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Agenda

* RNA-seq flash review

— Tophat (RNA-seq read mapping)

— Cufflinks (Isoform assembly)

— Cuffmerge (cross-sample consensus)
— Cuffdiff (expression analysis)

* Galaxy flash review
* RNA-seq exercises

— installed genome: mouse (mm?9)
— Non-standard genome : tree shrew from Ensembl



Why RNA-Seq?

Gene/transcript expression quantification
Isoform analysis (alternate splicing)
5" and 3’ UTR analysis

Sequencing of new genomes (paired genome/
transcriptome sequencing)

etc



What type of analysis?

 Compare gene or transcript levels between
samples or conditions?

— Sequence the whole transcriptome

* Discovery of alternate splice forms?
— >= 75bp Paired End for splice site detection
— Consider target enrichment

— Even at 100x coverage, a rare (1:100) splice
junction would only average 0.4x coverage of it’s
splice junction — not enough to detect.




Reads in RNA-seq
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An RNA-Seq Analysis Pipeline

Align reads & discover transcriptome
Assemble reads into isoforms

Build consensus transcriptome across samples and replicates

Cuffmerge

Quantify and compare transcript expression levels




See Trapnell et al, 2012, Nat Protocols

ca, Inc. All rights reserved.
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Differential gene and transcript expression analysis
of RNA-seq experiments with TopHat and Cufflinks

Cole Trapnell?, Adam Roberts’, Loyal Goff"**, Geo Pertea®*, Daechwan Kim*>’, David R Kelley"?, Harold Pimentel®,
Steven L Salzberg™¢, John L Rinn'? & Lior Pachter®*

'Broad Institute of MIT and Harvard, Cambridge, Massachusetts, USA. *Department of Stem Cell and Regenerative Biology, Harvard University, Cambridge,
Massachusetts, USA. *Department of Computer Science, University of California, Berkeley, California, USA. ‘Computer Science and Artificial Intelligence Lab,
Department of Electrical Engineering and Computer Science, Massachusetts Institute of Technology, Cambridge, Massachusetts, USA. *Department of Medicine,
McKusick-Nathans Institute of Genetic Medicine, Johns Hopkins University School of Medicine, Baltimore, Maryland, USA. “Department of Biostatistics, Johns Hopkins
University, Baltimore, Maryland, USA. “Center for Bioinformatics and Computational Biology, University of Maryland, College Park, Maryland, USA. *Department of
Mathematics, University of California, Berkeley, California, USA. “Department of Molecular and Cell Biology, University of California, Berkeley, California, USA.
Correspondence should be addressed to C.T. (cole@broadinstitute.org).

Published online 1 March 2012; doi:10.1038/nprot.2012.016

Recent advances in high-throughput cDNA sequencing (RNA-seq) can reveal new genes and splice variants and quantify expression
genome-wide in a single assay. The volume and complexity of data from RNA-seq experiments necessitate scalable, fast and
mathematically principled analysis software. TopHat and Cufflinks are free, open-source software tools for gene discovery and
comprehensive expression analysis of high-throughput mRNA sequencing (RNA-seq) data. Together, they allow biologists to
identify new genes and new splice variants of known ones, as well as compare gene and transcript expression under two or more
conditions. This protocol describes in detail how to use TopHat and Cufflinks to perform such analyses. It also covers several
accessory tools and utilities that aid in managing data, including CummeRbund, a tool for visualizing RNA-seq analysis results.
Although the procedure assumes basic informatics skills, these tools assume little to no background with RNA-seq analysis and
are meant for novices and experts alike. The protocol begins with raw sequencing reads and produces a transcriptome assembly,
lists of differentially expressed and requlated genes and transcripts, and publication-quality visualizations of analysis results.
The protocol’s execution time depends on the volume of transcriptome sequencing data and available computing resources but
takes less than 1 d of computer time for typical experiments and ~1 h of hands-on time.




FASTA
FASTQ
BAM
BED
GTF

Types of data

<1G Genomes

1-12G/ea Sequencing reads
1-5G/ea  Mapped Reads (binary)
<1G Genomic intervals

< 1G Gene/transcript location



2-Condition Differential Expression
Protocol Overview
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2-Condition Differential Expression
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Random Galaxy icons/colors

Colors

S ® R
ControlR1FastQC data 4.html

|k Z: @ X
ControlR1FastQC data 4.html

7: ControlR1FastQC data ® { %
4.html

€3 48: MF2-3: @ ) R
Cuffmerge on data 42, data 15,
and data 46: merged transcripts

Icons

@ Display data in browser

Queued

Running

Completed

Failed

Download/Save

14: Control Tophat for ® § %
Illumina on data 3, data 4, and
data 2: accepted hits

19.4 Mb

format: bam, database: 2

Info: Settings:

Output files:
"/mnt/galaxyData/tmp/15.1.all.q/t
mpv7F3_v/dataset_12.%.ebwt"
Line rate: 6 (line is 64 bytes)
Lines per side: 1 (side is 64
bytes)

Offset rate: 5 (one in 32)

FTable chars: 10

Strings: unpacked

Ma% Duicket size: d
i)'o@ DB
HER in IGB Local Web

Binary bam alignments file

{ Editattributes 32 Delete

< ADDITIONAL FILES
Download bam_index

14: Control Tophat for ® { &
Illumina on data 3, data 4, and
data 2: accepted hits

19.4 Mb

format: bam, database: 2

Info: Settings:

Output files:
"/mnt/galaxyData/tmp/15.1.all.g/t
mpv7F3_v/dataset_12.*.ebwt”
Line rate: 6 (line is 64 bytes)
Lines per side: 1 (side is 64
bytes)

Offset rate: 5 (one in 32)

FTable chars: 10

Strings: unpacked
Max buc ize: d
‘ - LG [

Download Dataset

Edit dataset annotation

(i) View details & Run this job again 2 View in Trackster <« Edit dataset tags



In the beginning there were reads...

Get them from Shared Data

Analyze Data

1. Click on “Shared
Data” (located on top
toolbar)
2. Drop down box appears;
click on “Data Libraries”
3. Will see this Data Library.
Published Histories Click on it to expand (as

e " Published Workflows the ClOUd Sh0wn)

Published Visualizations

Analyze Data

Data Libraries

3 Published Pages
Data Library "WS9: RNA-Seq Analysis with Galaxy” | Add datasets || Add folder | | Library Actions |
Two exercises: mouse and treeshrew
[[] Name Message Data type Date uploaded File size
F ¥ I mouse ~ | FASTQ and .GTF files for a 2-condition (drug vs ctrl) mouse experiment.

