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GLM (Poisson)
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Identify enriched regions within Yong or Old
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M pu (2015) Trimethylation of Lys36 on H3 restricts gene expression change during aging and impacts life span. 
Genes Dev 1;29(7):718-31



Identify enrichment regions between young and old 
stages
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Visualization & Annotation



Functional annotation workflow

Peak calling

Enriched regionsVisualization 
with IGV

Nearest genes

Relationship to 
gene structure

Density plotting 
of gene structure

Functional enrichment

(e.g. GO categories)

Motif analysis

Other advanced 
analysis



Annotating Peaks

Homer

PeakAnalyzer

ChIPpeakAnno

ChIPseeker

…

Peak region file

GFF (General Feature Format)
Genome annotation

R & Bioconductor



Visualization

bamCompare --bamfile1 ChIP.bam --bamfile2 Input.bam \
--binSize 25 --fragmentLength 200 --missingDataAsZero no \
--ratio log2 --scaleFactorsMethod SES -o log2ratio_ChIP_vs_Input.bw

peak<-readPeakFile(“test_results_summits.bed”)
covplot(peak, weightCol=“V5”)



PAVIS

http://manticore.niehs.nih.gov/pavis2/

http://manticore.niehs.nih.gov/pavis2/


PAVIS

Features Distance



Galaxy

https://galaxyproject.org/

https://galaxyproject.org/


PeakAnalyzer



PeakAnalyzer

Chromosomes nominate



Chromosome PeakStart PeakEnd Distance GeneStart GeneEnd ClosestTSS_ID Symbol Strand

chrX 47975 48204 91 47799 48496 Y73B3A.20 Y73B3A.20 +

chrX 59416 61007 586 59625 59849 Y73B3A.23 Y73B3A.23 +

chrX 104546 104798 90 96342 104777 Y73B3A.4 Y73B3A.4 -

chrX 164109 164284 -1062 162529 163134 T08D2.1 T08D2.1 -

chrX 191211 191392 514 191796 191816 T08D2.10 T08D2.10 -

chrX 322588 322946 -88 322523 323214 M02E1.3 M02E1.3 +

chrX 324125 326331 -734 325962 333711 M02E1.1b.2 M02E1.1 +

chrX 348080 348711 -2106 344127 346289 C04E7.3 C04E7.3 -

chrX 353414 353985 79 353620 357934 C04E7.2 sor-3 +

chrX 370134 370415 -1980 372234 376974 R04A9.2.2 nrde-3 +

chrX 382298 382961 74 381382 382710 R04A9.4 ife-2 -

chrX 383030 383210 -416 381382 382710 R04A9.4 ife-2 -

chrX 388404 389275 -47 384383 388798 R04A9.5.2 ceh-93 -

chrX 433977 434182 184 433895 434077 ZK1193.8 ZK1193.8 +

chrX 490076 490350 -273 489869 489940 F38G1.t2 F38G1.t2 -

chrX 532795 533525 -2198 530626 530962 B0310.6 B0310.6 -

chrX 535406 535924 83 531873 535835 F28C10.3 F28C10.3 -

chrX 536050 536430 -492 531873 535835 F28C10.3 F28C10.3 -

chrX 590585 590773 -3265 576319 587483 F57C12.5b mrp-1 -

chrX 593112 593315 -766 593953 596299 F13C5.2.2 F13C5.2 +

chrX 593737 594463 120 593960 596299 F13C5.2.1 F13C5.2 +

chrX 601317 601467 -826 602172 604922 F13C5.1.2 F13C5.1 +

Chromosome Start End #Overlaped_GenesDownstream_FW_GeneSymbol DistanceDownstream_REV_Gene Symbol Distance

