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Workshop Outline

v" Day 1
= UCLA galaxy and user account
= Galaxy web interface and management
= Tools for NGS analyses and their application
= Data formats
= Build/share workflow and history
= QandA

v Day?2
= Galaxy Tools for RNA-seq analysis
= Galaxy Tools for ChIP-seq analysis
= Galaxy Tools for annotation.
= QandA
*** Published datasets/results will be used in the tutorial
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RNA-Seq Workflow

Raw Read Files
* fastg (two Brains, two Adrenal)

genome, gene annotation files

> QC, Trimming

fastg groomer

Tophat
Output files: accepted_hits.bam, splice_junctions.bed,
deletions.bed, insertions.bed

Cufflinks Cuftdiff

Picard alignment Assemble transcripts, CDS, Gene, Transcript,
summary estimate abundance Promoter differential testing




RNA-Seq Workflow

® 00 / Galaxy | Published History | R... =4

@ (@ | galaxy.hoffmanz2.idre.ucla.edu/u/kelvin-zhang/h/rna-seq-pipeline c | [O\ Search

Published Histories | kelvin-zhang | RNA-seq pipeline Data Libraries &) Import history

Galaxy History ' RNA-seq pipeline’ Published Histories

Published Workflows
Dataset Annotation

1: iGenomes_UCSC hg19, chr19 gene_annotation.gtf

2: brain_1.fastq

3: brain_2.fastq

4: adrenal_1.fastq

5: adrenal_2.fastq

6: FastQC data 2.html

7: FastQC data 3.html

8: FastQC_data 4.html

9: FastQC data 5.html

10: brain_1_trimmed.fastqg None

11: FASTQ Groomer on adrenal 1 None

12: FASTQ Groomer on adrenal 2 None

13: FASTQ Groomer on brain 2 None

14: FASTQ Groomer on brain 1 None

6|6 6 6|6 6|06 06 06|06 6|06 06 6|6

15: Tophat for lllumina on data 12 and data 11: insertions
L —




ChlIP-seq Data Analysis

Applications

v" Protein-DNA interaction sites

v Nucleosome position
histone modification

v" DNA methylation

http://en.wikipedia.org/wiki/ChlP-sequencing
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Identifying ChIP-seq enrichment using MACS

Jianxing Feng!»3, Tao Liu23, Bo Qin!, Yong Zhang! & Xiaole Shirley Liu?
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Model-based analysis of ChIP-seq (MACS) is a computational algorithm that identifies genome-wide locations of transcription/
chromatin factor binding or histone modification from ChIP-seq data. MACS consists of four steps: removing redundant reads,
adjusting read position, calculating peak enrichment and estimating the empirical false discovery rate (FDR). In this protocol,

we provide a detailed demonstration of how to install MACS and how to use it to analyze three common types of ChIP-seq data sets
with different characteristics: the sequence-specific transcription factor FoxA1, the histone modification mark H3K4me3 with
sharp enrichment and the H3K36me3 mark with broad enrichment. We also explain how to interpret and visualize the results of
MACS analyses. The algorithm requires ~3 GB of RAM and 1.5 h of computing time to analyze a ChIP-seq data set containing

30 million reads, an estimate that increases with sequence coverage. MACS is open source and is available from http://liulab.dfci.
harvard.edu/MACS/.

INTRODUCTION

Researchers have widely used the process of ChIP-seq! to map tran-  version of MACS (1.4.2) to publicly available ChIP-seq data20 on a
scription factor binding sites and histone modification statusona  local computer. MACS is also available at the web-based ChIP-seq
genome-wide scaleZ, ChIP comprises a few basic steps: cross-linking  analysis portal Cistrome?!, which provides a complete workflow

http://www.nature.com/nprot/journal/v7/n9/pdf/nprot.2012.101.pdf



Model-based Analysis of ChiP-seq (MACS)

‘

(Remove redundancy ) ( Remove redundancy )

= — v~ Removing redundant reads: MACS retains no
elect 1,000 regions with a . .
Eo-to 30-fold enrichment relativ% more than one read per genomic location

to the genome background

v" Building the peak model: Reads that map to

[B”S?qi'?riz[:gﬁtiﬁ??te] the positive and negative strands often appear
| to the left and right of the protein-DNA
( Shift reads toward 3’ end by d )“ interaction location.

v" Calculate peak enrichment using local

Scale two librari izati
( cale two libraries ) background normalization

( Call candidate peaks relative to genome background )

( Calculate dynamic A for candidate peaks )

v

(Calculate P value and filter candidate peaks)

v

( Calculate FDR by exchanging treatment and control )

Figure 1 | Workflow of MACS 1.4.2. If the control sample is missing, then
the steps shown in white boxes will be skipped (remove redundancy of
the control sample, scale two libraries and calculate FDR by exchanging
treatment and control).



MACS Protocol to Call Peaks

Running MACS to call peaks
6| We use four different ChIP-seq data sets to illustrate how to run MACS using varying parameters: use option A to call
FoxA1 peaks; option B to call H3K4me3 peaks with fragment size estimation turned on; option C to call H3K4me3 peaks with
a specified DNA fragment size; or option D to call H3K36me3 peaks. Please note that some of these data sets are very large
and may take an hour or more to download.
(A) Calling FoxA1 peaks ® TIMING 90 min

(i) Locate the downloaded prebuilt index for Bowtie, and unpack the package using the following command:

> unzip hgl9.ebwt.zip
This command will generate several files with names prefixed by ‘hg19” in the current directory.

(i7) Download the HudsonAlpha Institute FoxA1 raw reads from http://cistrome.dfci.harvard.edu/MACSNatureProtocol/
HAIB_T47D_FoxA1l.tar.gz, locate the download directory, unpack the compressed file and map the raw reads to the
reference genome using Bowtie by entering the following two commands:

> tar xvzf HAIB_T47D_FoxAl.tar.gz

> bowtie -m 1 -S -q /path_to/hgl9 HAIB_T47D_FoxAl.fastq HAIB_T47D_FoxAl.sam
In these commands,

-m 1 specifies that reads with only one hit on the genome are retained;

-S specifies the output format as SAM;

-q specifies the input format as FASTQ;

@4 © 2012 Nature America, Inc. All rights reserved.

