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1 Introduction

1.1 What is Galaxy?

Galaxy is a web-based interface that allows users to create complex computational pipelines to
analyze biological data. Galaxy is designed to help you create reproducible workflows that can be
used with multiple datasets, shared with others and published. Common bioinformatics software
such as BLAST, BWA and GATK can be accessed though the Galaxy interface along with many
other tools for converting between different formats, manipulating data and basic statistics.

1.2 Galaxy at MSI

There are many instances of Galaxy, the one available to you though MSI is maintained by MSI and
connects directly to the computational resources at MSI. The tools available will vary depending
on which instance of Galaxy you use. While transferring workflows from one instance of Galaxy
to another is easy, MSI has no control over which tools are available in other Galaxy instances. If
there is a tool that you have used in a different instance of Galaxy that is not available in the MSI
instance send a request to help@msi.umn.edu.

1.3 Scope of this tutorial

e Give participants experience with the basic functionality of Galaxy

— Accessing Galaxy at MSI

— Galaxy layout

— Loading files into current Galaxy history
— Creating a workflow

— Sharing histories and workflows

— Where to get more information
e Basic processing and quality control on Illumina sequencing data

— Evaluating read quality
— Adapter removal
— Low quality read removal

— Read trimming

1.4 Where to get more information

e From other Galaxy users: https://wiki.galaxyproject.org/

e From MSI: https://www.msi.umn.edu/content/bioinformatics-analysis


https://wiki.galaxyproject.org/
https://www.msi.umn.edu/content/bioinformatics-analysis

2 Getting Started With Galaxy

. X0
2.1 Accessm%\oé’alaxy at MSI

a) Open a web ,%f@ﬁ/ser and navigate to the MSI Galaxy galaxy.msi.umn.edu
'\ J
b) Log in @9 your MSI username and password

¢) Tools Pane

e

)
)

d) Center pane
) History Pane
)

f) The side panels can be collapsed via arrows in the bottom corner to provide a better view of
the Center Panel.

g) Search bar to find tools.


galaxy.msi.umn.edu

h) The total quantity of data your group has stored in Galaxy is displayed in the top right corner.

i) You can always get back to the main screen using Analyze Data in the top menu bar.
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a) At the top of the screen select Shared Data then in the menu Data Libraries

b) Select RISS-tutorial-galazy101 from the list of data libraries

¢) Expand the Fast@ folder and check the boxes next to the first two files, Tutorial file_R1.fastq
and Tutorial_file_r2.fastq

d) Select Go next to Import to current history below the data files to move the data to your
current history.

e) Select Analyze Data in the blue bar to move back to the main Galaxy view.
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2.3 Set File Attributes

a) In the History Pane click on the pencil icon next to Tutorial file_R2.fastq. This will bring up
the files Attributes in the Center Pane.

b) This is a human dataset so select Human hg19 in GATK canonical in the drop down menu
under Database/Build:. You can scroll or if you begin to type “hgl9” then you will only see
the options with “hgl19” in the name.

¢) Click Save
d) Switch to the Datatype tab by selecting it from the top of the Center Pane

e) Select fastgsanger from the drop down menu. You can scroll or if you begin to type “faster”
then you will see the options with “fastq” in the name. NOTE: do not select fastqcsanger.

f) Click Save

g) Change the attributes and data type for the other fastq file to match.


http://genome.ucsc.edu/FAQ/FAQformat.html
http://genome.ucsc.edu/FAQ/FAQformat.html
http://onlinelibrary.wiley.com/doi/10.1002/0471250953.bia01bs45/full
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3 Evaluating FASTQ File Quality







3.1 Running FastQC
From the Tools Pane select the NGS: QC and manipulation header.

Select the FastQC: Read QC tool.

Alternatively, use the search bar at the top of the tool pane to find FastQC.
Select the file to analyze from the drop-down menu: Tutotial file_R2.fastq
Rename the output file to something meaningful such as “Precleaning R2”.
Select FEzxecute

Repeat this process for the Tutorial file_R1.fastq file changing the name of the output to reflect
the use of the new file (“Precleaning R17).

