tom Michoel, Anagha Joshi

Guillaume Devallly
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* Plenty of omic data
*Not enough functional annotations :(

*Can we use omic data to iImprove functional

annotations?

.049
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~ Functional annotations are often inferred
from other species

*This lead to over-annotations mistakes,
notably In the cases of one-to-many or
Mmany-to-many homology groups

Hypothesis: It 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 bulld

IN?A @G_Devailly
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Public microarray expression GED
data J o

Gene Expression Omnibus

Mous Rat Mous
SeriesD  n
total 920 total 620 total 248 total 1202
GSE50789 96 GSE13270 101 GSE1479 36 GSEL57822 433
GSE9630 59 GSE59495 90 GSE3530 36 GSE57800 429
GSES5756 47 GSE24104 47 GSE7487 24 GSE19290 82
GSE63027 39 GSE5509 40 GSE5500 21 GSE6104 45
GSE51885 27 GSE23748 30 GSE7605 18 GSE7999 30
GSE38067 24 GSE27625 30 GSE3440 15 GSE11851 20

Affymetrix Mouse Genome 430 2.0
Affymetrix Rat Genome 230 2.0
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Species Category Term Gene FE P-value
Mouse Reactome Synthesis of (16-20)-hydroxyeicosatetraenoic 11 4.78  4.29E-02
acids (HETE)
Activation of gene expression by SREBF 15 4.34 5.18E-03
(SREBP)
Regulation of cholesterol biosynthesis by 17 3.94 4.36E-03
SREBP (SREBF)
Cytochrome P450 - arranged by substrate type 27 2.72 T7.78E-03
Phase 1 - Functionalization of compounds 37 2.55 T7.58E-04
GO slim BP  fatty acid metabolic process 52 2.26  2.95E-05
steroid metabolic process 50 2.18 1.31E-04
Rat Reactome Synthesis of bile acids and bile salts via 24- 7 8.63 2.95E-02
hydroxycholesterol
Endosomal /Vacuolar pathway 10 7.93 1.15E-03
Striated Muscle Contraction 11 6.78 1.48E-03
ER-Phagosome pathway 10  6.53 6.29E-03
Activation of gene expression by SREBF 10 6.53 6.29E-03
(SREBP)
Antigen Presentation: Folding, assembly and 13 6.27 3.84E-04
peptide loading of class I MHC
Regulation of cholesterol biosynthesis by 10 5.55  2.51E-02
SREBP (SREBF)
Biological oxidations 25 2,95 3.58E-03
Metabolism of lipids and lipoproteins 68 2.13 1.15E-05
GO slim BP  response to biotic stimulus 12 4.16 1.12E-02
fatty acid metabolic process 22 2.52  2.52E-02




Mouse Experiments Rat Experiments

Expression
level

Expression
level

Probes

GEO series |i
GEO series |
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SCHype hyper-graph
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Rat Mouse
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Homology group Species (Gene name SCHype cluster
137229 cluster 69
mouse  Anp32a v
rat  Anp32a v
rat LOCI100909983
68982 cluster 7 cluster 30
mouse Ccnbl v v
mouse  GmbbH93
rat Cenbl v v
10699 cluster 2 cluster 118
mouse (Cd248 v v
rat Cd248 v v
rat LOC1009119532
rat LOCI100911882
3938 cluster 1
mouse  Ppplr3c v
rat  PpplrS3c v
rat LOCI100910671
14108 cluster 2
mouse  Rasl10b v
rat  Rasl10b v
rat LOC100912246




