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RMAZRINAZEERGNFT, MEEERRAETER"TA" REAAKEE. BRAFESUE. AEAMEMH.
DNA BEft, B—1E2RATEAFRAREZNAENRNEE, XLEEERE T ARSI REN R,

FERAEESERAN=EIRRIT: ATAC-seq (REBREAMEKE). ChiP-seq (EH-DNA £4). WGBS/RRBS (DNA
FEM), B bulk RNA-seq £l: ERBRESTYRMTA, BAERTAIERIEEIREE.

— T HEABEMNAEFF

ATAC-seq #1 ChiP-seq IZ T ELIFER. M—HEFARR FASTQ R, F"ERFFREE" "

o

SR
KB5S R
LEXBSEEREA
RGN | BEE
peak calling
peak ;Ef¢

motif 94

i

SO

SEutio

BLRYFEAY)

BIRE FASTQ
sorted.bam

A& BAM

narrowPeak [/ broadPeak
EEMHL peak BEIR
ZEEHEH motif

E£5% peak FIR

peak & EEXEX

ERAIA

RMAFTHFH

fastp. FastQC. MultiQC

Bowtie2, BWA-MEM

samtools. Picard

MACS2. MACS3

ChiPseeker. HOMER

HOMER. MEME Suite

DiffBind. DESeq2 on peak counts

BE XA + ggplot2

REEUR"R, AHEZ

WGBS/RRBS HUiRIEARE: LEXEM bisulfite-aware TE (Bismark. BWA-Meth), #E 281 CpG WEREENER, 58S
% methylKit 8¢ DSS,

ERIAH%
TFEL BioF3 fIF ERMSERNAR:

BioF3

BirER
ATAC/ChIP tE3S
BAM 4b1E

peak calling
peak ;%
motif

=% peak
BIENd

RENL

ITH

Bowtie2, BWA-MEM

samtools, Picard

MACS2

ChlPseeker

HOMER. MEME

DiffBind. DESeq2

deepTools, IGV. pygenometracks

Bismark, methylKit

A

FEEIT, Bowtie2 X ATAC K17

EE. T8 MAPQ, EL&HIK

ATAC 1 ChIP #3235, SHEEARE

R &, WHREHNE

HOMER —&# %

Y motif IR&

HEARE DB DiffBind {1

BEEML . heatmap. EFENTERE

¥/ WGBS/RRBS ik

3/29



BioF3 HFEIBEH T RMAF T FH

HEATHRIES
ENELFLBEMATRIE, THBREMASR:

iR i &8 A0

ENCODE K562 ATAC-seq ATAC-seq, 4HREH ATAC RF245>) ENCODE
ENCODE H3K27ac ChiP-seq ChIP-seq + input ChIP f2. peak & ENCODE

10x Genomics PBMC scATAC 10k SCATAC PR S AT 10x Genomics
TCGA /| GDC FHE( 450K [ EPIC & & SREMNMA] GDC

ENCODE MFt B AXE 2. MERE. 8T XRHMANMAT input 3¢ control, MFIRERKEAE S LA,

&/ )\ AT BRI 7

THEA RA chirseeker BMl—/REEEM peak ST, EBH— Nature Neuroscience I3 A FAIESE narrowPeak
X, FIER), BEREEM:

# —IRMELRERH (NRITZE)
if (!requireNamespace("BiocManager", quietly = TRUE)) install.packages("BiocManager")

BiocManager::install(c("ChIPseeker", "TxDb.Hsapiens.UCSC.hgl9.knownGene"))

library(ChIPseeker)
library(TxDb.Hsapiens.UCSC.hgl9.knownGene)

# ChIPseeker BHHIRA| peak Xf4
peak_files <- getSampleFiles()
peak_files

#ﬁAE¢—Aﬁ$Wp%k
peak <- readPeakFile(peak files[[1]])
peak

# ERIRINERE
txdb <- TxDb.Hsapiens.UCSC.hgl9.knownGene
anno <- annotatePeak(peak, TxDb = txdb, tssRegion = c(-3000, 3000))

# BB peak FBEMTAEEMKXI

head(as.data.frame(anno))

