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One genome, many cell types
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Differential gene expression =
cellular environment + epigenetics
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Transcriptomics & Epigenomics data

Each experiment is complex and costly, but ENCODE |
many datasets and databases are available. ‘*'M‘ ﬁ: '

epigenomics

PROJECT

Expression: RNA-seq
Chromatin accessibility: DNAse1, ATAC-seq
DNA methylation: WGBS
ChIP-seq:
o Transcription regulators
o Histone variants
o Histone modifications
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DNA methylation

Vertebrate DNA methyation

1- Write 2- Read

DNMT
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DNA methylation

INRA@ GenPhySE
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Data re-use

ENCODE Data Encyclopedia Materials & Methods Help

The good

Experiments / ChIP-seq / Homo sapiens / GM12878

Experiment summary for ENCSR841NDX

e Mostly FAIR data, good enough metadata 3

The bad -

Biosample Type:

Description:

e Domain expertise, experimental artefacts
 Arguable arbitrary choices during analyses e i

& Hﬂ

INRAZ

nPhySE

Replication type:

@ released
ChiP-seq (TF ChiP-seq)
ELF1

Homo sapiens GM12878

cell line
isogenic
ELF1 ChIP-seq on human GM12878

DNA

Attribution
Lab:

Award:
Project:

External
resources:

Aliases:

Date submitted:

Date released:

Tags:

ENICODFE
ichctuFEulA‘a

Michael Snyder, Stanford
U54HG006996 (Michael Snyder, Stanford)
ENCODE

GEO:GSE105938C

michael-snyder:ChIPss-865
June 20, 2017

June 26, 2017

D.7



Data re-use

- Raw sequencing data

The good

jsonenic Library Accession s Ruy Read Lab Date added Eile Audit

replicate type type size  status [lestatus
Michael
Snyder, 2.59
[ ] M OStl_y FAl R d ata go O d e N O u g h m eta d ata ENCFF164VNM @ L  fastg  PEl0Ont 1 Stanford 2017-06-20 GB
1} 1 ENCLB597RSH
ENCFF825EGN @ & fastg  PEl0Ont 2 Michael 2017-06-20  3.02
Snyder, GB
Stanford
Michael
Snyder, 3.06
T h e b a d ENCFF862VDD @ & fastg PEl0ONt 1 Stanford 2017-06-20 GB
2 ENCLBO81NDC
ENCFF8145DC @ &  fastg  PEl0Ont 2 Michael 2017-06-20 3.53

Snyder, GB

e Domain expertise, experimental artefacts,
- Processed data
e Discussable arbitrary choices during
analyses ENCFFO28TNY @ & bam pcone 4.18

alignments 1 100 GRCh38 Processing  2017-06-23

. Mapped B -
Visualize Accession + File type = OutRuL S Isog_emc % rea = Mapping %+ Lab = Dats = F_||e e 4
type replicate length assembly added size ™ s

ENCFF555KDG @ & bam :”g:;f:ts 1 100 GRCh38 E%E%Dzlizng 2017-06-23 2‘55
The ugly .
1 experiment: 12.2 GB
e Fat data, too lazy to download it all
INRA@ 2EE
GenPhySE p-8



enome browsers can help!

. J Genome browser | Association graph File details Include deprecated files
Few experiments at
Search for a [ Cer gene name here
gene Enter gene name here m

Q

a time
Few genes at a time

ials & Methods Help

~ GRCh38

GENCODE V29

ENCFFO50AWG
conservative IDR
thresholded peaks
rep 1,2

ENCFF992JJW
fold change
over control rep
12

ENCFF023Z0D
optimal IDR
thresholded peaks
rep 1,2

ENCFF754BSN
peaks and
background as
input for IDR rep
12

ENCFF142FCV
~ signal p-value
rep 1,2

ENCFF638AHR
fold change
over control rep
1

Search... Q]