/path_to/ is the directory containing the unzipped bowtie prebuilt indexes; and
HAIB_T47D_FoxAl.fastqg contains the downloaded raw reads for FoxA1l.
Please refer to the Bowtie manual for more information.
(iii) Run MACS in the same directory by entering the following command:
> macsld -t HAIB_T47D_FoxAl.sam -n HAIB_T47D_FoxAl -g hs -B -S --call-subpeaks



MACS Protocol to Call Peaks

> macsld -t HAIB_T47D_FoxAl.sam -n HAIB_T47D_FoxAl -g hs -B -S --call-subpeaks
The meanings of the parameters in this command are as follows (see also Box 1 for further parameters that could be used):

-t specifies the file name for the ChIP-seq sample read alignment. MACS supports and can automatically detect any
of the following file formats: SAM, BAM, BED, ELAND, ELANDMULTI, ELANDMULTIPET, ELANDEXPORT and BOWTIE.
The user-specified parameter --format can override the automatic format detection.

-g specifies the genome size. The hs parameter is a shortcut for the approximate effective genome size of humans,
which equals 2.7e9.

-n applies the prefix ‘'HAIB_T47D_FoxAl’ to the output file names.

-B generates signal files in the bedGraph format containing the extended read pileup at every base pair. This step is
very time-consuming and memory-intensive; therefore, only specify -B if bedGraph output files are needed.

-S generates a single bedGraph file for the whole genome; otherwise, signal files will be generated for each
chromosome separately.

Box 1 | Additional MACS parameters

Several additional key parameters that could be used to run MACS in Step 6A(iii) are as follows:

--bw sets the ‘bandwidth’, which is half of the sliding window size used in the model-building step.

--mfold specifies an interval of high-confidence enrichment ratio against the background on which to build the model. The default
value ‘10, 30" means that a model will be built on the basis of regions having read counts that are 10- to 30-fold of the background.
--pvalue establishes a threshold P value: only peaks surpassing the threshold will be reported. The default threshold is 10-5.
Users can first set a loose P value cutoff so that a sufficient number of peaks will be reported and then select peaks having the
smallest P values for downstream analyses.




Peak Calling Workflow

Step 1: Input dataset

Input Dataset
2: HAIB_T47D_FoxA1l.fastq 3

Step 2: Map with Bowtie for lllumina

Step 3: MACS14

Experiment Name BOWti e :

FoxAl peaks

Paired End S i

e s -m 1

ChIP-Seq Tag File

Output dataset 'output’ from step 2 -S Sa m fo rm at O u tp ut

ChIP-Seq Control File
Selection is Optional :

Effective genome size

2700000000.0 MACS 1 4:

--wig saving wig file

Pvalue cutoff for peak detection

le-05

Select the regions within MFOLD range of high-confidence enrichment ratio against background to build model. The regions must be lower
than upper limit, and higher than the lower limit

10,30

Parse xIs files into into distinct interval files

False

Save shifted raw tag count at every bp into a wiggle file
Save

Resolution for saving wiggle files
10

Use fixed background lambda as local lambda for every peak region
False

The small nearby region in basepairs to calculate dynamic lambda. This is used to capture the bias near the peak summit region. Invalid if
there is no control data
1000

The large nearby region in basepairs to calculate dynamic lambda. This is used to capture the surround bias
10000

Build Model
Build the shifting model

Diagnosis report
Do not produce report (faster)

Perform the new peak detection method (futurefdr)
False



MACS Output Files

Additional output created by MACS (FoxA1_peaks)
Additional Files:

FoxAl peaks model.pdf
FoxAl peaks model.r
FoxAl peaks model.rlog
FoxAl peaks peaks.xls

FoxAl peaks summits.bed

CMD Executed:

macsl4 -t /u/home/galaxy/galaxy/galaxy-dist/database/files/000/112/dataset_112400.dat

Messages from MACS:

INFO @ Thu, 29 Jan 2015 23:40:00:

# ARGUMENTS LIST:

# name = FoxAl_peaks

# format = SAM

# ChIP-seq file = /u/home/galaxy/galaxy/galaxy-dist/database/files/000/112/dataset_112
# control file = None

# effective genome size = 2.70e+09

# band width = 300

# model fold = 10,30

# pvalue cutoff = 1.00e-05

# Large dataset will be scaled towards smaller dataset.
# Range for calculating regional lambda is: 10000 bps

INFO @ Thu, 29 Jan 2015 23:40:00: #1 read tag files...

INFO @ Thu, 29 Jan 2015 23:40:00: #1 read treatment tags...
INFO @ Thu, 29 Jan 2015 23:40:07: 1000000

INFO @ Thu, 29 Jan 2015 23:40:15: 2000000

INFO @ Thu, 29 Jan 2015 23:40:22: 3000000

History

QL=

call peaks

&

7.0 Gb

6: MACS14 on data 3

(html report)

20.8 Kb

® (R

format: html, database: hg19
H ( ! ) &

HTML file

5: MACS14 on data 3

(treatment: wig)

® (R

4: MACS14 on data 3
(peaks: bed)

73,819 regions
format: bed, database: hg19
(S LOLY )
display at UCSC main
view in GeneTrack

display at RViewer main

® R

1.Chrom 2.Start 3.End 4.Name

chrl
chrl
chrl
chrl

839985
868446
919640
935392

840300
868799
920032
935755

MACS_peak_1
MACS_peak_2
MACS_peak_3
MACS_peak_4




MACS Output Files

Analyze Data

Peak Model
v" FoxA1_peaks_model.pdf

— forward tags
—— reverse tags Red: the percentage of reads from +

— shifted t :
shifted tags strand at each pair.