# ERAKEHE

plotAnnoPie(anno)

plotAnnorie REWH peak TEZAMERRAXE (Ba1F. AEF. EREF), XthE ChIP/ATAC XEESKELN—
SKECE], 1B FiRlE, BERBESIEIER peak calling, motif M FITRZ .
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file:///Users/zhangdiandian/Documents/1.WorkDir/BioinfoTools/BioF3/exports/articles/basics/programming-basics/index.html
file:///Users/zhangdiandian/Documents/1.WorkDir/BioinfoTools/BioF3/exports/articles/basics/r-ggplot2/index.html
file:///Users/zhangdiandian/Documents/1.WorkDir/BioinfoTools/BioF3/exports/articles/single-cell/module10/index.html
https://www.encodeproject.org/
https://github.com/macs3-project/MACS
https://bioconductor.org/packages/ChIPseeker/
https://deeptools.readthedocs.io/
https://felixkrueger.github.io/Bismark/
https://bioconductor.org/packages/release/bioc/vignettes/methylKit/inst/doc/methylKit.html
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RMAFLETZ, EDHEBERAINIIAMAE:
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https://nf-co.re/chipseq
https://nf-co.re/atacseq
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https://github.com/macs3-project/MACS
https://nf-co.re/chipseq
https://nf-co.re/atacseq
https://www.encodeproject.org/data-standards/
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s Peak jFE5 ZHFEAFLER

Z3| peak X2 G, B—OAR"IXLE peak BEERAMMHTAAME", ChiPseeker IE peak JIRIIFIANER. 7FE
ERoF | REF | EREERXE, —FHE,

AEF ChiPseeker B AR (I8 EZ{K) ChIP-seq #UEESR: 3 M2 (OM/1nM/100nM) B peak X, EXIZ
AT peak 2. MEBEDHIXHEERWAEN,

Yk

library(ChIPseeker)
library(TxDb.Hsapiens.UCSC.hgl9.knownGene)

peak <- readPeakFile("peaks.narrowPeak")

txdb <- TxDb.Hsapiens.UCSC.hgl9.knownGene
anno <- annotatePeak(peak, TxDb = txdb, tssRegion = c(-3000, 3000))

plotAnnoPie(anno)

plotDistToTSS(anno)

tssRegion = c¢(-3000, 3000) EX"BaIF"RISEE: TSS LT 3kb LAKAY peak BEEmIFX13,

BLfl

EEEMIZA epio2 chipseeker sci.R fE ChlPseeker WEHJ AR ChIP-seq #IE L 7 RIE:

Rscript scripts/epigenomics/epi02_chipseeker sci.R
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data:text/x-r-source;base64,
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Genomic feature distribution across AR doses
Higher dose = more peaks in promoter regions (AR is a TF)
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AR_OM A
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GO BP enrichment: AR 100nM peak-associated genes
Genes nearest to AR binding peaks at highest dose
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¥ . p.adjust
regulation of developmental growth 1 .
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O »
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GeneRatio
B 5: AR 100nM peak XEXEREHR) GO BP 5. NiZBeBFHMEIDA . MIRIEERIZF®@ER,
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Higher dose = more peaks genome-wide; distribution roughly proportional to chr size
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BioF3 A% R A FMASRBEFH
o MR broadPeak (AFEMMEM), annotatereak MISEARAM, BERIEN"BHF HNSNEIER

THER

epi02_chipseeker sci.R

8 KB T# ChiPseeker peak TR EMA »

SERIR
e ChIPseeker Bioconductor 44

e Yuetal. 2015, ChIPseeker it
e TxDb f15IF
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data:text/x-r-source;base64,
https://bioconductor.org/packages/ChIPseeker/
https://academic.oup.com/bioinformatics/article/31/14/2382/255379
https://bioconductor.org/packages/release/BiocViews.html#___TxDb
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oo DiffBind ZREE& D
ChiP-seq BIERDHTF] RNA-seq BEE—1E: IEE peak B MMELRER reads HHIE"RIAE", FJ DESeq2 5 edgeR
AT, DiffBind IEXEMAZEZERL M EREL, M peak X + BAM BRI ERES S —F RN,

AEZ A DiffBind B Y tamoxifen HIEER: 11 T ELBFEMAERMN ER (MEBESZE) ChIP-seq, 97 Responsive (Xt
BEEIEUR) H Resistant (fiiZh) #4A.