chrI 4057 4225 2 Y74C9A.2.5 nlp-40 6272 Y74C9A.6 Y74C9A.6 232

chrI 11337 11916 6 Y74C9A.7 21ur-15479 19896 Y74C9A.3.2 Y74C9A.3 1394

chrI 24209 24363 2 Y74C9A.7 21ur-15479 7237 Y74C9A.3.2 Y74C9A.3 14054

chrI 24574 24845 2 Y74C9A.7 21ur-15479 6813 Y74C9A.3.2 Y74C9A.3 14477

chrI 26428 26877 2 Y74C9A.7 21ur-15479 4870 Y74C9A.3.2 Y74C9A.3 16420

chrI 26947 27138 0 Y74C9A.7 21ur-15479 4480 Y74C9A.4a Y74C9A.4 261

chrI 31939 32242 2 Y74C9A.8 21ur-13439 324 Y74C9A.4a Y74C9A.4 5309

chrI 32367 32517 3 Y74C9A.1 Y74C9A.1 11291 Y74C9A.4a Y74C9A.4 5661

chrI 33680 33879 0 Y74C9A.1 Y74C9A.1 9953 Y74C9A.5.1 sesn-1 1297

chrI 34166 34463 0 Y74C9A.1 Y74C9A.1 9418 Y74C9A.5.1 sesn-1 1832

chrI 34664 35236 0 Y74C9A.1 Y74C9A.1 8783 Y74C9A.5.1 sesn-1 2468

chrI 35323 35973 0 Y74C9A.1 Y74C9A.1 8085 Y74C9A.5.1 sesn-1 3166

chrI 36197 36474 0 Y74C9A.1 Y74C9A.1 7397 Y74C9A.5.1 sesn-1 3853

chrI 39056 39344 0 Y74C9A.1 Y74C9A.1 4533 Y74C9A.5.1 sesn-1 6718

chrI 39399 39808 0 Y74C9A.1 Y74C9A.1 4129 Y74C9A.5.1 sesn-1 7121

chrI 39964 40124 0 Y74C9A.1 Y74C9A.1 3689 Y74C9A.5.1 sesn-1 7562

chrI 46926 47180 0 Y48G1C.12 Y48G1C.12 419 Y74C9A.5.1 sesn-1 14571

chrI 47354 47644 1 Y48G1C.4 pgs-1 2420 Y74C9A.5.1 sesn-1 15017

chrI 67971 68135 0 Y48G1C.2.1 csk-1 3805 Y48G1C.5 Y48G1C.5 4032

chrI 70100 70701 0 Y48G1C.2.1 csk-1 1457 Y48G1C.5 Y48G1C.5 6379

chrI 91706 91952 2 Y48G1C.1 Y48G1C.1 1202 Y48G1C.6 Y48G1C.6 5545

Chromosome Start End OverlapGene Symbol Overlap_BeginOverlap_CenterOverlap_End

chrI 4057 4225 Y74C9A.3.2 Y74C9A.3 LastExon UTR3 Intergenic

chrI 4057 4225 Y74C9A.3.1 Y74C9A.3 LastExon UTR3 Intergenic

chrI 11337 11916 Y74C9A.2.4 nlp-40 Intergenic UTR5 Intron1

chrI 11337 11916 Y74C9A.2.6 nlp-40 Intergenic UTR5 Intron2

chrI 11337 11916 Y74C9A.2.3 nlp-40 Intergenic UTR5 Intron2

chrI 11337 11916 Y74C9A.2.1 nlp-40 Intergenic UTR5 Intron2

chrI 11337 11916 Y74C9A.2.2 nlp-40 Intergenic UTR5 Intron2

chrI 11337 11916 Y74C9A.2.5 nlp-40 Intron1 UTR5 Intron2

chrI 24209 24363 Y74C9A.4b Y74C9A.4 Intron6 Intron6 Intron6

chrI 24209 24363 Y74C9A.4a Y74C9A.4 Intron6 Intron6 Intron6

chrI 24574 24845 Y74C9A.4b Y74C9A.4 Exon6 Exon6 Intron6

chrI 24574 24845 Y74C9A.4a Y74C9A.4 Exon6 Exon6 Intron6

chrI 26428 26877 Y74C9A.4b Y74C9A.4 Intergenic Exon2 Exon3

chrI 26428 26877 Y74C9A.4a Y74C9A.4 Intergenic Exon2 Exon3

chrI 31939 32242 Y74C9A.5.1 sesn-1 Intron1 Intron1 Exon2

chrI 31939 32242 Y74C9A.5.2 sesn-1 Intron1 Intron1 Exon2

chrI 32367 32517 Y74C9A.8 21ur-13439 Intergenic Intergenic Intergenic

chrI 32367 32517 Y74C9A.5.1 sesn-1 Intergenic Exon1 Intron1

chrI 32367 32517 Y74C9A.5.2 sesn-1 Intergenic Exon1 Intron1

chrI 47354 47644 Y48G1C.12 Y48G1C.12 Intergenic UTR5 Intron1

chrI 91706 91952 Y48G1C.9.2 Y48G1C.9 Intron1 Intron1 Intron1

Nearest downstream genes

Nearest TSS

Overlapped gene features



M_H3K4_sorted.bam:I_H3K4_sorted.bam   Male_TSS_nearest_transcripts.txt        male_H3K4_Vs_Input

M_H3K4_sorted.bam:I_H3K4_sorted.bam   Female_TSS_nearest_transcripts.txt      female_H3K4_Vs_Input

config file normalized by control

config file with only treatment bams

M_H3K4_sorted.bam   Male_TSS_nearest_transcripts.txt        male_H3K4_Vs_Input
M_H3K4_sorted.bam   Female_TSS_nearest_transcripts.txt      female_H3K4_Vs_Input

ngs.plot.r -G genome -R region -C [cov|config]file
-O name [Options]