Galaxy / UMN Combine FASTA and QUAL inta

FASTQ
Tools [ 2 Losd Data
MUIIPIE TEgressio FastQC:Read QC reports using
Multivariate Analysis [Esie
Evolution Scythe Trimming
Motif Tools adapters/contaminants using a

Naive Bayesian classifier
Multiple Alignments

Metagenomic analyses
Metagenomics Mothur

Sickle Windowed Adaptive
Trimming of FastQ data

FASTA manipulation Tools
NCEI BLAST+

NGS: QC and manipulation A ( Fastqc 0)
NGS: Picard (beta) NGS: QC and manipulation

NGS: Assembly FastQC:Read QC reports using

NGS: Mapping FastQC

NGS: RNA Analysis
NGS: SAM Tools

NGS: GATK Tools
NG5: Variant Detection
NGS: Peak Calling

Workflows
» All workflows
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EASTO Grogmer convert between lllumina Small RNA RT Primer CAACCAGAAGACGGCATACCA

various FASTQ quality formats

ilter FASTQ reads by quality score m

and length

3.2 Viewing and Understanding FastQC results

a) In the History Pane select the Eye Icon next to the name of the output from using the FastQC:
Read@C tool. This will allow you to view the results in the Center Pane.

History S ﬂ'

Unnamed history
688.6 MB |3||E||£|

4: PrecleaningRl Tutoria @ 4 %
| file R1.fastg.html |

3: PrecleaningR2 Tumrlg‘ & E x |
| file R2.fastg.html
2: Tutorial file R2.fastg |@.’ x |

L Tutorial file Rlfasta @ & x

b) Scroll to the “Per base sequence quality”.
c¢) Note how the quality of the reads drops towards the 3’ ends of the reads

d) Dips like this are indicative of a failed cycle on the sequencing machine.
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f) Note the bimodal distribution with a population of low quz@eads.
4(?)
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e) Scroll to “Per sequence quality scores”.
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g) Scroll to “Seq%&}ce duplication levels”.

h) Note the gence of duplicated reads, here up to 5 copies. Some duplication is expected and
this is a relatively low level of duplication. Large number of sequences in the 104 column would

indicate issues.
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) Scroll down to “Kmer content”

j) Note the presence of over enriched k-mere at the 3’ end of the reads, this is indicative of
3’ adapter contamination. Adapter sequences may also be identified as an ”Overrepresented
Sequence”.
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4 Cleaning FASTQ Datasets

4.1 Why Is Cleaning Required?

12



Adapter cDNA insert Adapter
) |
[ | |

4.2 Remove Low Quality Tails
a) Open the NGS: QC and manipulation section of the Tool Pane, or use the search bar.

b) Select FASTQ Quality Trimmer

d

)
¢) In the FASTQ drop down menu select the Right FASTQ file, Tutorial file_R2.fastq
) Set Trim ends to 3’only.

)

e) Set Window size to 3.
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f) Set Quality Score to 20.

g) Select Ezecute.

h) Repeat these steps on the Left FASTQ file. To rerun a tool from your history you can select
the underlined name of the output in the History Pane, expanding the box. Then select the
Recycle Icon which will load the tool with the setting preloaded. For FASTQ Quality Trimmer

instance you will just need to change the name of the input files.

Analyze Data

Galaxy / UMN
Tools o Load Data
Fastq gu |

Metagenomics Mothur
Make. fastg Cormert fasta and
quality to fastq
Fastg.infe Comvert fastg to fasta
and quality

KNGS QC and manipulation
EASTO Quality Trimmer by sliding
window
FASTC Masker by quality score
FASTQ Croomer convert between
various FASTOQ quality formats

Filter FASTO) reads by quality score
and length

Cormbine FASTA and QUAL into
FASTO

Workflows
= Al workflows

FASTO Quality Trimmer (version 1.0.0)

FASTQ File:
2. Tutorial_file_RZ.fastg +

Kaep reads with zero lengthc

Trim ends:
3' anly [ ]

Window size:

3

Step Size:
1

Maximum number of bases to exclude from the window during
aggregation:
1]

Aggregate action for window:
min sgCong

Trim until aggregate score is:

>m £

Quality Score:
20

History - &

Unnamed history

245.8 MB Qe e

£: 5: FASTQ Quality Tri E W AR

mmer on data 2

This job is currently running

ec

4: PrecleaningR1 Tutoria @ ¢ x
| file R1.fastg.html

3: PrecleaningR2 Tutoria @ & x

| file R2.fastg.html
2: Tutorial file R2.fasta @ & %
1: Tutorial file R1.fastg @ & =
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4.3 Remove Adapter Contamination

a) Select FASTA manipulation from the Tool Pane.
b) Select Cutadapt to bring up the tool options in the Center Pane.

c) Under Fastq file to trim: select Right (_.R2) FASTQ file that has already been trimmed for
quality.

d) Select Add new 3’ Adapters

@

Under Choose 3’ Adapters select “TrueSeq Universal Adapter Reverse Complement”

—+

Set “Minimum overlap length” to 5

Set “Output filtering options:” to ’Set Filters”.

= R
~— ~— Y ~—  ~— o ~—

Set “Minimum length” to 25

Select Execute.

[

Run CutAdapt again (Recycle Icon) using the Left (_R1) quality trimmed FASTQ file. Use
“TrueSeq Index Adapter” as the 3" adapter.

15



I‘.'.'II.‘HI;!I version 1.1.a % |

Fastq file to trim:

| 5: FASTQ Quality Trimmer on data 2 ¢ | '

3' Adapters

Sequence of an adapter that was ligated to the 3 end. The adapter itself
and anything that follows is trimmed.

Add new 3" Adaprers D

Cutadapt | version 112 : ]

Fastq file vo trim:
5: FASTQ Quality Trimmar on gata 2 & |
3' Adapters
sequence of an adapter that was ligated to the 3' end. The adapter itself
and anything that follows is trimmed.

3' Adapters 1

Source:
Standard (select from the list below)

Choose 3" adapter:
Ti Universal Ad

Reverse Com L E

Remove 3' Adapters 1

Cutadapt | version L1a _: |

Fastq file to trim:
6. FASTQ Quality Trimrmer on data 1 2 | l

3' Adapters

Sequence of an adapter that was ligated to the 3' end. The adapter itself.

3' Adapters 1

Source:
_ Standard (select from the list below) + |

Choose 3" adapter:

TruSeq Index Adapter i IJ

Remove 3" Adapters 1

Minimum overlap length:
5

Minimum owvarlaly length. If the owerlap between the adapter and the
sequence is shorer than LENGTH, the read is not modified. This reduces
the number of bases trimmed purely due to short random adapter
matches.

Match Read Wildcards:

o
Allow "N's in the read as matches to the adapter,

Do Not Match Adapter Wildcards:

;]
Do not treat "N in the adapter sequence as wildcards. This is needed when
you want to search for literal 'N' characters.

Output filtering options:

 Set Filters i G

Options for filtering proces! ads by those that contain the adapter or
by minimurm of maximum length

Discard Trimmed Reads:

=

Discard reads that contain the adapter instead of trimming them, Use the
'Minimum owverlap length’' option in order to avoid throwing away too many
randomly matching reads!

Minimum length:
25

Discard trimmedﬂ that are shorter than LENGTH. Reads that are too
short even before adapter removal are also discarded. In colorspace, an
initial primer is not counted. Value of 0 means no minimum length.

Maximum length:

o
Discard trimmed reads that are longer than LENGTH. Reads that are too

long even before adaprer remaoval are also discarded. In colorspace, an
initial primer is mot counted. Value of 0 means no maximum length.

Additional output options:

| Default i

By default all reads will be put in the same file. However, reads with
adapters matching in the middle, unmatched reads, and too-short reads
can be saved in separate files.

Additional modifications to reads:

Mo Read Modifications 3 |
Various optiens to trim reads based on quality, modify read names and
guality scores

k) Cutadapt will produce a report as well as the cleaned up FASTQ file.
1) Open the Cutadapt report by selecting the Eye Icon in the history pane.

m) Note the length distribution of removed sequence.

4.4 Resyncing Left and Right FASTQ Files
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a

b

Select the MSI header from the Tool Pane.