Blue: the percentage of reads from —
strand at each pair

d: d is the distance between the
summits of read and blue curves

]
(o)}
]
-
c
[}
o
P
()
o

Black: the distribution of reads after
shifting them by d/2 towards the 3'nds

-600 -400 -200 0 200

Distance to the middle




chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl

839985

868446

919640

935392

959953
1009086
1051395
1089220
1141650
1172827
1176294
1227247
1342522
1365092
1368550
1440211
1479097
1510126
1550540
1590353
1613625
1677767
1714457
1784949

MACS Output Files

840300

868799

920032

935755

960300
1009828
1051651
1089605
1141865
1173133
1176669
1227584
1342879
1365389
1368953
1440484
1479413
1510527
1550800
1590763
1613937
1678022
1714739
1785573

MACS_peak_1
MACS_peak_2
MACS_peak_3
MACS_peak_4
MACS_peak_5
MACS_peak_6
MACS_peak_7
MACS_peak_8
MACS_peak_9
MACS_peak_10
MACS_peak_11
MACS_peak_12
MACS_peak_13
MACS_peak_14
MACS_peak_15
MACS_peak_16
MACS_peak_17
MACS_peak_18
MACS_peak_19
MACS_peak_20
MACS_peak_21
MACS_peak_22
MACS_peak_23
MACS_peak_24

59.56
380.36
78.49
76.39
392.77
130.80
57.79
70.12
104.62
151.72
65.85
66.79
64.35
83.57
56.66
65.79
60.12
107.85
57.86
58.58
154.94
100.56
224.42
155.43

Col1: chromosome
Col2: peak start position
Col3: peak end position
Col4: peak name

Col5: -10*log10(pvalue)



MACS Output Files

# format = SAM

# ChIP-seq file = fu/home/galaxy/galaxy/galaxy-dist/database/files/000/112/dataset_112400.dat

# control file = Nene

# effective genome size = 2.70e+0%

# band width = 300

# model fold = 10,30

# pvalue cutoff = 1.00e-05

# Large dataset will be scaled towards smaller dataset.
# Range for calculating regional lambda is: 10000 bps

# tag size is determined as 25 bps

# total tags in treatment: 124568731

# tags after filtering in treatment: 10876598

# maximum duplicate tags at the same position in treatment = 1
# Redundant rate in treatment: 0.13

#d=118

chr start end length summit
chrl 835586 840300 315 165
chrl 868447 B6R799 353 150
chrl 515641 920032 352 289
chrl 5935393 935755 363 108
chrl 959954 960300 347 214
chrl 1009087 1009828 742 155
chrl 1051396 1051651 256 140
chrl 1085221 1089605 385 269
chrl 1141651 1141865 215 107
chrl 1172828 1173133 306 152
chrl 1176295 1176669 375 101
chrl 1227248 1227584 337 101
chrl 1342523 1342879 357 253
chrl 1365093 1365389 297 180

chrl 1368551 1368553 403 243

g
46
12
13
47
24

8
11
11
21
13
10
10
14
14

¥ ENAME?

59.56
380.36
78.45
76.35
352.77
130.8
57.79
7012
104.62
151.72
65.85
66.79
64.35
83.57
56.66

fold_enrichment

12.4
37.45
21.04
15.65
42.37
18.03

12.4
14.73
23.14

24.4
13.24
12.62
12.62
13.71

8.27

Fold_enrichment:

Compared to the expectation
from Poission distribution with
local lambda

False discovery rate will be
reported if a control sample is
used



Integrative Genomics Viewer
http://www.broadinstitute.org/igv

® 006 Home | Integrative Genomics Viewer

T Integrative Home

g’V Genomics
Viewer

# Home Integrative o~
¥ Downloads Gen0m|cs ;

[E] Documents

Hosted Genomes Vi ewe r

FAQ
IGV User Guide
File Formats
Release Notes
IGV for iPad
Credits

Search website

What's New Citing IGV
| search
Broad Ho‘me NEWS September 2014. The IGV iPad app can now be To cite your use of IGV in your publication:
Cancer Program ==t jnstalled from the Apple App Store. IGV for iPad ) » '
m; is a lightweight genomic data viewer that provides ~ James T. Robinson, Helga Thorvaldsdéttir, Wendy Winckler,
Z BROAD “* some of the functionality available in our regular Mitchell Guttman, Eric S. Lander, Gad Getz, Jill P. Mesirov.
% INSTITUTE desktop IGV. See the IGV for iPad documentation for details.  Integrative Genomics Viewer. Nature Biotechnology 29,

24-26 (2011
Overview Helga Thorvaldsdottir, James T. Robinson, Jill P.

© 2013 Broad Institute




IGV Viewer

- 00 GV
| Human hg19 +| [ chr1 4| |chrl:40,846,910-40,849660 | Go T < » o= 2 =R e
p36.23 p3612 p351 p34dl p32.2 p3l2 p223 p213 pl33 pl2 ql2 qg21.1 q22 q241 q252 q31.1 q321 q323 q4211 q423 g4
2,746 bp
40,847,000 bp 40,848,000 bp 40,849,000 bp
| | | | | |
[0-15
FoxA1.bam Coverage
o | l =
| |

FoxA1_peaks.bed

FoxA1.bam

MACS_peak_069 MACS_paak_870

RefSeq Genes

9: SAM-to-BAM on data 3:
converted BAM

463.9 Mb

format: bam, database: hg19
Info: Samtools Version: 0.1.18
(r982:295)

SAM file converted to BAM

SERO]15

Download Dataset

ADDITIONAL FILES

—  Download bam_index

SMAP2

® R

Download peaks bed file and bam and
bam_index files from history

al @ [ R



CEAS

< > ) [2] [ + O lulab.dfci.harvard.edu

Cis-regulatory Element Annotation System User Manual

Install

Summary Download

We present a tool designed to characterize genome-wide protein-DNA interaction patterns from ChIP-chip and ChIP-Seq of both sharp and broad binding factors. As a stand-
alone extension of our web application CEAS (Cis-regulatory Element Annotation System), it provides statistics on ChIP enrichment at important genome features such as
specific chromosome, promoters, gene bodies, or exons, and infers genes most likely to be regulated by a binding factor. CEAS also enables biologists to visualize the average
ChIP enrichment signals over specific genomic features, allowing continuous and broad ChIP enrichment to be perceived which might be too subtle to detect from ChIP peaks
alone.

