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1. Introduction

Transcriptomic profiling aims to identify and quantify all transcripts present within a cell type
or tissue at a particular state, providing information on which genes are being expressed in
precise experimental settings, differentiation or disease condition. This technique is thus
essential for discerning how changes in gene expression relate to functional changes in the
organism or tissue and is the only “omic” approach capable to shed insights into
transcriptional regulation, signalling pathways and gene network organization [1]. Traditional
transcriptomic approaches were based on microarrays RNA-DNA hybridization, but
high-throughput sequencing of mRNA (also called RNA-seq) is a powerful tool which offers
many advantages over hybridization-based studies. Deep sequencing allows theoretically for
identification and quantification of all mMRNA presents within a cell type at a specific
condition, including non-coding RNAs and small RNAs in a single experiment and with high
accuracy. Increasing sequencing depths in new platforms have even made possible to
perform dual-RNA-Seq, performing simultaneously transcriptomic studies in interacting
organisms allowing for instance the characterization of pathogen- host interactions within a
single experiment [2]. In addition, RNA-Seq can identify transcripts “de novo” as it is not
dependent on previous probes design and synthesis [3]. Therefore, RNA-seq is becoming a
standard for transcriptomic studies. The many advantages of RNA-seq are partly possible
due to the generation of an enormous number of raw sequencing reads, typically tens of
millions for a standard experiment, which allow capturing even low abundant transcripts.
Consequently, RNA-Seq data analysis requires the utilization of specific software designed
to handle with the vast amount of data generated in these experiments, whose utilization can
be challenging for the non-familiarized user, due to the volume and complexity of data
produced and the absence of Graphical User Interfaces (GUI).

As the popularity of RNA-seq grew in the last years, a high number of data analysis methods
and software tools have been developed for different tasks [4]. The main stages for a
differential expression workflow are: (/) reads alignment, for which Bowtie2 [5] or HISAT [6],
among others, are available; (i) transcript assembly and quantification, for which StringTie
[7], Cufflinks [8] or iReckon [9], among others, are available; and (iii) the differential
expression analysis itself, for which tools such as Ballgown [10], edgeR [11], DESeq [12],
baySeq [13], or Cuffdiff [8], among others [14], are available. Also, complete workflows that
combine these tools have been published and discussed [15][16][17]. However, many of
these tools are difficult to install, configure or use for end-users such as life-scientists without
medium to advanced bioinformatics skills. For these reasons, a great variety of interfaces for
RNA-Seq analysis have also been developed, trying to facilitate the work of such users [18].

Examples of such interfaces are easyRNASeq [19], Galaxy for RNa-Seq [20], RNASeqGUI
[21], RobiNA [22], RSegFlow [23], or SePIA [24]. These interfaces have been reviewed by
Poplawski et al. , who encountered several technical difficulties in installing, configuring and
using them [18]. They also pointed out that both the limited flexibility in analysis steps and
such unexpected technical difficulties might shift the balance in favor of established
command-line-based protocols. Container-based technologies such as Docker
(https://docker.com/) have been developed to overcome these challenges by automating the
deployment of applications within the so-called software containers. A software container
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offers an isolated environment for the installation and execution of a specific software,
without affecting other parts of the system. Different groups have proposed the use of
Docker containers to solve bioinformatics problems [25].

In this scenario, there is room for developing a new RNA-Seq software tool that overcomes
this issues.Thus, we present DEWE, a tool to perform complete DE analysis workflows
in eukaryotic RNA-Seq data (comparing two conditions with at least two samples each),
allowing also users to individually perform each supported step, including raw reads quality
control and filtering. DEWE can be easily installed by any life-scientist without advanced
bioinformatics skills, requiring minimal or zero configuration. Thanks to its user friendly
interface and the comprehensive documentation provided, users may be familiarized with the
interface in a short period of time.

1.1. The SING research group

The SING research group (http://sing-group.org/) has been developed many Bioinformatics
applications since the last 12 years.

Other related developments:

e MAHMI database: a comprehensive MetaHit-based resource for the study of the
mechanism of action of the human microbiota (DOI: 10.1093/database/baw157).

e P4P: a peptidome-based strain-level genome comparison web tool (DOI:
10.1093/nar/gkx389).

e BlasterJS: a BioJS component for interactive visualisation of BLAST alignments
results (DOI: 10.1371/journal.pone.0205286).

e RUbioSeqg+: a multiplatform application that executes parallelized pipelines to
analyse next-generation sequencing data (DOI: 10.1016/j.cmpb.2016.10.008).
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1.3 Third-party software

Table 1 shows the specific third-party tools and versions that DEWE uses for each step of
the analysis.

Table 1. Third-party software used in DEWE.

Name Website Version
FastQC https://www.bioinformatics.babraham.ac.uk/projects/fastqc/ 0.11.5
Trimmomatic  http://www.usadellab.org/cms/?page=trimmomatic 0.36.0
Bowtie2 http://bowtie-bio.sourceforge.net/bowtie2/index.shtml 2.3.0
HISAT2 https://ccb.jhu.edu/software/hisat2/ 2.0.5
SAMtools http://samtools.sourceforge.net/ 1.1.3
StringTie https://ccb.jhu.edu/software/stringtie/ 1.3.1¢c
HTSeq https://htseq.readthedocs.io/en/release_0.9.1/ 0.6.1
R https://www.r-project.org/ 3.5.1
Ballgown https://bioconductor.org/packages/release/bioc/html/ballgown.html 2.6.0
EdgeR https://bioconductor.org/packages/release/bioc/html/edgeR.html 3.16.5
PathfindR https://cran.r-project.org/web/packages/pathfindR/index.html 1.3.0
IGV http://software.broadinstitute.org/software/igv/ 2.4.16



2. Installation

DEWE is available under two different installation methods: through a Docker container or
through the use of a VirtualBox Machine.

The official Docker image of DEWE is available at our DockerHub repository:
https://hub.docker.com/r/singgroup/dewe/. This image contains a installation of DEWE with
all the necessary dependencies already installed and configured. The main advantages of
using Docker is that the end-user does not need to install anything but Docker. Moreover, the
provided installers install all the necessary components to run DEWE through the Docker
image.

In addition, a VirtualBox Virtual Machine with DEWE and all its dependencies is available for
download.

2.1 Docker installers

The Docker installers are available for the following operating systems:

e Windows 7 64 bits or higher.
e Linux 64 bits with 3.10 kernel minimum.
e Mac OS X 10.8 "Mountain Lion" or newer.

For this type of installation, a shared folder must be defined between the Docker container
and the host machine. In this folder will be stored in both the files of each case study and
their results. Any other folder inside the host machine other than the shared folder will not be
accessible through DEWE.

2.1.1 Windows Installer

WARNING: the is a beta and therefore a non-stable version, errors may occur during
execution.

2.1.1.1. Prerequisites

To install DEWE, the machine must have installed a 64-bit operating system running
Windows 7 or higher. Additionally, the virtualization option should be enabled, following the
manufacturer’s instructions.

Depending on system configuration, the antivirus software may need to be paused to install
DEWE correctly.

The DEWE installer for Windows is available at the following link
http://static.sing-group.org/software/DEVWE/installers/1.2/DEWE-windows-1.2.exe.



http://static.sing-group.org/software/DEWE/installers/1.1/DEWE-docker-1.1.exe

2.1.1.2. Installation

After executing the installer, the shared folder has to be specified.

This folder will be accessible from DEWE. Other folders outside this one will not be
accessible within DEWE.

[ setup - DEWE —

Select Shared Folder
Which folder do you want to share with DEWE?

Select the folder which contains files you would like to open with DEWE, then dick
Mext. Files outside this path cannot be opened by DEWE.

| | Browse... I

Next = Cancel

The next step is click to proceed with the installation.

|l Setup - DEWE —

Ready to Install
Setup iz now ready to begin installing DEWE on your computer.

Click Install to continue with the installation.

< Back Install Cancel

Setup will install DEWE and all its dependencies. Installation can take several minutes to
complete. Depending on the configuration of the Operating System, it may be necessary to
accept some alerts and the installation of additional drivers.

Once the setup has completed, the computer will have installed DEWE as well as a fully
functional VirtualBox, Docker and Xpra client applications.
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fIl Setup - DEWE —

Completing the DEWE Setup
Wizard

To complete the installation of DEWE, Setup must restart your
computer. Would you like to restart now?

@ Yes, restart the computer now
(IMo, T will restart the computer later

The last step is finish the installation and restart the computer.

2.1.1.3 First run

DEWE is now ready to start working. The tool can be launched using the DEWE shortcut at
the desktop or from the Start Menu folder.

The first time, DEWE will take a while to start, because it has to download the last available
version of the DEWE docker image (~600MB) and execute it.

2.1.1.4 DEWE Viewer

As we have seen in the previous section, to execute DEWE in Windows the user has to
execute the DEWE shortcut.

As the start of the tool consumes certain amount of time, at the time of closing DEWE the
user has two options. On the one hand, let it run in the background, and on the other hand
close it completely. If it has been decided to let it run in the background, the user can reduce
considerably the time to restart the application using the DEWE Viewer shortcut. This
shortcut will do, instead of rebooting DEWE, move the tool from second to foreground. If, on
the contrary, the tool has been completely closed, the DEWE shortcut must be used to
restart the tool.