11.23M 11.25M 11.27M 11.28M
UBIAD1
1
(/774 —
MTOR UBE2V2P3
I. 1. I. [] || | g
I ] I T LI T
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Interactive visualisations to foster data re-use

1. Heat*seq: interactive correlation heatmaps of transcriptomics and
epigenomics datasets

2. PEREpigenomics: Profile Explorer of Roadmap Epigenomics data

3. VizFaDa: Visualisations of FAANG data

INRAQ 254 E
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Correlation heatmaps for transcriptomics and TF ChlIP-
seq datasets

p. 11



Heat*seq workflow

S

:|,!,=!F Bl 1- Visit website:

www.heatstarseq.roslin.ed.ac.uk

2- Select dataset 3-Upload processed

experiment
brain GSM102064%
Ammon's horn GSM759591
brain GSM1015150
brain GSM1015151
brain GSM1020657
Ammon's horn GSM759593
Ammon's horn GSM75%9589
Ammon's horn G5M759592

brain GSM752615

s sannAr an

INRAY

data
4- Explore results

correlation

0.9496700

female gonad GSM1196047 o))
0.9445169 female gonad GSM1196046 b

femnale gonad GSM1064842 ]

brain GSM1069683 =]
0.9430056 brain GSM 1064841 =

brain GSM752616 73]
0.9426334 brain GSM752614 a

brain GSM752615 £

brain GSM1020649 i

o

0.9415478 brain GSM1020640

brain GSM1020657
0.9414239 brain GSM1015150

brain GSM1015151
0.9400874 my ANA-seq

Correlation coefficient | ] ) | ]
0.9383826 0 2 3 4
my RNA-seq

0.9375823 Pearson correlation coefficient: 0.94%97

0.25 0.5 0.75 1

Spearman correlation coefficient: 0.902

A AAm aATA

4 7 S M e
GenPhySE
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HeatRNAseq workflow

Expression matrix

Gene name

(~40.000) ‘ Exp 1 Exp 2 Exp 3 Exp 77
ENSG00000000003 3.983 2361 10.216 80.583
ENSG00000000005 0.071 0.260  0.000 3.329
ENSG00000000419  10.277 2.893 14.153 42.639
Correlation matrix
ENSG00000273493 0.000 0.000 0.000 0.000 \ Pearson’s, after log10 scaling

Expl Exp2 ExpS‘

1 0.942 0.938
0.942 1 0.917 0.680
0.938 0.917 1 0.706

Clustered heatmap

INRA@ GenPhySE



HeatChlPseq workflow

Binary peak matrix

Coordinates

(~700.000 non Expl Exp2 Exp3

overlapping regions)

chr1:10073-10413 F T F F

chr1:16110-16390 F F T T

chr1:29198-29688 F F F F

28705160 ) ) ) F Correlation matrix
28709494

1

0.059

0.059 1 0.058 0.118
0.7 | 1 .047
Clustered heatmap 0 00
= '
0.035 0.118 0.047 1

—

INRAZ GenPhySE
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Live Demo !

4

www.heatstarseq.roslin.ed.ac.uk

INRA@ GenPhySE
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http://www.heatstarseq.roslin.ed.ac.uk/

Correlations between TF ChIP-seq peaks and TSS list

p. 16



Heat*seq conclusions & perspectives

e App: www.heatstarseq.roslin.ed.ac.uk
e Source code: github.com/gdevailly/HeatStarSeq_gh
e Publication: doi.org/10.1093/bioinformatics/btw407

Perspectives ?

e More datasets! (also, update the old ones...)
More datatypes: Hitsone marks, gene lists, ...
Multiple use files

Gene name converter, liftover

Datasets with more that 1000 experiments?