BTl

BEEMIZA epio3 diffbind sci.R {E tamoxifen HiE L ENERLES DT

Rscript scripts/epigenomics/epi03_diffbind sci.R
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data:text/x-r-source;base64,
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Contrast: Resistant vs. Responsive [246 FDR<=0.050]
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B 5: ER4EMIAM binding affinity 3 & ., S§17—1 peak, SF—MER,

Gained vs Lost binding sites

All Gain

Resistant vs. Responsive:DB:DESeq2

B 6: EFRMISiRAMSY: Gained (Responsive EE3g) vs Lost (Resistant B&E3g),

%ML B

library(DiffBind)

data(tamoxifen counts)

# IRENLE

tamoxifen <- dba.contrast(tamoxifen, categories = DBA CONDITION)

# EBDH (DEseq2 [Eif)
tamoxifen <- dba.analyze(tamoxifen, method = DBA DESEQ2)

# RN

db_report <- dba.report(tamoxifen)

THHER

epiO3_diffbind_sci.R
6 KB

T & DiffBind ZRESTERAK ~
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data:text/x-r-source;base64,
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SERR
¢ DiffBind vignette
¢ Ross-Innes et al. 2012, tamoxifen FIER
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https://bioconductor.org/packages/release/bioc/vignettes/DiffBind/inst/doc/DiffBind.html
https://www.nature.com/articles/nature10730
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o5 Peak E.[?ﬂﬂ.’.'—ﬁ %**zlsttﬁ&

ZAREE ChiPseeker + DiffBind LR TR EEEIZEATIEXME.
ECEMIZAN epio4 visualization sci.R i 6 5KE:

Rscript scripts/epigenomics/epi04_visualization_ sci.R

BREE(MTA

Peak width distribution
Narrow peaks (TF binding) typically 100-500 bp; broader = histone marks
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data:text/x-r-source;base64,
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1: 8 MEERM peak BESHF., TF ChIP-seq B narrow peak @& 100-500bp; AEH S broad peak BTLAZISL
kb,

Genomic feature distribution across all samples
AR samples (dose-response) vs CBX6/CBX7 (different TFs)
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Peak coverage across genome (AR 100nM)
Each vertical line = one peak; density shows clustering
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B 3: AR100nM By peak ER2ERA LMNBEEEE, REREARKXIG peak 155125, TIEEXIA super-enhancer SERE
£X,
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Peak overlap across AR doses (consensus regions)
Shared peaks = consistent binding; dose-specific = dose-dependent

AR_1nM + AR_100nM A 625

AR_OM + AR_1nM + AR_100nM 1

]
N
N}

AR_OM + AR_1nM+ |4
AR_OM + AR_100nM+ ‘2
0 500 1000 1500

Number of consensus regions

4: AR = IEM consensus peak E&. "=THIEHE "W OESAR; "R 100nM B A9 ZFIEMRIAVFTIE
R,

sICliudl VITIJITY SIS, yeliviine dilivia

Promoter (<=1kb) (6.5%)
Promoter (1-2kb) (4.47%)
Promoter (2-3kb) (4.47%)
5'UTR (0.41%)

3'UTR (1.22%)

1st Exon (2.85%)

Other Exon (3.66%)

1st Intron (21.14%)

Other Intron (28.86%)
Distal Intergenic (26.42%)

Ed0OECOROEDO

5: DiffBind ZREAMURNERAXETR, ERURAETEZAEME (BohF vs B2 F) RE T ENITHREREES [,
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Differential binding: fold change vs distance to TSS
Promoter-proximal DB sites (near 0) vs distal enhancer-like sites
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B 6: ZR4EA{IRM fold change vs BI&iL TSS AUEEE ., i TSS MR (BafFXiF) Mz 1TSS IR (HE58FX

%) "IBEEAREAY fold change 9%,

THEIR

epiO4_visualization_sci.R

THERWATTALTERZE

8 KB
SERR

e ChlPseeker X1
e DiffBind M#4
o deepTools (Python iEBZEAIAML)

BioF3
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data:text/x-r-source;base64,
https://bioconductor.org/packages/ChIPseeker/
https://bioconductor.org/packages/DiffBind/
https://deeptools.readthedocs.io/
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s Motif E&5 HOMER

Peak RERZ"XEHES", motif DMEENZR "HLARRAFARERELES", BBE: M peak FIIEFHITTRIAR
EFIIE (motif), FEX TF motif IEELLIT .