2.1.1.5 Uninstallation

DEWE can be uninstalled using Add/Remove Programs from Control Panel. DEWE and the
main dependencies can be uninstalled separately, i.e. VirtualBox, Xpra and Docker Toolbox.
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DEWE version 0.1 1,22 MB
SING
§>. Oracle VM VirtualBox 5.1.24 292 MB
2 Oracle Corporation

\ Xpra 2.1 249 MB
Xpra.org

Docker Toolbox version 17.06.0a-ce 351 MB

Locker

2.1.2 Linux Installer

2.1.2.1. Prerequisites

DEWE requires a 64-bit installation regardless of the computer Linux version. Additionally,
the computer kernel must be 3.10 minimum. To check the current kernel version, open a
terminal and use uname -r to display your kernel version.

The DEWE installer for Linux is available at the following link
http://static.sing-group.org/software/DEWE/installers/1.2/linux/DEWE-linux-1.2.sh.

Also, the DEWE uninstaller is available at
http://static.sing-group.org/software/DEVWE/installers/1.2/linux/Uninstall DEWE.sh.

2.1.2.2. Installation/DEWE/installers/1.1/linux/dewe-docker.sh

On the installer download folder open a terminal and execute this command as root:

S sh ./install-dewe.sh

To be able to share files with DEWE, a path must be selected.

The installer will ask for a path, by default /Thome will be selected as shared directory.

Setup will install DEWE and all its dependencies. It can take several minutes to complete.

Once the setup has completed, the computer will not only have DEWE installed, but a fully
functional Docker and Xpra client applications.

2.1.2.3. First run

DEWE is now ready to start working. You can open it from the DEWE icon on the Start Menu
or typing on terminal:

S dewe

The first time it will take a while to start because it has to download the last version available
of the DEWE docker image (~600MB) and execute it.
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2.1.2.4. Uninstallation

On the uninstaller download folder open a terminal and execute this command as root:

S sh ./uninstall-dewe.sh

The uninstaller will prompt to uninstall the dependencies of Docker and XPRA before starting
the DEWE uninstallation process.

Once the uninstaller execution is complete, DEWE (and its dependencies if selected) have
been removed from the computer.

2.1.3 Mac OS X Installer

WARNING: this is a beta and therefore a non-stable version, errors may occur during
execution.

2.1.3.1. Prerequisites

To install DEWE, the MAC machine must be running OS X 10.8 "Mountain Lion" or newer.
The DEWE installer for Mac OS is available at the following link
http://static.sing-group.org/software/DEVWE/installers/1.2/DEWE-MacOSX-1.2.pkqg.zip.

2.1.3.2. Installation

Execute the installer and accept the terms of the installation. Once the setup has completed,
you will not only have DEWE installed, but a fully functional VirtualBox, Docker and Xpra
client applications.

& « Install DEWE Installer

Welcame to the DEWE Installer Installer

You will be guided through the steps necessary to install this

Introduction
software.

Destination Select
nstallation Type
nstallation

| Summary

Continue
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http://static.sing-group.org/software/DEWE/installers/1.1/DEWE-docker-1.1.pkg.zip

To proceed with the installation, you will need your admin password when prompted.

Installer is trying to install new software. Type
your password to allow this.

-
| Username:  user

Password: |ssss

LU instal Software |

2.1.3.3. First run

By opening the DEWE application from the Applications folder, Terminal window will be
opened where you can see the progress of the configuration and the download of the Docker
image (~600MB). The download of the Docker image is only required the first time you run
DEWE and may take a while, depending on your network connection.

| @® [ ] macmini — VBoxManage * dewe.sh —100=34
[ =]

MHMH MMMMMMMHMMMM MMMM

MMMM MMMMMMMMMMMM MMMM

MHMM MMMMMMMHMMMM MMMM

MMMM MMMMM - MMMMM MMMM

MHMM MMMM MMMM MMMM

MHMM MMM MMM MMMM

MMMM MM MM MMMM

MHMM M M MMMM

MMMM MM MMMM

MHMM MMMH MMMM

MHMM MMMMMM MMMM

MMMM MMMMMMMM MMMM

MHMM MHMMMMMMMM MMMM

MHMH MMMMMMMHMMMM MMMM

Checking for new version...

docker pull singgroup/dewe:snapshot

snapshot: Pulling from singgroup/dewe

Digest: sha256:de3cTccOfB2Rebafr547865597d2c5e15d%7bb2d6710610a11d94c52484370d60
Status: Image is up to date for singgroup/dewe:snapshot

docker run -d -P -v //mnt/deweshared:/mnt/shared —-net=host singgroup/dewe
@cBA2dc555457242a112ea5946d025b4575c155e885091bb741868dBb33438de3

[ ok 1

DEWE is configured to use the DEWE machine with IP 192.16E8.00.108
Attach XPRA to 152.16B.99.100:10800 to show DEWE

DEWE ready. You can use DEWE Viewer shortcut to connect.
fApplications/Xpra.app/Contents/Mac0S/xpra attach tcp:192.168.99.1008:10008

After this process, the application will be started and the main window is showed. All files
under the home directory are available to DEWE.

2.1.3.4. Uninstallation

You can uninstall DEWE and the main dependencies separately: VirtualBox, Xpra and
Docker Toolbox. To uninstall them just drag the app from the Applications folder to the Trash.

2.1.4 Docker installers FAQ

This section contains the Frequently Asked Questions about DEWE and several known
problems that may occur when using the application:
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2.1.4.1. Windows installer

2.1.4.1.1. Error checking TLS connection

Error checking TLS connection: Error getting driver URL: Something went wrong
running an SSH command!

This error may happen the first time DEWE is started and is related to the network
configuration of VirtualBox. To fix it, it is necessary to check the network configuration in
VirtualBox.

Open VirtualBox and go to menu File > Preferences. Then select Network section and go to
Host-only Networks tab. Select "VirtualBox Host-Only Ethernet Adapter #2" and edit its
configuration. On the DHCP Server tab, DHCP service must be enabled with the following
configuration:

e Server Address: 192.168.99.6

e Server Mask: 255.255.255.0

e Lower Address Bound: 192.168.99.100
e Upper Address Bound: 192.168.99.254

é) Host-only Network Details ? X

Adapter DHCP Server

Enable Server
Server Address: [192.168.99.6

Lower Address Bound: | 192.168.99.100

|
Server Mask: [255.255.255.0 |
|
|

Upper Address Bound: | 192.168.99.254

2.1.4.1.2 Errors occurred. See the logfile xpra.exe.log for details

Errors occurred. See the logfile xpra.exe.log for details

This error may occur because there are some permission problems in the installation path of
Xpra on Windows 10.

The current workaround is to use the shortcut DEWE Viewer available in the Start Menu

15



2.1.4.1.3 Errors occurred

Errors occurred: See the logfile 'C:\Program Files (x86)\Xpra\xpra.exe.log' for details

Errors occurred x

See the logfile 'C:\Program Files (x86)\Xpra‘\xpra.exe.log’ for details

This error may happen every time DEWE is started in Windows and it is related to a
permissions problem when starting the Xpra client.

The current workaround is to use the DEWE Viewer shortcut available in the folder DEWE
under All programs.

2.1.4.2. MAC OS X installer

2.1.4.2.1 Installer can't be opened because it is from an unidentified developer

"dewe-installer.pkg can’t be opened because it is from an unidentified developer.

Your security preferences allow installation of only apps from the Mac App Store
and identified developers.

"dewe-installer.pkg"” can't be opened
because it is from an unidentified developer.
. Your security preferences allow installation of only

apps frem the Mac App Store and identified
developers.

Safari o nloaded this file today at 12:54 from

go.es.

In this case, you need to allow the execution of the installer in the system settings: "Security
& Privacy". There, click the button "Open Anyway" to launch the installer, or allow apps
downloaded from Anywhere.
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[ ] < e Security & Privacy Q

FileVault Firewall Privacy

A login password has been set for this user =~ Change Password...

Require password | 5 minutes E after sleep or screen saver begins
Show a message when the screen is locked

| Disable automatic login

Allow apps downloaded from:

"dewe-installer.pkg” was blocked from cpening because Open Anyway
it is not from an identified developer.

|| Ciickthe lock to make changes. ?

2.1.4.2.2 Some characters are missing in Mac version

In the Mac OSX version of DEWE there are some incompatibilities with several keyboard
layouts like ES-ISO. Some keys may print spaces instead of the character associated to the
key. The current workaround is to use another keyboard layout like ES or EN-US.

2.1.4.3. Linux installer

2.1.4.3.1 Client is newer than server

docker: Error response from daemon: client is newer than server (client API
version: 1.22, server API version: 1.21).

See 'docker run --help'.

This error may occur when updating DEWE. In this case, you need to upgrade your docker
image using the following command:

$ docker-machine upgrade

Once it finishes the upgrade, you need to restart DEWE virtual machine from VirtualBox or
reboot your system.
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2.2 Virtual machine

2.2.1. Prerequisites

The installation of the VirtualBox is required to use the DEWE Virtual Machine. The
installation files and instructions for this program can be found at the official webpage
(https://www.virtualbox.org/).

The DEWE Virtual Machine is available at the following link
http://static.sing-group.org/software/DEWE/installers/1.2/DEWE-VM-1.2.vdi.

2.2.3. Installation

Decompress the downloaded file (you will need a ZIP decompressor). Once decompressed it
should be a file called DEWE-VM.vdi with is the virtual machine hard disk. Now the DEWE
Virtual Machine is ready to use.