&
‘7 Py

INRAS ¢

I
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http://www.heatstarseq.roslin.ed.ac.uk/
https://github.com/gdevailly/HeatStarSeq_gh
https://doi.org/10.1093/bioinformatics/btw407

Heat*seq thanks:

p.18



Interactive visualisations to foster data re-use

1. Heat*seq: interactive correlation heatmaps of transcriptomics and
epligenomics datasets

2. PEREpigenomics: Profile Explorer of Roadmap Epigenomics data

3. VizFaDa: Visualisations of FAANG data

INRAQ 254 E

p. 19



The Roadmap Epigenomics dataset

\ ===ROADMAP .
ﬂ EpIgeNoMICS
=7 Yl PROJECT

e RNA-seq

e DNAsel

e WGBS,

e 10 different histone methylations
e 17 different histone acetylations
e 33 human cell lines & tissues

e uniformly processed

INRAQ 2HE

p. 20



Objectives

e Visualisation of marks, sorted by gene
transcription level:

o at TSS (gene start)

o at TTS (gene end)
Visualisation of marks at middle exons
starts, sorted by:

o transcription level

o nclusion ratio
For all genes/exons in each cell type.
For each gene/exon in all cell types.

INRAQ, 3L
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H3K4me3, TSS, small intestine

log10(FPKM+1)
0 1 2 3

H3K4me3

S
gene type: TSS +2.5kb -2.5kb TSS
otherm
protein codingd
pseudogened
RNA genem

log1 O(FPKM+1)
3

1

TSS +2.5kb -2.5kb TSS




What is a gene?

Version 22 (October 2014 freeze, GRCh38) - Ensembl 79, 80

GENCODE-.... ...
NONUNINUNG

. Total No of Genes 60483

p. 23



Where is BRCA1's Transcription Start Site (TSS)?

D. 24



More genes than pixels on the device!

p. 25



Ties shuffling

Exon PSI
0.0 0i4 | °i8 1, H3K36me3 Input

2 £
1 < o
- kl—'-‘i-——'

[ T 1
-1kb Exon start +1kb  -1kb Exon start +1kb

1931

0 2
N [Te]
- =
= <
[o0] ST
no] ®
2 27
[e]
[aV)
i g._ S
. S
o
S o
123 4 5 e I 1 © T |
bin -1kb Exon start +1kb -1kb Exon start +1kb

INRA@ GenPhySE

«0.0 |

Exon PSI
Oi4 |

08 12 Input

1931

I T I T 1
-1kb Exon start +1kb  -1kb Exon start +1kb

N o)
- S
7] <
© o
no] -
T 3
o
[aV)
@3 N
. =
o
s o
! o
2 3 4 5 I T 1 [ T ]
bin -1kb Exon start +1kb -1kb Exon start +1kb

D. 26



Different gene types, different associations

lINnCRNA processed pseudogenes

log10(FPKM+1) log10(FPKM+1)
0 1 2

< 3 4 % H3K4me3 Input w0 1 2 3 4 % H3K4me3 Input
3 L1 1 — o [ ’
¥ ( t == R ( t
- T T | - T
2. 5kb TSS +2. 5kb -2. 5kb TSS +2.5kb 2. 5kb +2. 5kb -2. 5kb TSS +2. 5kb

[

0 2 0 2 0 2 O 2
< — < —
— L] o
_ 8_ _
o
T o o _| 8- T o - &4
2 . © ° = o <
< | < Q- i
& o . & o ° .
=3 H < 2 : =1 _ = ‘
— -— . — o ——
5. l o_ 8- ! ST e
" R o S R o
T T T 1 S - T T T 1 - Q-
1 2 3 4 5 [ T 1 o T 1 1 2 3 5 S| T 1 o T T 1
bin -2.5kb TSS +2.5kb -2.5kb TSS +2.5kb bin -2.5kb TSS +2.5kb -2.5kb TSS +2.5kb



Position of signal

DNAse 1 (accessible chromatin) H3K27ac

Iog1 O(FPKM+1) log10(FPKM+1)
T 0 | | ? 4 Control T 0 } % ? H3K27ac Input
¥ ¥
< <
- - —T ] T T ] - - T T ] T T ]
gene type: —2.5kb TSS +2.5kb -2.5kb TSS +2.5kb gene type: -2.5kb TSS +2.5kb -2.5kb TSS +2.5kb
otherm otherm
poteincodngm [N [ poeincodngm [ N [
pseudogened pseudogened
RNA genem 0 2 0 2 RNA genem 0 2 0 2
<~ g o ~— g <= N