BHIA

I8 R

HOMER — £ LHREIRE (BA + de novo motif), REMR
MEME Suite ORI, de novo RIMAESTE

motifmatchr + JASPAR R B motif scanning, && DiffBind 45 REX5)

HOMER HEEF%

# & HOMER (—RM)
# http://homer.ucsd.edu/homer/introduction/install.html

# X narrowPeak ffl motif B
findMotifsGenome.pl peaks.narrowPeak hg38 motif output/ \

-size 200 -mask -p 8

-size 200 F/REX peak summit FfIIE 100bp Mo, WHEERESH:

e knownResults.html — EX1 motif NEEHZ
e homerResults.html — de novo &I motif
o & motif B logo

R B motif scanning

library(motifmatchr)
library (TFBSTools)
library(JASPAR2020)

# JREY JASPAR HJAZE TF motif
pfm list <- getMatrixSet(JASPAR2020, opts = list(species = "Homo sapiens"))

# T£ peak FIIEFIH motif
library(BSgenome.Hsapiens.UCSC.hg38)
motif hits <- matchMotifs(pfm list, peaks_gr, genome = BSgenome.Hsapiens.UCSC.hg38)

# T8 motif 7E DE peaks vs non-DE peaks ENEFE

B TRYIF A2 EER] DiffBind NEREGEREREKM: RE"EMAHARE gained B peak E&K T 114 motif",
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BEES

o EX motif E&: MRIRMAIZ AR ChiP-seq, HEE—HIN1Z2E ARE (androgen response element) , WIRAZ, %HA
LR O A R,

¢ de novo motif: HOMER REIXMKKINHT motif, R de novo ERFMEX motif ZEMEM, REAESRRE.

o BREE: ARENERAXEMESR. RN peak EHEEM T, B'AEEMNF " HERZE~E.

W

2

ERR
HOMER EANXHY
MEME Suite

JASPAR HUEREE

motifmatchr Bioconductor
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http://homer.ucsd.edu/homer/motif/
https://meme-suite.org/
https://jaspar.elixir.no/
https://bioconductor.org/packages/motifmatchr/
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o7 ATAC-seq ﬁ*ﬁgfﬁ

ATAC-seq # ChIP-seq HEXED DHTAAE (EEX > peak calling » i > £%), ER/LTXREFRFTERMIRMA,

1 ChiP-seq X 51

HWE ChIP-seq ATAC-seq

Mt 2 BEERSEEAR FRIEARABEREXE

& input/control £ (IgG 5 input DNA) BEAEE

fragment size B—ph ZiEE (nucleosome-free + mono/di/tri-nucleosome)

peak calling 24 --nomodel ZEERIA --nomodel --shift -100 --extsize 200

% QC FRiP. IDR TSS enrichment, fragment size 9%, FRiP
Fragment size 9%

ATAC-seq &REEM QC ER fragment size 575

~100-150 bp — nucleosome-free fragments (FE5RIFAIED)
~200 bp — mono-nucleosome

~400 bp — di-nucleosome

~600 bp — tri-nucleosome

1789 ATAC-seq FUERIZTE < 150bp LB —BEEM peak (nucleosome-free), SRETE ~200bp LABEE 1 peak, MR
FE— peak REAE, 7R Tn5 EEMERMIYEHRZEBATD .