7\ gene annotation
Di mm9»genes.gtf J iGenome/Mus_musculus/UCSC/mm9/genes.gtf See http://cufflinks.cbcb.umd.edu/igenomes.html Specially prepared to work well with cufflinks/diff/compare. gtf 2012-07-20 80.3 Mb
B & reads Reads trimmed to just mm9 chr8: 109572500-110112500 (Cog8-Psmd7). Mouse data kindly provided by Kim Keeiling, PhD at University of Alabama at

e P R Birmingham (http://www.microbio.uab.edu/faculty/keeling/index.html)

U\' ctrl R1 (fwd) ~ | None fastqsanger 2012-07-23 3.3Mb

D\ ctrl R2 (rev) None fastgsanger 2012-07-23 3.3Mb

[ drug R1 (fwd) ~ | None fastqsanger 2012-07-23 3.3 Mb

Ei drug R2 (rev) = | None fastqsanger 2012-07-23 3.3Mb
] am ‘ FASTQ, GTF, and FASTA files for a 2-condition (treated vs control) treeshrew experiment. Trimmed to only two scaffold regions (GeneScaffold_800 and

GeneScaffold_4487).
[

[ : : : : = = 5
Treeshrew67 GeneScaffold_800X_4487.gtf ~ | GTF file from Ensembl for treeshrew version 67. Trimmed to only contain those genes in GeneScaffold_800 and GeneScaffold_4487. gtf 2012-07-18 17.3Kb

- FASTA file from Ensembl for treeshrew version 67. Trimmed to only contain those genes in GeneScaffold_800 and GeneScaffold_4487 fasta 2012-07-18 2912
Treeshrew67_GeneScaffold_800_4487.fasta : — = . Kb

—



So we used FASTQC to QC them...

*Tools > £* > Tool Search

*Enter “fastqc”

*Select the tool

*Enter a data set &

Execute

*Trick for quick entry of

multiple samples:
*Immediately hit
“BACK”
*Update parameters
and re-execute

o > S
-__Galaxy Untitled N —
& 25 C A © ec2-107-22-158-207.compute-1.amazonaws.com/root w oA
W) WordRef (] FAST (] DASI (] FACE (] Galaxy (JICS [JICTV (] PGAS (JVBRC (] UAB [JBHM [ Install ("] RenKitch » (] Other bookmarks |

Analyze Data

Tools

fastqc

NGS: QC and manipulation

FASTQC: FASTQ/SAM/BAM

= Fastgc: Fastgc QC using FastQC

from Babraham

ROCHE-454 DATA

= Combine FASTA and QUAL into

FASTQ

GENERIC FASTQ
MANIPULATION

Manipulate FASTQ reads on

various attributes

NGS: Mapping
= Map with PerM for SOLID and

Tllumina

Workflows
= WS9 tophat-cuffdiff test

= All workflows

il
=l

1

Galaxy82-[Conve...tabular  ~

Fastgc: Fastqc QC (version 0.5)

Short read data from your current history:
5: drug R2 - rev [+]

Title for the output file - to remind you what the job was for:

FastQC: drug R2
Letters and numbers only please - other characters will be removed

Contaminant list:

Selection is Optional [+
tab delimited file with 2 columns: name and sequence. For example:
Ilumina Small RNA RT Primer CAAGCAGAAGACGGCATACGA

o Purpose

FastQC aims to provide a simple way to do some quality control checks
on raw sequence data coming from high throughput sequencing
pipelines. It provides a modular set of analyses which you can use to
give a quick impression of whether your data has any problems of
which you should be aware before doing any further analysis.

The main functions of FastQC are:

Import of data from BAM, SAM or FastQ files (any variant)

Providing a quick overview to tell you in which areas there may be
problems

Summary graphs and tables to quickly assess your data

Export of results to an HTML based permanent report

Offline operation to allow automated generation of reports without
running the interactive application

FastQC documentation

This is a Galaxy interface to the external package FastQC. Specific
documentation on FastQC can be found on that site. FastQC
incorporates the Picard-tools libraries for sam/bam processing.

The contaminants file parameter was borrowed from the independently

Galaxy2-[Galaxy2-[ac....bai Galaxy2-[Galaxy2-[a....bam

m

History -
_ I

o= A=

WS9 RNA-seq Mouse 93.5 Mb

£ 6: FastQCdrugR2 data @ { %
5.html

5: drug R2 - rev ® R

4: drug R1 - fwd ® )R
V3:ctrlR2-rev ® )R |
72:ctrlR1-fwd <!aé7237l
7 1: mm9-genes.qtf ® R !
|
l
l

E

¥ Show all downloads... ¥




FastQC Output Report

This data looks awful
because this is filtered
data from a much larger
fastq file. Better results
when using entire file!

100
90

80

AN

BV |
RN LY

30 f

20

10

History o2
ve B
Unnamed history 2.7 Mb

10: @ R

TreatedR2FastQC data 5.html

9: TreatedR1FastQC data ® § %
6.html

8: ControlR2FastQC data ® { %
3.html

o

Fllaoame
7: ControlR1FastQC da{% oo
4.html / Toral Sagossces 231776

6: Treated RAQ ® ] R
[
5: Tredted R2.fastg ® X
deontrol R1.fastg @R
3: Control R2.fast @ R
2: ® R
Treeshrew67 GeneScaffold 800
4487 .fasta
1: Treeshrew67 @ R

GeneScaffold 800X 4487.qtf

Comtrol_R1 fasig FasrQC Repont
Qrch Repont

Thu 19 Jul 2012
Control_R1 fastq

Summary

. @ Basic Statistics

. @ Par bass sacuence guafity

. @ Par sacuance cuality scores

. Par baws sacuence content
Por bass GC content

¢ % Per sacuence GC content

. @ Por bass N content
Seavence Leaxth Distrdbotion

. e Secumace Duplication Lavels

. Ouarraorasamad saguances
Kmer Content
@ Basic Statistics

Measere Vialee
Control R1 fassg
Cogventional bass calls
Sanger Iitsmina 19

Saquence leagh 51
%GC 45

Back 0 summany

7] Per base sequence quality

Quality scores across all bases (Sanger / lllumina 1.9 encoding)

40

A AR T
T i

30

28
26
24
22
20
13
16
14
12
10
8

L I

123456789 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49
Position in read (bp)



Pct of Proper Pairs
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Tophat: map reads, create transcriptome

Paired-end, so 2 FASTQ
per Tophat run

*Select forward FASTQ
*Set the ref. genome

*Set PAIRed ends

*Select reverse FASTQ
*Select inner distance (get

from sequencing group)

Observed Fraament Sizes

‘

50 100 150

200
Fragment Size

250 300 350 400

e
;'-' GB|BXy ~— - -— o
= 2> C ff O ec2-107-22-158-207.compute-1.amazonaws.com/root# w oA
Y2 WordRef (] FAST (] DASI (] FACE (] Galaxy (JICS (CJICTV (] PGAS (J VBRC (] UAB (] BHM (] Install ("] RenKitch » (7] Other bookmarks ‘
|
i _ Galaxy Analyze Data Using 1.9 Gb
Tools o | History o
2 Tophat for Ilumina (version 1.5.0)
tophat (V1S =

INGS: RNA Analysis
RNA-SEQ

Tophat for Illumina Find splice
junctions using RNA-seq data

Cufflinks transcript assembly
and FPKM (RPKM) estimates for
RNA-Seq data

Workflows

RNA-Seq FASTQ file:
2: ctrlR1 - fwd [+]

Nucleotide-space: Must have Sanger-scaled quality values with ASCII
offset 33

Will you select a reference genome from your history or use a
built-in index?:

Use a built-in index [+]
Built-ins were indexed using default options

Select a reference genome:
mm9 |
If your genome of interest is not listed, contact the Galaxy team

Is this library mate-paired?:
Paired-end [+

RNA-Seq FASTQ file:
3:ctriR2-rev  [v]

Nucleotide-space: Must have Sanger-scaled quality values with ASCII
offsef33

Mean Inner Distynce between Mate Pairs:

W |

150

Default settings [+
Use the Full parameter list to change default settings.

