Using Galaxy for RNA-seq Analysis

1. Go tothe main Penn State University galaxy server which can be accessed at http://main.g2.bx.psu.edu/

2. Rather than upload some illumina data, we will be using an online dataset. This will allow us to skip the step of waiting for
everyone to upload their files. To retrieve the dataset follow the link below:

GM12878 cell line http://main.g2.bx.psu.edu/u/jeremy/d/257ca40a619a8591
h1-hESC cell line http://main.g2.bx.psu.edu/u/jeremy/d/7f717288ba4277c6
Click the A. green + near the top right corner to add the dataset to your history then click on start using the dataset to

return to your history.

These subsequent steps will need to be run on each of the datasets we imported. | will be showing the screenshots for the steps
related to the GM12878 cell line.

3. Click on NGS: QC and manipulation, scroll down to the FASTQ QC section, and choose the A. Fastqc: Fastqc QC. Be sure to
ve the defaults, and hit B. Execute.

run this on each B. dataset, lea

a

d Dat:

1| History Options ~.

= Elter FASTQ reads by quaity score and
length

= EASTO Timmer by column

= EASTO Quality Trimmer by sliding window

= EASTO Masker by qualty

= Manipulate FASTO re
attrbutes:

ple: Illumina Small RNA RT Prime:

= EASTO to FASTA canverter B
= EASTO o Tabular converter =l -
= Tabular to FASTO conyarter

OR FASTQ DATA
rter (ASCIL-Numeric)

C using FastQC from

4. Next, we will want to trim the portion of the reads if the quality score drops below a certain value. Click on the A. eye icon,
go to the B. Per base sequence quality boxplot results from the previous FastQC step, and C. observe where the quality

score drops below 15.
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User data and job quota limits are now implemented. Read more.

b = § I =S
T o) @) per base sequence quality «—4 & | vistory __(Options

=
= Convert SOLID .
T Quality scores across all bases Sanger / llumina 1.9 encoding) RNA-seq tutorial 36.2 Mb

B — W AR
T [sctoscchm @ 0%

SOLD data 32 ! 3: FastQC.html @ 3¢
I . Fastocuni
5

= Draw quality 20) Kt
score boplot format: html, d
for SOLID data 28 hgls
GENERIC HOu

FASTQ
MANIPULATION

= Fiter FASTO |
reads by quaity 22 2:imported: @ %
score and GM12878 Sample
length 20| — Dataset

= FASTO Timmer 18
by column

h1-hESC Sample.
Dataset

— H 1:imported: @ 0 %

1t
Timmer b
Siding window 1

= FASTO Masker 1 2
by qualty score

= Manipulate
EASTQ reads on s
various
aftributes

= FASTQ to FASTA
converter o
FASTO to 2
Tabular
Converter. o
= Tabularta

T 2 3 4 5 6 7 B 91014 2024 3034 40-44 5054 6064 7074
Posiion in read (bp)

converter.

Back to summary

FASTX-

TOOLKIT FOR

FASTQ DATA

= Quality format
converter
(BSCII-umeric)

+ Compute quality Per sequence quality scores
statistics.

- Istrimming needed for the dataset? If so, which base pairs should be trimmed?

5. Click on A. NGS: QC and manipulation, scroll down to the Generic FASTQ Manipulation section, and choose the B. FASTQ
Trimmer. Choose your previous dataset, be sure to use C. absolute values, and D. take the difference of your total
sequence length with the number of good quality bases. When you put this value into the correct text box, hit E. execute.

User data and job quota limits are now implemented. Read more..

Options ~ . - History Options ~
||| FASTQ Trimmer (version 1.0.0) =

Human G T FASTQ File: 1] &
LR T 1 T 2! imported: GM12878..ple Dataset v RNA-seq 36.2 Mb
Genome Diversity. tutorial
TG Define Base Offsets as:

Absolute Values K : @0 R
NGS TOOLBOX BETA Use Absolute for ficed length r h EastOC.html
NGS: OC and manipulati Use P o variable eads (R

: OC and manipulation
Offset from 5 end: & ®I%

ILLUMINA DATA o EastQC.html

= FASTQ Groomer convert between various. Values start at 0, increasing from the left K7l

FASTQ quality formats ; format: html,

Offset from 3' end: database: hg18
= EASTO splitter on joined paired end reads 20 (=[6]%)
= EASTQ joiner on paired end reads Valugs start at 0, increasing TTOMTT right .
e eie

= FASTQ Summary Statistics by column Keep reads with zero length:

ROCHE-454 DATA o

2: imported: ® § %

= Build base quality distribution - GM12878 Sample
Dataset
= Select high guality seaments
This tool allows you to trim the ends of reads rate
= Combine FASTA and QUAL into FASTQ =Y o . format: fastgsanger,
PR | You can specify either absolute or percent-based offsets, Offsets are calculated, starting at 0, from the | databasaiihgla
respective end to be trimmed. When using the percent-based method, offsets are rounded to the nearest Info: uploaded fastg
= Convert SOLID output to fastg integer. fij §
(61%]
= Compute quality statistics for SOLID data For example, if you have a read of length 36
GSome TASTQ Sanger Resd @t 1-pasee1_1:6: 1074
* Draw guality score boxplot for SOLID data CRTineTeTchcT T T ceaT G cnc e reorrscnmaeccresroore]
GENERIC FASTQ MANIPULATION =G.0Q;B-*78>CBAG>TQTBBCA4-48%<,;  4<BA +
= Filter FASTQ reads by quality score and 4nd you set absolute offsets of 2 and 9: Po0AcamadTITIDI 100>
length s 1-zasee1 v 8. 166
GSeme TASTQ Sange: Read CACAMGTAGACCATANGAAGAAGE

TATCTNCTCACTGAT AMGTGEATA

= FASTQ Trimmer by column
= FASTQ Quality Timmer by sliding window
= FASTQ Masker by quality score

: <
0.0/5-228>CBABIEMBCA-4

Or you set percent offsets of 6% and 20% (corresponds to absolute offsets of 2,7 for a read length of 36): 1: imported: ® 0 %