1
| <~ -
2 | nmmAAAAN A A N
= °

|-.——-—
0.1
1

-+ a— — T .
o ! i e — o o— ! i e — = o
T T T 1 o- - T T T 1 o- -
1 2 3 4 5 [ T 1 o T 1 1 2 3 4 5 [ T 1 o T T 1
bin -2.5kb TSS +2.5kb -2.5kb TSS +2.5kb bin -2.5kb TSS +2.5kb  -2.5kb TSS +2.5kb
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Exonic mark: H3K36me3, foetal large intestine

TSS exons TS
5 H3K36me3 £ H3K36me3 £ H3K36me3

0.0 0.2 0.4 0.6
0.0 05 1.0 1.5
0.0 02 04 06 08 1.0

1 1 1 1
-2.5kb T3S -1kb Exonstart  +1kb -2.5kb TES +2.5kb

4 Y 4
INRA@ GenPhyS:E
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DNA methylation: ratio and density

CpG island CpG poor region

unmethylated CpG methylated CpG

00000000, e e
1 kb 1 kb
CpG density 9 CpG/kb 2 CpG/kb
MCpG ratio 339, 100%
MCpG density 3 mCpG/kb 2 mCpG/kb

p. 30



DNA methylation: ratio and density

36 kb
34,530 kb smo kb 34,100 kb

CpG -

mCpG %HI-MHM

mCpG

density P

WGBS
coverage .;MW_MM&&M

CGI ﬁﬁﬁﬁﬁﬁ

KLHL36

INRA@ GenPhySE p. 31



DNA methylation
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at TSS

mCpG ratio mCpG density coverage
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Exonic DNA methylation

WGBS, pancreas
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Cell by cell vs gene by gene

WGBS, adult liver
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Repressing and activating marks

mCpG ratio H3K4me3

p. 35



Too many plots?
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PEREpigenomics

Profile Explorer of Roadmap Epigenomic data
joshiapps.cbu.uib.no/perepigenomics_app/

H3K4me3 at TSS in Aorta for all genes
Select a plot:

1- Order by
© Epigenelic assay first

log10IFPKM+1)
° 123

[}
c
1855 H3K4Amed Input

ddi1d

Cell type first

2- Focus on;

TSS -

3- Choose an assay:

H3K4me3 -

4- Choose a cell type:

- : I 1 [
Aorty gene fype o s 1SS +2.54b -2.5kb
LTS I A LU S0l COn LA LT Ived otherm

protein congm [
Neurosphere_Cultured_Cells_Ganglionic_Emir psaudogenas 0 1
RNA genem

3.0
0.6

Aorta
Adult_Liver

2.0
0.4
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H
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02
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T
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https://joshiapps.cbu.uib.no/perepigenomics_app/

Summary of results

mark cell type by cell type gene by gene center on TSS mark cell type by cell type gene by gene center on TSS
WGBS negative negative H2AK5ac positive positive
DNAse positive positive H2BK120ac positive positive
H2A.Z positive balanced H2BK12ac  positive positive
H3K4meT positive positive H2BK15ac  positive balanced
H3K4me2  positive positive H2BK20ac neutral NA
H3K4me3  positive positive H2BK5ac positive positive
H3K9me3  unclear unclear no H3K4ac positive positive
H3K23me2 positive NA H3K9ac positive positive
H3K27me3 negative - variable negative H3K14ac positive positive
H3K36me3 positive positive no H3K18ac positive positive
H3K79mel positive positive no H3K23ac positive positive
H3K79me2 positive balanced no H3K27ac positive positive
H3K56ac positive NA
H4K8ac positive positive
H4K12ac positive NA

Q I; H4K91ac ositive ositive
INRAY GenPhyE : :



Conclusions

PEREpigenomics offers interesting visualisations of epigenetic data gathered by Roadmap
Epigenomics.