MACS2 £}

macs2 callpeak \
-t sample.bam \
-f BAMPE \
--nomodel \
--shift -100 --extsize 200 \
-g hs \
-n sample_atac \
--keep-dup all \
-q 0.05

RESHC:

e _f BAMPE : paired-end D, FSLFR fragment KE
e __nomodel --shift -100 --extsize 200 : AMif fragment size #i1&, EHiZHA Tnb5 HIEIU =AM 100bp
e __keep-dup all : ATAC-seq fJ PCR duplicate 247 8iE Picard i1 7
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FNEAZHBE scATAC BUXZ

EBYARESEE 10 scATAC-seq BAM Signac iRtiE, JKERBEH bulk ATAC —# (TF-IDF + LSI), R2IE"S MR "R
T"EMER", bulk ATAC B9 peak AJLAEIZIE scATAC 922 peak set,

EFRKE
WRAEBFoEE—H, #ER nf-core/atacseq:
nextflow run nf-core/atacseq \
--input samplesheet.csv \

—--genome GRCh38 \

--outdir results/

ESBERITEM trim > align - dedup - shift > peak call > QC report £iifz,

W

I

ER7R
e ENCODE ATAC-seq pipeline

e nf-core/atacseq
e Buenrostro et al. 2013, ATAC-seq A8
e Yan etal. 2020, ATAC-seq DITR{ELEE
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file:///Users/zhangdiandian/Documents/1.WorkDir/BioinfoTools/BioF3/exports/articles/single-cell/module10/index.html
https://www.encodeproject.org/atac-seq/
https://nf-co.re/atacseq
https://www.nature.com/articles/nmeth.2688
https://genomebiology.biomedcentral.com/articles/10.1186/s13059-020-1929-3

BioF3 HFEIEH T

s DNA HEMAXZITAI]

DNA BREM (EERZ CpG URM 5-RERIER) BRIVENRIUEMZ—. 1 ChIP/ATAC TE, REMDHAM peak

calling, MEEEEAET CpG URMWBFEMLZE (0~100%),

SCoGZe Ry
AR BEE
WGBS 2HEEZ ~28M CpG
RRBS 25 CpG Sfffif ~2M CpG
450K | EPIC & K BEENLS 450K~850K

D%

i

1%

&M
=E. KIH DMR
EFEREL

AHAE. TCGA ¥t

BioF3 X—ZE &£ WGBS/RRBS Y bisulfite-seq D4, iSHEUER ninfi G4, BEAE,

DT

FASTQ — Bismark (bisulfite-aware alignment) — methylation extraction

— per-CpG methylation table — DMR calling (methylKit / DSS / dmrseq)

Bismark tt3d

# ¥ bisulfite R3| (—X)

bismark genome preparation --bowtie2 reference/

# b3

bismark --genome reference/ -1 sample Rl.fq.gz -2 sample R2.fqg.gz

# K&

deduplicate_bismark sample pe.bam

# IREFEMNER

bismark methylation_ extractor --paired-end --comprehensive --cytosine report \

--genome_folder reference/ sample_pe.deduplicated.bam

BWHAY cpG_context MHHET—1 CpG IR, BEREHA, (IEH. FEM reads . FFHE reads H.

BioF3

RMAFTHFH
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REMERREMN

library(methylKit)

# EN Bismark By cpG IRE
file list <- list("samplel.CpG report.txt", "sample2.CpG report.txt",
"sample3.CpG_report.txt", "sample4.CpG report.txt")
obj <- methRead(file list,
sample.id = list("ctrll","ctrl2","trtl","trt2"),
assembly = "hg38",
treatment = c(0, 0, 1, 1),
context = "CpG",

mincov = 10)

# BFFAEAN cpe IR

meth <- unite(obj, destrand = FALSE)

# EFREMUR
diff <- calculateDiffMeth(meth)
diff 25 <- getMethylDiff(diff, difference = 25, gvalue = 0.01)

# EFFEMNLXE (DMR)

# F tileMethylcounts BERADMH 1kb BOBMER

tiles <- tileMethylCounts(obj, win.size = 1000, step.size = 1000)
meth _tiles <- unite(tiles)

diff tiles <- calculateDiffMeth(meth_tiles)

REERE

BEME: B CpG R EMNMN reads /2 reads FILLHI

DMC (Differentially Methylated Cytosine): 84 CpG imMZER

DMR (Differentially Methylated Region) : &4 CpG fiLm—iEZ AKX
BEETIE: BEE < 10x WARBEFAKR, BEIEE

MRIARIKFR
T RENSFECBENEENMER: ERANNFEAAERERERX, 1 DMR fl RNA-seq 12 FERHER

X

, BEHE"REMAZENIERIAZN BIRIERER.