Open VirtualBox and click on the New button. Give a name to your virtual disk and under
Operating system choose Linux (the Ubuntu version will be automatically selected). Click on
the Next button.

Mame and operating system

Flease choose a descriptive name for the new virtual machine
and select the type of operating system you Intend to install
on it The name you choase will be used throughout
WirtuslBon to identily this maching.

Mama; DEWE

Type: | Linwe - %{",’_l
L
Version:  Wbunitu (Gd-=bit] -
Expert Mode | mem> || cancel

Choose the amount of RAM memory to be allocated to the virtual disk. Choose at least 4GB.
Click on the Next button.
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irtual Machine

Memory size

Select the amount of memory [RAM] In megabytes to be
allocated to the virtual machine.

The recammended memory size s 1024 MB.

— a09s % Me

4 ME 16384 MB

<Back | Mea> || cancel

Choose the Use an existing virtual hard drive file option and select the location of the
DEWE-VM.vdi file you extracted (by clicking on the icon that looks like a folder). Click on the

Open, Next, and then Create buttons.

Wirtual Machine

Hard disk

If you wish you can add a virtwal hard disk to the new
machine. You can ether create a new hard disk file or select
one froam the list or from another location using the falder
oo,

If you need a mare complex storage set-up you can <kip this
step and make the changes 1o the machine tettings once the
maching i created

The recommeénded size of the hard disk s 10.00 GB.
Do not add a virtual hard disk
Create a virtual hard disk now

® Lise an existing virtual hard disk file

DEWE-VMLwdi [Nesmal, 20.00 GB) |

<Back || cCreate || cCancel

After creating the virtual machine, a shared folder must be selected.
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Oracke VM VirtualBox Mansger

Fil=  Machine Help

Er'”;! E‘: 3 <
it - {23 Datails | (@ Snapshots
Mew  Settings Start
| o= = @eneral 15 Preview =
Mama: DEWE
Operating System:  Ubuntu (54-bit)

[2] system

Bate Memory: 4096 M2

Boot Order; Floppy, Optical, Hard Disk

Acceleration:  VWT-3/AMD-V, Nested Paging, KVM
Faravirtualization

El pisplay

Video Memary: 15 MB
Remote Desktop Server:  Disabled
Wides Capture: Dasabyled
B Storage

Contraller: IDE
IDE Secandsry Master:  [Optical Drivi] Empty
Contraller: SATA
SATA Port 0. DEWE-VM wdi (Normal, 20,00 GB)

B Audic

Hast Driver:  Pulsedudio
Controller:  ICH ACST

EF Metwork

Adapter 1o Intel FRO/LODG MT Deskiop {MAT)

& use

USE Comtraller:  OHCI -

Click on the DEWE Virtual Machine Settings button. Here select the Shared Folders option,
and click on add new shared folder icon (the icon that looks like a folder with a green plus
symbol).

General Shared Folders
System Falders List
Display = = Autcemount Access o3

Machine Folders
Storage

Audia

Metwark

PRYEEEM

Serial Parts

@ use
¥ Shared Folders
E User Interface

Cancel | oK |

Select the path of the shared folder and give it the name data, and the auto-mount option.
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M ceneral Shared Folders
EI System Fold :
Q Storage 1 Foldar Path: |: ,'l
'} Audio Falder Name: |. o
é} Metwark Read-only
@ Serial Parts  Auto-mounit
@ use
¥ shared Folders Cancal
E Liser Interface
Cancel T

Now, DEWE Virtual Machine is correctly installed and ready to use it.

2.2.4 First run

DEWE is now ready to start working. You can open it from the DEWE icon on the Start

Menu:

v Accessories
@ Education
** Games

B Graphics

@ Internet

Sound & Video

System Tools

Or typing on terminal:

$ dewe

The virtual machine password is:

dewepass
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3. Graphical user interface

The Graphical User Interface (GUI) of DEWE has four main areas: (A) the menu bar, where
the different DEWE functions are available (see section 5. Single Operations), (B) the
Clipboard area, where final outputs are shown (see section 6. Outputs and visualization), (C)
the view area, where outputs can be inspected and the Workflow catalog (see section 4.
DEWE workflows) is shown when no outputs are being displayed, and (D) the log and
reference genomes index area.

-
S

R Bl T C

* | workflow catalog

rol
w5 are meant to start vith high qualty reads. Also, qualty
ty

3 workdfow,

fal expression analys:
workfiow allows

[ Fun warkfiow |

[Lmport workfiows |

Differential i i [ Fun waridion |
This workfl in —_—
[ import workdlow |

Q

3.1 The Menu bar area

The Menu bar collects the entire single operations that DEWE can execute. This operations

are:

Quality control of samples.

Build a reference index.

Import a reference index.

Align samples.

Convert SAM to BAM files.

Reconstruct transcripts.

Merge transcripts.

Calculate reads counts.

Calculate differential expression.
Visualise differential expression results.
Pathway enrichment analysis over DE results
RNA-seq signal visualisation.

For a more detailed description of these operations, see section 5. Single Operations.

Quality control Genome Align Corvert Transcripts Reads Differential Expression View results Pathway enrichment RMA-seq signal Help
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3.2 The Clipboard area

The Clipboard area collects all the analysis that have been running since the application was
opened, as well as those that have been imported through the Menu area.

For a detailed explanation about the DEWE outputs, see section 6. Outputs and
visualisation.

v
Y/ Ballgown working directory
Al @ ballgown
Directory: /media/sf_sf_datafAnalysisftest2/analys
¥ ", edgeR working directory

Directory: /media/sf_sf_datafAnalysisftest2/analys

3.3 The View area

The View area contains on the one hand, the Workflow catalog, and on the other hand the
inspector of the analysis opened on the Clipboard area.

The Workflow catalog collects the available RNA-seq workflows in DEWE. For detailed
information about the available workflows, see section 4. DEWE workflows.

The inspector of the opened analysis is a tool in charge of visualising the analysis executed
in DEWE as well as of generating additional analysis. It is formed by all the tabs that are
opening to the right of the Workflow catalog tab. For a detailed explanation about the DEWE
analysis, see section 6. Outputs and visualisation.

|’woﬂ<flwcatalog baligewn k3

m FEPM across samples ﬁ DE genas pwalues distribution ﬁ DE transcripts pvaluas distribution [EEH Load genes EEH Load transcripts
[ Genes [ Fitered genes [ sianificant filtered genes | Transeripts | Filered ipts | Significant filtered et |

D Gene name Fold change & pvale qvalue o
M5TRG. 10228 . 32z | 1.7495a-01 286601 =
MSTRG.18454 TMSE4Y azm | 1.2212e-14 4.5003e-10

MSTRG.1324 MNDA amz | 3.2500e.02 9.3176e-02

MSTRG.10433 . am 2.5691-01 48683201

MSTRG, 3628 IRFT 241 | 1.6548a-00 27728001

MSTRG. 3628 . an | 1.6548e-01 2.7728e.01

MSTRG.19320 . as | 1.0741e-0L 55885201

MSTRG.BI7 PRFFE 343 3.1253e-01 56453201

MSTRG, 11963 ass | 2.72430.00 51942201

MSTRG.1042% . am 1.3528e-01 2224301

MSTRG.56L9 . a6 | L.apale-0L 33185201

MSTRG, 5620 . 418 1.7458e-01 3B6072-01

MSTRG, 19500 . ez | 3.0122e-09 1,39032-05

MSTRG.18500 TALNGY wzz 2.0122e-09 1.3903e-05

MSTRG.5570 . sz 1 1.6577e-01 37774201

MSTRG, 159481 . aad 3.6150e-09 1.4833e-05

MSTRG.19481 ZFY YT | 3.61530-00 14833005

MSTRG.1845% . wa 1.4953e-08 4.6011e-05

MSTRG.19452 ury se1 1 1.4953e-08 4.6011e-05

M5TRG,19450 USPSY s67 2.1058e-10 1.840de-06

MSTRG, 19450 TIT¥1S es7 2,1058e-10 L.8404e-06

MSTRG.19450 . wer 2.1058e-10 1.8404¢-06

MSTRG.19502 KDMSD e W 2.2549e.09 1.1894e.05

M5TRG, 19502 . wes W 2.2549e-09 1.1894e-05

MSTRG, 16080 . 1478 2.60870-03 8, 2840003

MSTRG.16080 HLAA 1473 2.6987e-03 8.78d0e-03

MSTRG.16213 HLA-A wer 7.5146e-03 2.2787e.02

MSTRG.16213 . 1857 7.5146e-03 2.2787e-02

METRE, 19481 . 023 | 5,9994e-09 2.2152e-05

MSTRG.18451 DoKEY zz 5.9994e-09 2.2152e-05

MSTRG.19503 EIFLAY e 3.5483e.12 6.5508e.08 L
M5TRG, 19480 APS4Y1 17845 1.6787e-11 2,0661e-07 v
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3.4 The Log area

The Log area collects the entire flow of events related to each of the operations that are
executed in DEWE. Using this log, the user can follow the execution of the commands used
by DEWE and also collect any error messages that may have been generated during the
course of the execution of any of the operations. The execution log will be stored on
/mnt/shared/DEWE.log in the Docker versions, and on /opt/DEWE/DEWE.log in the Virtual
Machine version.

aw

Lag | Reference genome indexes |

3.5 The Reference genome indexes area

Some operations require a reference genome index to work (for example, in order to align
RNA-Seq reads against a reference genome). The indexes can be built by DEWE from a
reference genome, or they can be imported, that is, they have already been constructed
before (inside or outside DEWE). The Reference genome indexes tab allows to manage the
list of reference genome indexes currently import or built in DEWE. Please, refer to
subsection 5.1 the Genome menu in order to learn how to build or import new reference
genome indexes.