@Some FASTQ Sanger Read h1-hESC Sample
= Manipulate FASTQ reads on various TATTNCTCACTCAT AT CE AT AT Dataset
attributes .0:5-428>CBAE7ETBBCAG- 450 17.5 Mb
= FASTO to FASTA converter fonna st =aroey
Trimming a color space read will cause any adapter base to be lost. database: ha18

= FASTQ to Tabular converter
= Tabular to FASTQ converter Citation

Info: uploaded fastq
file

B®0
FASTX-TOOLKIT FOR FASTQ DATA If you use this tool, please cite Blankenberg D, Gordon 4, Von Kuster G, Coraor N, Taylor J, Nekrutenko A; Galax:
Team. Manipulation of FASTQ data with Galaxy. Bioinformatics. 2010 Jul 15;26(14):1783-5. @wI-EAs229_1:5:1:50:95¢

= Quality format converter (ASCII-Numeric)

= Comnute auAlity statisties

GGGCTGITITCACCTGCAGGACED

6. Since these datasets will take a while to run, we are going to take a subset of sequences so that we can complete the
tutorial within the lab session. To do this, choose A. Text Manipulation and click on B. Select first. We will be working with
the first 2,500 sequences, which would be the first C. 10000 lines, be sure to do this to D. both datasets, and hit E. execute.

T‘v(}
reeuenes
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User data and job quota limits are now implemented. Read mare.

Tools Options ~

search tools *
Get Data

Send Data
ENCODE Tools
Lift-Over

Text Manipulation
= add column to an existin

 Computte an expression on every row

Concatenate datasets tail-to-head

Candense cansecutive characters

= Convert delimiters to TAB
= Merge Columns together

= Creats sinale interval as a new dataset

= Cut columns from a table
= Change Case of selected columns

» Paste twa files side by side

= Remove beginning of a file

= Select random lines from a file

+ Soletistiines rom a dataset 4 & _|
T —

+ i eading or raling characters

= Line/Word/Character count of a dataset

= Secure Hash / Message Digest on a dataset:
e

EASTA manipulation

and Sort
Subtract and Group

Extract Features

Fetch Sequences

Fetch Alignments

Get Genomic Scores

7.

Select first (version 1.0.0)

from:
6: FASTQ Timmer on data 2

What it does

7: Select first® 0 3¢

This tool outputs specified number of lines fram the beginning of a dataset

Example

3
FastoC.html

Selecting 2 lines from this
format: html,

o 0% SR i database: ho18
5 G s : =[o]}

will produce:

DiesererEy 354+ | 2eimported: @ ¢ 2
GM12878 Sample

Dataset
17.4Mb

format: fastasanger,
database: hg18
Info: uploaded fastq
file

[=[o1

@st-Easszy_1-a 1
[ —
@si-rassz_-s: 18

< >

1 imported: ® J %
h1-hESC Sample

Dataset
17.5 Mb

format: fastasanger,
database: hg18

T e

User data and job quota limits are now implemented. Read more...

Options ~

Multiple regression
Multivariate Analysis
Evolution

Motif Tools

Multiple Alignments
Metagenomic analyses
Human Genome Variation
Genome Diversity
EMBOSS

NGS TOOLBOX BETA

NGS: OC and manipulation
NGS: Mapping

NGS: SAM Tools
NGS: Indel Analysis
NGS: Peak Calling
NGS: RNA Analysis

RNA-SEQ
= Tophat for Tllumina Findeg ﬂ s
using RNA-seq data

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

= Cuffcompare compare assembled
transcripts to a reference annotation
and track Cufflinks transcripts across
multiple experiments

= Cuffdiff find significant changes in
transcript expression, splicing, and
promoter use

FILTERING

= Filter Combined Transcripts using
tracking file

NGS: Picard (beta)
RGENETICS

SNP/WGA: Data; Filters
SNP/WGA: OC; LD; Plots
SNP/WGA: Statistical Models

Workflows

-

Tophat for Illumina (version 1.5.0)

RNA-Seq FASTQ file:

7: Select first h1 cellline v

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 o

Built-ins were indexed using default options

Select a reference genom

Is this library mate-paired?:

Single-end v

TopHat settings to use:
Full parameter list v
You can use the default

Library Type:

FR Unstranded
TopHat: will treat
supplying library type
Anchor length (at least 3):
B

Report junctions spanned by reads with

at least this many bases on each side of the junction,

Maximum number of mismatches that can appear in the anchor region of spliced alignment:

0

The minimum intron length:

70

TopHat wil ignare donor/acceptor pairs coser than this many bases apart

The maximum intron length:

500000
When searching for junctions ab initio, TopHat will ignore donor/acceptor pairs farther than this many bases
apart, except when such a pair is supported by a split segment alignment of a long read

Allow indel search:
Yes v

Max insertion lengtt
3

The maximum insertion length.
Max deletion length.:

3

The maximum deletion lengtt

History. Options +
e &
RNA-seq 50.6 Mb
tutorial

3¢ 120 @R

Tophat for Illumina
on data 8:
accepted hits

3011 @R
Tophat for Illumina
on data 8: splice
junctions

3¢ 10: ® 0%

Tophat for Illumina
on data 8: deletions

3 9: Tophat ® § %
for Illumina on data

8: Select first® § 8
on e

2,500 sequences
format: fastasanger,
database: hg18
=~[61%]

@S T-EAS627_L:8:1:17:0
TGOTTGEAGACCCCCAGATEOTE
BBQ=HCIRTAB 77 IB 77833
@S I-EAS62T_L:8: 11661
CAGAAGTAGAGCAGAAGARGARGL
<

7: Select first ® § 8
h1 cellline

2,500 sequences
format: fastasanger,
database: hg18
~[61]

@r-zaszes_1:s:1:sa:95t
GGCTETTITCACCTECAGGACE

-~

Click on A. NGS: RNA Analysis and choose B. Tophat for lllumina. Choose your previous dataset, set your reference
genome as C. hg18 Full, keep the default D. single-end setting, and choose E. Full Parameter list for TopHat settings. With
these new options, change F. Allow indel search to yes and press the execute button when you are done setting these
parameters.

