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Experimental design
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GLM (Poisson)

Mean Time IP Time*IP
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out<-gim(Y ~ Time*IP, family = poisson, log(offset=c(library size)))



ldentify enriched regions within Yong or Old
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ldentify enrichment regions between young and old
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Visualization & Annotation

oo sme

Average Profile

13121100 8 76 5 43 21

15 "

10

06

04

02

Enrichment profiles

Average Profile near TSS

.15

Proportion of peaks

0.05

T T T T T T T
~3000 -2000 ~1000 o 1000 2000 3000

0.00
L

BX0n f exon f_intron intron
SRelative Distance 10 TSS (op)

CréP Regions (Peaks) over Chromosomes

B L P T T P N R T e ]

I e of &g 101 s b (o) O el b e

et asbiabetad & o ab it b amdinh ool 00 () AR =
bkt o o A 0ok o 1| it ot et el

e Bhl 0 € vl o 0l 0 e A 0 s

e o bt 0 1 D0 M 0 0 M b bl =
e b ot b bt oo | bl oo bt kbl
neckimtd] oot (00 ¢ atad b site b/ el

ol e @ 1 | (b e

drad aadndbnddoin 0, e ekbnh o) v idnd
wubnand bt @nthatil shasn dal ‘ §

b om0 ol e i b s it C C
o i Al o kbl 0 C A AC ACC

v bt o e Vot il céAQ?Aé -7/_\9@, /,»CA =

a0 et L b il it O A e = A

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Information content
I

Postion

jonction



Functional annotation workflow

Visualization €

Peak calling
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Annotating Peaks

»Homer
> Pea kAna |yzer Peak region file
GFF (General Feature Format)
>Ch|Ppea kAn no Genome annotation
R & Bi duct
» ChlPseeker PEOREHER

> ...



Visualization

ChIP Peaks over Chromosomes
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bamCompare --bamfilel 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

PAVIS is a tool for facilitating ChlP-seq data analysis and hypotheses generation. It offers two main functions: annotation and visualization. The annotation f
between query peaks and genes and other comparison peaks in a genome, and reports relative enrichment levels of peaks in different genomic regions. The
context of genomic features and nearby comparison peaks. PAVIS takes as the input the peak location data generated by a peak-calling tool (e.g., MACS).
format PAVIS also supports the GFEJ format, and can use peak data files from most ChlP-seq data analysis tools (e g., EpiCenter).

UPDATES

The last update on 04-08-2016:

added the support to annotate strand-specific peak data, i e., peaks are known to be associated with a specific chromosome strand. Note: To use strar
your peak data file, e g, in the 6th field of the UCSC BED format, and in the 7th field of the GFF3 format (thanks to the feedback from Silvia Bottini).

added the genomic feature category of peak center location to the full annotation file.

added the option to output Microsoft Excel file for the full annotation data on the CLEAR interface.

added the option to include additional fields from the input peak file in the full annotation file (thanks to the feedback from Silvia Bottini).
fixed a bug related to UTR annotation when UTR including multiple exons (thanks to the feedback from Benjamin Cossins).

other changes to enhence PAVIS's robustness and efficiency.

Click here to show all recent updates |

Click here for the INTUITIVE interface

Species/Genome Assembly/Gene Set:| Arabidopsis thaliana TAIR10 including transposable element genes v
Upstream Length: 2000

Downstream Length: 2000

The query peak file to be annotated:| #8321t |test_results s narowPeak | strand-speglfic peaks

File format: = UC Other text file

If other, please specify the delimiter and column numbers:
field delimiter: = tab whitespace comma . semicolon pipe

column number (1-based): chromosome:1 . start position:2 . end position:|3

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



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

PAVIS

Peak Location Annotation (The Full Annotation File 1152.84 kB)

m_ EnrichTest! EnnchTestZ Category Chromos cme Loci 3tart Loci End Gene ID Gene Symbol Strand | Distance to TS5 Description