SERR

BioF3

Bismark Fff
methylKit 2(i2
DSS ZFHEA
dmrseq

L3
\\ ,k

minfi (i

RMAF T FH
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https://felixkrueger.github.io/Bismark/
https://bioconductor.org/packages/release/bioc/vignettes/methylKit/inst/doc/methylKit.html
https://bioconductor.org/packages/DSS/
https://bioconductor.org/packages/dmrseq/
https://bioconductor.org/packages/minfi/
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0o RMASHEFRAENES

RVUEM (FABERER. TFE5. FEMN) RREEITMERRARLIENRE. EXRMNABENERARERE—ES,
BEEIZ " LR M TR IERR T RAZMR".

FREBESRE
oRER A Ht TR
Peak-gene XB =5 peak + ZHER EESERTIR ChlPseeker + BE X 4
BXRESH peak {55 + RiIAIER% peak-gene 18X 14 cor.test / LOLA
TR WL motif + FRIX + peak TF > target W% SCENIC / pySCENIC
ZHEFRAF O Z R HTRF MOFA2 [ mixOmics

Peak-gene XB%X (FRigE)

library(ChIPseeker)

# E% peak FRIZAER
db_anno <- annotatePeak(db_peaks, TxDb = txdb)

db_genes <- unique(as.data.frame(db_anno)$SYMBOL)

# Z%ERE (KRB DEseq2)
de_genes <- res_df$SYMBOL[res_df$padj < 0.05]

# R
overlap <- intersect(db_genes, de_ genes)

cat("Overlap:", length(overlap), "genes\n")

# Fisher MNERTEEZEESR
fisher.test(matrix(c(
length(overlap),
length(setdiff(db_genes, de_genes)),
length(setdiff(de_genes, db genes)),
total genes - length(union(db_genes, de_genes))

), nrow = 2))

902R overlap EEARTHEANHAE, RIARMNZAMRATMHELH KK,

HE—EERE
EFRORIE: FUEESEER", T8 SHRT "
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# BF peak FC # gene FC

merged <- inner join(
data.frame(gene = db_genes df$SYMBOL, peak fc = db_genes dfs$Fold),
data.frame(gene = de df$SYMBOL, rna_fc = de_df$log2FoldChange)

# BU=E: peak FC vs RNA FC

ggplot (merged, aes(x = peak fc, y = rna_fc)) +
geom_point() +
geom_smooth(method = "Im") +
labs(x = "Peak log2FC (ChIP/ATAC)", y = "RNA log2FC")

EAX = FREEEMNERFRADIEN (FEFE) ., MREREAHE, BHIFXEMZERAX (RELAEN > KX
TB%) .

SCENIC: M scATAC + scRNA H#BTiE1E MK

NRBEIHIEMAEEGEE (10x Multiome D BMAY scRNA + scATAC), SCENIC+ BEHEHTE "I TF @ T MEsaFiE
; uﬁB/\g.u

# Python (pySCENIC+)

import scenicplus

# ¥IN: scRNA AnnData + scATAC AnnData + motif #UEE
# &t TF — enhancer — gene M= THNLE

REERRARERNARSHRINEAE, TEEANEERELEA.

SCREIN
1. & ERY peak-gene overlap, FAIAAE—EE
2. W1R overlap EEFB @I, BHEES RAOMEIHERT
3. ZEFBENERERMIISLININE (EE4N CRISPRI iR MEUBTFERIAZSE M)
4. AEIEREEXMY = RRM"

¢

2

EZRR

e SCENIC+

e MOFA2

e LOLA (XHEE)

e Corces et al. 2018, ATAC + RNA &
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https://scenicplus.readthedocs.io/
https://biofam.github.io/MOFA2/
https://bioconductor.org/packages/LOLA/
https://www.science.org/doi/10.1126/science.aav1898
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