While TopHat is running, we are going to import some gene information from the UCSC Genome Browser for visualization.

Click on A. Get Data then B. UCSC Main. From this screen, make sure to use C. Mar. 2006 hg18, D. Genes and Gene
Prediction Tracks, E. RefSeq Genes, and the table F. refGene. Set G. chrl9 for the position, make sure H. BED and send
output to Galaxy is selected, and I. press get ouput. On the next page, be sure to Create one BED record per: Coding Exons
and then press the Send query to Galaxy button.

TreeGenes
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User data and job quots limits are now implemented. Read more.

Tools Options ~
Home Genomes Genome Browser Blat Tables Gene Sorter PCR Help
search tools.
GetData g m Table Browser
= Upload File fro aoue
I tam Use this program to retrieve the data associated with a track in text format, to calculate itersections befween tracks, and to refrieve DNA sequence
1 covered by a track. For help in using this application see Using the Table Browser for a description of the controls in tis form, the User's Guids for
* UCSC Archaea table browser ‘general information and sample queries, and the OpenHelix Table Browser tutorial for a narrated presentation of the software features and usage.
= BX main browser For more complex queries, you may want to use Galaxy or our public MySQL server. To examine the biological fnction of your set through

annotation enrichments, send the data to GREAT. Refer to the Credits page for the lst of contributors and usage restrictions associated with these
data. Alltables can be downloaded in thei entirety from the Sequence and Annotation Downloads page.
- e server elade: | Mammal v| genome:[Humsn  v| assembly: Mar. 2006 (NCBI36/hg18) v

p: [Gones and Gene Predicion Tracks %] track: [FofSeq Genes ok hubs
+ ModENCODE fiy server » T a customacks
= modENCODE modMine server ble: refGene v | |_describe table schema.

« Ratmine server region: O genome O ENCODE Pilot regions © position chr19

A
‘

= BigMart Central server

= GramensMart Central server

= Yeastiine server identifiers (names/accessions):

= modENCODE worm server filter

= Wormbase server

intersection
= EupathoR server

conelation
= EncodeD at NHGRI b e SR

output format: [BED - browser sxtnsibls dete ] Send output iy [ GREAT
= EiGRAPH server . e —
Send Data £ . - P
ENCODE Tools fle type retumed: © plaintext O gaip compressed

Test tanloulaion
(s

EASTA manipulation
Filter and Sort

Join, Subtract and Group

Extract Features U he Table Browser
Eetch Sequences

Fetch Alignments

Get Genomic Scores

Operate on Genomic Intervals

To et all user cart setings Gnchuding custor tacks), click here

‘This section provides brief line-by-line descriptions of the Table Browser controls. For more information on using this program, see the Table
Browser User's Guide

« clade: Specifies which clade the organismis in.

ph/Display Data  genome: Specifies which organism data to use.

Reaional Variation o assembly: Specifies which version of the organism's genome sequence fo use.

Multiple regression « group: Selects the type of tracks to be displayed in the frack list The options correspond to the frack groupings shown in the Genome
Multivariate Analysis A - - - - - = = a4

9. Now that TopHat has finished running, let’s visualize our results. Do this by selecting A. Visualization > New Track Browser
from the main Galaxy menu at the top. Give it a B. name, be sure to select C. hg18 as the reference genome and press D.

continue.

e

ctions ~

New Track Browser.

CEH

stom Bt

10. In the right hand corner, from the A. Actions dropdown menu, select Add Tracks. You will now have to select the rna-seq
history we are working on to import the dataset. Check mark your B. UCSC Track, TopHat accepted hits, TopHat splice
junctions, TopHat insertions, and TopHat deletions. Hit C. continue and these tracks will now be indexed by Galaxy. In the
middle portion of the screen, from the Select Chrom/Contig dropdown menu, select chri19.

TreeGenes
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rna-seq tutorial (hg18) Select Chrom/Contig v 0-0 58

Select datasets for new tracks

Histories Data Libraries

History 'RNA-seq tutorial'
search name and fietype .

0 14 Name Filetype

25 UCSC Main on Human: refGene (chr19:1-63811651) bed
24 Tophat for llumina on data 7: accepted_hits bam
23 Tophat for liumina on data 7: splice junctions bed
22 Tophat for liumina on data 7: deletions bed
21 Tophat for lumina on data 7: insertions bed
12 Tophat for llumina on data 8: accepted_hits bam
11 Tophatfor llumina on data 8: splice junctions bed

10 Tophat for lllumina on data 8: deletions bed
[¥] @ Tophat for liumina on data 8: insertions bed

For 9 selected datasets:

Dbkey
hgis
hg1s
hg1s
hg1s
hg1s
hg1s
hg1s
hg1s

hg1g

rma-seq tutorial (hg18) chr1g v 04,687,450 e

UGSC M on Human: refGane (chri:1-63811651) v

Add Tracks

o000 [ Add Group
W save

Bookmarks

. ,A.L J_‘.l. VI R |

Tophat for lkimins on data 71 delstions v

oAt 5 T o

5 SRS S

D SR GID S
Mo data for this chram/conts

Close

s (coverage Hotogram) v

At (Sauish) <

At (Gauieh) +.

- Find an example of a splice junction between 2 known exons, and find an example where a splice junction should be

found but is not.

11

and hit D. execute.

Click on A. NGS: RNA Analysis and choose B. Cufflinks.

User dats and job auota imits are now implemented. Read mare.

Taols Options ~

Cufflinks (version 0.0.5)
Jivart s A

et SAM or BAM file of aligned RNA-Seq reads:

‘Mot Togls 241 Tophat for llumi.ozpted_hts v

Multiple Allgnments Mas Intran Length:

Metagenomic analyses =00000

nome Varlation vin

‘Genome Diversity
005

EMBOSS.
Pre MRNA Fraction:

NGS TOOLBOX BETA o005

B Pertom quartle normatzation
NGS: Mapping o

!"rrn top
2t

NGS: SAM Toals

NGS: Indel Analysis

NGS: Peak Calling

NGS: RNA Analvsis <
RNA-SEQ

= Tophat for liumina Find spiice
Junctions using RA ta

Use Reference Annotation:

Perform Bias Correction;

end Reads?