Tophat Overview

TopHat is a fast splice junction mapper for RNA-Seq reads. It aligns
RNA-Seq reads to mammalian-sized genomes using the ultra high-
throughput short read aligner Bowtie, and then analyzes the mapping
results to identify splice junctions between exons. Please cite: Trapnell,

A N g

P P TP T Y I e S S O N N

< n |

WS9 RNA-seq Mouse

% 10: Tophat for Illumina ® § &
on data 3 and data 2:
accepted hits

m

2% 9: Tophat for Illumina @ § &
on data 3 and data 2: splice
iunctions

J% 8: Tophat for Illumina @ § &
on data 3 and data 2: deletions

& |
94.1 Mb

;& 7: Tophat for Illumina @ § &

on data 3 and data 2: insertions

6: FastQCdrugR2 data ® (§ %
5.html

5: drug R2 - rev @R

4: drug R1 - fwd ® R

3: ctrl R2 - rev ® (R
2: ctrl R1 - fwd ® )R
1: mm9-genes.qtf LW/ 4




Launched 2 tophats (4 outputs each)

TI P: =7 Galaxy +

Q S ShOW Structure € C M O galaxy.uabgrid.uab.edu/root w A
groups datasets - Galaxy / UAB Analyze Data =~ Workflow Shared Data Admin Help  User

Tools | Options Y ‘73 HiSl pistory Lists
produced by the same e Tool: Tophat for lumina Bl oved Histories
tOOI NGS: RNA Analysis % 17: Tophat for Illuminaondata5 ® { % R Histories Shared with Me

i i i Create New
= lophat for llumina - i
jTL?ncT:iaotnf:Llsl:rgggr\?;lsnedqsggfae ¥ 16: Tophat for Illuminaondata 5 @ § &

and data 4: splice junctions

0 Edit ”a cce ptEd_hltS” Workflows #% 15: Tophat for Illuminaondata5 ® ¢ X ‘ “ 2 g:::eooit:zitlsish
Datasets to give shorter ‘

RNA-SEQ and data 4: accepted hits { Current History

Clone

m

| and data 4: deletions Extract Workflow

. . s 14: Tophat for Illuminaondata5 ® § % o Dataset Security
names with sample info: and data 4: insertions £l Show oetedDatcst
[ctrl] tophat.accepted _hits | Tool: Tophat for Hiumina B show s

“ N E: Export to File

3¢ 13: Tophat for Illuminaondata3 ® § X

Delete
and data 2: accepted hits = i i

Other Actions

#% 12: Tophat for Illuminaondata3 ® {§ X 3 Import from File
and data 2: splice junctions

accepted hits
3¢ 11: Tophat for Illuminaondata3 @ § % -

and data 2: deletions #% 12: Tophat for ® R
- Illumina on data 3 and data 2:
#% 10: Tophat for Illuminaondata3 ® § X splice junctions
and data 2: insertions :
¢ 11: Tophat for ® ()R
Illumina on data 3 and data 2:
Tool: Fastgc: Fastqc QC deletions
9: FastQC on data 5: druaged ® R | % 10: Tophat for ® R
rev.html Illumina on data 3 and data 2:

insertions




Launch 2 flagstats: QC mapping

TIP:

You can execute a tool
before it’s predecessors
have finished running.

Galaxy will queue it until
all the dependencies are
satisfied!

-_ Galaxy Analyze Data Using 1.9 Gb
Tools k-3 i | History o
flagstat (version 1.0.0) !
flagstat =
BAM File to Convert: )
NESTSAFLo0ls 10: [ctrl] tophat.accepted_hits E]
= flagstat projlides simple stats R {1 X i
on BAM filg 14: drui tophat.accepted_hits L
| 15: flagstat on data 10 ® § %
Workflows

: 14: [drug] ® R

What it does .
tophat.accepted hits

This tool uses the SAMTools toolkit to produce simple stats on #f/ BAM file.

13: Tophat for Illumina ® § %
on data 5 and data 4: splice
iunctions

Citation

12: Tophat for Illumina ® X
on data 5 and data 4: deletions

Data Processing Subgroup. The Seguence Alignment/Map fd¥fmat and
SAMtools. Bioinformatics. 2009 Aug 15;25(16):2078-9.

11: Tophat for Illumina ® § X

If you use this tool in Galaxy, please cite Blankenberg D, . In on data 5 and data 4- insertions

preparation.

e 10: [ctrl] ® )R
76275 in total D
L o—dupTicates nore!
76275 mapped (100.00%)
TeITE T o Always 100%
37766 readl s
38 2 1]
62200 properly paired (81.55%)
M B2
1973 singletons (2.59%) be
0 with mate mapped to a different chr IE
0 with mate mapped to a different chr (mapQ>=5) T




Viewing Alignments

UCSC

IGV via “web current” (JNLP)
— Set Visibility window & restart

— Un-collapse gene track!
IGV via “local”

— Make sure it’s running on your machine first!

Trackster
— Build visualizations inside galaxy!



Display mapped BAM & BAI
Visuallv validate in IGV, or like

14: [drug] tophat.accepted hits @ R

2.7 Mb

format: bam, database: mm9 Download Dataset
Info: NoneTopHat v1.4.1 - Additional Files

tophat -p 4 -r 150 /mnt/galaxyIndlces/genomes/Mmuscu g/Mo/bowtie/mmo Download bam_index
q mRyData/files/000/dataset_325.dat

&

1= = | B
display at UCSC main test
display at Ensemb ~Ta g =
display with IGV m
dlSDlaY in IGB LOCB vV B3 qcl I qc2 I 903 I chs qD1 qnlz ql]; I qET I qE2
Binary bam alignments
340 kb 109,350 kb 109,360 kb
| | | |
[ctrl] tophat.accepted_hits Cove ’ : | | i A | b “
1A i J P | 1 T | % S 5
(1 g NI | | | | flim—H I | f
I LI | I I | flim—H | f
(1 IR —Hl { [t fli—H | 1
(1 il | (lnt {im—H | 1
) 11111 it | [t HI—H I 1l
[chll:tophat.acoepted_hits 11115 - { 1] H-H | 1l
[t (A | 1 TT IR  |  11} | 1|
It (A | T A | e {1 | 1|
[ 1L | m | [ ik | ]
1117 1L | | [ i } ]
[T} 1 Hir l (i | (I | il i
p- 155 -
[drug] tophat.accepted_hits Covs P | | [ pre 4 Y (|
o oih, B i | ot AL -
11
|
|
[drug] tophat.accepted_hits } |
I
| |
Il L
|
=} i b uj H—H | H ——
Ngo1 Nob1 Wiwp2 | |
Refseq genes
I tracks lchrs:109,959,480 Il | {1171 of 259m




Cufflink: Construct Transcripts

Read data:
accepted_hits (BAM)

Use Reference Anno = yes
then pull down appears you
can choose a GTF file from
your history.