Perspectives

e documentation
e preprint
e develop similar approach for FAANG (Functional Annotation of the Animal Genomes) data

INRA@ GenPhySE

p. 39


http://data.faang.org/home

Interactive visualisations to foster data re-use

1. Heat*seq: interactive correlation heatmaps of transcriptomics and
epligenomics datasets

2. PEREpigenomics: Profile Explorer of Roadmap Epigenomics data

3. VizFaDa: Visualisations of FAANG data

ANR Flash open sciences AN

INRAQ 25 E
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VizFaDa: Visualisations of FAANG data

Objective: to provide interactive visualisations

\;’ A A of FAANG data straight from the data portal
/// EDTIOHG Annotation om%

The 'ENCODE' of farm animal genomes

e open international consortium

e sharing data about gene expression and
regulation

e metadata standards

e open data: data.faang.org


https://data.faang.org/home

Expected results

Correlation heatmaps Stack profiles of epigenetic marks and

e broad view of the dataset gene expression level

* quick comparison with user-provided data e rich and informative visualisations
e identification of outlier experiments e can reveal complex biological or artefactual

log10(FPKM+1) £ &
my RNA-seq 0 1 2 3 485§ H3K4me3 Input

cerebellum GSM929703 i :
cerebellum GSM752618 E 3
cerebellum GSM752617

cerebellum GSM752619
thymus GSM759615
thymus GSM759618
thymus GSM759613
thymus GSM759614

L

1
++++++

thymus GSM759616 "';’;EE{%‘EE 2

thymus GSM759617 i 3 8

colon GSM1020641 %:: l 3 ) *

colon GSM1020658 ¢ |m . E

colon GSM1020650 o .| .
Correlation coefficient associations A

0.25 0.5 0.75 1

I A~ "™ p. 42



People involved

We are recruiting (IE CDD 18m): genphyse.toulouse.inra.fr/job-offers

GenPhySe:

 Guillaume Devailly: data processing & visualisations
 Sylvain Foissac: scientific expertise, link with FAANG

Sigenae:

e Philippe Bardou: web application development
 Patrice Dehais: system administrator

EMBL-EBI:

e Peter Harrison: FAANG data coordination centre
e Guy Cochrane: FAANG data coordination centre

4 e
INRA@ GenPhySE
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https://genphyse.toulouse.inra.fr/content/bioinformatics-engineer-ie-fixed-term-18-months-inrae-toulouse-france

Thank you for your attention!

INRAQ 20N E
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https://www.bloomberg.com/news/features/2019-12-03/china-and-the-u-s-are-racing-to-create-a-super-pig

Histone modification

[ an ] 169436 Biological
v Macromolecular Structures
o= Enabling Breakthroughs in

PROTEIN DATA BANK Research and Education

1AO I I Display Files v | ® Download Files v

COMPLEX BETWEEN NUCLEOSOME CORE PARTICLE (H3,H4,H2A,H2B) AND 146 BP LONG DNA FRAGMENT

Help &
Sequence of 1AOI | COMP... 1: PALINDRO... A [auth [] ©) g:; Structure
1 11 21 31 41 51 61 71 81
ATCAATATCCACCTGCAGATTCTACCAAAAGTGTATTTGGAAACTGCTCCATCAAAAGGCATGTTCAGCTGAATTCAGCTGAACAT 1A0I | COMPLEX BETWEEN NUC ]
91 101 111 121 131 141 e
GCCTTTTGATGGAGCAGTTTCCAAATACACTTTTGGTAGAATCTGCAGGTGGATATTGAT
Type Model
) Nothing Focused KX

INRAQ 2HE
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https://www.rcsb.org/search?q=*
https://www.rcsb.org/
https://www.rcsb.org/3d-view/molstar/help/getting-started