Snd FPI (RPEH) et [

for RilA-Seq data
Beote ]

= Cuffcompara compara
Cufflinks Overview

assambled transcrpes £ 3
Feferance annatation and
track Cuffinks transcripts
scross multiple experiments.

 genes from FRKM denominator to improve aceurscy of diffsrential sxpression calls forlow

o v
Bias detaction and corraction can significantly improve accuracy of transcript abundanco estimates:

Gl assombles ansarpts,estinates ther abundances, and st o diferential xoression and regulaton
E

A wistory Options +

RNA-seq tutorial s21Mb

YR

Human; refGene
chr19:1-63611651;

24:Toshot for lumina ® 0 %
n data 7: accepted_hits

28 Toshat for lunina ® 0 X
on dota 7: splice

22: Tophet for Illumine @ 0 3
on data 7: deletions

21: Tonhat fa Illumina @ 3

12: Tophat for Hlumina @ § 38
on data & accepted_bits

| 11: Tophat for Hiumina ® 0 3¢
|mmmm.mm

on dota &

9: Tophat for Illumina ® {3
on data & insertians

RiNA-Seq samples, [t accents aligned Rla-Seq reads e slignments it
Cuffdif find significant. Ganserpts, cutl ks then estmates the rlatie abundances of mesa anserits hasad on how many rsads
changes in transcrp Support exch one. te: Tapnel €, ilas 8, Per o, van B

expression, splcing, and

Wold B, Pachter L. T sbundance

0, S s,
i

promoter use NIt SnG SIS SMong SO0, NSture Bistecnolag, doi 101038 mBE 1661

BStletfintmey 0 X

e

FILTERING
Know what you are doing

using tracking fil
NGS: picard (beta
RGENETICS
‘SNP/WGA; Data; Filters.

There i o s thing (vt s an automated gearhit e
G300, In Gher words, rning s cool wih et

Awa 10 doal with tis Is t0 understand the parame
rimenting, Fortunatel, Galaxy makes experimenting e

Input formats.

‘SNP/WGA; G LD: Plots

SNP/WGA: Statistical Models format,and = re
o anper Here's

Workflows o<

T Wi s
e shamment Cotimes wil secese

12. The next step is to run Cuffcompare on the assembled transcripts to UCSC RefSeq Genes dataset. Since Cuffcompare

fon analysi. It s all ke stick-shift civing
metars il Brobabl not ave yol mesnnani
by carsfully reading the documentaton and

inkstakes ot lo of SAM aignmerts az nput, Tno ¥V Seq rad mapper TopHat producos auputin
dod owever Cufinks il accept Sa algnments generated by any

format rastas angsr datatase!
18

WL

inthis < >

| zsotestticstrs @ 0% v

~~
TreeGenes
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requires the reference annotation to be in GTF format, we will need to get the chr19 dataset again except using GTF format.
Perform step 8 again but be sure to select A. GTF as the output format.

Workflow

Data tion

Help

User

User data and jab quota limits are now implementad. Read more.

Tools Options ~ ]

e Home Genomes Genome Browser Blat Tables GeneSorter PCR Session FAQ Help
Get Data Table Browser
= Unload File from your
omputer Use this prograrn to retreve the data associated with a track in text format, to calculate intersections between tracks, and to retrieve DIVA sequence covered
by a track. For help in using this application see Using the Table Browser for a description of the confrols in tis form, the User's Guide for general
information and sample qeries, and the OpenHelus Table ofthe and usage. For more complex
queries, use Galazy or our public MySOL To examine the of your set through anmotation enrichunetts, send the
data to GREAT Refer to the Credis page for thelst of contributors and usage restrictions associated with these data. Al ables can be dowrloaded in teir
entiety from the Sequence and Amotation Dovrloads page.

 UCSC Main table browser
« UCSC Archaea table browser

« B main browser

= BioMart Central server

= GrameneMart Central servar elade: [Mammal ~| genome: Human  v| assembly: [Mar 2006 (NCEI36/hg18) v
A G group: [ Genes and Geno Prodicion Tracks %] frack: [RefSaq Genes

 mOdENCODE fiy server

= modENCODE modbine server
= Ratmine server

= Yeastiing server

« MOdENCODE worm server

table: | refGene

B
segion: O genome O ENCODE Pt regions © positon chr19
identifiers (names/accessions): [ pesie st ]
iler
ntersection: [ams ]
contelation: [create |

fpemnat: [ GTF - gene ransfer format
outpu fle

lookup | [_oefine regions

= Wormbase server

 EuPathDB server
= EncodeDs at NHGRI
 EniGRAPH server

| Send owput to [ Galaxy [ GREAT
(eave blank to keep output in browser)

file type retumed: © plaintext O grp compressed

Summenystestcs

To reset all user cart settings (iacluding custom tracks), click here

Send Data
ENCODE Tools
Lift-Over

Convert Formats
EASTA manipulation

Join, Subtract and Group
Extract Features

Eetch Sequences

Eetch Alianments.

Get Genomic Scores

Operate on Genomic Intervals

Using the Table Browser

“This section provides briefline-by-line descriptions of the Table Browser controls. For more information on using this program, see the Table Browser User's
Guide

« clade: Spesifies which clade the orgarism i in
« genome: Specifies which organism data to use.
Graph/Display Data

;  assembly: Specifies which version of the organism's genome sequence to use.
Reqional Variation

© group: Selects the type of tracks to be displayed in the track st The options correspond to the track groupings shown in the Genome Browser.

13.

Click on A. NGS: RNA Analysis and choose B. Cuffcompare. Choose your cufflinks dataset, change Use Reference
Annotation to C. Yes, select the D. UCSC GTF dataset for the Reference Annotation, and hit E. execute.

User data and job quota limits are now implemented. Read more...