Reference annotation:
iGenome genes.GTF

Other Parameters
“Perform quartile
normalization”&
“Perform Bias Correction”
Normally YES is best

because we're not working
with a full read-set, use NO
statistics will go haywire

Analyze Data

Tools
cufflinks

NUD. newe S 3lysis
RNA-SEQ

= Cufflinks transcript assembly
and FPKM (RPKM) estimates for
RNA-Seq data

= Cuffeempare compare
assembled transcripts to a
reference annotation and track
Cufflinks tran :cripts across
multiple exper ments

= Cuffdiff find sighificant changes
in transcript ex, ression,
splicing, and pro.aoter use

= Cuffmerge merge together
several Cufflinks assemglies

FILTERING

= Filter vembined Transcripts
using tracking e

Workflows

Cufflinks (version 0.0.5)

SAM or BAM file of aligned RNA-Seq reads:
14: [drug] tophat.accepted_hits E

10: [ctrl] tophat.accepted_hits

300000

Min Isoform Fraction:
0.1

Pre MRNA Fraction:
0.15

Perform quartile normalization:

No [+]

Removes top'25% 0
accuracy of differential expre

from FPKM denominator to improve

W calls for low abundance transcripts.

Use Reference Annotation:
Use reference annotation [+]

Reference Annotation:
1: mm9-genes.gtf [+
Gene annotation dataset in GTF or GFF3 format.

Perform Bias Correction:

No [+]

Bias detection and correction can significantly improve aRcuracy of
transcript abundance estimates.

Set Parameters for Paired-end Reads? (not recom

No [+]

m

Using 1.9 Gb
History &
- N
o Zi= ‘

WS9 RNA-seq Mouse

98.6 Mb

16: flagstat on data 14 ® X

15: flagstat on data 10 ® § %

14: [druq] ® R
tophat.accepted hits

2.7 Mb

format: bam, database: mm9
Info: NoneTopHat v1.4.1

tophat -p 4 -r 150
/mnt/galaxyIndices/genomes/Mm
usculus/mm9/bowtie/mm9
/mnt/galaxyData/files/000/datase
t_324.dat
/mnt/galaxyData/files/000/datase
t_325.dat

(- ]|®0OR

display at UCSC main test

display at Ensembl Current
display with IGV web current local
display in IGB Local Web

Binary bam alignments £ile

13: Tophat for Illumina ® § %
on data 5 and data 4: splice

junctions

12: Tophat for Illumina ® § %
on data 5 and data 4: deletions

11: Tophat for Illumina ® § %
on data 5 and data 4: insertions

10: [ctrl] ® 7R

1> |




Cufflinks: di

Use Reference Annotation:

Use reference annotation v

| |

No
Use reference annotation

Use reference annotation as guide |

e ————— —— —-

Gene annotation dataset in GTF or GFF3 format.

No — for novel transcript discovery

* requires very deep sequencing — consider sample enrichment!
* Slow, memory intensive

* Discover ONLY transcripts proven by reads

Ref

e use reads only to quantify reference annotation

e All novel splices ignored

Ref as Guide — most common

* use reference annotation

 Extend reference, when there is sufficient evidence




Cufflinks outputs

TIP: hide the cmd bar!

assembled_transcripts (GTF)
list of isoforms
transcript_expression (tab)
isoforms w/ FPKM
gene_expression (tab)
genes w/ FPKM

QC steps

Check FPKM not all 0.0!
Check you have gene
symbols

Visualize
assembled_transcripts in
a genome browser (UCSC,
IGV, IGB, etc)

S Galaxy \ ‘ Mouse chrl7:87,396,599-87 » | . Mouse chrl7:87,396,599-87

& C M O galaxy.uabgrid.uab.edu/root w A
- Galaxy / UAB Analyze Data = Workflow Shared Data  Admin
tracking_id class_code nearest_ref id gene_id || History | Options v |
gene_short_name tss_id locus length coverage status FPKM -
FPKM conf_1lo FPKM_conf hi L= A=
CUFF.1 - - CUFF.1 - = chrl7:85176281- RCD 2011 RNA-Seq  76.3 Mb
85189887 - N OK 29921.5 22130.6 37712.4

| | coFF.2 - . CUFF.2 - = chrl7:85357348- 25: Cufflinksondata @ § X
85393064 . N OK 23853.5 17794.7 29912.3 G ahh T el
CUFF.3 - . CUFF.3 - = chrl7:85487793- transcripts =
85488975 . - OK 2206.62 1319.19 3094.05 133 lines
CUFF.4 - - CUFF.4 - - chrl7:85489263- format: gtfl database: mm9
85489585 - - OK 19838.5 12236  27440.9 Info: cufflinks v1.0.3
CUFF.5 - - CUFF.5 - - chrl7:85487793- = cufflinks -q --no-update-check -I
85489585 . = OK 11468.6 8123.97 14813.3 300000 -F 0.050000 -j 0.050000
CUFF.6 - . CUFF.6 - = chrl7:85489976- =
85495959 - = OK 5688.73 2090.86 9286.61
CUFF.7 - . CUFF.7 - e chrl7:85897965-
85898160 . = OK 425175 348796 501554
CUFF.8 - - CUFF.8 - - chrl7:85898262+
85898386 . = OK 2.58082e+06 2.13

»| 3.03094e+06 8 chrl? Cufflink= transcript 851
CUFF.9 _ _ CUFF.9 _ _ chri7:8 chrl? Cufflinks exon 851
86084828 . N OK 11051.1 9074.29f13028 SERMGS  (DERRkEIEes Bk
CUFF.10 - = CUFF.10 - - chr1 86086757 i chr? Coffinksitranscnipt B3
86087262 . N OK 8992.19 12222.3 gEsam  (oErliakspeses Ha3
CUFF.11 - o CUFF.11 - o c 186887501 chzeg:  COECLisksiexcd Ha3
86887644 = = OK 187312 452.4 278172 < ity k
CUFF.12 - - CUFF.12 - = nrl7:86892565-
86895452 - = OK 23634.4/16588 30680.8 =
CUFF.13 - . CUFF.13 - = chrl7:86958492- %Cﬁ? RS
87029546 . = OK 7428 83 4952.62 9905.23 —p—ex ol
CUFF.14 - - CUFF.14 - chrl7:87053899- expression
87057181 . = OK 7201.18 9125.27 :
CUFF.15 - - CUFF.15 - chrl7:87153170- 23: Cufflinks on data @ § %
87153639 - - oK 12950.9 22636.6 17 and data 1: gene
CUFF.16 - - CUFF.16 - chrl7:86384075- Eelihill
86457105 - N OK 18140.2 31685.6 s
CUFF.17 - - CUFF.17 - Chr17:87196457- 22: Cufflinks on data @ ¢ &
87205140 - - OK 090.3 6465.3 15715.2 13 and data 1: assembled

o e lelelels lola]lol e




assembled_transcripts Visualization

= Galaxy ,: ‘ Mouse chrl7:87,396,599-87 \H Mouse chrl7:87,396,599-87 2|

G C ft © genome.ucsc.edu/cai-bin/hgTracks e N\
g Q C

Home Genomes Blat Tables Gene Sorter PCR DNA Convert Ensembl S

UCSC Genome Browser on Mouse July 2007 (NCBI37/mm9) Assembly

move | <<< || << || < |[ > |[>> |[>>> | zoomin | 1.5x || 3x |[10x | | base | zoom out | 1.5x | | 3x || 10x |

m

position/search chr17:87,197 578-87.441,648 gene | | jump | | clear | size 244,071 bp.