Reference genome indexes ]

Name Reference genome Index Valid Type
Bowtie2 chrXin... /media/sf_data... W Bowtie2
HISATZ chr¥Xin... imedia/sf_data... ] HISATZ
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4. DEWE workflows

Currently, DEWE provides two differential expression analysis workflows:

e Bowtie2, StringTie, HTSeq and R libraries (Ballgown and edgeR) [26].
HISATZ2, StringTie. HTSeq and R libraries (Ballgown and edgeR) [15].

Annotations (GTF)

(i AT AT

Reference
enome '\ Reference /d pe b,
(gFASTA) ¥ index Alignment to Alignments ;‘:’ Transcrlpt %, Transcripts ¥ Differential %
reference > y and i > ‘:: expression i
index quantlflcatlon i e A

User

\—// ]
Raw sequences (FASTQ) \J
Smnnge \:\ Bal\gown T /,

EdgeR m

The two workflows implemented in DEWE align reads from RNA-seq experiments to
reference genomes (RNA-seq data must come from eukaryotic organisms). One of the two
DEWE pipelines is the current Tuxedo protocol which is, by far, the most used RNASeq
analysis approach. Originally, the Tuxedo protocol, included the aligner software Tophat, and
Cufflinks and Cuffdiff for differential gene expression estimation [16]. Improvements in the
scaling and computational times led to a structural refactoring of the different Tuxedo
modules to its actual configuration, which includes HISAT2, StringTie, Ballgown and edgeR
[15]. In addition to facilitate analysis scaling, this protocol is claimed as the most accurate for
the detection of differentially expressed genes. The other protocol contained in DEWE
combines Bowtie2 as aligner, Stringtie for transcript assembly and quantification and
Ballgown and edgeR for differential expression analysis [26]. This combination is less
exigent from a computational point of view and can be more suitable for comparisons
including smaller reference genomes. However, in terms of alignment, Bowtie2 was mainly
designed to align samples without intron-sized gaps. The two-pass aligner HISAT2 better
addresses this issue. Therefore, it is left to the user criteria whether apply HISAT2 or
Bowtie2 to his/her analysis.

DEWE also includes two DE analysis libraries, Ballgown and edgeR, offering the end-user
the possibility to compare gene/transcript expression results through two different
normalisation procedures (Fragments Per Kilobase Million or FPKM vs Trimmed Mean of
M-values or TMM). Although most of the DEWE outputs, mainly tables and figures, are
originated from Ballgown, edgeR remains a tool widely used in the scientific community. For
this reason, we consider interesting keeping this analysis and bringing the user the
possibility to compare their results with many other pipelines that still use edgeR.
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It is important to note that quality control operations must be performed manually by the user
before the workflow execution, thus they are not included in the built-in workflows.

Additionally, and for a detailed review of the basic concepts of RNA-Seq analysis, the reader
is prompted to look up the Galaxy Project tutorial:
http://galaxyproject.github.io/training-material/topics/transcriptomics/tutorials/rb-rnaseq/tutori
al.html.

The available workflows are accessible from the Workflow catalog. This section contains
tutorials for configure and execute the available workflows using real datasets.

Warkflow catalog

Workflow catalog

Quality control FastQe |
Built-in workflows are meant to start with high quality reads. alse, quality —
cantrol is a process that must be carried out carefully in order to properly in -~ | Trimmomatic (single-end) |

arder te obtain those high quality reads, For this purpose, DEWE includes the
FastQC and Timmematic toals, Use the fellewing buttens to launch the
corresponding eperations in case you need to perform the quality contrel
befora running a workilow,

| Trimmomatic (pared-end) |

Differential expression analysis using Bowtie2, stringTle and R | a0 warkilow
This workflow allows performing = differential expression analysis using e
Eowtie? to align sample reads, StringTie to assemble transcrpts and two R | Import workflow
packages, Ballgown and EdgeR, to perform the differential expression tself.

This workflow is able te compare two conditions with at least two samples

each, This werkflow has been describad by Griffith, M. et al, in Infarmatics for

RMA& Sequaencing: A Web Rescource for Analysis on the Cloud' (PLOS

Computaticnal Bialogy [2015), doi:10.137 Ljournal pebi, 1004393,

Differential expression analysis using HISATZ2, StringTie and R Aun workflow |
This workflow allows performing = differential expression analysis using —_—
HISATZ2 to align sample reads, StringTie to assemble transcripts and two R | Import workflow |
packages, Ballgown and EdgeR, to perform the diffarentizl exprassion tself.

This workflow is able te compare twe conditions with at least two samples

each, This workflow has been describad by Pertea, M. at al. in Transcript-level

expression analysis of AMA-seq experiments with HISAT, StringTie and

Eallgown' (Nature Protocels 11, 1650-1667 (2016),

doi:10,1038/nprot. 2016,085)

4.1. Quality control [Manual]

Before executing a workflow, users may need to perform quality control analysis and reads
filtering in order to feed the workflows with proper data. For this task, DEWE offers the
FastQC tool for the quality control of the samples, and Trimmomatic to perform reads
filtering. It is important to note that these quality control operations must be performed
manually by the user before the workflow execution, thus they are not included in the built-in
workflows.
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“woﬂcrlm' cmalng‘l

Workflow catalog

Quality control

Built-in workflows are meant to start with high qualty reads. also, quality
centrol is a process that must be caried out carefully in order to properly i
order ta obtain those high quality reads. For this purpose, DEWE includes th
FastQC and Timmomatic toals. Use the fellowing buttons to launch the
corresponding operations in case you need to perform the quality contral
before running a workflow,

| Fastqc |
| Trimmomatic (single-end) |

Trimmomatic {paired-end)

Differential expression analysis using Bowtie2, 5tringTie and R | Run warkflow |
This workflow allows perforrming a differential expression analysis using - -
BowtieZ to align sample reads, StringTie to assemble transcripts and two R | Impart workflow
packages, Ballgown and EdgeR, to perform the differential expression itself.

Thizs worsflow is ablz to compare two conditions with at l2ast two samples

each. This wordlow has bean described by Griffith, M. et al. in Informatics for

RMA Sequencing: A Web Resource for Analysis on the Cloud (FLOS

Cormputational Biology (2015, doi:10.137jounal pcbi. 1004353,

Differential expression analysis using HISATZ, StringTie and R Fun workflow |
This workflow allows perdformmng a differential expression analysis using

HISATZ to align sample reads, StringTie to assemble transcrpts and two R | Import workflow |
packages, Ballgown and EdgeR, to perform the differential expression itself.

This workflow is able to compare two conditions with at least two samples

zach, This workflow has been described by Pertea, M. et al, in Transcript-lewvel

expression analysis of AMA-seq experiments with HISAT, StringTie and

Ballgown' (Mature Protocols 11, 1650-1667 (2016),

dei:10.1028/nprot. 2015.0935).

4.1.1 FastQC

DEWE allows the generation of a FastQC quality control report for multiple reads files.
Clicking on the FastQC button in the Workflow catalog, a new window will be displayed and
the following data will be requested:

e [nput files: the raw reads (.fastq, .fq or .fastq.gz).

e Output directory: optionally, the directory where the reports must be generated. If not
provided, the output report for each reads file is created in the same directory as the
reads file being processed.

i FastQC - + X

Generades a reads quality control report using FastQcC,

Input files [ 4 select files... ]
% J__ B8 |

amples/ERR188044 chr¥_1.fastq.gz
amples/ERR188044 _chr¥_2.fastg.gz ®
amples/ERR188104 _chr¥_1.fastq.gz
amples/ERR188104_chr¥_2.fastg.gz

FL 5 e
Ouput directory S 0]

| ok || x cancel |
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Once the Ok button is pressed, FastQC analysis starts and a message will be displayed until
the end of the process, when an information message is shown.

4 .1.2 Trimmomatic

DEWE provides operations for performing reads filtering using Trimmomatic.

4.1.2.1 Single-end reads filtering

This operation allows filtering single-end raw reads using Trimmomatic. Clicking on the
Trimmomatic (single-end) button in the Workflow catalog, a new window will be displayed
and the following data will be requested:

e Input file: the input reads file.

e Trimmomatic parameters: the steps for trimmomatic and its configuration. The Steps
tab allows selecting which steps must be applied and define the order in which they
should be applied. Then, the other tabs allows configuring each step. The following
steps are available:

(@]

O

Leading: removes low quality bases from the beginning. As long as a base
has a value below this threshold the base is removed and the next base will
be investigated.

Trailing: removes low quality bases from the end. As long as a base has a
value below this threshold the base is removed and the next base (which as
trimmomatic is starting from the 3' prime end would be base preceding the
just removed base) will be investigated. This approach can be used removing
the special illumina 'low quality segment' regions (which are marked with
quality score of 2), but we recommend Sliding Window or MaxInfo instead.
Crop: removes bases regardless of quality from the end of the read, so that
the read has maximally the specified length after this step has been
performed. Steps performed after CROP might of course further shorten the
read.