Tools Options ~ - | History Options ~
Cuffcompare (version 0.0.5)
Multivariate Analysis 2 ol
Evolution GTF file produced by Cufflinks: os <
28: Cufflinks on data. transcripts v RNA-seq tutorial 56.5 Mb,

Multiple Alignments
Metagenomic analyses
Human Genome Variation
Genome Diversity
EMBOSS

NGS TOOLBOX BETA

NGS: OC and manipulation
NGS: Mapping

NGS: SAM Tools
NGS: Indel Analysis
NGS: Peak Calling
NGS: 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

= Cuffcompare caMipart
assembled transcript!
reference annotation and
track Cufflinks transcripts
across multiple experiments

= Cuffdiff find significant
changes in transcript
expression, splicing, and
promoter use

FILTERING

= Filter Combined Transcripts

Additional GTF Input Files

Add new Additional GTF Input Files

Use Reference Annotation;
Yes v

Reference Annotation:
32: UCSC Main on Huma.
Make sure your annotat

-63811651)

Ignore reference transcripts that are not overlapped by any transcript in input files:

knows that your file

TF--not GFF.

Use Sequence Data:
Yes v

tional classification functions, including

equence data for some op!
ed by Cuffdiff

e addition of the p_id attribute
Choose the source for the reference list:
Locally cached v

(Gmois) <= |

Cuffcompare Overview

Cuffcompare is part of Cufflinks. Cuffcompare helps you: (a) compare your assembled transcripts to a
reference annotation and (b) track Cufflinks transcripts across multiple experiments (e.g. across a time
course). Please cite: Trapnell C, Williams B4, Pertea G, Mortazavi AM, Kwan G, van Baren M), Salzberg SL, Wold
B, Pachter L. Transcript assembly and abundance estimation from RNA-Seq reveals thousands of new
transcripts and switching among isoforms. Nature Biotechnology doi:10.1038/nbt. 1621

32: UCSC Main on Human: @ § &
efGene (chr19:1-63811651

1: Cufflinks on data 12:
ssembled transcript:

[

@R

[

0: Cufflinks on data 12:
ranscript expression

w

® 7R

N
o
o
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o
B
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2
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ene expressio

8: Cufflinks on data 24:
ssembled transcripts

B N

7: Cufflinks on data 24:
ranscript expression
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&
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ene expressio

5: UCSC Main on Human: ® %
efGene (chr19:1-63811651

N

4: Tophat for Illumina on ® %

ata 7: accepted hits

a

23: Tophat for Illumina on ® § %

data 7: splice junctions

Know what you are doing

There is no such thing (yet) as an automated gearshift in expression analysis. It is all like stick-shift driving
in San Francisco. In other words, running this tool with default parameters will probably not give you
meaningful results. & way to deal with this is to understand the parameters by carefully reading the

and exp 0. Fortunately, Galaxy makes experimenting easy.

® 7R

21: Tophat for Illumina on ® ¢ X

=
2
&

using tracking file
NGS: Picard (beta)

RGENETICS

12: Tophat for lllumina on @ §

data 8: accepted hits

Input format

Cuffcompare takes Cufflinks' GTF output as input, and optionally can take a "reference" annotation (such as

SNP/WGA: Data; Filters from Ensern 11: Tophat for Illumina on @ § %
SNP/WGA: QC; LD; Plots data 8: splice junctions
Outputs

e " o
SNP/WGA: Statistical Models 10: Tophat for Illumina on @ ¢ 33

data 8: deletions

Cuffeompare produces the following output files:
Workflows v < =

<

- Find some transcripts that appear in both samples and have FPKM confidence bands that do not overlap. You can find
this information by looking at the 'transcript tracking' dataset produced by Cuffcompare and reading the Cuffcompare
documentation to understand the data in this dataset.

14. Now, add the Cufflinks' assembled transcripts datasets to the visualization you created earlier in order to view the

transcripts alongside the mapped reads, junctions, and reference genes. Refer to step 10 if you are unsure how to do this.
- Canyou find examples where Cufflinks/Cuffcompare assembled a complete or almost complete transcript?

15. Our last step is to run Cuffdiff on the combined transcripts produced by cuffcompare and TopHat’s accepted hits datasets

TreeGenes
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for each cell line.

User data an

Tools

Multivariate Analysis

Evolution

4 job quota limits are

Motif Tools

Multiple Alianments
Metagenomic analyses

Human Ge:

nome Variation

Genome Diversity.

EMBOSS

NGS TOOL

BOX BETA

NGS: OC and manipulation
NGS: Mapping

NGS: SAM

NGS: Indel Analysis

NGS: Peak Calling

:

RNA-SE

Tools

= Tophat for Ilumina Find splice
junctions using RNA-seq data

= Cuffinks transcript assembly

and FPKM (RPKM)

for RNAS

estimates
Seq dat

» Cuffcompare compare

assembl
referencs
track Cuf

led transcripts to a
e annotation and
flinks transcripts

across multiple experiments

= Cufif i
changes
expressi

FILTERI

indeligrific® B
in transcript
jon, splicing, and

NG

= Eilter Combined Transeriots
using tracking file

NGS: Picard (beta)
RGENETICS
SNP/WGH; Data; Filters
SNP/WGA: OC; LD; Plots

TR

Options ~

now implemented. Read more

Cuffdiff (version 0.0.5)

Transcripts:
36: Cuffcompare on da. transcripts ¥
A transeript GTF file produced by cuffinks

uffcompare, or other source
Perform replicate analysis:

No v

Perform cuffdiff with replicates in each group.

SAM or BAM file of aligned RNA-Seq rea

SAM or BAM file of aligned RNA-Seq reads:

24: Tophat for lllumi.cepted_hits v <4-

False Discovery Rate:
005
The a

Min Alignment Count:

1000
1 a locus for needed to conduct significance testing on changes in that
. Perform quartile normalization:
No v
n FPKM denominator to improve aceuracy of differantial expression calls far

Remo
low abund:

Perform Bias Correction:

Bias detection and correction can significantly improve aceuracy of transcript abundance estimates
Reference sequence data:
Locally cached v

Set Parameters for Paired-end Reads? (not recommended):

Cuffdiff Overview

Cuftit iz part of Cufinks, Cufclft find sgnifcant changes in ranscrist sxgression,splcing, and promoter use
Please cite: Trapnell C, Williams B4, Pertea G, Martazavi AM, Kwan G, van Baren MJ, Salzberg SL, Wol

Pohior L iranetht 25 and Sbundants SeCeaon o FHALSeq Tova ol thousands bf Few Wanieriots
nd switching amang Isoforms. Nature Biotechnology doi: 10,1038/nbt.1621

Know what you are doing

vl e

History Options ~

40; Cuffcompare on data @ § %
31 and data 32: combined
transcripts

39: Cuffcompare on data @ 3¢
31 and data 32: data 31 refmap
file.

38: Cuffcompare on data @ %X
31 and data 32: 31 data tmap file

37: Cuffcompare on data @ ) %
31 and data 32: transcript
accuracy.

361 Cuffcompare on data @ ¢ 3¢
28 and data 32: combined
transcripts

35: Cuffcompare on data @ ( 3¢
28 and data 32: data 28 refmap

|| fite

34; Cuffcompare on data @ ) ¢
28 and data 32: 28 data tmap file
33: Cuffcompare on data @ ) %
28 and data 32: transcript
accuracy.

32: UCSC Main on Human: ® %
refGene (chr19:1-63811651)

31 Cufflinks on data 12: @ § %
assembled transcripts

30: Cufflinks on data 12: @ 3¢
transcript expression

: Cuffl : @)%
gene expression

28: Cufflinks on data 24: @ § %
assembled transcripts

27: Cufflinks on data 24: @ § %

Cuffdiff produces quite a few output datasets; you'll want to browse the Cuffdiff documentation to get a sense of what they

do.

Look at isoform expression dataset -- are there any significant isoform expression differences between the two

samples?

Look at the isoform FPKM tracking dataset -- find an entry for a novel isoform and an entry for an isoform that matches
a reference isoform.
What is the nearest gene and transcription start site for each entry? (Hint: you'll need to understand the class codes,
which are explained in the Cuffcompare documentation).

Using Galaxy for CHIP-seq Analysis

Go to the main Penn State University galaxy server which can be accessed at http://main.g2.bx.psu.edu/

Rather than upload some illumina data, we will be using an online dataset. This will allow us to skip the step of waiting for

everyone to upload their files. To retrieve the dataset follow the link below:

G1E_ER4 CTCF (chr9) t
Click the A. green + near the top right corner to add the dataset to your history then click on start using the dataset to
return to your history.

First, for quality control, we will compute summary statistics on this dataset. Run the tool A. NGS: QC and Manipulation
> B. FASTQ Summary Statistics on your dataset and hit C. execute. When the job completes, inspect the results.
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5.

User data and job quota limits are now implemented. Read more.

Tools Options ~

Motif Tools

Multiple Alianments

Metagenomic analyses

Human Genome Variation
P

EMBOSS

NGS TOOLBOX BETA

NGS: OC and manipulation
ILLUMINA DATA

This tool creates summary statistics on a FASTQ file

© TIP: This statistics report can be used as inout for the Boxplot and Nucleotides Distribution tools

R ——— column = column number (1 0 36 for  36-cycles read Solexa file)
FASTO Groomer conver count = number of bases found in this column.
between various FASTQ min = Lowest quaity score valus found in this colurn.
«quality formats: und in this column.,

max = Highest quality score value fo
&) EASTO snlitat onjainad] sum = 5um of quality score values for this column,
paired end reads

mean = Mean quality score value for this column
Q1 - 1t quartie quality
= EASTO joiner on paired end med = Median quality score.
reads " Q3 = 3rd quartile quality score
IQR = Inter-Quartie range (Q3-01).
= EASTO Summary Statistics by |Left-whisker value (fof boxplotting)
calumn 1 Right-Whisker' value (for boxplotting
il

)
s = Scores falling beyond the left and right whiskers (comma separated list)
mn.

ol
ROCHE-454 DATA A_Count = Count of ‘A nucieotides found n the
€ Count = Count of °C' nuclectides found in this column
= Buid baze auality distribution GCount = Count of ' nucleotidss found in this column.
TCount nulsstides faund n this column
= Selact high quality seamants -
Sslast hich gualiy 0t A_Count = Count of ‘N’ nucleotides found in this col
= Combing FASTA and QUAL Ofher_Nucs = Comma separated list of ather nucleatides found in this column

PR Gthar_Court: - Comma Separated count of othar nuceorides found i this calurn

AB-SOLID DATA For example:

= Convert SOLID output to PR T alhoihi TR0 T, ML
fastq @ lsmese  zood Saosin mTI0vTIes 00 0 20 20 2
- cmesmeeeerer || GOHEE D0 BEND BIMEEG BD OB OBP HEZ

SOLID data

= Draw quality score boxplot.

Adapter bases in color space reads are excluded from statistics
for SOLID data

GENERIC FASTQ
MANIPULATION

= Eiter FASTO reads by quality
score and length

citation

If you use this tool, please cite Blankenber D, Gordon A, Van Kuster G, Caraor N, Tavlor J, Nekrutenko A; Galaxy
Team. Manipulation of FASTQ data with Galaxy. Bioinformatics. 2010Jul 15:26(12)11763-5

= FASTO Trimmer by column

B b
e g 9| | >

- What is the median quality at the last position?
- How long are these reads?

Next, we will map these reads to a reference genome. Use the A.

o " History Options ~
FASTQ Summary Statistics (version 1.0.0)
FASTQ File: o Z
1: imported: G1E_ER4 CTCF (chrd) v -seq tutorial 29.2 Mb
<_- Liimported: GIE ER4 @ 0 %

NGS: Mapping > B. Map with Bowtie for lllumina tool.

You will need to change the reference genome build you are mapping against to C. mm9. Otherwise you can leave the
default mapping options.