Homology group Species Gene name SCHype cluster
128630 cluster 9 cluster 12 cluster 45
mouse  Ceacaml v
mouse  Ceacam?2 v v v
rat  Ceacaml v v v
11456 cluster 5
mouse  Flovl6 v
rat  Elovlb v
rat LOC102549542 v
20277 cluster 35
mouse  Rrm2 v
rat Rrm2 v
rat LOC100359539 v
55991 cluster 1 cluster 119
mouse  Tmed?2 v v
mouse Gm21540 v v
rat  T'med?2 v v
11890 cluster 10 cluster 43 cluster 81
mouse  ITnks2 v v v
rat LOC100910717 v v v
rat  Tnks2 v v v
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Homology group Species Gene name SCHype cluster
117948 cluster 102
mouse  Cyp2c38 v
mouse  Cyp2c29
mouse  Cyp2c39
rat  Cyp2c7 v
104115 cluster 33
mouse  Hsd3b5 v
mouse GmI10681
mouse  Hsd3b/
mouse Gm4450
rat  Hsd3b5 v
rat LOC100911116 v
137425 cluster 2
mouse  Lce3c v
rat LOC100361951 v
rat LOC100911982 v
rat  Lce3d
129514 cluster 17
mouse  Rdh9 v
mouse  Rdhl
mouse Rdhl6
mouse Rdh19
mouse BC089597
rat Rdhl6 v
rat LOC100365958 v

.059
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Expression data | \

Co-expression
network

B orcocers

Hyper-graph a X
l-- SCHype

Clustering % .
/ Cluster

comparison

P

Predictions of
shared
functionalities
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Supie1sn|o |ed1YdJeIaIH

Conclusions &

- PRGIGPCENHNEZe for resolving

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

= Using free data!

* Different array, RNA-seq

* More tissues!

* More species!

= Still need functional annotation In

at least one species
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b, BT T
Epigenomics and the human
transcript diversity ROADNAP
using Roadmap Epigenomics data ?ﬂD p'QEHDm,L%%
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et ROADMAP

PROJECT

DS EPIJENOMICS

SCIENCE & IMPACT

* Eplgenetic marks role at TSS and enhancer

IS (quite) well characterized

* Putative roles in TES, exon recognition,

cryptic TSS repression?

* Plenty of data generated by Roadmaps

—plgenomics (+ENCODE)

* RNA-seq, WGBS, DNAsel, plenty of HisMod

in > 30 cell types
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What's a gene?

Version 27 (January 2017 freeze, GRCh38) - Ensembl 90
GENCODE General stats
NONOUNIN NG

Total No of Genes 58288

.063
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What's a gene?
GENCODE
NONININON'

SCIENCE & IMPACT

protein_coding -
processed_pseudogene -

lincRNA -

antisense -

unprocessed_pseudogene -

misc_RNA -

SNRNA 1

MiRNA -

TECH

SNoRNA -

sense_intronic -
transcribed_unprocessed pseudogene -
rRNA -

processed_transcript A
transcribed_processed_pseudogene A
IG_V_pseudogene -
sense_overlapping -
unitary pseudogene A
IG_V_gene -

TR _V _gene -
TR_J_gene 1

transcribed unitary pseudogene A

@G_Devailly

Le génome humain

polymorphic_pseudogene 1 51
scaRNA 1 49
IG_ D gene-q 37
TR_V_pseudogene 1 30
3prime_overlapping_ncRNA 4 30
Mt_tRNA 1 22

pseudogene { 21
IG_J_gene 18
IG_C _gene- 14
IG_C_pseudogene { 9
ribozyme 1 8

TR_C _gene- 6

sRNA{ 5

TR_J pseudogene 1 4
TR_D _gene- 4
bidirectional_promoter_IncRNA { 4
non_codingq 3

IG_J pseudogened 3
Mt_rRNA A 2

vaultRNA 1 1

SCRNA 1 1

macro_IncRNA 1 1
IG_pseudogene { 1

0 10000 20000
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GENCODE
NUNUNIN N

What’s a gene TSS?

I NQA @G_Devailly
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Which metric for DNA methylation?

Region  Region

oo ‘9o 9

CpG 4 2

MCHECHE 0.5 1

MCpPG P /
density

MmCpG density main driver of methylation
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Features x marks x cell types x gene
types
Combinatorial explosion: >5000
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protein coding genes lincRNA genes MIRNA genes
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Histone methylation
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Perspectives

“Eplgenetic marks and alternative
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“Gene by gene tool In webapp
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