Select resync: Paired-end resynchronization.

d) Select as Input 2: the quality and adapter trimmed Left FASTQ file

e) Select Ezecute

)
)
c¢) Select as Input 1: the quality and adapter trimmed Right FASTQ file
)
)

Galaxv / UMN Analyze Data

resync: Paired-end
resynchronization Resynchronize
a pair of paired-end fastq files

Workflows
= All workflows

S + ats resync: Paired-end resynchronization (version 0.1.0)
|i resy Ojl Input 1:

[ 24: Cutadapt on data 14 = ]'
MSI

Input 2:

| 22: Cutadapt on data 13 ¢]D

5 Review FastQC Results From Cleaned Datasets

a) Use FastQC to examine the quality statistics for the quality and adapter trimmed FASTQ files.
Select the Eye Icon to view the results.

b) Scroll down to “Per base sequence quality”. Note the improvement in the average quality of

the read tails.
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d) Scroll down to “Sequence Length Distribution”. Note the degree of trimming that has occurred.
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e) Scroll down to “Kmer Content”. Note the absence of overrepresented tail k-mers.
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6 Workflows

e
S\
6.1 Extract Workflow from Current His 4%’

QY
a) Select the Gear Icon from the top of the history ﬁhée\/

%
b) Select Extract Workflow from the menu. )’&\,\,

\’

)
¢) In Workflow name enter “QC and Cleaxgu@’.
)

XL

d) Select Create Workflow.

x itr—- e A
\ HISTORY LISTS
Q saved Histories

Histeries Shared with Me

\/q/ CURRENT HISTORY
) Create New
’\\' Copy History
:GO Copy Datasets

Share or Publish
5N Extract Workflow

) 'Q - Dataset Security

C)Q Resume Paused Jobs
Collapse Expanded Datasets

Include Deleted Datasets
Include Hidden Datasets
Unhide Hidden Datasets
Delete Hidden Datasets
Purge Deleted Datasets
Show Structure
Export to File
Delete
Delete Permanently
OTHER ACTIONS
Import from File

- e

Workflow name r\
|QCand Cleanup = [

D Create Workflow ~ Check all || Uncheck all |
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6.2 View and Edit the Workflow

a)
b)

c)

k)

Select Workflow from the top bar.
Select the workflow that you just created and select Edit from the drop down menu.

The initial view of the workflow may be very messy. You can drag the boxes around on the
screen to make the workflow easier to interpret. You can also move the blue box in the bottom
right corner to view other sections of the workflow.

The workflow will follow the same logic as the history you created it from. Can you trace the
steps you took for each initial FASTQ file though the QC and clean up process?

Select a FastQC:Read QQC box which will open the Details Pane on the right. Is this for the
Left or Right reads?

Select the Input dataset box that is attached (connected arrows) to the FastQC:Read QC box
you just viewed.

Label the Input dataset either Left or Right to correspond with the information from the
FastQ)C:Read QQC box you just viewed.

Do the same for the other Input dataset.

The next time you need to run QC and clean up FAST(Q data you might need to use different
adapter sequences. Selecting the Cutadapt box to view the Details Pane.

In the Details Pane for Cutadapt change the adapter sequence to “Set at runtime” using the
small arrow next to Choose 3° Adapter. Do the same for the Cutadapt box associated with the
other Input dataset.

Select the Gear Icon then Save from the menu.
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6.3 Running a Workflow

a) Select Analyze Data from the top bar to return to the main Galaxy screen.
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d
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Create a new history by selecting the Gear Icon then Create New from the menu.