Headcrop: removes the specified number of bases, regardless of quality, from
the beginning of the read.

Minlen: removes reads that fall below the specified minimal length. If required,
it should normally be after all other processing steps. Reads removed by this
step will be counted and included in the ,dropped reads® count presented in
the trimmomatic summary.

Sliding window: performs a sliding window trimming, cutting once the average
quality within the window falls below a threshold. By considering multiple
bases, a single poor quality base will not cause the removal of high quality
data later in the read.

Max info: performs an adaptive quality trim, balancing the benefits of retaining
longer reads against the costs of retaining bases with errors.

Quality: reencodes the quality part of the FASTQ file to the selected base.
lllumina clip: finds and removes lllumina adapters.
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e Output directory: optionally, the directory where the filtered file must be created. If not
provided, the output file is created in the same directory as the reads file being

filtered.
i Single-end reads filtering - + %
Filters single-end reads using Trimmomatic.
Input file o @
Trimmomatic parameters Max info T Quality T lllumina Clip
Minlen T Sliding Window
Steps I Leading T Trailing T Crop I Headcrop
Unselected Selected
v A v A
MAXINFO HEADCROP
LEADING
TRAILING @
CROP &«
MINLEN
SLIDING_WIN... >
QUALITY
ILLUMINA_CLIP
Ouput directory o @
[ v J [ X cancel |

4.1.2.2 Paired-end reads filtering

This operation allows filtering paired-end raw reads using Trimmomatic. Clicking on the
Trimmomatic (paired-end) button in the Workflow catalog, a new window will be displayed
and the following data will be requested:

e Reads file 1: the first reads file.

e Reads file 2: the second reads file
Trimmomatic parameters: the steps for trimmomatic and its configuration. The Steps
tab allows selecting which steps must be applied and define the order in which they
should be applied. Then, the other tabs allows configuring each step. The following
steps are available:

o Leading: removes low quality bases from the beginning. As long as a base
has a value below this threshold the base is removed and the next base will
be investigated.

o Trailing: removes low quality bases from the end. As long as a base has a
value below this threshold the base is removed and the next base (which as
trimmomatic is starting from the 3' prime end would be base preceding the
just removed base) will be investigated. This approach can be used removing
the special illumina 'low quality segment' regions (which are marked with
quality score of 2), but we recommend Sliding Window or MaxInfo instead.

o Crop: removes bases regardless of quality from the end of the read, so that
the read has maximally the specified length after this step has been
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performed. Steps performed after CROP might of course further shorten the
read.

Headcrop: removes the specified number of bases, regardless of quality, from
the beginning of the read.

Minlen: removes reads that fall below the specified minimal length. If required,
it should normally be after all other processing steps. Reads removed by this
step will be counted and included in the ,dropped reads" count presented in
the trimmomatic summary.

Sliding window: performs a sliding window trimming, cutting once the average
quality within the window falls below a threshold. By considering multiple
bases, a single poor quality base will not cause the removal of high quality
data later in the read.

Max info: performs an adaptive quality trim, balancing the benefits of retaining
longer reads against the costs of retaining bases with errors.

Quality: reencodes the quality part of the FASTQ file to the selected base.
lllumina clip: finds and removes lllumina adapters.

e Output directory: optionally, the directory where the filtered files must be created. If
not provided, the output files are created in the same directory as the reads file being
filtered.

i Paired-end reads filtering - + x

Filters paired-end reads using Trimmomatic.

Reads file 1 o @
Reads file 2 o @

Max info T Quality T lllumina Clip
Minlen T Sliding Window
Steps I Leading T Trailing I Crop I Headcrop
Unselected Selected
v v 7t
MAXINF O
LEADING @
TRAILING
CROP
HEADCROP =
MIMLEM
SLIDING_WINDOW
QUALITY
ILLUMIMNA_CLIP

Trimmomatic parameters J

Ouput directory o @

[ v Jl X Cancel |
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4.2 Bowtie2, StringTie and R libraries (Ballgown and edgeR)

This workflow was introduced by Griffith, M. et al. [26]. As the title suggests, this workflow
makes use of the tools Bowtie2 [5] to align sample reads, StringTie [7] to assemble
transcripts and two R libraries, Ballgown [10] and edgeR [11], to perform the differential
expression itself:

e Bowtie2 aligns RNA-Seq reads to a genome. This aligner is less exigent than
HISAT2 from a computational point of view and can be more suitable for comparisons
including smaller reference genomes. However, Bowtie2 was mainly designed to
align samples without intron-sized gaps.

e StringTie assembles the alignments into full and partial transcripts, creating multiple
isoforms as necessary and estimating the expression levels of all genes and
transcripts. StringTie normalises the sequence depth and gene length by reporting
the quantification results in FPKM (Fragments Per Kilobase Million) and in TPM
(Transcripts Per kilobase Million).

e Ballgown takes the transcripts and expression levels from StringTie normalised in
FPKM and applies rigorous statistical methods to determine which transcripts are
differentially expressed between the conditions. Besides, edgeR uses raw count
produced by HtSeq and then normalises this raw counts in TMM (Trimmed Mean of
M-values). A detailed explanation between how the different normalization metrics
work, can be found in this excellent online resource:
https://www.rna-segblog.com/rpkm-fpkm-and-tpm-clearly-explained/

The workflow is illustrated with the sample HCC1395 that contains mammary gland samples
from a female H. sapiens. The example data used in this workflow comprise human
RNA-Seq samples, but to make this execution faster and simpler for testing, a subset of the
reads mapping to human chromosome 22 has been extracted. The conditions to be
compared will be normal (this being the control) and tumor (this being the case) samples,
and there are three samples for each condition (Table 2). The RNA-Seq samples will be
aligned against the chromosome 22 of the H. sapiens and also annotated against the
chromosome 22.

Table 2: Condition for each sample used in the workflow.

Sample id Condition
hcc1395 normal_rep1 Normal
hcc1395_normal_rep2 Normal
hcc1395 normal_rep3 Normal
hcc1395 tumor_rep1 Tumor
hcc1395 tumor_rep2 Tumor
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hcc1395 tumor _rep3 Tumor

Step 1: download the dataset

The example dataset is available at the following URL:
http://static.sing-group.org/software/DEWE/data/tutorial_data HCC1395.zip. This dataset
must be downloaded and uncompressed in the application shared folder.

The dataset contains the following files and directories:

e genes: a directory containing the reference annotation file called
Homo_sapiens.GRCh38.86.chromosome?22.gtf.
e genome: a directory containing the reference genome in fasta format.
e indexes: a directory containing the Bowtie2 indexes of the chromosome 22 reference
genome.
e samples: a directory containing two folders:
o normal. a directory containing the paired-end reads corresponding to the 3
normal samples in the dataset.
o tumor. a directory containing the paired-end reads corresponding to the 3
tumor samples in the dataset.

Step 2: configure the workflow

The next step consists in configuring the workflow. To do so, go to the Workflow catalog and
click the Run workflow button next to the Bowtie2, StringTie and R workflow description.

[ Warkflow cataleg l

Workflow catalog

Quality control [ Fastac

Built-in workflows are meant to start with high quality reads. Also, quality - -

contral is & process that must be camied out carefully in order to properyin | Trimmomatic (single-end) |
order ta obtain thase high quality reads. For this purpase, DEWE includes the Tr tic (paired-end)
FastQC and Trimmomatic tools. Use the following buttons to launch the |_rmmamatic ipairec-andy |
corresponding operations in case you need to perform the quality contro

before running a worldlow.

Differential expression analysis using Bowtie2, StringTie and BT wun workflow |
This workflow allows perfarming a differential expression analysis using = -
Bowtie2 to abgn sample reads, StringTie to assemble transcripts and two R | ImpBTtworkflow |

packages, Ballgown and Edgef, to perform the differential expression itself.
This workflow is able to compare two conditions with =t least two samples
each. This workflow has been described by Griffith, M. et al. in Informatics for
RMA Sequencing: A Web Resource for Analysis on the Cloud' (PLOS
Computational Bislogy {2015), doi!10.1371jjoumalpebi.1004393).

Differential expression analysis using HISAT2, StringTie and R | aun workflow |
This warkflow allows perfermmg a differential exprassion analysis using —
HISATZ to ahign sample reads, StringTie to assemble transcnpts and twa B | Import workflow |
packages, Ballgown and EdgeR, to perform the differential exprassion itself. ) i
This workflow is able to compare two conditions with at least twoe samples

each. This workflow has been described by Pertea, M. et al. in Transcript-level

expression analysis of AMNA-s2q experiments with HISAT, StringTie and

Ballgown' (Mature Protocaols 11, 1650-1667 (2016),

doi:10.1028/nprat. 2015 005).

When the workflow is executed for the first time or no Bowtie2 reference genome indexes
are available, the tool requires the importation or creation of a reference genome index using
Bowtie2.
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L&) Bowtie2 index required - + X

@ You should create or import & Bowtie2 index before launching the wizard. What do you want to do?

i Cancel I [ Create index ] | Import index

To build a new index, click the Create index button and proceed as explained in section
5.1.1.1. If the reference genome index already exists, as provided in the case study, click the
Import index button.