Upstream G Upstream 1027 6.0%| 1.00e+00j 1.00e+00]iC Upstream Exan/CD chr 000003783 000005367 ATSG01010 ATGO1010 - +0451 | M4 i NA
[ERER C-5UTR 857 5.0%] 1.14e-205] 4.50e-109][C-5UTR Exon/CD|chrG 000007208 000008670 ATS601020 ATE601020 - +0506 |NA  NA WA
Exons/CDS ||Q-Exon 9268 54.5% 0.00e+00|[  0.00e+00][C-Exon Intron |chrb 000009722 000010688 ATRGO1030 ATRGO1030 + +0336 | HA A &
Introns Q-Intron 5349 31.5% NA|[_0.00e+00][C-Intron Exon/CD clr§ 000032734 000033839 ATRGO1090 ATRGO1030 + +0454 | N4 JaF:S IS
3'UTR Q-3UTR 172 1.0% 1.00e+00 1.00e+00|[C-3UTR Exon/ (D chrb 000036909 000037980 ATRGO1100 ATRGO1100 - +0504 | HA J0F:8 N4
Downstream|[Q-Downstream 269 1.6% 1.00e+00)| 1.00e+00|[C-Downstream Exon/CD chrb 000043516 000044539 ATRGD1110 ATRGO1110 - +0348  Hi A NA
ﬁ|NA 42 0.2% NA NAJ|NA Exon/(D chr§ 000053890 0000545915 ATRGO1160 ATRGO1160 + +0392 | WA A &
The tab delimited form of the table Exon/(D chr§ 0oo0sa127 000080571 ATRGO1170 ATRGO11TD + +1187 N4 Wi Ha
FUR | cleb 000063672 000063981 ATRGO1180 ATRGO1180 - +0017 | Wi JaF:S IS
Note:Upstream length was set to 2000 and Downstream length was set to 2000 (0=no limit). Exony/(D chr§ 000073510 000074002 ATHGO1190 ATEGO1150 + +1364 | N4 NA NL
Exon/ (D chrb 000077001 000077762 ATRGO1Z00 ATRGO1Z00 + +0260 | N4 JuF:A Ha
Distribution of Peaks in Relation to Genes Exon/(D chr§ 000084469 000036113 ATRGO1Z10 ATRGO1Z10 + +0817 | N4 A &
Exon/CD clr§ 000088935 000090146 ATRGO1Z20 ATRGO1Z20 - +0446 | Ni JaF:S IS
Intron |chrb 000094984 000095846 ATRGO1Z30 ATRGO1230 - +0271 | HA J0F:8 N4

Upstrean chrb 000097819 000098976 ATRGO1240 ATRGO1Z40 + 0136 N4 JUF:A JUEN
Exon/(D chr§ 000102846 Qoo103s12 ATRGO1Z250 ATRGO1Z250 - +0B91 | N4 A JOF:A
Intron |chrb 000108176 000106178 ATRGO1Z60 ATRGO1Z60 + +0352 | W4 A &
[ Upstream (6.0%) Exon/CD clr§ 000111347 000112473 ATRGO1ZT0 ATRGOIZT0 - +0401 | Hi JaF:S IS
B 5 UTR (5.0%) Exon/(D chr§ 000114726 000115203 ATRGO1Z80 ATRGO1Z80 - +1273 | N4 J0F:8 N4
' Intron |chrb 000117124 000118175 ATRGO1290 ATRGO1290 + +0342 | N4 JuF:A Ha
[ Exons (54.6%) Intron |chrb Qo0126082 000127061 ATRGO1310 ATRGO1310 + +1262 | N4 A &
1 Introns (31.5%) Exon/CD clr§ 000130764 000131713 ATRGO1320 ATRGO1320 - +0387 | Ni JaF:S IS
= 3' UTR (1.0%) Exon/(D chr§ 000140959 000141271 ATRGO1335 ATHGO1335 + +5284 | NA J0F:8 JUF:S

ik Dovmstroam chrb 000142267 000142690 ATHGO1340 ATRGO134 - +2242 N4 JUF:A JUEN
[ Downstream (1'6%) Trrman /(T alowF nan 4074 nnntd 4748 WTRECNAD4N W TECM AN - Lnaed i " "

I Other (0.2%)

Features Distance



Galaxy

Data intensive biology for everyone.

Galaxy is an open, web-based platform for data intensive biomedical research.
Whether on the free public server or your own instance, you can perform,
reproduce, and share complete analyses.

Use Galaxy Get Galaxy Learn Galaxy Get Involved

Advanced fastQ

manipulation

Use project's free server Install locally or in the cloud
or other public servers or get Galaxy on SlipStream

Screencasts, Galaxy 101, ... Mailing lists, Tool Shed, wiki

Search all resources

https://galaxyproject.org/



https://galaxyproject.org/

PeakAnalyzer




PeakAnalyzer

() ODS - Overlapping Data Sets (peak files)

[as<Badk )| Net=> | [ <<Back ]  Net> |




chrl 4057 4225 2 Y74C9A2.5  nlp-40 6272 Y74C9A6 Y74C9A.6 232
chrl 11337 11916 6 Y74C9A7  21ur-15479 19896  Y74C9A3.2 Y74C9A3 1394

chrl 24209 24363 2 Y74C9A7  21ur-15479 7237 Y74C9A32 Y74C9A3 14054 Nearest downstream genes
chrl 24574 24845 2 Y74C9A7  21ur-15479 6813  Y74C9A3.2 Y74C9A3 14477

chrl 26428 26877 2 Y74C9A7  21ur-15479 4870  Y74C9A3.2 Y74C9A3 16420

chrl 26947 27138 0 Y74C9A7  21ur-15479 4480  Y74C9A4a Y74C9A.4 261

chrl 31939 32242 2 Y74C9A8  21ur-13439 324 Y74C9A4a Y74C9A.4 5309

chrl 32367 32517 3 Y74C9A1  Y74C9A1 11291  Y74C9A4a Y74C9A.4 5661

chrl 33680 33879 0 Y74C9A1  Y74C9AL1 9953  Y74C9A5.1 sesn-1 1297

chrl 34166 34463 0 Y74C9A1  Y74C9A1 9418  Y74C9A5.1 sesn-1 1832

chrl 34664 35236 0 Y74C9A1  Y74C9A1 8783  Y74C9A5.1 sesn-1 2468

chrl 35323 35973 0 Y74C9A1  Y74C9A1 8085  Y74C9A5.1 sesn-1

chrl 36197 36474 0 Y74C9A1  Y74C9A1 7397  Y74C9A5.1 sesn-1 3853

chrl 39056 39344 0 Y74C9A1  Y74C9A1 4533 Y74C9A5.1 sesn-1 6718

chrl 39399 39808 0 Y74C9A1  Y74C9A1 4129 Y74C9A5.1 sesn-1 7121 Nearest TSS

chrl 39964 40124 0 Y74C9A1  Y74C9A.1 3689  Y74C9A5.1 sesn-1

chrl 46926 47180 0 Y48G1C.12 Y48G1C12 419 Y74C9A5.1 sesn-1

chrl 47354 47644 1 Y48G1C.4 pgs-1 2420 Y74C9A5.1 rlapped gene features
chrl 67971 68135 0 Y48G1C2.1  csk-1 3805 Y48G1C.5

chrl 70100 70701 0 Y48G1C2.1  csk-1 1457 Y48G1C.5

chrl 91706 91952 2 Y48G1C.1 = V48GIC.1 1202 Y48G1C.6

chrX 47975 48204 91 47799 48496 Y73B3A20  Y73B3A20 + chrl 4057 4225 Y74C9A3.2  Y74C9A3 lastExon  UTR3  Intergenic
chrX 59416 61007 586 59625 59849 Y73B3A.23 Y73B3A.23 + chrl 4057 4225 Y74C9A.3.1 Y74C9A.3  LastExon UTR3 Intergenic
chrX 104546 104798 90 96342 104777 Y73B3A.4 Y73B3A4 - chrl 11337 11916 Y74C9A.2.4 nlp-40  Intergenic  UTR5 Intronl
chrX 164109 | 164284 | -1062 | 162529 | 163134 T08D2.1 T08D2.1 - chrl 11337 11916 Y74C9A2.6 nlp-40 Intergenic  UTRS Intron2
chrX 191211 191392 514 191796 191816 T08D2.10 T08D2.10 - chrl 11337 11916 Y74COA2.3 nlp-40  Intergenic  UTRS Intron2
o u oo wmloml ol an mw s v s e e
chrl 11337 11916 Y74C9A.2.2 nlp-40  Intergenic UTR5 Intron2
chrX 348080 348711  -2106 = 344127 346289 CO4E7.3 CO4E7.3 -
chrx 353414 | 353985 79 353620 | 357934 CO4E7 2 sor-3 . chrl 11337 11916 Y74C9A.2.5 nlp-40 Intronl UTR5 Intron2
chrx 370134 370415 -1980 372234 376974 RO4A9.2.2 nrde-3 + chrl 24209 24363 Y74C9A.4b Y74C9A.4  Intron6 Intron6 Intron6
chrX 382298 382961 74 381382 382710 RO4A9.4 ife-2 _ chrl 24209 24363 Y74C9A4a Y74C9A4  Intron6 Intron6 Intron6
chrx 383030 383210 416 381382 382710 RO4A9.4 ife-2 ) chrl 24574 24845 Y74CO9A4b  Y74C9A4  Exoné Exon6 Intron6
chrX 388404 389275 .47 384383 388798 RO4A9.5.2 ceh-93 - chrl 24574 24845 Y74C9A.4a Y74C9A.4 Exon6 Exon6 Intron6
chrX 433977 = 434182 184 433895 434077 7K1193.8 ZK1193.8 + chrl 26428 26877 Y74C9A4b  Y74C9A4 Intergenic  Exon2 Exon3
chrx 490076 490350 273 489869 489940 F38G1.t2 F38G1.t2 - chrl 26428 26877 Y74C9A4a  Y74C9A4 Intergenic  Exon2 Exon3
chrX 532795 533525 -2198 530626 530962 B0310.6 B0310.6 - chrl 31939 32242 Y74C9A5.1 sesn-1 Intronl Intronl Exon2
chrX 535406 535924 83 531873 535835 F28C10.3 F28C10.3 - chrl 31939 32242 Y74C9A5.2 sesn-1 Intronl  Intronl Exon2
chrX 536050 536430 -492 531873 535835 F28C10.3 F28C10.3 - chrl 32367 32517 Y74C9A.8  21ur-13439 Intergenic Intergenic Intergenic
chrX | 590585 | 590773 | -3265 | 576319 | 587483 F57C12.5b mrp-1 - chrl 32367 32517 Y74C9AS5.1 sesn-1  Intergenic  Exonl  Intronl
chrX | 593112 | 593315 | -766 | 593953 | 596299 F13C5.2.2 F13€5.2 * chrl 32367 32517  Y74C9A52  sesn-l Intergenic  Exonl  Intronl
z::i Zi;i; 23‘1‘223 ;22‘; Zzzjjg Zij;zz E;Eiii Ezzzi : chrl 47354 47644  Y48GICA2  Y48GIC.12 Intergenic  UTRS  Intronl

chrl 91706 91952 Y48G1C.9.2 Y48G1C.9 Intronl Intronl Intronl




M_H3K4 sorted.bam:l_H3K4 sorted.bam Male TSS nearest_transcripts.txt male_H3K4 Vs _Input
M_H3K4 sorted.bam:l_H3K4 sorted.bam Female TSS nearest_transcripts.txt female_H3K4 Vs Input

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

P> CpG Island Query R A ..’
ngs.plot.r -G genome -R region -C [cov | config]file ol ": ,::an‘c:fs /. ’ y
-0 name [Options] T o Dhe BGZF Blocks

-G Genome name. Use ngsplotdb.py list to show T SR e
available genomes. ,

-R Genomic regions to plot: tss, tes, genebody, Coverage Spline
exon, cgi, enhancer, dhs or bed '

-C Indexed bam file or a configuration file for Average 7 i Rank
multiplot - PaWa —

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

Average Profile 2 Heatmap



Density

Read count Per Million mapped reads
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ngs.plot.r -G hgl9 -R tss -C treatment.bam -O \
output_name -T H3K4me3 -L 3000

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



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

HOMER

(Hypergeometric Optimization of Motif EnRichment)

YVV V VYV VYV

YV YV V

YV YV V

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)

ChlIP-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

test_results_peak_14368  Chr5 6833504 6837577 +
test_results_peak_ 1382 Chrl 6971312 6973001 +
test_results_peak_ 855 Chrl 4347808 4349969 +
test_results_peak 15041  Chr5 15843775 15845935 +
test_results_peak 154 Chrl 739488 742090 +
test_results_peak_6386 Chr2 16483892 16485127 +

1 Peak ID

2 Chromosome

3 Peak start position

4 Peak end position

5 Strand

6 Peak Score

7 FDR/Peak Focus Ratio/Region Size

8 Annotation (i.e. Exon, Intron, ...)

9 Detailed Annotation (Exon, Intron etc. + CpG Islands, repeats, etc.)

10  Distance to nearest RefSeq TSS

11 Nearest TSS: Native ID of annotation file

12  Nearest TSS: Entrez Gene ID

13  Nearest TSS: Unigene ID

14  Nearest TSS: RefSeq ID

15  Nearest TSS: Ensembl ID

16  Nearest TSS: Gene Symbol

17  Nearest TSS: Gene Aliases

18  Nearest TSS: Gene description

19

PeaklID (cmd=test_results_pe Chr

Start End Strand

Additional columns depend on options selected when running the program.

Annotatiol Detailed A Distance to TS Nearest Promoter Nearest Unigene

exon (AT5¢exon (AT5(
exon (AT1(exon (AT1(
promoter- promoter-
exon (AT5(exon (AT5¢
intron (AT intron (AT
exon (AT2(exon (AT2(

1881 AT5G20250.4
671 AT1G20110.1
390 AT1G12760.1
896 AT5G39570.1

1110 AT1G03090.2
530 AT2G39480.1

At.74986
At.15444
At.43884
At.20492
At.24059
At.63501

annotatePeaks.pl test_results peaks.narrowPeak chr tairl0 >out

Nearest Refseq Gene |
NM_001036833 DIN10
NM_101865 AT1G2
NM_001035955 AT1G1
NM_123319 AT5G3
NM_100191 MCCA
NM_129506 PGP6



ChiP
Regions
(BED file)

], — ¢

ChlP Signal
(WIG file)

Average
Profiling

Input:

Gene-centered
Annotation

ChIP Region
Annotation

Modules:

Output: R script for

graphics ALS file

Distribution of ChiIP Regions

Promoter (<=1000 bp): 31.2 %
Promoter (1000-2000 bp): 8.7 %
Promoter (2000—3000 bp): 5.2 %
Downstream (<=1000 bp): 8.0 %
Downstream (1000-2000 bp): 3.8 %
Downstream (2000—-3000 bp): 2.2 %

Coding exon: 9.4 %

istal intergenic: 9.8

http://liuIab.dfci.ﬁarvérd“.edu/CEAS/usermanuaI.htmIg_';'“

Uhromosome

Averags Protia

Average Protle

CEAS
(Cis-regulatory Element Annotation System)

ChIP Regions (Peaks) over Chromosomes
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ChlPseeqger

fne 0

Peak Detection

C Load raw data
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Cene-level annotation

Non-genic annotation

Motif Analysis N

Developed by the Elemento lab
Pathways Analysis N\ 2010

Conservation Analysis .

Comparison tools N
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Functional enrichment

» Over-represented functional annotations of

nearest genes of peaks

* Gene Ontology
* Biological Pathways

» Typical tools

e DAVID https://david.ncifcrf.gov/
e 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/

Blast2GO

HIGH-QUALITY FRUNCTIONAL ANNOTATION
JP AND RUNNING WITHIN.NO TIME

Read more

Help Forum

@ GREAT version 3.0.0 current (02/15/20 ¥

GREAT predicts functions of cis-regulatory regions.
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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"))

20 olucimarinus eg gene 20 Ostreococcus lucimarinus genes (ASM9206vl (2011-01-EnsemblPlants))
21 hvulgare eg gene 21 Hordeum vulgare genes (ASM32608vl (IBSC 1.0))
22 boleracea eg gene 22 Brassica oleracea genes (v2.1 (v2.1))
23 omeridionalis eg gene 23 Oryza meridionalis genes (Oryza meridionalis v1.3 (2014-10-MAKER))
24 alyrata eg gene 24 Arabidopsis lyrata genes (v.1.0 (2008-12-Aralyl.0))
25 orufipogon eg gene 25 Oryza rufipogon genes (OR W1943 (2013-09-0GE))
26 taestivum eg gene 26 Triticum aestivum genes (IWGSCl+popseq (2.2))
27 brapa eg gene 27 Brassica rapa genes (IVFCAASvl (bra v1.01 SP2010 _01))
28 vvinifera eg gene 28 Vitis vinifera genes (IGGP_12x (2012-07-CRIBI))
29 zmays eg gene 29 Zea mays genes (AGPv3 (Sb))
30 mtruncatula eg gene 30 Medicago truncatula genes (MedtrAl7 4.0 (2014-06-EnsemblPlants))
31 atrichopoda eg gene 31 Amborella trichopoda genes (AMTR1.0 (2014-01-AGD))
32 creinhardtii eg gene 32 Chlamydomonas reinhardtii genes (v3.1 (2007-11-ENA))
33 olongistaminata eg gene 33 Oryza longistaminata genes (C_longistaminata v1.0 (2015-05-0GE))
34 cmerolae eg gene 34 Cyanidioschyzon merolae genes (ASM9120vl (2008-11-ENA))
35 oglaberrima eg gene 35 Oryza glaberrima genes (AGI1.1 (2011-05-AGI))
36 tcacao_eg_gene 36 Theobroma cacao genes (Theobroma cacao 20110822 (2014-05-EnsemblPlants))
37 macuminata_eg gene 37 Musa acuminata genes (MAl (2012-08-Cirad))
A0 fnrarfn—gg:gm 30 'Prifénv_vmm_gem {l\eu‘)A'7AC\"1 {‘)’\1‘) NnAa acz))
39 athaliana_eg gene 39 Arabidopsis thaliana genes (TAIR10 (2010-09-TAIR10))
arabidopsis

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



biomaRt & Bioconductor

Attributes (e.g., Filters (e.g., Values (e.g.,

chromosome “entrezgene”) EntrezGene

and band) identifiers)
— _/

~
biomaRt query



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

> tptx<-transcripts(transcriptsDb)

GRanges object with 41671 ranges and 2 metadata columns:
ranges strand
<IRanges> <Rle>

> tptx
seqnames
<Rle>
[1] 1
[2] 1
[3] 1
[4] 1
[5] 1
[41667] Pt
[41668] Pt
[41669] Pt
[41670] Pt
[41671] Pt

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

3631,
23148,
[23416,
[28500,
(44677,

r
1S
r
L

[135048,
[136147,
[137869,
[144921,
[145291,

5899]
31227]
31120]
28706]
44787]

135848]
137637]
137940]
145154)
152175]

+

+
+
+
+

tx id
<integer>
1

LN el Lad BB

41667
41668
41669
41670
41671

tX name
<character>
AT1G01010.1
AT1G01040.
AT1G01040.
AT1G01046.
AT1G01073.

= By =

ATCG01200.
ATCG01210.
ATCG01220.
ATCGO01270.
ATCG01280.

.
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Bioconductor

OPEN SOURCE SOFTWARE FOR BIOINFORMATICS

Install Developers About

Home » BiocViews

All Packages

Bioconductor version 3.1 (Release) Packages found under OrgDhb:

Autocomplete biocViews search:

Show All  + entries Search table:
Package “ Maintainer Title
RN N AR O ~ org.Agd.eq.db Bioconductor Package Genome wide annotation for Anopheles

= ChipName (195)
CustomArray (2)

org.At.tair.db

Maintainer

Bioconductor Package
Maintainer

Genome wide annotation for Arabidopsis

I~ CustomCDF (16)
I~ CustomDBSchema (11) Bioconductor Package . ) .
FunctionalAnnotation (14) org.Bt.eg.db Maintainer Genome wide annotation for Bovine
I~ Organism (550 iocol
B gk T . {)543) org.Ce.eqg.db E;intgizitur Rk Genome wide annotation for Worm
7 PackageType =
BSgenome (74) ; ) ) )
cdf (126) org.Cf.eg.db a;ﬁgﬂ'ﬁmr Package Genome wide annotation for Canine
ChipDb (157) reEE
db0 (19) org.Dm.eg.db alaingilg;mr Feiiis Genome wide annotation for Fly
FRMA (10) [ Bioconductor Packa
ge . . .
InparanoidDhb (8) org.Dr.eq.db Maintainer Genome wide annotation for Zebrafish
MeSHDb (3) ora.Ecki2.eq.db Bioconductor Package Genome wide annotation for E coli strain
M Il . - . .
OrganismDb (3) e Maintainer K12
OrgDb (19) -

org.EcSakai.eq.db

Bioconductor Package
Maintainer

Bioconductor Package

Genome wide annotation for E coli strain
Sakai

org.Gg.eq.db A Genome wide annotation for Chicken
Maintainer
Bi ductor Pack . )

org.He.eq.db rocancuctor Fackags Genome wide annotation for Human
Maintainer

org.Mm.eqg.db = ailhanis Genome wide annotation for Mouse

org.Mmu.eq.db

Maintainer

Bioconductor Package
Maintainer

Genome wide annotation for Rhesus



ChlPpeakAnno

peak<- readPeakFile("test_results_summits.bed", as="GRanges")
aCR<-assignChromosomeRegion(peak, nucleotideLevel=FALSE,

precedence=c("Promoters", "immediateDownstream", "fiveUTRs",
"threeUTRs", "Exons", "Introns"), TxDb=txdb)

Genomic Feature Distribution

immediateDownstream 25.52 %

Promoters 18.35 %

fiveUTRs 4.24 %

threeUTRs 0.32 %
Intergenic.Regic

Introns 11.18 %

Exons 39.81 %



tx_by_gn <- transcriptsBy(txdb, by="gene"

unlisted <- unlist(tx_by_gn)

TSS <- ifelse(strand(unlisted) == "+", start(unlisted), end(unlisted))

TSS <- GRanges(segnames(unlisted), IRanges(TSS, width=1), strand(unlisted))

macs.anno <- annotatePeakinBatch(peak, AnnotationData=unlisted_TSS)

hist(macs.annoSdistancetoFeature,xlab="Distance To TSS", main="",
xlim=c(-10000,10000),breaks=20,prob=T,col="red")
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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")
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GO & Pathway

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)



single-organism process -
single-organism developmental process -
single-multicellular organism process
reproduction |

post-embryonic development -

nematode larval development -
multicellular organismal process -
multicellular organismal development -
larval development-

embryo development ending in birth or egg hatching -
embryo development -

developmental process 1

cellular process -

biological_process -

anatomical structure development

o
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2000

GO enrichment

small molecule binding
ribonucleoside binding

purine nucleotide binding
protein binding -

ganic cyclic compound binding

nucleotide binding 4

pvalue

1.388262¢-128 nucleoside phosphate binding 7
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Biological process

Molecular function

organede part-

organelie -

nucleus |

membrane-bounded organelie 4
macromolecular complex -
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jue
intracelular organelle part 40577356132

30433012132

intracellular organelle 2028858132
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cellular_component-
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Motif analysis

/programs/R-2.15.0/bin/R

library(BSgenome)

available.genomes()

library(MotlIV)

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)

Information content
|
Information content
|

Ly gt
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rGADEM -motif discovery

MotifRG -motif discovery

MotlV -map motif to known TFBS, visualize logos
motifStack -plot sequence logos

MotifDb -motif database

PWMenrich -motif enrichment analysis

TFBSTools — R interface to the JASPAR database



Motif analysis

meme <in.fas> option

[(-h]
[-0 <output dir>]

[-oc <output dir>]

[-text]

[-dna]

[-protein]

[-mod oops|zoops|anr]
[-nmotifs <nmotifs>]
[-evt <ev>]

[-nsites <sites>]
[-minsites <minsites)>]
[-maxsites <maxsites>]
[-wnsites <wnsites>]
[-w <w>]

[-minw <minw>]

[-maxw <maxw>]
[-nomatrim]

[-wg <wg>]

[-ws <ws>]
[-noendgaps]
[-bfile <bfile>]
[-revcomp]
[-pal]

print this message

name of directory for output files will not
replace existing directory

name of directory for output files will
replace existing directory

output in text format (default is HTML)
sequences use DNA alphabet

sequences use protein alphabet
distribution of motifs

maximum number of motifs to find

stop if motif E-value greater than <evt>
number of sites for each motif

minimum number of sites for each motif
maximum number of sites for each motif
weight on expected number of sites

motif width

minumum motif width

maximum motif width

do not adjust motif width using multiple
alignments

gap opening cost for multiple alignments
gap extension cost for multiple alignments
do not count end gaps in multiple alignments
name of background Markov model file

allow sites on + or - DNA strands

force palindromes (requires -dna)

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



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

DISCOVERED MOTIFS

Motif Overview

Motif 1

Motif 2

Motif 3

Motif 4

Motif 5

Motif &

Motif 7

Motif &

Motif 9

Motif 10

8.6e-305
303 sites

1.5e-336
411 sites

2.7e-233
296 sites

2.7e-213
2945 sites

5.3e-135
287 sites

3.1e-120
293 sites

1.2e-086
270 sites

3.2e-084
275 sites

6.0e-108
296 sites

¢ 4 3e-063
« 229 sites
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