-G   Genome name. Use ngsplotdb.py list to show 
available genomes.
-R   Genomic regions to plot: tss, tes, genebody, 

exon, cgi, enhancer, dhs or bed
-C   Indexed bam file or a configuration file for 

multiplot
-O   Name for output: multiple files will be generated



https://github.com/shenlab-sinai/ngsplot

ngs.plot.r -G hg19 -R tss -C treatment.bam -O \
output_name -T H3K4me3 -L 3000

https://github.com/shenlab-sinai/ngsplot


https://github.com/shenlab-sinai/ngsplot

https://github.com/shenlab-sinai/ngsplot


HOMER
(Hypergeometric Optimization of Motif EnRichment)

 Mapping to the genome (NOT performed by HOMER, but important to understand) 

 Creation Tag directories, quality control, and normalization. (makeTagDirectory)

 UCSC visualization (makeUCSCfile, makeBigWig.pl)

 Peak finding / Transcript detection / Feature identification (findPeaks) 

 Motif analysis (findMotifsGenome.pl) 

 Annotation of Peaks (annotatePeaks.pl)

 Quantification of Transcripts (analyzeRNA.pl)

 Additional analysis strategies:

 General sequence manipulation tools (homerTools) 

 Miscellaneous Tools for Sharing Data between programs, etc. (tagDir2bed.pl, bed2pos.pl, 
pos2bed.pl ...)

 Finding overlapping or differentially bound peaks (mergePeaks, getDifferentialPeaks) 

 ChIP-Seq analysis automation (analyzeChIP-Seq.pl)

 Description of file formats

http://biowhat.ucsd.edu/homer/ngs/alignment.html
http://biowhat.ucsd.edu/homer/ngs/tagDir.html
http://biowhat.ucsd.edu/homer/ngs/ucsc.html
http://biowhat.ucsd.edu/homer/ngs/peaks.html
http://biowhat.ucsd.edu/homer/ngs/peakMotifs.html
http://biowhat.ucsd.edu/homer/ngs/annotation.html
http://biowhat.ucsd.edu/homer/ngs/analyzeRNA.html
http://biowhat.ucsd.edu/homer/ngs/homerTools.html
http://biowhat.ucsd.edu/homer/ngs/miscellaneous.html
http://biowhat.ucsd.edu/homer/ngs/mergePeaks.html
http://biowhat.ucsd.edu/homer/ngs/analyzeChIP-Seq.html
http://biowhat.ucsd.edu/homer/ngs/formats.html


PeakID (cmd=test_results_peaks.narrowPeak_chr tair10)Chr Start End Strand AnnotationDetailed AnnotationDistance to TSSNearest PromoterIDNearest Unigene Nearest Refseq Gene NameGene Alias Gene DescriptionGene Type

test_results_peak_14368 Chr5 6833504 6837577 + exon (AT5G20250.3, exon 2 of 4)exon (AT5G20250.3, exon 2 of 4)1881 AT5G20250.4 At.74986 NM_001036833 DIN10 DARK INDUCIBLE 10|F5O24.140|F5O24_140putative galactinol--sucrose galactosyltransferase 6protein-coding

test_results_peak_1382 Chr1 6971312 6973001 + exon (AT1G20110.1, exon 1 of 10)exon (AT1G20110.1, exon 1 of 10)671 AT1G20110.1 At.15444 NM_101865 AT1G20110T20H2.10|T20H2_10RING/FYVE/PHD zinc finger-containing proteinprotein-coding

test_results_peak_855 Chr1 4347808 4349969 + promoter-TSS (AT1G12750.2)promoter-TSS (AT1G12750.2)390 AT1G12760.1 At.43884 NM_001035955 AT1G12760T12C24.29|T12C24_29E3 ubiquitin-protein ligaseprotein-coding

test_results_peak_15041 Chr5 15843775 15845935 + exon (AT5G39570.1, exon 1 of 2)exon (AT5G39570.1, exon 1 of 2)896 AT5G39570.1 At.20492 NM_123319 AT5G39570MIJ24.6|MIJ24_6hypothetical proteinprotein-coding

test_results_peak_154 Chr1 739488 742090 + intron (AT1G03090.1, intron 4 of 14)intron (AT1G03090.1, intron 4 of 14)1110 AT1G03090.2 At.24059 NM_100191 MCCA - methylcrotonoyl-CoA carboxylase subunit alphaprotein-coding

test_results_peak_6386 Chr2 16483892 16485127 + exon (AT2G39480.1, exon 1 of 11)exon (AT2G39480.1, exon 1 of 11)530 AT2G39480.1 At.63501 NM_129506 PGP6 F12L6.14|F12L6_14|P-glycoprotein 6ABC transporter B family member 6protein-coding

test_results_peak_3313 Chr1 24046891 24048872 + promoter-TSS (AT1G64730.1)promoter-TSS (AT1G64730.1)741 AT1G64720.1 At.74749 NM_105147 CP5 F13O11.4|F13O11_4Polyketide cyclase/dehydrase and lipid transport-like proteinprotein-coding

test_results_peak_8490 Chr3 7116011 7117776 + exon (AT3G20410.1, exon 1 of 8)exon (AT3G20410.1, exon 1 of 8)692 AT3G20410.1 At.8182 NM_112932 CPK9 calmodulin-domain protein kinase 9calmodulin-domain protein kinase 9protein-coding

annotatePeaks.pl test_results_peaks.narrowPeak_chr tair10 >out



CEAS 
(Cis-regulatory Element Annotation System)

http://liulab.dfci.harvard.edu/CEAS/usermanual.html



ChIPseeqer



Functional enrichment

Over-represented functional annotations of 
nearest genes of peaks

• Gene Ontology

• Biological Pathways

Typical tools
• DAVID https://david.ncifcrf.gov/

• GREAT http://bejerano.stanford.edu/great/public/html/

• Blast2go https://www.blast2go.com/

https://david.ncifcrf.gov/
http://bejerano.stanford.edu/great/public/html/
https://www.blast2go.com/


Homer
geneOntology.html
GenomeOntology.html





source("http://bioconductor.org/biocLite.R")
biocLite("biomaRt")
library (biomart)
# head(listMarts(host = "www.ensembl.org"), 10)
listMarts(host="plants.ensembl.org")
listDatasets(useMart(biomart="plants_mart",host="plants.ensembl.org"))

arabidopsis
=useDataset("athaliana_eg_gene",mart=useMart("plants_mart",host="plan
ts.ensembl.org"))



biomaRt & Bioconductor



transcriptsDb <- makeTxDbFromBiomart(biomart="plants_mart", 
host="plants.ensembl.org" ,dataset="athaliana_eg_gene")
tptx<-transcripts(transcriptsDb)

saveDb(transcriptsDb,file="Arabidopsis.sqlite")
txdb<-loadDb("Arabidopsis.sqlite")



ChIPseeker



ChIPpeakAnno

peak<- readPeakFile("test_results_summits.bed", as="GRanges")
aCR<-assignChromosomeRegion(peak, nucleotideLevel=FALSE,   
precedence=c("Promoters", "immediateDownstream", "fiveUTRs", 
"threeUTRs",   "Exons", "Introns"), TxDb=txdb)



tx_by_gn <- transcriptsBy(txdb, by="gene")
unlisted <- unlist(tx_by_gn)
TSS <- ifelse(strand(unlisted) == "+", start(unlisted), end(unlisted))
TSS <- GRanges(seqnames(unlisted), IRanges(TSS, width=1), strand(unlisted))
………..
macs.anno <- annotatePeakInBatch(peak, AnnotationData=unlisted_TSS)
hist(macs.anno$distancetoFeature,xlab="Distance To TSS", main="",
xlim=c(-10000,10000),breaks=20,prob=T,col="red")



promoter <- getPromoters(TxDb=txdb, upstream=3000, downstream=3000)
tagMatrix <- getTagMatrix(peak, weightCol=NULL, windows=promoter)
tagHeatmap(tagMatrix, xlim=c(-3000, 3000), color="red")
plotAvgProf(tagMatrix, xlim=c(-3000, 3000), xlab="Genomic Region (5'->3')", 
ylab = "Read Count Frequency")



library(org.Hs.eg.db)
over <- getEnrichedGO(annotatedPeak[1:500], orgAnn="org.Hs.eg.db", 

maxP=0.01, minGOterm=10, 
multiAdjMethod="BH",
condense=FALSE)

library(org.Hs.eg.db)
library(reactome.db)
enriched.PATH = getEnrichedPATH(annotatedPeak, orgAnn="org.Hs.eg.db", 
pathAnn="reactome.db", maxP=0.01, minPATHterm=10, 
multiAdjMethod=NULL)

GO & Pathway



GO enrichment

Biological process Molecular function Cellular component



Motif analysis
/programs/R-2.15.0/bin/R
library(BSgenome)
available.genomes()
library(MotIV)
library(ShortRead)
library(rGADEM)
library(rtracklayer)
library("BSgenome.Celegans.UCSC.ce10”)
sequences<- read.DNAStringSet("test_peak.fa","fasta") 
motifs_macs_female=GADEM(sequences, genome=Celegans,verbose=TRUE,pValue=0.0002,eValue=-5,numGeneration=500)





Motif analysis

MEME (http://meme.sdsc.edu/meme/cgi-bin/meme.cgi)

meme  <in.fas> option

http://meme.sdsc.edu/meme/cgi-bin/meme.cgi