Introduction

In analysis of cis-regulatory elements using genome-wide ChIP-chip or ChIP-Seq, it is essential to characterize the ChIP signals and identify potential association of ChIP
regions with functionally important genomic regions such as gene promoters or exons. Previously, we developed a web server to evaluate GC content and evolutionary
conservation of the ChIP regions, conduct sequence motif finding, and map ChIP regions to their nearest genes (Ji, et al., 2006). However, more analytic functions are needed to
provide biologists with a more complete perspective. For example, in addition to merely analyzing the identified ChIP regions of a factor, displaying the average ChIP
enrichment signal within/near genes helps biologists better visualize the functional loci of factors, especially for broad histone modifications. In addition, biologists often like a
visual overview of ChIP peaks' intensity distributions across chromosomes. Nonetheless, such analysis functions often require the ability of manipulate large continuous ChIP
enrichment signal files (e.g. WIG files of hundreds of mega bases in size), which are difficult to transfer to a web server. Therefore, as an extension of our current successful
web-based CEAS (over 35K analysis queries processed in 2008), we present a stand-alone CEAS extension package with more analysis functions, including drawing average
ChIP signal profiles at genes or user-specified loci from a WIG file. This stand-alone CEAS package also provides summary statistics about how the ChIP regions are distributed
over important gene features such as promoters, immediate downstream of genes, and exons, and a report on how individual genes are enriched near ChIP regions.



CEAS Overview

ChlP
Regions ChlIP Signal
Input: (BERGIA) (WIG file)
J |
Modules: = ChIP Region Gene-centered Average
Annotation Annotation Profiling
{
, _ |
Output: R script for

graphics XLS file

Figure 1 The work-flow of CEAS. A gene annotation table file, a BED file with ChIP regions, and a WIG file with ChIP enrichment signal are required. CEAS consists of three modules: ChIP region
annotation, gene-centered annotation, and average profiling within/near important genomic features. As output, CEAS produces an R script of graphical results (or a PDF file if R can be directly called in
the same environment as Python) and a tab-delimited with XLS extension of gene-centered annotation.



CEAS Modules

CEAS estimates the relative enrichment level of ChIP regions in each gene feature with respect to the whole genome. For this, it first calculates the percentages of the ChIP
regions that reside in the following four categories: (a) promoters, (b) bidirectional promoters, (c) downstreams of a gene, and (d) gene bodies (3'UTRs, 5'UTRs, coding exons,
and introns). In addition to these categories, the user can add another extra category of interest such as non-coding regions as an optional input parameter. 'Promoters'
correspond to the upstream regions of the transcription start site (TSS) of genes. Three promoter sizes can be specified by the user (1kb, 2kb, and 3kb by default). For instance,
if the user set promoter to be the 1kb, 3kb, and 10kb upstream of TSS, CEAS computes the cumulative percentages of ChIP regions that fall in <=1kb, <=3kb, and <=10kb
upstream of the TSS of genes, respectively. “Bidirectional promoters' are promoter regions between divergently transcribed genes whose TSS are closer in proximity than user-
defined distances (two options, 2.5kb and 5kb by default). *“Downstreams' refer to the regions immediately downstream of genes, spanning up to the same search range as in
“promoters' from the transcription termination site (TTS). *Gene bodies' are further categorized into UTR regions (3' and 5' UTRs), coding exons and introns. After the
percentages of ChIP regions respective categories, P-values for the significance of the relative enrichment with respect to the background are calculated using one-sided
binomial test.

As a final summary of ChIP region annotation, CEAS draws a pie chart of how ChIP regions spread over the categories. If ChIP regions do not fall into any of the categories,
they are considered to be "distal intergenic'.

Gene-centered annotation

Identifying genes associated with ChIP regions is important to infer the direct regulatory gene targets of the binding factor of interest. CEAS provides the distances to the
centers of the nearest ChIP regions upstream and downstream of every RefSeq gene's TSS, allowing biologists to determine the potential target genes of the binding factor based
on the distances. Moreover, in case that a broad ChIP peak covers the whole or part of a gene bodyj, it is useful to know how much of the gene, including its promoter or
downstream, is occupied by the ChIP region in addition to how far the TSS of the gene is from the ChIP region center. To this end, CEAS divides every gene into three equal
fractions and, for each fraction, calculates the percentage of the area covered by ChIP regions. It also estimates the percentages of the promoter and downstream of the gene
(3kb upstream of TSS and downstream of TTS by default) that are covered by ChIP regions. The results are saved as a tab-delimited text file with XIS extension for easy Excel
visualization, which contains a row of annotations for every RefSeq gene.

Average signal profiling within/near important genomic features

Since ChIP region and gene-centered annotation operate on discrete ChIP regions identified by a peak-calling algorithm, some subtle binding patterns may fail to be captured,
depending on the cut-off of peak calling. Therefore, CEAS displays continuous ChIP enrichment signal within/around important gene features to help biologists visualize the
average binding patterns. It draws the average signals around TSS and TTS in a user-defined range (+/- 3kb from TSS and TTS by default). In addition, CEAS gives average
signals on meta-gene, meta-concatenated-exon, meta-concatenated-intron, meta-exons and meta-intron, where the prefix “meta' indicates that every element (e.g every gene) is
normalized residing within the above categories are obtained, they are compared against the genome background percentages for those to have the same length (e.g., 3kb for
meta-gene). The difference between meta-concatenated-exon and meta-exons is that the first concatenates all exons of a gene before calculating the average gene (like a meta-
cDNA) profile, whereas the latter calculates the average exon profile of all exons. These plots allow biologists to gain insight on how ChIP enrichment varies over the gene body
(or exons and introns). CEAS provides an additional function of drawing the average ChIP signals of multiple sub-groups of genes (e.g. up vs. down genes), allowing the user to
compare between the gene groups. In addition, we provide a separate script, named "sitepro', in our CEAS package, which draws the average signal (from a WIG) in a given list
of sites of interest (from a BED). This script enables biologists to visualize the average signals in any arbitrary regions (e.g. transcription factor binding sites) in addition to the
pre-defined genomic regions.



Galaxy CEAS Package

CEAS: Enrichment on chromosome and annotation Annotate the
given intervals and scores with genome features such as gene
body

SitePro: Aggregation plot tool for signal profiling Draw the score
profile near a given interval

GCA: Gene centered annotation Find the nearest interval in the
given intervals set for every annotated coding gene

peak2gene: Peak Center Annotation Input a peak file, and It will
search each peak on UCSC GeneTable to get the refGenes near
the peak center. (for ce4, ce6, dm2, dm3, hg18, hg19, mma3,
mm9, and sacCer3)



CEAS Input Files

v" Gene annotation table file (sqlite3)
Available gene annotation tables in galaxy:
Worm: ce4 and ce6
Fly: dm2 and dm3
Mouse: mm8 and mm9
Human: hg18 and hg19

v BED file with ChIP regions (TXT)

a bed file contains chromsome, start and end
locations of ChlIP regions (chr1 779600 780954)

v" WIG file with ChiP enrichment signal (TXT)



CEAS: Enrichment on chromosome 82
and annotation

wig / bigwig file

BED file(maximum 100000 lines)

output (png, pdf)
log (txt)

peak2gene: Peak Center Annotation 3

BED file(center will be aligned, 100,000

lines max)
Input dataset b4
output_gene_annotation (bed)
output
output_peak_annotation (bed)
log (txt) ap
SitePro: Aggregation plot tool for =
Input dataset = signal profiling
output

Wiggle / bigwig file
BED file(100,000 lines max)

output (pdf)
log (txt)

dump (txt)

GCA: Gene centered annotation 22

BED file(100,000 lines max)

output (xlIs)

log (txt)
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CEAS Output Files
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e = e of the

History =

# genome = /u/home/galaxy/galaxy/ga

3.4 % (0.107)
L E&LY

3.2 % (0D073)
A = S e

35 % 3.1e-04)
[ g

4.7% (1.3=-17)
I - S -

1.9 % (1.1e-06)
28%
6.1 % (4.9=-108)
B 16
2.1 % (0.492)
21%

002 % (0D002)
0.001 %

22-.112'.-_19)
42%

0.4 % (0019)
o6 =

P-va_lué: it ficanc
relative enrichment of ChlP
regions compared to the
genome background

4: ceas job log @ (R
467 lines
format: txt, database: hgl8

&E®0

/u/home/galaxy/galaxy/GalaxyTools/ 1.
warnings.warn("sqlite3 is used inst:
INFO @ Sat, 31 Jan 2015 00:38:26:
# ARGUMENTS:

# name = ceas_out

# gene annotation table = /u/home/gi

3: CEAS: Enrichmenton @& § %
chromosome and annotation on
data 2 and data 1

229.4 Kb

format: png, database: hgl8

BOO 7

Image in png format

2: H3K36me3.wig @ 7 R
~31,000,000 lines
format: wig, database: hgl8
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047 (0.004) 1.5 (31e-53 1.9 = ‘goe2es)

s'UTR
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Relative enrichments of ChIP
regions in promoters, downstreams
of genes, and gene bodies (intron,
exon, 5’'UTR, 3'UTR)

Bidirectional promoters are
promoter regions between
divergently transcribed genes
whose TSS are closer than defined
distances
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Top: average ChIP enrichment signals near transcription starting site (left) and
transcription termination site (right)

Bottom: average ChIP signals on the meta-gene of 3kb. H3K36me3 enriches gene
bodies and increases towards the 3’ end.
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SitePro Output

- chril 779600 780954
: 0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,3.0,5.0,2.0,1.0,0.0,0.0,3.0,1.0,1.0,1.0,
' 1.0,0.0,5.0,13.0,2.0,4.0,8.0,4.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,
' chril 874824 876507
' 0.0,0.0,0.0,0.0,0.0,4.0,2.0,2.0,2.0,1.0,2.0,5.0,1.0,1.0,0.0,5.0,3.0,2.0,6.0,6.0,9.0,
' 4.0,12.0,18.0,4.0,9.0,12.0,2.0,6.0,5.0,3.0,1.0,1.0,0.0,0.0,1.0,1.0,0.0,0.0,0.0,0.0,
' chril 1147745 1148979
! 1.0,1.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,2.0,3.0,1.0,1.0,0.0,2.0,1.0,3.0,10.0,6.0,14.0,21
' .0,5.0,3.0,4.0,3.0,3.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,
' chril 1576270 1576887
' 5.0,3.0,2.0,2.0,0.0,1.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,2.0,1.0,1.0,6.0,10.0,7.0
' ,6.0,2.0,0.0,3.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,
! chril 2325039 2326135
' 2.0,6.0,2.0,0.0,1.0,1.0,1.0,0.0,0.0,0.0,2.0,7.0,0.0,1.0,4.0,4.0,1.0,1.0,1.0,2.0,8.0,
' 11.0,3.0,0.0,1.0,2.0,1.0,1.0,4.0,3.0,1.0,0.0,0.0,0.0,0.0,1.0,1.0,1.0,1.0,3.0,0.0,
: chrl 2429436 2430692
' 0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,3.0,2.0,1.0,4.0,16.0,3.0
' ,0.0,1.0,1.0,0.0,1.0,2.0,1.0,3.0,3.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,
' chrl 2965061 2965772
, 0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,
' 4.0,4.0,2.0,1.0,3.0,3.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,
) chril 7979109 7980053
, 0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,3.0,1.0,2.0,2.0,4.0,
i 4.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,
' chril 7986682 7987747
T T f T T 0.0,0.0,0.0,1.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,3.0,2.0,2.0,4.0,5.0,1.0,7.0,14.0,4.0,0.0
1000 _800 0 500 1000 11.0,2.0,2.0,4.0,2.0,0.0,0.0,1.0,1.0,0.0,1.0,0.0,3.0,4.0,2.0,2.0,3.0,0.0,0.0,0.0,

SitePro measures average signal (defined in the wig file) for the regions defined in
the input file (bed file) and then draws the average signal in any arbitrary regions
(e.g transcription binding sites)



peak2gene: peak annotation

# Argument List:
# Name = output
# peak file = /u/home/galaxy/galaxy/galaxy-dist/database/files/000/112/dataset_112435.dat
# gene pos to peak = up,down
# distance = 30000 bp
# genome = /u/home/galaxy/galaxy/galaxy-dist/tool-data/ceaslib/GeneTable/hgl8
# Output symbol as gene name = True

#chrom
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl

pStart
100242425
100443471
100474727
100621559
101238173
10147067
101476462
10161585
10343478
10356265
10542049
108026938
108486216
108505151
109314652
109354595
109839864
110340288
11047508
11063147

pEnd
100243660
100445867
100476120
100623180
101239546
10149295
101479482
10163471
10344980
10358380
10542666
108027851
108488640
108505968
109315850
109356299
109841826
110341491
11048584
11065911

pName
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

pScore

O O 0O 0O 0O 0000000000 OoOOoOOoOOoOOo

z
>

O O 0O 0O 0O 0000000000 OoOOoOOoOOoOOo

gene

LRRC39
RTCD1|DBT|RTCD1

DPH5|DPHS5|DPH5

Nearest genes near
% the peak

S1PR1

PGD

VAV3

CLCC1|CLCC1

CYB561D1|CYB561D1|CYB561D1|CYB561D:
AHCYL1

SRM|MASP2|MASP2

EXOSC10|EXOSC10|SRM



Gene centered annotation (GCA)

#name chr txStart txEnd  strand  distuTSS distd TSS  distuTTS distd TTS 3000bpuTSS 3000bpdTSS 1/3gene 2/3gene 3/3gene 3000bpdTTS exons
NR_024540 chrl 4224 19233 - 761044 NA 776053 NA 0 0 0 0 0 0 0
NR_028269 chrl 4224 7502 - 772775 NA 776053 NA 0 0 0 0 0 0 0
NR_026820 chrl 24474 25944 - 754333 NA 755803 NA 0 0 0 0 0 0 0
NR_026818 chrl 24474 25944 - 754333 NA 755803 NA 0 0 0 0 0 0 0
NR_026822 chrl 24474 25944 - 754333 NA 755803 NA 0 0 0 0 0 0 0
NM_001005484  chrl 58953 59871 4+ NA 721324 NA 720406 0 0 0 0 0 0 0
NR_028325 chrl 313754 318443 + NA 466523 NA 461834 0 0 0 0 0 0 0
NR_028327 chrl 313754 318443  + NA 466523 NA 461834 0 0 0 0 0 0 0
NR_028322 chrl 313754 318443  + NA 466523 NA 461834 0 0 0 0 0 0 0
NM_001005277  chrl 357521 358460 + NA 422756 NA 421817 0 0 0 0 0 0 0
NM_001005224  chrl 357521 358460 + NA 422756 NA 421817 0 0 0 0 0 0 0
NM_001005221  chrl 357521 358460 + NA 422756 NA 421817 0 0 0 0 0 0 0

Field Description

chr Chromosome of a RefSeq gene

txStart Transcription starting site (TSS) of a RefSeq gene

txEnd Transcription terminating site (TTS) of a RefSeq gene

strand Strand of a RefSeq Gene

dist u txStart Distance to the nearest ChIP region (center) upstream of txStart (bp)
dist d txStart Distance to the nearest ChIP region (center) downstream of txStart (bp)
dist u txEnd Distance to the nearest ChIP region (center) upstream of txEnd (bp)
dist d txEnd Distance to the nearest ChIP region (center) downstream of txEnd (bp)
3kb u txStart Occupancy rate of ChIP regions in 3kb upstream of txStart (0.0 - 1.0)
3kb d txStart Occupancy rate of ChIP regions in 3kb downstream of txStart (0.0 - 1.0)
1/3 gene Occupancy rate of ChIP regions in the 1st third of a gene (0.0 - 1.0)

2/3 gene Occupancy rate of ChIP regions in the 2nd third of a gene (0.0 - 1.0)
3/3 gene Occupancy rate of ChIP regions in the 3rd third of a gene (0.0 - 1.0)
3kb d txEnd Occupancy rate of ChIP regions in 3kb downstream of txEnd (0.0 - 1.0)
exons Occupancy rate of ChIP regions in the exons (0.0-1.0)



Other Tools in CEAS Package

v"Conservation Plot

use UCSC PhastCons conservation scores
to produce a figure showing the average
conservation score profiles around the peak
centers. Useful as an indicator of data quality

v"Heatmap

extract the signals centered at every given

genomic location, perform k-means clustering
and draw a heatmap



Downstream Analysis Tools

v Motif Tools — MEME and FIMO

MEME Suite Menu

[+

@7

1-Submit A Job
1-Documentation

Downloads

1-User Support
I-Alternate Servers

Authors
Citing

The MEME Suite

Motif-based sequence analysis tools

Multlple Em for Motif Elicitation

Overview

MEME is a tool for discovering motifs in a group of related DNA or protein
sequences.

A motif is a sequence pattern that occurs repeatedly in a group of related protein or
DNA sequences. MEME represents motifs as position-dependent letter-probability
matrices which describe the probability of each possible letter at each position in
the pattern. Individual MEME motifs do not contain gaps. Patterns with variable-
length gaps are split by MEME into two or more separate motifs.

MEME takes as input a group of DNA or protein sequences and outputs as many
motifs as requested. MEME uses statistical modeling techniques to automatically
choose the best width, number of occurrences, and description for each motif.

Your MEME results consist of:

your MEME results in HTML format

your MEME results in XML format

your MEME results in TEXT format

and the MAST results of searching your input sequences for the motifs
found by MEME using MAST.



Downstream Analysis Tools

v Motif tools — sequence logo
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6.5

Downstream Analysis Tools

v'"Kmeans cluster and Heatmap

-4.8

YAL 002K
YAL 013K
YAL0SSH
YAL 029C
YALOS 1K

YAL02SC
YAL 038K
YAL039C
YAL040C
YAL 041K
YAL021C
YAL 024C
YAL 043C
YALOO1C
YAL026C
YAL023C
YAL00SC
YAL 030K
YAL0S4C




Downstream Analysis Tools

v" Gene Ontology Analysis — Database for Annotation,
Visualization, and Integrated Discovery (DAVID

= 7 | 4+ S galaxy.hoffman2.idre.ucla.edu :

Apple iCloud Facebook Twitter Wikipedia Yahoo! Popular¥ News Y font%3E .

Analyze Data  Workfl

Tools & . History
DAVID (version 1.0.0)
david O =
Dataset: od 304'1 .
Human Genome Variation 32: genelist.txt 3 a2k -
. ::)AVI? functional annotation for a Column with identifiers: 33: DAVID on data 32 ® )R
stoljgenes cl $ 731 bytes
- ) format: html, database: hgl8
Workflows Identifier type: HOU
= All workflows GENE_SYMBOL v
HTML file

32: genelist.txt ® (R
87 lines
format: tabular, database: hg18

© The list is limited to 400 IDs. Info: uploaded tabular file

@O0
Dataset formats
The input dataset is in tabular format. The output dataset is html| with a link to the DAVID website as described below. (Dataset missing?) _
NCAM1
NTKR2
What it does TNFAIPE
This tool creates a link to the Database for Annotation, Visualization, and Integrated Discovery (DAVID) website at NIH, sending a list of IDs from the selected column of a tabular Galaxy CYP4ALL
dataset. To follow the created link, click on the eye icon once the Galaxy tool has finished running. s
DAVID provides a comprehensive set of functional annotation tools to help investigators discover biological meaning behind large lists of genes. NOS2
REferences 21 moanalict tve N

< Huang DW, Sherman BT, Lempicki RA. (2009) Systematic and integrative analysis of large gene lists using DAVID bioinformatics resources. Nat Protoc. 4(1):44-57. >



Downstream Analysis Tools

Annotation Summary Results
Help and Tool Manual
Current Gene List: List_1

Current Background: Homo sapiens

90 DAVID IDs

Check Defaults & [ Clear Al |

Disease (1 selected)
Functional_Categories (3 selected)

B Gene_0O logy (3 sel d)

|| GOTERM_BP_1 85.6% 77 \W|
) GOTERM_BP_2 84.4% 76 | Chart |
|| GOTERM_BP_3 81.1% 73 \Wl
|| GOTERM_BP_4 81.1% 73 \W|
) GOTERM_BP_5 75.6% 68 | Chart |
|| GOTERM_BP_ALL 86.7% 78 \Wl
™ coterm_sp_rat 84.4% 76 | Chart |
|| GOTERM_CC_1 85.6% 77 \W|
|| GOTERM_CC_2 83.3% 75 \Wl
(] GOTERM_cC_3 83.3% 75 | Chart |
|| GOTERM_CC_4 74.4% 67 \W|
] GOTERM_cC_5 68.9% 62 | Chart |
(] GOTERM_CC_ALL 85.6% 77 | Chart |
™ coterm_cc_rat 78.9% 71 | Chart |
|| GOTERM_MF_1 82.2% 74 | Chart |
(] GOTERM_MF_2 81.1% 73 | Chart |
|| GOTERM_MF_3 68.9% 62 \W|
[ | GOTERM_MF_4 65.6% 59 | Chart |
(| GOTERM_MF_5 55.6% 50 | Chart |
") GOTERM_MF_ALL 82.2% 74 | Chart |
™ coterM_MF_FAT 0 66.7% 60 | Chart |
(") PANTHER_BP_ALL 78.9% 71 | Chart |
(") PANTHER_MF_ALL 78.9% 71 | Chart |
B General Annotations (0 selected)

@ Literature (0 selected)

E Main_Accessions (0 selected)

@ Pathways (3 selected)

E Protein_Domains (3 selected)

@ Protein_Interactions (0 selected)

@ Tissue_Expression (0 selected)

***Red annotation categories denote DAVID defined defaults=**

Individual views/reports:
Pay attention on which gene
list, species and population
background that the toolis
being applied

Percentage, e.g. 7/171
(involved genes /total
genes)

Genes from your list
involved in this
annotation category

Current Gene List: demolist1
Current Background: Homo saplens

@ Main Accessions (0 selected)
B Other Accessions (0 selected)
@ Gene Ontology (3 selected)
@ Protein Domains (3 selected)
B Pathways (3 selected)

Single Chart Report
ONLY for this
annotation categories

1 0 e momner 1w u
| [ xece_compomno "o

| ) kece_pATHwAY ne o9

[
| O ace_raacrion ™1

J

@ General Annotations (0 selected)
@ Functional Categories (3 selected)
@ Protein Interactions (0 selected)
® Literature (0 selected)

B Disease (2 selected)

Show Gene Lis(*"'

Combined views/reports:

Clustered or non-redundant
chart report of annotation
terms for ALL selected
annotation categories above

Combined View for Selected Annotation

[ Functional Anaotation Clustering™™ = ]‘

Linear or redundant chart
report of annotation terms for
ALL selected annotation
categories above

View and select annotation
categories of your interests .(7 of

T I for ALL sel
them is pre-selected as default) AN TRROL TorcEL vecied

annotation categories.



Downstream Analysis Tools

Functional Annotation Table Functional Annotation Chart
Help and Manual Help and Manual

Current Gene List: List_1 Current Gene List: List_1

Current Background: Homo sapiens

2797 DAVID IDs Current Background: Homo sapiens
90 DAVID IDs
”
946 record(s) Bl Download File B Options
prreTTp—" RasGores | smacis |
GOTERM_BP_FAT cell surface receptor linked signal transduction, enzyme linked receptor protein signaling pathway, receptor protein " " -
serine/threonine kinase signaling pathway, protein localization, | Rerun Using Options | | Create Sublist
GOTERM_CC_FAT intrinsic to membrane, anchored to membrane, 4
GOTERM_MF_FAT enzyme binding, kinase binding, protein kinase binding, protein kinase A binding 149 chart records HM
INTERPRO Protein kinase A anchor protein, nuclear localisation signal domain, Protein kinase A anchor protein, RI-RII subunit-binding domain mm“m“@m@
SP_PIR_KEYWORDS kinase, lipoprotein, membrane, myristate, palmitate, ) ) [—
( 2 ..
UP_SEQ_FEATURE chain:A-kinase anchor protein 7, lipid moiety-binding region:N-myristoyl glycine, lipid moiety-binding region:S-palmitoyl cysteine, - UP.SEQFEATURE  signal peptide e 3344 285 11E2
region of interest:Required for membrane localization, region of interest:RII-binding, - - —_
U ign: 4 3.2E-! W 3E-
e e e 8 SP_PIR_KEYWORDS  sianal RT s 31 344 3.2E-5 7.3E3
GOTERM_BP_FAT ion transport, intracellular signaling cascade, protein localization o GOTERM_CC_FAT extracellular region 1 — 26 289 33E-5 S5.0E-3
GOTERM_CC_FAT cytosol, plasma membrane, apical plasma membrane, lateral plasma intrinsic to anchored to . —
lasma membrane part, apical part of cell, L SP_PIR_KEYWORDS  Secreted RT s 21 233 3.6E-5 4.1E-3
GOTERM_MF_FAT enzyme binding, kinase binding, protein kinase binding, protein kinase A binding . —
N . o K .y . . . = BP_ response to bacterium R 8 .4E-5 3.8C
INTERPRO Protein kinase A anchor protein, nuclear localisation signal domain, Protein kinase A anchor protein, RI-RII subunit-binding domain, GOTERM_P_FAT response to bacterium RT 8 89 84E5 9862
SP_PIR_KEYWORDS alternative splicing, cell membrane, complete proteome, cytoplasm, kinase, lipoprotein, membrane, myristate, palmitate, [\ GOTERM_CC_FAT extracellular region part RT 16 17.8 1.86-4 1.3E-2
polymorphism,
UP_SEQ_FEATURE chain:A-kinase anchor protein 7 isoform gamma, chain:A-kinase anchor protein 7 isoforms alpha and beta, lipid moiety-binding ( INTERPRO Alpha-defensin RT & 3 33 23E-4 6.0E-2
region:N-myristoyl glycine, lipid moiety-binding region:S-palmitoyl cysteine, region of interest:Required for apical membrane
localization, region of interest:Required for membrane localization, region of interest:RII-binding, sequence variant, splice variant, (] INTERPRO Defensin propeptide RT ; 3 3.3 23E-4 6.0E-2
A kinase (PRKA) anchor protein 7 Bos taurus _
GOTERM_MF_FAT enzyme binding, kinase binding, protein kinase binding, INTERPRO Alpha defensin RT u 3 33 2384 6.0E2
INTERPRO i i isati i a i) —
Protein kinase A anchor protein, nuclear localisation signal domain, 0 SP_PIR_KEYWORDS antibiotic RT m 5 56 2.3E-4 1.8E-2
e TTp—" st
GOTERM_BP_FAT rotein localization, requlation of protein kinase cascade, requlation of protein kinase A signaling cascade, SP_PIR_KEYWORDS disulfide bond RT s 27 30,0 2.5E-4 1.4E-2
GOTERM_CC_FAT cell fraction, membrane fraction, soluble fraction, insoluble fraction ic reticulum, cytosol, plasma membrane, cytoplasmic — L =
membrane-bounded vesicle, apical plasma membrane, lateral plasma membrane, sarcoplasm, sarcoplasmic reticulum, transport U SP_PIR_KEYWORDS ~ Antimicrobial RT 5 56 28E-4 13E-2
vesicle, T-tubule, vesicle, vesicle, bounded vesicle, sarcolemma, plasma membrane part, apical part of cell,
exocytic vesicle, 8 GOTERM_CC_FAT extracellular space RT 13 144 3.1E-4 1.5E-2
GOTERM_MF_FAT nucleotide binding, nucleoside binding, purine nucleoside binding, structural molecule activity, protein C-terminus binding, AMP . . —
binding, purine nucleotide binding, enzyme binding, kinase binding, protein kinase binding, protein domain specific binding, adeny! U UP_SEQ_FEATURE disulfide bond RT s 26 289 33E-4 6.1E-2
ide binding, ril ide binding, purine ril ide binding, adeny! ribonucleotide binding, protein complex scaffold,
protein kinase A requlatory subunit binding, protein kinase A binding, 8 PIR_SUPERFAMILY PIRSF001875:alpha-defensin RT ; kj 3.3 3.6E-4 2.0E-2
INTERPRO Protein kinase A anchor protein, nuclear localisation signal domain, Protein kinase A anchor protein, RI-RII subunit-binding domain . —
SP_PIR_KEYWORDS kingse) |/ GOTERM_BP_FAT  defense response to bacterium RT 6 67 3964 19E-1
| ADMmetalopsptdssedomanz3 | ReasdGows | Galusqalus () GOTERMBPFAT  defense response RT 2 133 S4E4 LEE
GOTERM_BP_FAT proteolysis, cell surface receptor linked signal transduction, integrin-mediated signaling pathway,
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