User data and job quota limits are now implemented. Read mors

Tools

-~

Options ~ e . . . History Options ~
ENCODE Taoks | Map with Bowtie for Iilumina (version 1.1.2)
Lift-Over will you select a reference genome from your history or use a built-in index?: ou <
Text Manipulation Use a built-in index chip-seq tutorial 29.2Mb
Convert Formats Built-ins were indexed using default options = " ’
- 3 H i i @
EASTA manipulation Jitap with Bowtie ®

Eilter and Sort

Join, Subtract and Group
Extract Features

Fetch Sequences

Fetch Alignments

Get Genomic Scores

Operate on Genomic Intervals

Graph/Display Data
Regional Variation
Multiple regression
Multivariate Analysis
Evolution

Motif Tools

Multiple Alignments
Metagenomic analyses
Human Genome Vai
Genome Diversity
EMBOSS

ILLUMINA

= Map with Bowtie for Ilumina
= Map with BWA for Illumina
ROCHE-454

= Lastz map short reads
against reference sequence

= Meqablast compare short
reads against htgs, nt, and
wgs databases

= Parse blast XML output

Select a reference genome:

[Mouse (Mus musculus): mmg Full
if your genome of interest is not listec

Is this library mate-paired?:
Single-end v

FASTQ file:

1: importe

Must have

G1E_ER4 CTCF (chr9) v

1 encoded quality scores

Bowtie settings to use:
Commonly used v
For most mapping needs u

Commonly used settings. If you want full control use Full parameter list
Suppress the header in the output SAM file:

Bowtie produces SAM with several lines of header information by default

‘

What it does

Bowtie is 3 short read aligner designed to be ultrafast and memary-efficient. It is developed by Ben Langmead and
Cole Trapnell. Please cite: Langmead 8, Trapnell C, Pop M, Salzberg SL. Ultrafast and memary-efficient alignment of
short DNA sequences to the human genome. Genome Biology 10:R2S.

Know what you are doing

There is no such thing (yet) as an automated gearshift in short read mapping. It s all like stick-shift driving in
San Francisco. In other words = running this tool with default parameters will probably not give you meaningful
results. A way to deal with this is to understand the parameters by carefully reading the documentation and
erimenting. Fortunately, Galaxy makes experimenting easy.

Input formats

Bowtie accepts files in Sanger FASTQ format. Use the FASTQ Groomer to prepare your files

A Note on Built-in Reference Genomes

The default variant for all genomes is "Full”, defined as all primary chromosomes (or scaffolds/contigs) including
mitochondrial plus associated unmapped, plasmid, and other segments. When only one version of a genome is
available in this tool, it represents the default "Full” variant. Some genomes will have more than one variant

available. The "Canonical Male" or sometimes simply “"Canonical” variant contains the primary chromosomes for a »
< >

for Illumina on data 1: mapped

reads
2: FASTQ Summary. @0 R
Statistics on data 1

@0 R

1: imported: G1E ER4
CTCF (chr9)

Once are reads are mapped, we will call peaks with MACS. Use the A. NGS: Peak Calling > B. MACS tool. You should also
change the C. tag size to the read length you observed in Step 1. Otherwise the default values should be reasonable.

TreeGenes
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User data and job quota limits are now implemented. Read more.

Tools Options ~
Fetch Alignments

Get Genomic Scores
Operate on Genomic Intervals
Statistics

Reaional Variation
Multiple rearession
Multivariate Analysis
Evolution

Motif Tools

Multiple Alignments
Metagenomic analyses
Human Genome Variation
Genome Diversity

EMBOSS
NGS TOOLBOX BETA
NGS: OC and manipulation

NGS: Mapping
NGS: SAM Tools
NGS: Indel Analysi
NGS: Peak Calling
= MACS Modg

of ChiP-Seq
= SICER Statistical approach for

the Identification of

Chip-Enriched Regions

= GeneTrack indexer on a BED

file
= Peak predictor on GeneTrack
index

NGS: RNA Analysis
NGS: Picard (beta)

RGENETICS
SNP/WGA: Data; Filters

SNP/WGA: Statistical Models

Workflows

MACS (version 1.0.1)

Experiment Name:
MACS in Galaxy

Paired End Sequencing:

Single End v
ChIP-Seq Tag File:

3: Map with Bowtie f..apped reads v
ChIP-Seq Control File:

Selection is Optional v

Effective genome size:

Band width:
300

Pvalue cutoff for peak detection:
1e-05
default: 165

History

IC]

chip-seq tutorial

s

Options ~

71.4 Mb

3: Map with Bowtie for ® § %
Illumina on data 1: mapped reads

2: FASTQ Summary ®0R
Statistics on data 1

1: imported: GIE ER4 @ ( &

CTCF (chr9)

Select the regions with MFOLD high-confidence enrichment ratio against background to build model:

32

Parse xls files into into distinct interval files:

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

Do not create wig file (faster) v

use fixed background lambda as local lambda for every peak region:

3 levels of regions around the peak region to calculate the maximum lambda as local lambda:

1000,5000,10000
Build Model:

Build the shifting model v
Diagnosis report:

Do not produce re
p to 9% more tim

Darfarm tha naw naal datartinn mathad (futnrafdrl:

6. Once MACS completes it will produce two datasets. One is a report on the peak calling process. The other contains the
positions of the peaks.

- How many peaks were found? Click the link to "Display at UCSC main" and you will be able to see the positions of the
peaks on the genome.

Next, we will incorporate an input DNA control, import the following dataset into your history:

7. Rather than upload some illumina data, we will be using an online dataset. To retrieve the dataset follow the link below:

G1E_ER4 input (chr19)http://main.g2.bx.psu.edu/u/james/d/2979743ceed4f520

Click the A. green + near the top right corner to add the dataset to your history then click on start using the dataset to

return to your

history.

8. Next, we will map these control reads to a reference genome. Use the A. NGS: Mapping > B. Map with Bowtie for lllumina
tool. You will need to change the reference genome build you are mapping against to C. mm9. Otherwise you can leave the
default mapping options.

9. Use the A. NGS: Peak Calling > B. MACS tool again. Select your C. previous CTCF dataset for ChIP-seq tag file, but now
select the D. mapped input DNA for "ChlIP-seq control file". Also, be sure to set the same E. tag size as you used
previously.

User data and job quota lmits are now implemented. Rzad marz...

Tools Options -

Get Genomic Scores
Operate on Genomic Intervals
Statisties

Graph/Display Data

Reaional Variation

Multiple rearession
Multivariate Analysis
Evolution

Motif Tools

Multiple Alianments
Metagenomic analyses

Human Genome Variation
Gename Diversity.

EMBOSS

NGS TOOLBOX BETA
NGS: OC and manipulation
NGS: Mapping

2 2

R Statistical approach for.

the Identfication of
chip-Enriched Regions

= GeneTrack indexer on 2 BED
fle

= Beak predictor on GeneTrack
index

NGS: RNA Analysis

NGS: Picard (beta

RGENETICS

SNP/WGH: Data; Filters

SNP/WGHA: OC; LD; Plots

SNP/WGH; Statistical Models

Workflows ¥

MACS (version 1.0.1)

Experiment Name:

MACS in Galaxy

Paired End Sequencing:

Single End v
ChIP-Seq Tag File:

Chip-Seq Control File:

7iMap withSoti f.spped reads ¥ <4 D_|

Effective genome size:
270000000)
default: 27849

Tag size:

:

default: 165

Select the regions with MFOLD hit enrichment ratio

2

Parse xls files into into distinet interval files:

Save shifted raw tag count at every bp into a wiggle file:
Do not create wig file (faster) v.

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

15 0 9X more time consuming

to build model:

3 levels of regions around the peak region to calculate the maximum lambda as local lambda:

1000,5000, 10000
Build Model:
Build the shiting model v

Diagnosis report:
Do not produce report (faster) v

History. Options ~
IE]
chip-seq tutorial 113.8Mb

7: Map with Bowtie for @ 0 %X
Tilumina on data 6: mapped reads
6: imported: G1E ER1 @ ) %
input (chr19)

5 MACS on data 3 (html @ § %
report;

4 MACS on data 3 ®0%
(peaks: bed

3: Map with Bowtie for @ ) %
Tllumina on data 1: mapped reads

2:FASTO Summary @ 0 %
Statistics on data 1

- | Limported: G1E ERa @ 0 3¢

CTCE (chr9)
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- How many peaks are called this time?
- What is the effect of using the input control?

Now that we have ran through this pipeline with one sample, we are going to run through this process again with another
G1E CTCF input file and another G1E Control input file.
G1E CTCF http://main.g2.bx.psu.edu/u/james/d/d78ba454458040fd
G1E Control input  http://main.g2.bx.psu.edu/u/james/d/5aa51f1c13683c33

10. Repeat steps 3-9 with these new datasets

G1E is a model for erythropoiesis, the G1E line is a GATA1L null derived line which can be induced to differentiate by estradiol
treatment (thus G1E-ER4). Here we will use Galaxy to identify sites that have differential binding across the two developmental

stages.

11. Select the A. Operate on Genomic Intervals > B. Subtract tool. For the first input ("Subtract") select your C. second set of
peaks (Peaks from G1E), for the second input ("from") select your D. first set of peaks (Peaks from G1E-ER4) and run the
tool. The resulting dataset contains peaks that are only present in the differentiated line.

- How many are there?

12. Perform the subtract operation, switching the input datasets, to find peaks that are unique to the undifferentiated line.

13. Finally, load the A. Graph / Display Data > A. Build Custom Track tool. Add each of your three tracks (Intersect, ER4, and
G1E) by clicking Add Track and give them descriptive names. Run the tool, and inspect the resulting dataset when
complete. Click "Display at UCSC main" and all three tracks will be displayed in the UCSC browser. You can now inspect

differential CTCF binding sites between two differentiation time points.

—
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User data and job quota limits are now implemented. Read more...

Tools
ENCODE Tools

Options +~

Text Manipulation
Convert Formats
EASTA manipulation
Iter and Sort
Join, Subtract and Group
Extract Features
FEetch Sequences
Fetch Alignments.
Get Genomic Scores
Operate on Genomic Intervals

Graph/Display Data

-t ]
= Histogram of a numeric

column

Scatterplot of two numeric
columns

Plotting tool for multiple
series and graph types

Boxplot of quality statistics

= GMAJ Multiple Alignment
Viewer

= Build custom track f
genome browser

VCF to MAF Custom Track for

display at UCSC

= Mutation Visualization

Regional Variation
Multiple regression
Multivariate Analysis
Evolution

Motif Tools

Multiple Alignments
Metagenomic analyses
Human Genome Variation
Genome Diversity
EMBOSS

Build custom track (version 1.0.0)

Tracks
Track 1

Dataset:
20: Subtract on data 8 and data 17 v

<-4

name:
ER4

description:
ER4

Color:
Red v

Visibility:
Dense v

Remove Track 1

Track 2

Dataset:
19: Subtract on data 17 and data 8 v

-t

name:
G1E

Color:
Orange N,

Visibility:
Dense v

Remove Track 2

© This tool allows you to build custom tracks using datasets in your histary for the UCSC genome browser. You
can view these custom tracks on the UCSC genome browser by clicking on display at UCSC main/test link in
the histary panel of the output dataset.

Al

History Options +

20: Subtractondata8 ® { X
and data 17

62 regions, 1 comments

format: bed, database: mm9
HOUE &

display at UCSC main
view in GeneTrack
display at Ensembl Current

orack name="HACS peaks for MACS_in_
<hely 3373472 3374792 MACS_peak_6
<hel? 9417920 3418649 MACS_peak_7
chel? 2961255 3961825 MACS_pesk_1
chely 4812895 4813286 MACS peak_4
<hel?  STLS636 S717715 MACS_pesk_7
<

19: Subtract on data 17 ® § %
and data 8
238 regions, 1 comments

.| | format: bed, database: mmg

HOUE Z=

display at UCSC main
view in GeneTrack
display at Ensembl Current

$rzack name="IACS peaks for MACS_in_
<hel? 3347603 3348356 MACS_peak_6
<hel? 2255095 3256065 MACS_pesk_?
<hel? 3581394 3581866 MACS peak_iC
<hel? 2619155 3620350 MACS peak_1C
<hel? 2651261 3652661 MACS peak_1t
< >

18: MACSondata16 @ { X
and data 13 (html report)

17: MACSondata1l6 @ { X
and data 13 (peaks: bed)

16: Map with Bowtie for ® {
Illumina on data 11: mapped
reads

~~
TreeGenes
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