chri17 (QE4) 17aA1 GENGERE 170A3.7 IBYCSWEEE 170C BECE 17qE1. 1 JEL . SIEEEEE IBYE] LI s

|
Scale 168 Kb} | g€ chrl17:45888204-55939905 =
L chri7: | 87256008| 87300000] ! &7400000|
User Supplied Track
CUFF. 17,1 xkp-H
CUFF.18.1 o
CUFF.19.1 WH
CUFF.28.1 1
CUFF.22.1 1
CUFF.21.1 Ha
CUFF.38.2 L b
CUFF.38.1 L ]
CUFF.31.1 [t |
CUFF.32.1 1
CUFF.31.2 Hed
STS Markers oh Gehetic and Radiation Hubrid Maps
STS Markers | Il
UCSC Genes Based on RefSeq, UniFrot, GenBank, CCDS and Comparative Genomics
Epasl p-hfessstas 17908090GATR K =] ATPEVIEZ §  RHOY fhassasaa0a035 += Cript ==
= RefSeq Genes
RefSeq Genes —f—4—|—fim i i i
Non-Mouse RefSeq Genes
Other RefSed —f——— i B i f- b
Ensemb1 Gene Fredictions - Ensembl 62
Ensenb Genes — e i = - A R
Human Froteins Mapped by Chained tBLASTh
EPAS1 Kp-ibb-HHH ATPEVIE2 | RHOG fa3a4 CRIFT p3p-ff
ATFEVIEL | RHOJ fasa-4]




Cuffmerge: combine transcripts
samples & replicates -> complete transcriptome

Run once, using both samples Analyze Data
) = History o
Cuffmerge (version 0.0.5) ey —
WS9 RNA-seg Mouse 299.8Mb |
| N p UtS GTF file produced by Cufflinks: — T
I bI d 19: [ctrl] Cufflinks ..transcripts [] FC 23: [drug] Cufflinks on data 14 and data 1: assembled transcripts @R [
[Ct r ] assemble —t rans... Additional GTF Input Files ® R
[drug] assembled_trans... Additional GTF Input Files 1 .
—_ [
. GTF file produced by Cufflinks: |
REfe ren Ce_a n nOtal'I on (GTF) 23: [drug] Cufflinks ..transcripte [+ 4 g 19: [ctrl] Cufflinks on data 10 and data 1: assembled transcripts ® R | ‘
| Remove Additional GTF Input Files 1 | Dbl LSRN e e RS R xR
[
17: Cufflinks on data 10 and data 1: gene expression ® (R
| Add new Additional GTF Input Files | |
: £| 16: flagstat on data 14 ® )R ||
Use Reference Annotation: I |
Yes [+] 15: flagstat on data 10 ® R ‘
Reference Annotation: 14: [druq] tophat.accepted hits ® R |
1: mm9-genes.gtf {4
Make sure your annotation file is in GT¥format 13: Tophat for Illumina on data 5 and data 4: splice junctions ® (R |
and that Galaxy knows that your file is §TF--
not GFF. 12: Tophat for Illumina on data S and data 4: deletions ® R
yse seauence Dafa: 11: Tophat for Illumina on data 5 and data 4: insertions ® 0% | \
No [+] A r
Use sequence data for some optional 10: [ctrl] tophat.accepted hits @ R
classification functions, including the additpn of |
the p_id attribute required by Cuffdiff. 9: Tophat for Illumina on data 3 and data 2: splice junctions ® R '
[ 4
7 § 8: Tophat for Illumina on data 3 and data 2: deletions ® (R 7 )
7: Tophat for Illumina on data 3 and data 2: insertions ® %
fi i ‘
Cuffmerge Overview 6: FastQCdrugR2 _data 5.html ® )R
Cuffmerge is part of Cufflinks. Please cite: { A
Trapnell C, Williams BA, Pertea G, Mortazavi M, 5: drug R2 - rev @ R il
Kwan G, van Baren MJ, Salzberg SL, Wold B, -
Pachter L. Transcript assembly and abundan 4: drug R1 - fwd ® R ‘
estimation from RNA-Seq reveals thousands - -{
new transcripts and switching among isoform 3: ctrl R2 - rev ® R |
Nature Biotechnology doi:10.1038/nbt.1621 - |
2: ctrl R1 - fwd ® R ||
Know what you are doing Y 1: mm9-genes.qgtf ® R L
D L NN N NN S R AR SN s K e 2 N N B O T >




Cuffdiff: Quantize Transcripts

Compute fold change between conditions

Run once,
use all samples & replicates

ALWAYS create replicate
groups for each condition

ALWAYS name your groups

even if you have only one
replicate!

Analyze Data

Cuffdiff (version 0.0.5)

Transcripts:
32: Cuffmerge on data..transcript E]

A transcript GTF file produced by cufflinks,
cuffcompare, or other source.

Perform replicate analysis:

Yes [+]

Perform cuffdiff with replicates in each group.
Groups

Group 1

Group name (no spaces or commas):
1 el
Replicates

Replicate 1

Add file:

10: [ctrl] tophat.accepted_hit [+]

| Remove Replicate 1 |

| Add new Replicate |

| Remove Group 1 |

Group 2
Group name (no spaces or commas):
drug
Replicates
Replicate 1
Add file:
14: [drug] tophat.accepted_h I;_]

| Remove Replicate 1 |

| Add new Replicate |

I | Remove Group 2 |

7),}?

|

| History |

V1S 28 |

WS9 RNA-seq Mouse 299.8Mb | ||
. V 32: Cuffmerge on data 19, data 1, and data 23: mer e@ ® R
23: [drug] Cufflinks on data 14 and data 1: assembled transcripts ® )R
22: Cufflinks on data 14 and data 1: transcript expression ® )R
| 21: Cufflinks on data 14 and data 1: gene expression ® )R
| 19: [ctrl] Cufflinks on data 10 and data 1: assembled transcripts ® 7R
| 18: Cufflinks on data 10 and data 1: transcript expression ® R
17: Cufflinks on data 10 and data 1: gene expression ® R

16: flagstat on data 14 ® (R 1

| 15: flagstat on data 10 ® R 3 }

tophat.accepted hits @ R |
| 13: Tophat for Illumina on data 5 aid data 4: splice junctions ® (R
12: Tophat for Illumina on data 5 and data 4: deletions @ ) R

V 11: Tophat for Illumina on data 5 andidata 4: insertions ® R |

(0: [ctel] tophat.accepted hits ®0R | |

' 9: Tophat for Illumina on data 3 andfdata 2: splice junctions ® R r
8: Tophat for Illumina on datadiand data 2: deletions ® R

' 7: Tophat for Illumisg®n data 3 and data 2: insertions ® R )
PPastQCdrugR2 data 5.html ® R
5: drug R2 - rev ® R
‘4:drugR1-fwd ® (R

V3:ctrlR2—rev 00237




Cuffdiff: Fold Change Between

Run once, using both samples

ALWAYS create replicate
groups for each condition,
even if you have only one
replicate!

Short names — no spaces or
special characters!!!

Conditions

Mouse chr17:87,396,599-87

/ == Galaxy ' B Mouse chr17:87,396,599-87

4

L C M O galaxy.uabgrid.uab.edu/root

“7__ Galaxy / UAB Analyze Data  Workflow  Shared Data Admin  Help  User
Groups * History | Options v |
Group 1 I 22: Cufflinks on data 13 and data 1: assembled transcripts ® )R 2
Group name (no spaces or commas): F - m =
o I 21: Cufflinks on data 13 and data 1: transcript expression LOW/ED
Replicates I 20: Cufflinks on data 13 and data 1: gene expression @R
® ()R
: control *&7
B
17: hat for Illumina on data 5 and data 4: accepted hits: drugged @R
L ¥ —_
16: i data 5 and data 4: splice junctions lm |
Add new Replicate : |
I 15: To*at for Illumina on data 5 and data 4: deletions [N/
Remove Group 1
14: To| a > and data 4: insertions @ R
——
> > ——
Group:2 13: Tophat for Illumina on data 3 and data 2: accepted hits: control LOW/ID \’
Group name (no spag2s or commas)
drugged 127 mina on data 3 and data 2: splice junctions w
Replicates I 11: Tophat for Illumina on data 3 and data 2: deletions @R |=
I 10: Tophat for Illumina on data 3 and data 2: insertions ® (7R
I 9: FastQC on data 5: drugged rev.html @ R
I 8: FastQC on data 4: drugged fwd.html @R
I 7: FastQC on data 3: control rev.html ® R
Add new Replicate
I 6: FastQC on data 2: control fwd.html @R
Remove Group 2
I 5: drugged mm9 chri5 Plekhh2-PigF reverse.fastq ® R

R

B c elelclalcl




Cuffdiff output
(#> view structure)

Tool: Cuffdiff
43: Cuffdiff on data 14, data 10, and data 32: transcript FPKM trackin @ J R
42: Cuffdiff on data 14, data 10, and data 32: transcript differential expression testin @ I R

41: Cuffdiff on data 14, data 10, and data 32: g!ene FPKM tracking @ R

40: Cuffdiff on data 14, data 10, and data 3@ne differential expression testing

39: Cuffdiff on data 14, data 10, and data 32: TSS groups FPKM tracking @ (] 8

38: Cuffdiff on data 14, data 10, and data 32: TSS groups differential expression testing LW/
37: Cuffdiff on data 14, data 10, and data 32: CDS FPKM tracking LW/
36: Cuffdiff on data 14, data 10, and data 32: CDS FPKM differential expression testin @R
35: Cuffdiff on data 14, data 10, and data 32: CDS overloading diffential expression testin LOW/EDS
34: Cuffdiff on data 14, data 10, and data 32: promoters differential expression testin ® (7R
33: Cuffdiff on data 14, data 10, and data 32: splicing differential expression testing LOW/EPS

Tool: Cuffmerge

32: Cuffmerge on data 19, data 1, and data 23: merged transcripts @ ] R

Tool: Cufflinks




Cuffdiff “gene diff”: 23,113 lines!
(@ -> value for all genes in gene.gtf)

M = | B [

-_ Galaxy X n Mouse chr17:86,334,907-8

- C i O ec2-107-22-158-207.compute-1.amazonaws.com/root# DAdi. 8

W), WordRef (] FAST (T] DASI (CJ FACE (] Galaxy (J1ICS (11ICTV (] PGAS (] VBRC (] UAB (] BHM (] Install ("] RenKitch (] More (] LitSearch (] CCTS (] TMP (] Nate (T] Billing ("] Other bookmarks

Analyze Data

test_id gene_id gene locus sample_1 sample_g alue_1 value_2 log2(fold_change) test_stat p_value q_valug significant i
XLOC_000001 XLOC_000001 Lyplal chr1:4797973-4836816 ctrl drug 0 0 0 0 1 1IN\, no =
XLOC_000002 XLOC_000002 Tceal chr1:4847774-4887990 ctrl drug o] 0 0 0 0 1 1 o =
XLOC_000003 XLOC_000003 Atpévih chr1:5073253-5152630 ctrl drug NOWEST 0 0 0 0 1 1 no
XLOC_000004 XLOC_000004 Oprkl chr1:5578573-5596214 ctrl drug NOWEST 0 0 0 0 1 1 no
XLOC_000005 XLOC_000005 Rblccl chr1:6204742-6266185 ctrl drug NQWEST 0 0 0 0 1 1 no
XLOC_000006 XLOC_000006 Fam150a chr1:6349411-6384812 ctrl drug NQWEST 0 0 0 0 1 1 no
XLOC_000007 XLOC_000007 Sti8 chr1:6477311-6851021 ctrl drug NQ@EST 0 0 0 0 1 1 no
XLOC_000008 XLOC_000008 Pcmtd1 chr1:7079000-7163709 ctrl drug N@TEST 0 0 0 0 1 1 no
XLOC_000009 XLOC_000009 Rrsi1 chr1:9535488-9537536 ctrl drug N@TEST 0 0 0 0 1 1 ng
XLOC_000010 XLOC_000010 Adhfel chr1:9538126-9621173 ctrl drug NRTEST 0 0 0 0 1 1 n
XLOC_000011 XLOC_000011 3110035E14Rik chr1:9538126-9621173 ctrl drug DTEST 0 0 0 0 1 1 n
XLOC_000012 XLOC_000012 1700034P13Rik chr1:9713277-9761337 ctrl drug DTEST 0 0 0 0 1 1
XLOC_000013 XLOC_000013 Sgk3 chr1:9788210-9892649 ctrl drug OTEST 0 0 0 0 1 1 o
XLOC_000014 XLOC_000014 6030422MO2Rik chr1:9898718-9931035 ctrl drug IOTEST 0 0 0 0 1 1 0
XLOC_000015 XLOC_000015 Csppl chr1:10028298-10126849 ctrl drug OTEST 0 0 0 0 1 1 fno
XLOC_000016 XLOC_000016 Prex2 chr1:10983545-11293763 ctrl drug NOTEST 0 0 0 0 1 14 no
XLOC_000017 XLOC_000017 A830018L16Rik chr1:11404185-11965983 ctrl drug NOTEST 0 0 0 0 1 no
XLOC_000018 XLOC_000018 4932411L15 chr1:12657643-12663171 ctrl drug NOTEST 0 0 0 0 1 no
XLOC_000019 XLOC_000019  Sulfl chr1:12682510-12850453 ctrl drug NOTEST 0 0 0 0 1 1 no
XLOC_000020 XLOC_000020 Xkr9 chr1:13658851-13691804 ctrl drug NOTEST 0 0 0 0 1 1 no
XLOC_000021 XLOC_000021 Kcnb2 chr1:15302532-15704295 ctrl drygl NOTEST 0 0 0 0 1 no
XLOC_000022 XLOC_000022 Terfl chr1:15795738-15833510 ctrl dfug NOTEST 0 0 0 0 1 1 no
XLOC_000023 XLOC_000023 Rdh10 chr1:16095962-16122631 ctrl rug NOTEST 0 0 0 0 1 1 no
XLOC_000024 XLOC_000024 D030040B21Rik chr1:16647632-16652359 ctrl drug NOTEST 0 0 0 0 1 1 no
XLOC_000025 XLOC_000025 Tmem70 chr1:16655271-16668356 ctrl drug NOTEST 0 0 0 0 1 1 no
XLOC_000026 XLOC_000026 Ly96 chr1:16678536-16699686 ctrl drug NOTEST 0 0 0 0 1 1 no
XLOC_000027 XLOC_000027 Gdap1l chr1:17135453-17154351 ctrl drug NOTEST 0 0 0 0 1 1 no
XLOC_000028 XLOC_000028 Pi15 chr1:17591981-17621020 ctrl drug NOTEST 0 0 0 0 1 1 no
XLOC_000029 XLOC_000029 Crispldl chr1:17717497-17756288 ctrl drug NOTEST 0 0 0 0 1 1 no
XLOC_000030 XLOC_000030 Tfap2d chr1:19093102-19156413 ctrl drug NOTEST 0 0 0 Q 1 1 no
XLOC_000031 XLOC_000031 Tfap2b chr1:19198994-19228815 ctrl drug NOTEST 0 0 0 ( 1 1 no
XLOC_000032 XLOC_000032 4930486I03Rik chr1:20047859-20608138 ctrl drug NOTEST 0 0 0 1 1 no
XLOC_000033 XLOC_000033 Mir206 chr1:20669090-20669163 ctrl drug NOTEST 0 0 0 1 1 no
XLOC_000034 XLOC_000034 Mir133b chr1:20672849-20672968 ctrl drug NOTEST 0 0 0 D 1 1 no
XLOC_000035 XLOC_000035 1Il17a chr1:20720985-20724577 ctrl drug NOTEST 0 0 0 0 1 1 no

| XLOC_000036 XLOC_000036 Pagqr8 chr1:20880702-20928837 ctrl drug NOTEST 0 0 0 0 1 1 no

> ],OC_000037 XLOC_000037 Efhcl chr1:20941706-20980922 ctrl drug NOTEST 0 0 0 0 1 1 no

Tools > Filter and Sort > Filter: ¢7 <> 'NOTEST' 'no'




Gene diff: genes with enough reads
14 genes

- =@
S, Galaxy m Mouse chr17:86,334,907-&
&« C M © ec2-107-22-158-207.compute-1.amazonaws.com/root# PAdEE. 8
W) WordRef (" FAST (] DASI (] FACE (] Galaxy (CJICS (CJICTV (] PGAS (] VBRC [CJUAB (] BHM (] Install (CJ RenKitch (] More (] LitSearch (] CCTS (] TMP (] Nate (TJ Billing "] Other bookmarks
Analyze Data V f nared Data V alization E Us Using 2.2 Gb
Tools £+ 2 ; ) | History E 2
—|  Filter (version 1.1.0) |
Get Data & _ o
—_— (V1S ZIE
Send Data Filter:
r , , WS9 RNA-seq Mouse 379.7 Mb
ENCODE Tools ‘ 43: Cuffdiff on data ..KM tracking | |
Lift-Over Dataset missing? See TIP below. 4 44: Filter on data 40 ® 0 R
Text Manipulation With following condition: :
Filter and Sort ‘ o7 <> 'NOTEST' : 43: Cuffdiff on data 14, data 10, and data 32: transcript FPKM tracking ® (R

o L T—
= m dgta on any col_umn Double equal signs, ==, must be used as ® 0 R
using simple expressions shown above. To filter for an arbitrary
= Sort data in ascending or string, use the Select tool. ® R |E
descending order g =
: = t _| 40: cuffdiff: gene diff ® R
= Select lines that match an |2 - | S |
expression g )
format: tabular, database: mm9
GFF Double equal signs, ==, must be used as Info: cuffdiff v1.3.0 (3022) ] |
e EXtract foattas RO GEE "equal to" (e.g., c1 == "chr22’) cuffdiff --no-update-check -q -p 4 -c 10 --FDR 0.050000 --Iabels_ drug /mnt/galaxyData/files/000/dataset_414.dat
e i i /mnt/galaxyData/files/000/dataset_382.dat /mnt/galaxyData/files/0W0/dataset_396.dat
data € 11IP: Attempting to apply a filtering )

HB®0

condition may throw exceptions if the data
type (e.q., string, integer) in every line of
the columns being filtered is not

= Filter GFF data by attribute
using simple expressions

= Filter GFF data by feature appropriate for the condition (e.q., test_id gene_id gene locus sample_1 samgfle_2 status valfle 1 value_2 log2(fold_change] test_stat p_val
count using simple attem_ptmg certain numgrlcal calculations KLOC 000001 XLOC 000001 Lyplal chrl:4787873-483681€ corl drug NOTEST o o 0 1
expressions on strings). If an exception is thrown when 5= 5=
applving the Condition toa Iine, that |ine iS XLOC_000002 XLOC_000002 Tceal chrl:4847774-4887950 ctrl drug 0 0 0 1
" Flltler GTlF Sata by attribute | skipped as invalid for the filter condition. XLOC_000003 XLOC_000003 Atpévih chrl:5073253-5152630 ceorl drug NOTEST 0 0 0 0 1 ‘
values lis! i i i i i
The number Of Invahd Sklpped-hnes I-S XLOC_000004 XLOC_000004 Oprkl chrl:5578573-5596214 ctxl drug NOTEST 0 0 0 0 1 [
Foin Subtractand Grou documented in the resulting history item
CLanc Lroup as a "Condition/data issue". XLOC_000005 XLOC_ 000005 Rblccl chrl:€204742-626€185 cerl drug NOTEST 0 0 0 0 1
Convert Formats . . o = .
Extract Feat © 11p: 1f your data is not TAB delimited, use L
=xtract Teatures Text Manipulation->Convert L J
Fetch Sequences ) . !
5 39: Cuffdiff on data 14, data 10, and data 32: TSS groups FPKM tracking @ R
Fetch Alignments | ot
- Syntax = : S = =
Get Genomic Scores Y 38: Cuffdiff on data 14, data 10, and data 32: TSS groups differential expression testing ® R
Operate on Genomic Intervals The filter tool allows you to restrict the i
Statistics dataset using simple conditional statements. 37: Cuffdiff on data 14, data 10, and data 32: CDS FPKM tracking @ R

Columns are referenced with ¢ and a number.

Granh/Disnlav Data N EEatEe . 3 i e s 3_a_ e __ 3 3_2_ me_ ;e eeasas 2t£E___ a8 ________=__ a_ _ae__ - N e




Gene diff: statistically significant
9 genes

Analyze Data

| »
-3

Hist
Filter (version 1.1.0) —

Filter: o- =
i . N ] WS9 RNA-seq Mouse 379.7 Mb
44: cuffidff.genes <> 'NOTEST ‘
? w 5 s
Dataset missing? See TIP below. _as: cuffdiff.genes significant ® 0 R
With following condition: ' — 9 lines
3 a5 ‘ format: tabular, database: mm9
|c14 <> 'no
- : Info: None =
Double equal signs, ==, must be used as shown ahbve. To filter for an arbitrary OO
string, use the Select tool. < =
Execute )
cest_id g id gene  locus sample_1 sample 2 =status value_1 value_ 2 log2(fold change) test_stat
|
- XKLOC_002294 XLOC_OUR294 Rp=2€ chrl0:128061584-128063562 cerl drug OK 477526 0 -1.797€9e+308 -1.7976%e+% '
Double equal signs, ==, must be used as "equal te"” (e.g., c1 == "chr22") XLOC_ 008261 XLOC_00828f Rps2  chrl7:24857007-24858872 cstrl drug OK 475.423 299€8.6 5.9781 -4.167€66 =B
© 11P: Attempting to apply a filtering condition may throw exceptions if the data KLOC_00B92€ XLOC 008926 Wo=18 chrl7:34088943-34092586 ctrl drug OK 642583 1€838.4 -5.25406 €.13259 |
type (e.g., string, integer) in every line of the columns being filtered is not KLOC_017500 XLOC_017500 GAEES4 chr€:146581100-14€588122 cevrl drug oK 146498 0 -1.787682+308 -1.78765e+2

appropriate for the condition (e.g., attempting certain numerical calculations on
strings). If an exception is thrown when applying the condition to a line, that line : |
is skipped as invalid for the filter condition. The number of invalid skipped lines is <l L] | ’
documented in the resulting history item as a "Condition/data issue”.

m

XLOC_020075 XLOC_020075 CySb chrB:109€745€60-1098711370 ctrl drug OK S€804.4 153148 1.4308S -2.€1382 '

€ T1IP: If your data is not TAB delimited, use Text Manipulation->Convert

14 lines

format: tabular, database: mm9
Syniax Info: Filtering with c7 <> 'NOTEST, ‘
The filter tool allows you to restrict the dataset using simple conditional statements. kept 0.06% of 23113 valid lines (23113 total ‘

EOU

Columns are referenced with ¢ and a number. For example, c1 refers to the first
column of a tab-delimited file

Make sure that multi-character operators contain no white space ( e.g., <= is valid
while < = is not valid )

sample_1 sample_2 status value_1 value_2 logZ2(fold_change) test_statc

When using 'equal-to’ operator double equal sign '==" must be used ( e.qg., 5 g " s -
C1==‘Chl’1' ) 2B80€1584-1280€35€62 ctrl drug OK 47752€ 0O =1.797€Se+308 =1.797€9e+308 2.3€98€6e-08 1.54041e
Non-numerical values must be included in single or double quotes ( e.g., c6=="+") 4857007-24858872  ctrl drug OF 475.423 299€8.6 5.9781 -4.1€7€€ 3.07741e-05 0.00010001€ yes=
Filtering condition can include logical operators, but make sure operators are all 4088943-24092586  ctrl — oK 642582 16838.4 —5.25406 6.12259 §.646e-10  1.12288e-08 yes
lower case ( e.g., (c1!="chrX’ and c1!="chrY’) or not c6=="+")
£591100-14€6599122 ctrl drug OK 146489 O =1.797€Se+308 =1.797€Se+308 1.74701e-05 7.570368e-05 yes
1 358077€6-109584828 ctrl drug OK 12358 45€67.92 -1.43585 1.4195 0.155754 0.20248 no
Example < [ i =
cl=="chrl’ selects lines in which the first column is chr1
€3-c2<100*c4 selects lines where subtracting column 3 from column 2 is less than = ; »
- = y ), 5 p! q @
| the value of column 4 times 100 ; 43: Cuffdiff on data 14, data 10, and data 32: transcript FPKM trackin: 73 -

> n(c2.split(’,")) < 4 will select lines where the second column has less than four ‘[ >

ma canaratad alamante ¥ |




III

“Fina

gene list

- Galaxy / GCC X Analyze Data Workflow Shared Data Visualization dmin  Help Jse
test_id gene_id gene locus sample_1 sample_2 status wvalue_1 wvalue_2 log2(fold_change) test_stat p_value q_value significar]
XLOC_008261 XLOC_008261 Rps2 chr17:24857007-24858872 ctrl drug OK 12154.7 20346.7 0.743285 -1.31836 0.187382 0.218612 no
XLOC_020075 XLOC_020075 Cybsb chr8:109674560-109711370  ctrl drug oK 73935.3 103978 0.491939 -1.99412 0.0461384 0.0645938 no
XLOC_020077 XLOC_020077 Wwp2 chr8:109960297-110082495  ctrl drug OK 39072.3 3287.69 -3.571 7.57348 3.64153e-14 2.54907e-13 vyes
XLOC_020591 XLOC_020591 Terf2 chr8:109593301-109620489  ctrl drug oK 68292.1 106354 0.639088 -3.16016 0.00157683 0.00275946 vyes
XLOC_020592 XLOC_020592 Nqgol chr8:109912124-109927105  ctrl drug OK 0 14465.2 1.79769e+308 1.79769e+308 3.16712e-05 0.000110849 vyes
XLOC_020594 XLOC_020594 Psmd7 chr8:110104279-110112382  ctrl drug oK 54160.4 23570.5 -1.20026 3.54574 0.000391515 0.000913536 vyes
XLOC_020696 XLOC_020696 - chr8:109786639-109787183  ctrl drug oK 876105 907362 0.0505752 -0.201707 0.840146 0.840146 no
Download
Excel

Conditional Formatting

|+ Galaxy37-[genes_exp NOTEST_].tabular - Microsoft Excel = : |—l§?-
y fiew View N 3
I?ﬁln Page]_]ﬁal)out Fowlas [I)'f\lla R?'\}El{i‘lw A) @ =)
I_Jv l_jx L) arf L523) =2 >
A B C D E F G | H || J |« L M N =

gene_id gene locus sample_1 sample_2 status value_1 value_2 log2(fold_change) test stat p_value q_value significant

XLOC_020077 XLOC_020077 Wwp2 chr8:109960297-110082495 ctrl drug ok [ 139072 | 37288 [ K71 7.5735 0.0000 0.0000 yes
XLOC_020591 XLOC_020591 Terf2  chr8:109593301-10962048¢ ctrl drug ok [ 68292 106,354 | 0.639088 -3.1602 0.0016 0.0028 yes
XLOC_020592 XLOC_020592 Nqo1 chr8:109912124-109927105 ctrl drug oK - [ 14,465 0.0000 0.0001 yes
XLOC_020594 XLOC_020594 Psmd7 chr8:110104279-110112382 ctrl drug ok [ 54160 [23571 E’;zs 3.5457 0.0004 0.0009 yes
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Visualization of Gene Expression
cummeRbund in Galaxy

Galaxy wrapper created, but not yet in tool shed
http://cvrgrid.org/node/235
http://ec2-23-20-5-163.compute-1.amazonaws.com:8080/u/boliu/h/cummerbund
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Figure 8 | CummeRbund volcano plots reveal genes, transcripts, TSS groups or
CDS groups that differ significantly between the pairs of conditions C1 and C2.

(courtesy of Liu Bo @ University of Chicago) (Trapnell et al, 2012, Nat Protocols)
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