Step 3: import the reference genome index

After clicking the Import index button, the following dialog will appear, allowing to select the
downloaded reference genome index.The following data will be requested:

e Index folder. the directory that contains the Bowtie2 genome index. Select the
indexes folder in the case study data. When selecting the folder, the files it contains
will not be displayed.

e Name: the name for the genome index in order to identify it later.

[ Import Bowtie2 index - + X

Imports a reference genome indexed using Bowtie2,

Index folder -IestowtiezstringTieRFindexes | & @

Mame | Bowtie Chromosome22 index @

&«

Advanced options

{JOkJI X Cancel |

After setting the required data, click the Ok button in order to import the reference genome
index. Once the index is successfully imported, it is automatically added to the reference
genome indexes database and the workflow configuration assistant opens. The advanced
options for import index operation are explained in section 5.2.2.1.
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T Differential expression analysis - 4 X
Differential expression analysis pipeline

This wizard will guide wou through the steps to configure the diferential
expression pipeline using Bowtie2, samtools, StringTie and two R libraries,
Differential expression Ballgown and edgef.
anahysis pipeling

e G e Thiz pipeling 15 able to compars two condtions with at least two samples each.

I-E?;;-L;t:ﬁ:r-lul conditions | The pipeline performs the following steps:

Samples selection 1. Reads alignment using Bowtie2,

Reference annatation 2. Conversion of the aligned reads into bam files using samtoaols.

file selection 3. Transcript assembling using StringTia.

Working directory 4. and, finally, the differential expression analysis using twe R packages:
selaction ballgown and edger.

Paramester

once you have finished this wizard, the pipeline execution starts and you will

configuratian b N
; ke able te maniter the exection progress.

‘Wizard summ ary

Back Mext | | Cancel

Click the Next button to advance to the next step.

Step 4: reference genome selection

In this step, the reference genome to be used to perform the alignment must be chosen. As
shown in the following image, the configuration assistant shows the available Bowtie2
indexes. Note that in this step you can also use the Import index and Build index buttons to
import or create a new reference genome index.

W Differential expression analysis - + X
Reference genome selection

Differentlal expression
analysis pipeling
Reference genome
selection

Experimantal conditions
Samples selection | Import index | | Build index |
Raferance annatation .
file selection

, Select a Bowtie2 reference genome index
Waorking directony —
selaction | =Click here to selact an indexs= ']A
Parameter

.._u'llir::l,:'.,'l,l',u'.

Wizard summary

Back | hext iCanceI |
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Select the index imported as shown in the image below and click the Next button to advance
to the next step.

1 Differential expression analysis - 4 X
Reference genome selection

Differential expressian
analysis pipelineg
Reference gename

zelaction
Experimental canditions
Samplas selaction | impart imsdenx | l Build index |

Raference annatatior

Select @ Bowtlel reference genome index:

selaction | Bawtie Chromosame 22 index l']
Paramater
configuration

Wizard summary

| Back | | west | | cancel |||

Step 5: introducing the experimental conditions

In this step, the names of the two experimental conditions of the experiment must be
introduced.

i Differential expression analysis - 4 %
Experimental conditions

Differential exprassion
analysis pipeling

Refarence genanme

selection Samples type: | Palred-end _V] [
Experimantal canditions

Samplas salaction Intraduca the expenmantal conditians:

Refarence annatatiar - -

file selection Condition A [ESRSRISRE 6} R —
Warking directory T
~.-.(-|-.~-.'.|u;|: n Condition B [EARSRIBINE m

Paramater - -

canfiguration Or impart them from a data directory (1)

Wizard summary

Back et rﬁancal

DEWE allows to enter conditions and samples in a simple way by importing them from a
directory (by default, paired-end samples type is selected). To do this, click on the "Or import
data from a directory" button and select the samples the directory where the samples are
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located so that DEWE can automatically import all the data. Note that this directory should
be organized as follows:

e |t must contain two folders and the name of each folder will correspond to a condition.
In this case, the samples folder contains the normal and tumor folders.

e Each of the two folders must contain the pairwise files of the samples and these files
must be in .fq, .fastq or .fastq.gz format. In addition, as samples are paired-end, the
first reads file must end in _1 and the second in _2.

] Differential expression analysis X
Experimental conditions

ele Samples type: | Pared-end = ©
Experimantal canditions
I t Intraduca the axperimantal conditianms:
Condition & o

Define contral

and trastmant
Condition & 10 [ |

|_ Orimpart them from a data directory J Iy

| Back | | Mext | | Cancel

To manually enter the data, the normal and tumoral conditions must be entered and then
click on the Next button to advance to the next step. The order here is not important, but
keep in mind that the control condition will be the first alphabetically.

Advanced: Define control and treatment condition

DEWE determines the control condition as the first alphabetical ordered regardless of the
order in which they were entered. To change this, there is a button at the right of the
conditions text boxes, "Define control and treatment ", which opens a new window where
conditions can be defined as Control and Treatment.
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W

Differential expression
analysis pipelineg

Experimental conditions

Reference gename
selection

Experimantal canditians
Samplas salaction

Reference annatatiar

file sa n
Warking directory
selection
Paramater
configuration

Wizard summary

riorrmal ) Treatment (#) Control

| W Control and tre...tions definition - + X =0
This dialog allows yau to define which condition shauld
lpe used a5 controd and which cendition as treatment
{or casel. To do that, use the radio buttons to define
wour salection, efine control

nd traatment

tumar reatment Cantra

lfdc“ !Cance-l|

condition name.

| Back | | Mest | | Cancel |

Once defined and pressed the "Ok" button, DEWE updates the text boxes, with the text
“Control_”" in front of the control condition name and “Treatment_" in front of the treatment

W

Differential exprassion
analysis pipeling
Reference gename
selection
Expsrimantal canditians
Samples selaction
Raference annatation
file selaction

Warkirg dirsctory
selection

Paramater
configuration

Wizard su mmary

Differential expression analysis - 4 ¥
Experimental conditions

samples type: | Pared-end =@

@ Define contral
and trastmant
m ‘—

orimpart them from a data directory | (1)

Intraduce the experimantal conditions:

Condition & Control_noarmal

Condition B Treatment tumor

| Back | | Mest | | Cancel |

Step 6: samples verification [Optional: samples selection]

If the samples directory was selected previously, this step can be used to verify that all
samples have been selected correctly.
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41 Differential expression analysis - 4+ X
Samples selection
W Rzmove all samples ] o add sample (1) Summary
Ta|
Sample name |hool 395_normal_repl L6k
Differential expressian
analysis pipeling condition | narmal 0O (X |
Lay e gename E—
= Feads 1 | alfhccl 395 _normal_repl_l.fastq.gz, Q | @
Exprimantal canditians
Samplas selaction Feads 2 aliccl 395_normal_repl_zfastg.gz | @ | (D
Rafarence annatatiar
file sele
"'-‘i'k_'":l directary Sample name |hecl 395 _normal_rep3 L6
selaction
Paramater condition | narmal x| @
configuration I' - - _] ILI
Wizard summary Feads 1 aliccl 395_normal_rep3_1.fastggr | @ | D
Feads 2 | alfccl 395 _normal_rep3_z.fastg.gz Q@ | @
Sarmple name | hocl 395 _nomal_rep2 @ -

[ Back | | Mest | | Cancel ]

Check if all samples are correctly imported and click the Next button to advance to the next

step.

Optional: Samples selection

entered manually (DEWE allows sample files in .fq, .fastq or .fastq.gz format):

If a samples directory has not been selected in the previous step, the samples must be

7] Differential expression analysis - + x
Samples selection
' Ramove all samplas A_ + Add sample '® Summary
&
Sample name SERRRIESRIRS @ B
[iferential expression o
anAlys|s pIpEIng Candition |'|:51‘."]Ett a condition== bl I:D x |
Reference genoma . —
salection Reads 1 l Q @ n‘
Experimental conditions :
Samples selection Reads 2 Q @
Reference annotation
fila selaction
warking directory Sample name |Sample nama @D
selection =
Parameter Condtion | =Sglect a condition= 3 G}
configuration l = -LI
Wirard surmmary Reads 1 l a @ A
Reads 2 a o
Sample name (SSRGS SamE [ *
Back I Cancel

In order to introduce the samples for the tutorial dataset, follow the next steps:

samples directory) by clicking the LR | button.

1. Select the first reads file of each sample (those ending with _17.fastq.gz in the
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o Reads are provided in compressed FASTQ format so if the file browser is
empty when browsing into the samples directory, then the appropriate file
filter must be select as the image below shows.

| Open - + x

Look In: | (&5 samples v] (@] (@) (@ El&)

[T hee1395_normal_repl 1.fastq.gz | hecl395 tumor repl 1.fastq.gz
" hcel395_normal_repl_2.fastq.gz || hccl395_tumor_repl_2.fastq.gz
[ hee1295_normal_rep2_1.fastg.gz [ hccl395_tumor_rep2_1.fastq.gz
5 heel1395_normal_rep2_2.fastq.gz | hecl 395 _tumor_rep2_2.fastq.gz

M hec1 395_normal_rep3_1.fastqg.gz _] hccl395_tumor_rep3_1.fastg.gz

|1 heel395_normal_rep3_2.fastq.gz L heel395_tumor_rep3_2.fastg.gz

File Name: heccl385_normal_rep2_1.fastq.gez

Files of Type: | Compressed FASTQ (.fastg gz) format files ¥

Open | | Cancel

o As can be seen in the image below, after selecting the first reads file the
second reads file and the sample name are automatically filled by the tool.

Sample name Theel 395_normal_repl o

Condition |normal _v] ®

X
Reads 1 :thccl395_normal_repl_1.fastq.gzl Q j@l - -

Reads 2 :s/hccl395_normal_repl_2.fastq.gz [ Q | @

o By default, the list contains four samples. Since in this case you must

+ Addsample | | ot be

introduce up to twelve samples, the [
clicked to introduce more samples.

2. Assign each of the 6 samples to their corresponding conditions:

o hce1395_normal_rep1: normal.

hcc1395 normal_rep2: normal.

hcc1395 normal_rep3: normal.

hcc1395 tumor_rep1: tumor.

hcc1395 tumor_rep2: tumor.

hcc1395 tumor_rep3: tumor.

O O O O O

After introducing all the samples proceed to the next step. For single-end samples
alignment the steps are the same, but only one single-end file is selected for each sample.

Step 7: reference annotation file selection

Select the reference annotation file (GTF format) for the experiment. In this case, the
Homo_sapiens.GRCh38.86.chromosome?22.gtf file located in the genes directory must be
selected. After selecting it, the Next button must be clicked to advance to the next step. A
ready-to-use reference sequence list and their annotations can be downloaded form the
lllumina iGenome site
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(https://support.illumina.com/sequencing/sequencing_software/igenome.html),

taking

account that only eukaryotic organisms can be analysed through DEWE.

Step 8: working directory selection

7 Differential expression analysis

Reference annotation file selection

Bifferential expression
analysis pipeline
Reference genoms
salection

Experimental condtions
Samples selection
Refarence annotation

Select a reference annotation file (. gtfl

file selection

File: | &nesiHomo_saplens GRCh3E.86.chromosome2Z.qtf || Q

Wwarking directaory
selection
Parameter
configuration

Wizard surmemary

;Eackjlmeuijlcancelj

into

Choose the working directory, where the analysis results will be stored, and advance to the

final step.

Differantial expression
analysis pipaline
Referance genome
selection

Expenmental conditions
Samples selection

Eeferance annotation

‘Working diractory
salaction
Farameter
configuration
Wizard summary

£ Differential expression analysis

Working directory selection

Select a working directory:

file salection Eila:

a_sew’sf_data.'DatafEMiEEStringTiaFl| Q

| Back _| Mt J|_ cancel |

LE
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Step 9: parameter configuration

WARNING: this parameter configuration is intended for advanced users. If you are not
familiarized with command-line parameters of the underlying applications of the workflow,
please, skip this configuration step. Otherwise, check carefully the parameters introduced
since they can lead to unexpected failures.

DEWE allows the user to manually introduce additional parameters to the alignment and
transcript reconstruction steps, like a command line execution.

Bowtie2: custom command-line parameters for the execution of the Bowtie2
alignment. For more information on Bowtie2 options, please, check the reference
manual (http://bowtie-bio.sourceforge.net/bowtie2/manual.shtml#options) and
sections 5.3.1.1 and 5.3.2.1.

StringTie obtain labeled transcripts: custom command-line parameters for the
execution of StringTie reconstruct labeled transcripts command. For more information
on StrinTie options, please, check the reference manual
(http://ccb.jhu.edu/software/stringtie/index.shtml?t=manual) and section 5.5.2 for
more details.

StringTie merge transcripts: custom command-line parameters for the execution of
the StringTie merge command. For more information on StrinTie options, please,
check the reference manual
(http://ccb.jhu.edu/software/stringtie/index.shtml?t=manual) and section 5.5.3 for
more details.

StringTie obtain transcripts: custom command-line parameters for the execution of
StringTie reconstruct transcripts command. For more information on StrinTie options,
please, check the reference manual
(http://ccb.jhu.edu/software/stringtie/index.shtml?t=manual) and section 5.5.1 for
more details.

It is important that the parameters are entered correctly or the execution of their respective
step will fail.
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W

Differential expression
ANAYSIS pIpEane
Reference genomea
sateckon

Experimental conaitions
San

selection

Reference annotation
file selaction

Warking directony
selection

FParameter
configuration

Wizard Surmimary

Differential expression analysis -+ X
Parameter configuration

Warning: this parameter configuration is intended for advanced users. If you are
nat familiarzed with command-ine parameters of the underlying applications of th
a workflow. please, skip this configuration step,Othermse, chack carafully the par
ametars intreduced since thay canlead bo unexpactad failures.

Bowtie:  -very-sensitive

StringTie abtain labaled transcripts: |

StringTie merge transcripts:

e e e e

StringTie obtain transcripts: B -

| Back ” Mest || Cancel J

Step 10: workflow configuration summary

In this last step a summary of the workflow configuration is provided. It must be checked
carefully in order to ensure that the right files were selected, namely the samples’ conditions.
If the workflow is executed, this summary is also stored in the selected working directory as

workflow-description.txt.

W

Bifferential expression
analysis pipeline
Reference genoms
salection

Experimental conditions
Samples selection

Reference annotation
file selaction

Warking directony
selection

Parameter
configuration

‘Wizard surmmary

Differential expression analysis -+ X
Wizard summary

SN e UULENT LrErmsolipus -o =
StringTie obtain labeled transcripts:
Bowtind: —very-sensitive

StringTia marge trarmscripts:

Experiment samples:

- Sampla name: hoel395_normal_repl [Condition: normal]
Reads file 1 fila: hocl 3%5_narmal_repl 1 fastg.qz
Reads file 2 file: kel 355 narmal_repl_2.fasta.ge

- Sample name: hoel395_normal_rep3 [Condition: normal|
Reads file 1 file: hcel 395_normal_reps 1.fastq.gz
Fieads file 2 file: hocel 395 _normal_rep3 2 fastg.gz

= Sampla name: hoel 395_normal_rep2 [Condition: normall
Reads file 1 file: heel 395 narmal_rep? 1 fasty. gz
Reads file 2 file: hcel 395 _normal_rep2_2.fastq.gz

- Sample narme: hoel 395_tumor_rep3 [Condition: turmor]
Fieads file 1 file: hocel 395 _tumor_rap3_ 1.fastg.gz
Reads fila 2 fila: hoel 395 _tumar_rep3_2 fastq.gz

- Sample narme: heel 205_tumor_rep2 [Candition: tumaor)
Reads file 1 file: hcel 395 _tumar_rep2_1.fastq.gz
Reads file 2 file: hool 395 _tumer_repz_2.fastg.gz

- Sampla name: hoel 305 _tumor_repl [Condition: tumar]
Reads file 1 file: hocl 355 tumar_repl _1.fastg.gz
Reads file 2 file: heel 395 _tumar_repl_2.fastq gz

K
L
| Back || Finish | | Cancel ]

Click tha finish button to run the workdflow,

In order to begin the execution of the workflow, click the Finish button.
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Step 11: monitoring the workflow execution

While the workflow is being executed, the execution can be monitored in a dialog as the one
shown in the following image.

() Execution progress -+ x| |[£ Execution progress - + X
= Running workflow -_— Running workflow
< 7
Sub stage: Sample: hcel385_normal_repl Sub stage: Sample: hcel395 tumor_rep2
Stage progress: Stage progress: B
Stage: Align reads Stage: Converting sam to bam
Qverall progress: Overall progress: |
& Execution progress -+ x| ||& Execution progress - + X
z L
< Running workflow Running worlflow
Sub stage: sample: hcel395_normal_rep3 Sub stage: Ballgown
Stage progress: S Stage progress:
Stage: Running StringTie Stage: Differential expression analysis
Querall progress: [ Overall progress: I
%) Execution progress - + X

\/_\. Running workflow

Sub stage: EdgeR
Stage progress: ]
Stage: Differential expression analysis

Overall progress: N

When the workflow is finished, the Ballgown results are added to the clipboard and it can be
explored in the selected working directory.

Step 12: workflow results

The following files and directories are generated by the application in the selected working
directory:

e workflow-description.txt. a plain text file containing the workflow configuration (input
files, experiment description, etc.).

e run.log: a log containing the executed commands.
read-mapping-statistics.csv: a table containing the statistics of the alignment for each
sample.
stringtie: a directory containing the StringTie merged annotation file.

e Directories for each of the samples: each samples directory contains the files
produced by the workflow components such as the alignments (in .sam and .bam
formats) and the transcripts calculated by StringTie.

e analysis: a directory containing the following subdirectories with the results of each
library:
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o analysis/ballgown: this directory contains the results of the differential
expression analysis performed with Ballgown. See subsection 6.7 Ballgown of
section 6. Outputs and visualization for more information on the generated
outputs.

o analysis/edger: this directory contains the results of the differential expression
analysis performed with edgeR. See subsection 6.2 edgeR of section 6.
Outputs and visualization for more information on the generated outputs.

o analysis/overlaps: this directory contains the summary of the overlapped
significantly differentially expressed genes between Ballgown and edgeR
analyses. See subsection 6.3 Overlaps between Ballgown and edgeR
analyses of section 6.

4.3 HISATZ2, StringTie and R libraries (Ballgown and edgeR)

This workflow was introduced by Pertea, M. et al. [15]. As the title suggests, this workflow
makes use of the tools HISAT2 [6] to align sample reads, StringTie [7] to assemble
transcripts, and Ballgown and edgeR [10] to perform the differential expression analysis:

e HISAT2 aligns RNA-Seq reads to a genome and discovers transcript splice sites.
This aligner is more exigent than Bowtie2 from a computational point of view but
more accurate. Moreover, HISAT2 is superior to Bowtie2 in aligning across
intron-sized gaps.

e StringTie assembles the alignments into full and partial transcripts, creating multiple
isoforms as necessary and estimating the expression levels of all genes and
transcripts. StringTie normalises the sequence depth and gene length by reporting
the quantification results in FPKM (Fragments Per Kilobase Million) and in TPM
(Transcripts Per kilobase Million).

e Ballgown takes the transcripts and expression levels from StringTie normalised in
FPKM and applies rigorous statistical methods to determine which transcripts are
differentially expressed between the conditions. Besides, edgeR uses raw count
produced by HtSeq and then normalises this raw counts in TMM (Trimmed Mean of
M-values).

Here, the workflow is illustrated with an example experiment from chromosome X of Homo
sapiens. The example data comprises human RNA-Seq samples, but to make this execution
faster and simpler for testing, a subset of the reads mapping to human chromosome X has
been extracted, which is a relatively gene-rich chromosome that spans 151 megabases, i.e.
~5% of the genome. The conditions to be compared will be females (this being the control)
and males (this being the case), and there are six samples for each condition (Table 3),
noting that three is the minimum number of replicates for valid statistical results. The
RNA-Seq samples will be aligned against the chromosome X of the H. sapiens and also
annotated against the chromosome X.
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Table 3: Population and sex of each sample used in the workflow.

Sample id Sex Population
ERR188245 Female GBR
ERR188428 Female GBR
ERR188337 Female GBR
ERR188401 Male GBR
ERR188257 Male GBR
ERR188383 Male GBR
ERR204916 Female YRI
ERR188234 Female YRI
ERR188273 Female YRI
ERR188454 Male YRI
ERR188104 Male YRI
ERR188044 Male YRI

Step 1: download the dataset

The example available at following

http://static.sing-group.ora/software/DEWE/data/tutorial data chrX.zip. This dataset must be

downloaded and uncompressed in the application shared folder.

The dataset contains the following files and directories:

genes: a directory containing the reference annotation file called chrX.gtf.

genome: a directory containing the reference genome in fasta format.
indexes: a directory containing the HISAT2 indexes of the chromosome X reference
genome.
samples: a directory containing two folders:
o females: a directory containing the paired-end reads corresponding to the 6
female samples in the dataset.
o males. a directory containing the paired-end reads corresponding to the 6
male samples in the dataset.
geuvadis_phenodata.csv: a CSV file that contains the phenotype or condition of each
sample. For this tutorial, it is important the classification of samples in male and
female.
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Step 2: configure the workflow

The next step consists in configuring the workflow. To do so, go to the Workflow catalog and
click the Run workflow button next to the HISAT2, StringTie and R libraries workflow
description.

ﬂ Workflow catalogl']

Workflow catalog

Quality control | Fastgc
Built-in warkflews are meant to start with high quality reads. alsa, quality -

control is @ process that must be carried out carefully in order to properyin | Trimmamatic {single-end) |
arderto obtain those high quality reads. For this purpese, DEWE includes the P IR DR RETEN
FastQC and Trimmematic tools. Use the fellowing buttans to launch the 1 D AT P RAEER Al
corresponding operations in case you need to perform the quality contral

befare running a workflow.

Differential expression analysis using Bowtie2, StringTie and R | Run workfiow |
This workflow allows perferming a differential expression analysis using = -
Bowtie2 to align sample reads, StringTie to assemble transcripts and two R | Impert workflow |
packages, Ballgown and Edgef, to performn the differential expression itseif.

This workflow is able te compare two conditions with at least twe samples

each. This workflow has been described by Griffith, M. et al. in 'Informatics for

RHMA Sequancing: A 'web Resource for Analysis on the Cloud' (PLOS

computational Biology (2015, doii10.1371joumal pebi.1004393),

Differential expression analysis using HISATZ, StringTie and R

This warkflow allows perferming a differential expression analysis using e —
HISAT2 to align sample reads, StringTie to assemble transcnpts and twa R | Impert werkflow |
packages, Ballgown and EdgeR, to perform the dfferential expression itself.

This workflow is able to compare two conditions with at least two samples

each. This workflow has been described by Pertea, M. et al. in Transcript-lewvel

expression analysis of ANA-seq experiments with HISAT, StringTie and

Ballgewn' (Mature Protocols 11, 1650-16867 (2018),

doi:10.1038nprat.2016.095).

When the workflow is executed for the first time or no HISAT2 reference genome indexes are
available, the tool requires the importation or creation of a reference genome index using
HISAT2.

% hisat2 index required -+ x

@ You should create or import a hisat2 index before launching the wizard. What do you want to do?

Cancel | | Createindex | | Importindex |

To build a new index, click the Create index button and proceed as explained in section
5.2.1.2. If the reference genome index already exists, as provided in this case study, click the
Import index button.

Step 3: import the reference genome index

After clicking the Import index button, the following dialog will appear, allowing to select the
downloaded reference genome index. The following data will be requested:

e Index folder. the directory that contains the HISAT2 genome index. Select the
indexes folder in the case study data. When selecting the folder, the files it contains
will not be displayed.

e Name: the name for the genome index in order to identify it later.

46



3 Import HISAT2 index - + X

Imports a reference genome indexed using HISATZ.

Index folder ||atureHisat/chrX_datasindexes || [ @

Name |H|SAT2 chrx index | @

Advanced options ¥

[vok“ xCance|J

After setting the required data, click the Ok button in order to import the reference genome
index. Once the index is successfully imported, it is automatically added to the reference
genome indexes database and the workflow configuration assistant opens. The advanced
options for import index operation are explained in section 5.1.2.2.

£ Differential expression analysis - 4+ u
Differential expression analysis pipeline

i
This wizard will guide you thraugh the steps to configure the differantial :\
expression pipekne using HISAT2, samtasls. StringTie. and two & librarias.

Ballgown and edger
Differential expression

analysis pipaline This pipeline has been dascribad by Bertea, M, et al. in franscmptlevel
Reference ganome expression analyss of RMNA-s2g expenments with HISAT, StningTie and
selectiar Balfgown [Mature Protecals 11, 1650-1667 (2016), doi: 10.1033/nprot.

= -.-“"'I:I'l'-"'lt.'u [ .'-!'l"llr ons 2016.095 :l

Samples s D

Balerarscd anrsct atian This pipeline is able to comipare two conditions with at least two samples
file selection each,

Working diractory i :

: alactioe The pipefine performs the follawing steps:

Farameter 1. Raads alignment wusing HISAT2,

COrna gL Fration

2. Conversion of the aligned reads into bam files using samtools,

3, Transcript assambling using StringTia,

4, And, finally, the differential axpression analysis using twe R
packages: ballgown and edger

Wizard summarny

Onee yau have fnished this wizard, the pipeline exacution starts and wvou

will ba abla ta monitar the exection pragress. 1B
v

Next | | Cancel |

Click the Next button to advance to the next step.

Step 4: reference genome selection

In this step, the reference genome to be used to perform the alignment must be chosen. As
shown in the following image, the configuration assistant shows the available HISAT2
indexes. Note that in this step you can also use the Import index and Build index buttons to
import or create a new reference genome index.
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7

Differantial expression
analysis pipaline
Referance genoms
selection
Experimental conditicns
Samples selection
Referanca anmotation
file selection

'a.'.-'c-rlrlnq diracto ry
salactian

Farametar
canfiguration

Wizard summarny

Reference genome selection

Differential expression analysis = 4 x

Impart index | | Build index |

Select @ MIZATZ reference genome indesx

| =Click hare to selact an index= =] iy

Back | hest cancel

7

Differential expression
analysis pipeline
Referance ganome
salaction
Expermental conditions
Samples selection
Beferance annotation
file selection

'-.'r'a-rklnq diracto ry
salaction

Farametar
configuration

Wizard sunmmany

Differential expression analysis = + x
Reference genome selection

Impart index | | Build index |

Select a HISATZ reference genome index
[Hisat chex index I

[ Back J | Mext J | cancal J

Select the index imported as shown in the image below and click the Next button to advance
to the next step.

Step 5: introducing the experimental conditions

In this step, the names of the two experimental conditions of the experiment must be
introduced.
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H Differential expression analysis - 4 X
Experimental conditions

selection samples type: | Pared-and _!] L6
Experimantal canditians
Samplas selaction Introduce the experimental conditions:

atatia

" Condition & [ESRSRIEN & )

o Condition B [EARSSIENH 6
Paramater .
conliguration Orimpart them from a data directory '__’!,"

Wizard summary

Back K | Cancel

DEWE allows to enter conditions and samples in a simple way by importing them from a
directory (by default, paired-end samples type is selected). To do so, click on the "Or import
data from a directory" button and select the samples directory where the samples are

located so that DEWE can automatically import all the data. Note that this directory should
be organized as follows:

e |t must contain two folders and the name of each folder will correspond to a condition.
In this case, the samples folder contains the females and males folders.

e Each of the two folders must contain the pairwise files of the samples and these files
must be in .fq, .fastq or .fastq.gz format. In addition, as samples are paired-end, the
first reads file must end in _1 and the second reads in _2.

] Differential expresslon analysls - + X
Experimental conditions

Differential expressian
znalysis pipaline
Beferance genome
salactiar

Sarmples type: | