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Learning Objectives

By the end of this practical lab, you will be able to:

« Perform pathway analysis of chIP-seq data
 Run MEME-chip to detect transcription factor enrichment

We are going to use the following tools: GREAT,
Cytoscape/EnrichmentMap, MEME-chIP and Cytoscape/
iIRegulon and we will see in examples on how to integrate the
analysis of both chlP-seq and RNA-seq data.



Some Tools Available to Analyze

1 ) GREAT

>

ChlIP-seq Data

chiP-seq bed - P_athw_a\y analysis results
file as input - | visualized as
Cytoscape/EnrichmentMap

b L
2) The MEME Suite Motif-based sequence analysis tools} Transcription factor (TF)

Cytoscape

motif enrichment in chip-

seq peaks
OR
Transcription factor (TF) Find the targets of a
motif enrichment in gene transcription factor of

list (RNAseq) interest




ChIP_seq Process

(A) Sample preparation and sequencing

Reads
i ificati DNA i Read
o - Hlst0|1e modlﬁsanon chip fragments Sequencing (single-end) :
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(B) Computational analysis
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Image from : https://www.sciencedirect.com/science/article/pii/S1046202320300591



Different Types Of chlP-seq For Which Pathway
Analysis May Be Applied

* chlP-seq to detect histone CUT&RUN
acetylation or histone methylation
) o alternative technique
Antibody \1 mmmmmmmmm
\I\ o works for low cell number
¢ o same analysis pipeline as
" chlP-seq for pathway analysis
$“;, W I tone post-translational modification
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Information To Know Before Starting The Analysis

Narrow or broad peak files?

Transcription Factors:
° narrow peak fikes

Narrow

Peak file

H3K4me3
H3K27ac

Sharp marks

Broad B‘road marks Egzg
Peak file

H3K36me3 - BE e

H3K27me3

Format of a Bed file

chri6
chr21
chrl7
chr19
chr21
chrl
chr8
chr5
chr8

Ichr8

chrl
chr21
chrl6
chr7
chrll
chrl
chr19

o 0@ e"‘aﬁ e306
N o™
<O o <O ‘(\0‘5
o o©
46387782 46388095 Peak 18
8420008 8420685 Peak 28
26885262 26885591 Peak 29
47950110 47950453 Peak 71
8230606 8230879 Peak 73
144104045 144104709 Peak_74
85659894 85660660 Peak 75
17517581 17517877 Peak_82
57205737 57206112 Peak 90
57209723 57210387 Peak 91
94691798 94692075 Peak 92
8228569 8228894 Peak 98
76796105 76796380 Peak 99
6830723 6831016 Peak_101
1739557 1739810 Peak_104
45756596 45756848 Peak_107
47955976 47956300 Peak_113

Genome version

we need to know
which genome

version was used
to align reads:

Human hg18
Human hg19
Human hg38
Mouse mm9
Mouse mm10

‘ Note: increasing number of biological replicates increases the specificity of the signal.




How to Select The Peaks For The Pathway Analysis ?
BEDIools ] macs2 bed file |

control treated control treate

] DiffBind

peaks in common 1

l peaks in common between the 3 replicates

Poak between the 3 repllcates O
ea
presence O O DiffBind /

\ / Peak intensity

() sduadd) e
- ‘ML
MACS2 FDR <0.01

peaks unique M Intersection: Peaks in common

to control MACS2 FDR <0.01 (MACSZ FDR < 0.05 for both
b .uul__h. conditions) but the peak in the

peaks unique treated is stronger in intensity
to treated - compared to the other peak
— = (Diffbind FDR <0.05)




How To Perform Pathway Analysis On ChiPseq Data?

Peaks
(bed file

DNA damage cell migration immune system
regulation of stem = —  regulationof 7o\ -
cell differentiation N ) phosphorylation C
p— 7\ b o\ Na

rogrammed cell
" mitotic cell cycle/ ) cy(/orgkerl‘ \(on progr Goath

G2M phase transition

g enes embryo development - N oxidatve sress (08

~— \_Y/ rotein localization
leukocyte activation y - protein localizz
(o) / response oxygen )
—/ catabolic process level
viral process  fegulation of cell / \ Golgi homeostasis

proliferation

pathways




From Peaks to Genes... and then to Pathways

o Feature Distribution e Feature distribution: promoter, exonic, intronic, intergenic.
' Fasture e Pathway analysis can be done only if we associate peaks to genes
Promoter (<=1kb) e Rules are usually defined depending on the distance starting from the
25 B Promoter (1-240) TSS (transcription start site of genes) to the middle/summit of peaks

Promater (2-3kb) .

— . e Proximal rule

B sur e Distal rule

B st Exon e How to choose a rule?
Other Exon

75

15t Intron
B oter inron -0.5kb +1kb +5kb +10kb
Downstream (<=300) , .
. Distal Intergenic
100 ‘ ‘
Chips%ﬂnlag&{%] A |

enhancer
1 5'UTR 3UTR

TSS

=
<= oD -2kb

<>

ﬁ -10kb




How to annotate chiP-seq peaks for pathway analysis?

ChlIPseeker
(R package)

Feature Distribution

0
Feature
I
Promaoter (<=1kb)
Promoter (1-24b)
25 - | )
Promoter (2-34b)
B sute
50 B sum
B istExon
Other Exon
1st Intron
75 B otver inton
Downstream (<=300)
Il oistal intergenic
100 )
Percentage(%)

PeakID (cr Chr

Peak_18
Peak 28
Peak_29
Peak_71
Peak_73
Peak 74
Peak_75
Peak_82
Peak_90
Peak_91

|Peak 22

Peak 99

Peak 98

Peak_101
Peak 113
Peak_104
Peak_107
Peak_117
Peak_119
Peak_127
Peak_123
Peak_122
Peak_129
Peak_130
Peak_132
Peak_133
Peak_134
Peak_136
Peak_138
Peak_139

€ Galaxy Training!

chrié
chr21
chrl7
chr19
chr21
chrl
chrg
chrs
chrg
chrg
chrl
chri6
chr21
chr7
chr19
chril
chrl
chr12
chr10
chrg
chrls
chrls
chr7
chrl
chri2
chri6
chr19
chr7
chr7
chr22

Start
46387783
8420009
26885263
47950111
8230607
144104046
85659895
17517582
57205738
57209724
94691799
76796106
8228570
6830724
47955977
1739558
45756597
27633901
95096076
58251913
75274562
21110206
93130275
16727474
12281
22766831
50135850
137978477
139099567
31496898

End
46388095
8420685
26885591
47950453
8230879
144104709
85660660
17517877
57206112
57210387
94692075
76796380
8228894
6831016
47956300
1739810
45756848
27634179
95096414
58252161
75274935
21110796
93130857
16727977
12938
22767129
50136369
137978903
139099926
31497144

Intergenic

Intergenic

Intergenic
promoter-TSS (NR_024:
ntron (NR_003287, intr
Intergenic

Intergenic

Intergenic

Intergenic

Intergenic

ntron (NR_104131, intr
Intergenic

TTS (NR_038958).3
Intergenic

ITTS (NR_024217).3
ntron (NM_001170820,
Intergenic

ntron (NM_001198916,
Intergenic

Intergenic

Intergenic

Intergenic

B' UTR (NM_00135008%
Intergenic

Intergenic

Intergenic

Intergenic

ntron (NM_194071, int
ntron (NM_020119, int
ntron (NM_001258326,

toTSS Gene Name
181158 ANKRD26P1
-12183 MIR6724-2
203814 LOC105371703
-14 SNAR-C3
16855 RNA28SN5
-130858 FAM72C
2236 REXO1L2P
73719 LINC02218
-12351 LINCO1606
-8221 LINCO1606
53963 MIR378G
-72693 MIR4719
14844 RNA28SN5
-4575 CCZ1B
456 SNAR-C1
10910 IFITM10
-5909 IPP
-62479 REP15
-26748 CYP2C8
20064 LOC101929528
-8093 GOLGA6D
107224 FAM30C
-12543 SAMD9
6736 FAM231C
19406 LOC100288778
-47559 HS3ST2
-2245 SNAR-B2
23411 CREB3L2
9973 ZC3HAV1
882 SFI1

Use of Galaxy to annotate your peaks? (not tested)

Options:
. select peaks closer to TSS for a proximal
analysis.
. Select promoter region only

. Or keep all

Remove duplicate

—
gene names

https://training.galaxyproject.org/training-material/topics/introduction/tutorials/galaxy-intro-peaks2genes/tutorial.html




GREAT Predicts Functions Of Cis-regulatory Regions.

http://great.stanford.edu/public/html/

Input: bed file (selected peaks) Step1: Find genes near peaks: define the rule

chrié 46387782 46388095 Peak_18

chr21 8420008 8420685 Peak_28 ) )

chr17 26885262 26885591 Peak 29 @ Basal plus extension Proximal: 5.0 kb upstream, | 1.0 kb downstream, plus Distal: up to 1000.0 kb
chr19 47950110 47950453 Peak_71 |_‘1_‘ r 1 Gene regulatory domain definition: Each gene is assigned a basal regulatory domain of a
chr21 8230606 8230879 Peak_73 e — minimum distance upstream and downstream of the TSS (regardless of other nearby genes).
chrl 144104045 144104709 Peak 74 ‘ The gene regulatory domain is extended in both directions to the nearest gene's basal

chrg 85659894 85660660 Peak_75 domain but no more than the maximum extension in one direction.

chr5 17517581 17517877 Peak_82

chrg 57205737 57206112 Peak_90

chrg 57209723 57210387 Peak_91 . .
lcm 94691708 94692075 Peak 92 Step2: Pathway enrichment analysis

chr21 8228569 8228894 Peak_98

chri6 76796105 76796380 Peak_99

chr7 6830723 6831016 Peak_101 T . If h . .

chril 1739557 1739810 Peak_104 Ip' you ave gen0m|c reglons

chrl 45756506 45756848 Peak 107 defined for a different species or

chr19 47955976 47956300 Peak_113

assembly from the ones we
currently support, you can use the
Species Assembly @ Human: GRCh38 (UCSC hg38, Dec. 2013) UCSC LiftOver utility to convert to a

O Human: GRCh37 (UCSC hg19, Feb. 2009) supported assembly
(O Mouse: GRCm38 (UCSC mm10, Dec. 2011)

Peak file (# of peaks) can be larged

(O Mouse: NCBI build 37 (UCSC mm9, Jul. 2007)



http://genome.ucsc.edu/cgi-bin/hgLiftOver

Rules To Associate Peaks And Genes
PROXIMAL RULE

® Basal plus extension Proximal: 1.0 kb upstream, 1.0 kb downstream, plus Distal: up to 1 kb
‘1 r ‘1 Gene regulatory domain definition: Each gene is assigned a basal regulatory domain of a

_—i ‘ minimum distance upstream and downstream of the TSS (regardless of other nearby genes).
' ' The gene regulatory domain is extended in both directions to the nearest gene's basal
domain but no more than the maximum extension in one direction.
e Proximal rules reduce the problem to a size of a gene list (count how many genes with a peak is contained in a tested
pathway). We can use any tools that are using a gene list and we can use the Fisher’s exact test.
e But associating only proximal peaks loses a lot of information.

DISTAL RULE

@ Basal plus extension Proximal: 5.0 kb upstream, 1.0 kb downstream, plus Distal: upto 1000.0 kb
‘1 r ‘1 Gene regulatory domain definition: Each gene is assigned a basal regulatory domain of a
-_— minimum distance upstream and downstream of the TSS (regardless of other nearby genes).

The gene regulatory domain is extended in both directions to the nearest gene's basal
domain but no more than the maximum extension in one direction.

e Associating distal peaks to genes but applying the Fisher’'s exact test can lead to spurious enrichment results (it biases
the results toward pathways enriched in genes located in the genome to desert regions like developmental pathways).

e The way GREAT is doing to correct for bias is: 1) define genomic regions that contains peaks associated with genes 2)
for a tested pathway, count how many of the peaks land with the genomic regions associated with the tested pathway
compared to genomics regions with peaks not associated with the tested pathway. It is using a binomial test.



GREAT Statistics Fisher’s Exact Test Versus Binomial Test

Distal: Binomial test over genomic regions

Proximal: Hypergeometric test over genes

Gene transcrphon stan site

SRF bnding ChIP-seq peak
X Ontology term (e g ‘development’)

N n of )\ /’/.’))T
wriryy r vy r

IR e x
ol o [ i A ] S ) W vwe v wm 2w

r Gene transcription start site
' SRF binding ChIP-seq peak
X Ontology term (e.g. ‘actin cytoskeleton’

Step 4: Perform hypergeometric test over genes Step 4: Perform binomial test over genomic regions

n = 6 total genomic regions(with peaks)

N = 8 genes in genome
p.. = 0.6 fraction of genome annotated with 3 green/5grey)

K_= 3 genes in genome carry annotation =
n = 2 genes selected by proximal genomic regions

k_= 1 gene selected carries annotation =

k. = 5 genomic regions hit annotation = (with tested pathway)

P=Prhyper (k211N=8,K=3,n=2) P = Prpinom (k=251 n=6, p=0.6)



Example : Integration of chlIPseq and ATACseq

_A__“ _A

Aprm
.
—i

Legend:

B oene

A Chip seq peaks found in treated condition

A e

Open chromatin region specific fortreated condition
(ATAC-seq)

chlP-seq ATAC-seq
peaks peaks
+ !
GREAT GREAT

\{ \j
Export of the Export of the
GO BP table GO BP table

Cytoscape /
EnrichmentMap

DNA damage cell migration immune system
regulation of stem . 9 regulation of /q\ é
cell differentiation Jl phosphorylatlon ‘

programmed cell

) mitotic cell cycle/ { j k et

, :J | G2M phase transition \( ¢ / cyt}s_e\eon /dea{

embryo development - oxidative stress /| )

olle N
leukocyte activation )~ / protein localizafion
R response oxygen (e \
“catabolic @cess level v

viral process fe%ﬁ';};gpa?l:)ﬁe" < » ‘ Golg| homeostasis

& © X/HONNN0
enrichment map FDR 0.05




MEME-ChIP is a web-based tool for analyzing motifs in large sequence
data sets. It can analyze peak regions identified by ChiIP-seq

chip-seq data :
« overexpression of a specific transcription factor called TFEB

bl I
art granulocyte involved
immune resj ponse. . .
TEE L " neutrophil  9lycosphingolipid
bed file [ = _ metabolic
. ( e — iposaccharide
A GREAT/EnrichmentMap S SN
av
regulation £ Nt
reduction iron
receptor N
i i
It

TFEB OE UP

FDR 0.001

117 top pathways

Node size proportional to NES

MEME-chip:
find overenrichment of known DNA motif in
chipseq sequences

TFEB is the first known motif found significantly enriched

ATCAC T Ac in If yes, we have proved that TFEB

"""""""" Is binding and regulating the expression of the lysosomal
genes in our model system.



iRegulon: detects TF that co-regulate a gene list (RNAseq)
---> help us to link chlP-seq and RNA-seq results

iREgulon (Cytoscape app, bulk RNAseq , gene list) 1.Find predicted transcription factor regulating

w OT! MAPPI|
() £ e
@2 inin
@ © 3) ortholoy
@ @ @ 4) moti

2.Find predicted targets of a transcription factor
of interest

iRegulon detects the TF, the targets and the
motifs/tracks from a set of genes.

Look st PYSCENIC for single cell RNAseq!




« bounding lytic vacuole

iREgulon: Find Predicted Transcription v NS
Factor Regulating an Enriched Pathway @(

' lysosome
insulin response late endosome
i early endosome o hrane

RNAseq data : "@ memrane
« overexpression of a specific transcription factor(TF) called TFEB :
* upregulated genes are the TF targets + secondary events

AV
LYSOSOME RELATED FUNCTIONS

RNASeq : GSEA + EnrichmentMa
a P enes up-regulated (FDR 0.05): Gene list —

regulation ph sman e 1 1 . 1
neuirophi socretosyucst e St £ 7 Gene list — imported as a network g:Profiler /
AU activation . phagocytic membrane
nounded ngate by rransporting a1pase sndocysc H H H
</ ﬁ poin gy in Cytoscape — iRegulon Enrichment Map
! & * "o s
4 bou . o®) g iRegulon results:
endomambnma sl"mﬁ" far SPECE yansition metal ion macwauloohﬁqr asserrbly o MO
golgi subcompartment exgstme regulation aul mﬁ.am;m‘.l HHHHH ticn A
# aoparatus ° TF NES H#Targets rank wa |\ e
P ® ——> TFEB
i .3 Iic va&:’ R ' . res o
s :'A;" e - . USF1 5.43 203 2 |
l'm‘.iu;:tr:ij:;n:nux o) e onrce, greucer ineapsn ksl [ ] ARNTL 2.784 167 3 - "
L
T ® usty crepedhe NNELP USF2 4.611 4 R
Aiycosaminoglycan . . < oy BHLHE40 | 4.755 210 5 T avewer — TFEB am
b dervaive Qe oranele it mombragg odat T HES2 3.918 152 6
K . ¢ ilobe®® (e ) \® ATE3 3.783 33 7 = »
insulin respariSe” mnaie PAX2 3.274 158 8
peptiie S : \
'uéﬁg?é’é'}i‘i:?‘?fwf (@5 (o) mum T 7Y PTFIA_| 315 LZ] > . e
aphTgolp: . H : “ H ”
A . .. ® SrpoponiS SHEIEl @ ) oo @ |\ iRegulon: option 1 “Predict regulators and targets e e
v ... $ . oo - ° - e TFEB regulatory
® /) VS T umemea . o oty (@ MePR
Netatachoratin p’ . network
o chromatin . ™
Morgome  sammance
. .. L
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CBW Epigenomics Workshop: Learn How To Align
Your Reads And Call The Peaks Using MACS2

Epigenomics Analysis
3 days: September 13 - September 15, 2021
Online

Apply Now » Award Opportunities »

Module 1: Introduction to ChIP Sequencing and Analysis

Module 2: ChIP-Seq Alignment, Peak Calling, and Visualization
Module 3: Introduction to WGBS and Analysis

Module 4: Downstream Analysis and Integrative Tools



References

https://www.bioconductor.org/help/course-
materials/2016/CSAMA/lab-5-chipseqg/Epigenetics.html

https://hbctraining.github.io/Intro-to-
ChIPseg/lessons/05 peak calling macs.html



https://www.bioconductor.org/help/course-materials/2016/CSAMA/lab-5-chipseq/Epigenetics.html
https://hbctraining.github.io/Intro-to-ChIPseq/lessons/05_peak_calling_macs.html

Module 5: Regulatory Network Analysis i

Michael Hoffman and Veronique Voisin

Lecture

Lecture slides

Practical lab 1: chlP_seq data - GREAT and MEME-
chlP

chlP_seq Lab slides

chlP_seq Lab practical

Practical lab 2: gene list - iREgulon and
enrichr/EnrichmentMap 2

iREgulon Lab slides /

iREgulon Lab practical

Additional slides about the tools Segway and BEHST
presented during the lecture #

Segway slides
Segway protocol_draft

BEHST slides
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