Import “Tutorial_file workflow_R1.fastq” and “Tutorial_file_ workflow_R2.fastq” into the current

“Workflow Test” history from the data library(Section Don’t forget to set the file attributes

(Section [2.3).
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History o O | History -
HISTORY LISTS

L Saved Histories |Workﬂnw — |

1.5¢
Histories Shared with Me Ll @ ol

CURRENT HISTORY

26: r Shared Data ~
ata
= Copy History | Data Libraries
M | |
atal Copy Datasets Data Libraries Beta
Share or Publish |
24:C Published Histori '
Extract Worlflow | ubiizhed Histories |
23:C  Dataset Security Published Workflows
(Repi Resume Paused Jobs Published Visualizations
22: C Collapse Expanded Darasets Published Pages
Include Deleted Datasets
?21: 0

Data Library “RISS-tutorial-Galaxy101”

Files for galaxyl01 tutorial

[ ] Name Mes
g _| Fasta = Fast
7 [ FastQ~ Fast

Tutorial_file_R1.fastg =
Tutorial_file_R2.fastg «
o Tutorial_file_workflow_R1.fastg =
o Tutorial_file_workflow _R2.fastg =
v _| Legacy -

For selected datasets: | Import to current history || Go

Select Workflow from the top bar to display your saved workflow from the data library.

Select the QC and Cleanup workflow you just created then select Run from the drop down

In the Center Pane select the “ Rl.fastq” file for the Left Read Input using the drop down

Select the “_R2.fastq” file for the Right Read Input using the drop down menu.
Scroll down the the Cutadapt steps and select the appropriate adapters.
Scroll to the bottom of the main view and select Run workflow

Select Analyze Data in the top bar to return to the main Galaxy view.
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1) You will be able to watch the progress of the workflow in the History Pane.

Galaxy / UMN Workfiow

Your workflows
MName

QL and Cleanum =
. Edit

9C3  aun F

Share or Publish

Work pry ‘Unnamed history' =
Diownload or Export
impd  Copy
Rename
Ca
Wiew
impg  Delete 10XZ0X30K =
L L]
Running workflow "QC and Cleanup Expand All | Collapse
[ t
Left Read (R1)
1: Turorial_file_R1.fastg % G
il [i] t

Right Reads (R2)

2: Tutorial_file_R2.fastq i) I I

atep 7: Cutadapt (version 1.1.a)
Trim the adapters from the Left (R1) reads

Fastq file to trim
Dutput dataset "output_file' from step 4

3' Adapters
3" Adapters 1

Source
Standard (select from the list below)

Choose 3' adapter I
:_TrUch Ingex Adapter 5

Step & Cutadapt (version 1.1.a)
Trim the adapters from the Right (R2) reads

Fastg file to trim
Cutput dataset 'output_file” from step 5

3" Adapters
3 Adapters 1

Source
Standard {select from the list below) At Bottom of Center Fane

Crore s tor I

| Truseq Universal Adapter Reverse Complerment = |
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7 Sharing Workflows and Histories

7.1 Share a History

a) To share your current history select the Gear Icon then Share or Publish

b) To share the history though a web link select Make History Accessible via Link. You can share
this link with anyone who has access to Galaxy at MSI allowing them to view the history and
the data in it.

¢) Make History Accessible and Publish will also create a link to the history but it will also publish
the history making it public to anyone with access to Galaxy at MSI under the Shared Data
tab.

HISTORY LISTS
Saved Histories

Histries Shaned with Me Share or Publish History 'Workflow Test'

CURRENT HEETORY

Create New |Make History Accessible via Link and Publish It

| Hi

1 D sy || This histoey is curmently restricted so that only you and the wsers listad below can access i You can:
Cogy Dtases

Make History Accessible via Link g
Canerates a web link that you can share with other prople 50 that they can view and Imipart the history.

Make History Acoessile and Publish €
Makes the history acoessible via link (see abowe) and publishes the history 1o Calaxy's Published Histories sectbon, where it is publicly listed and searchable.

Entract Warkflow

Dataset Security

Resume Paused Jobs
Collapse Expanded Datasers
Include Deleted Datasers

Include Midden Datid ets Share History with Individual Users
Unhide Hidden Diatasets Yau hive ot shared this histoey with ary usass.

Delete Hidden Damsets Shame with a User

Purge Deleted Datasets

Show Structure

Expon 1 File Back 1o Mistories List

Delete

Dedete Permanently
OTHER ACTIONS
Impart from File

7.2 Share a Workflow

a) When you select a workflow from the list one of the options is Share or Publish

b) To share the workflow though a web link select Make Workflow Accessible via Link. You can
share this link with anyone who has access to Galaxy at MSI allowing them to view and use
the workflow.

¢) Make Workflow Accessible and Publish also creates a link to the workflow but it will also publish
the workflow making it public to anyone with access to Galaxy at MSI under the Shared Data
tab.
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d) You can also download a workflow to be imported into another Galaxy instance or to be archived
by selecting Download or Export.

Galaxy / UMN Galaxy / UMN
Your workflows Share or Publish Workflow '"QC and Cleanup '
Harma
ey Make Workflow Accessible via Link and Publish It
) * Edit This workfiow Is currenthy restricted sa that oaily you and the users listed below can access it You canc
OCf  fum Miaky Workflow Accussible via Link 1—B
7 Share ar Pabilish F'i"u' Generales & web link that vou cin share with other pecole so that they can view and imporl the workflow.
Oownload or Expan
ivb’:ﬂﬂ‘\' Make Workflow Accessible and Publish | —————
| [ —— Makes 1he warklow acoessibbe via link (fee above) and pulblishes the workflow to Galaxy's Published Workfows section, where it is publicly lised and searchabis
o Delere loze Share Workflow with Individual Users
Wou Rave nof shmned This workflom with L5y users,
Share with a wser
Back 1o warkflows Lis

8 Cleaning Up Histories: Deleting Data From Galaxy

8.1 Deleting Intermediate Files and Histories from Galaxy

a) Select Analyze Data in the top bar to get to the main Galaxy view.
b) Select the Gear Icon and then Saved Histories from the menu.

¢) Select the history you created when you tested your workflow then select Switch to open the
history in the Galaxy History Pane.

d) To delete specific pieces of data from a Galaxy history you can select the X.

e) Notice that when the data set is deleted that the size of the history does not change. This is
because Galaxy has a recycling bin type function.

f) To permanently delete a dataset first unhide the hidden datasets by selecting the Gear Icon
then Include Deleted Datasets.
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g) Select the here link displayed in the history pane for the data you would like to delete. This

will actually reduce the size of the history.

History

P
L NS

2:
Rep

20: €
R

E

=

P
1 fi

[
i~ I

6:
1 fi

2: Tu

1: T

h) You can delete an entire history from the same page where you can view your saved histories.

=
HISTORY LISTS
Saved Histories
Histories Shared with Me
CURRENT HISTORY
Create New
Copy History
Copy Datasets
Share or Publish
Extract Workflow
Dataset Security

Resume Paused Jobs

"

Collapse Expanded Datasets

Include Deleted Datasets
Include Hidden Datasets
Unhide Hidden Datasets
Delete Hidden Datasets
Purge Deleted Datasets
Show 5Structure

Export to File

Delete

Delete Permanently
OTHER ACTIONS

Impaort from File

i) Select the Gear Icon then Saved Histories

j) Select the history that you want to delete. Delete Permanently will remove the history imme-

History

Q

Workflow Test
1021.9 MB

27: PostcleanR2 resync
Cutadapt on data 18.htm
1

26: PostcleanR1 resync
Cutadapt on data 17.htm
1

25: resync Cutadapt on d
ata 18

Qs e

@ & R

& & X

@ & X

This dataset has been d;
Click here to undelete it o

immediately remove it frow

" here 1o

— Tk

24: resync Cutadapt on d
ata 17

22: Cutadapt on data 18
(Report)

diately while Delete will place the history in the recycling bin.

k) While data can be restored from the recycle bin MSI will clear out the recycle bin monthly so

@

& & X

if you choose to delete a history you should just Delete Permanently.
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Saved Histories

search history names and tags

Advanced Search

[ Name Datasets Tags Sharing Size on Disk Created Last Updated T Status
~]1 day current
- 10 0 Taqgs 1021.9 MB ~]1 day ago .
@ Workflow Test ago Y ad history
B Unnamed Mar 26,
] e - 12 0 Tags 1.5 GB 2014 ~# days ago
- QC and Clean Mar 26,
- 10 0 Tags 4.7 GB Mar 26, 2014
| Fresh 2014 '

For 0 selected histories: | Rename Delete Delete Permanentwl Undelete

Histories that have been deleted for more than a time period specified by the Galaxy administrator(s) may be
permanently deleted.
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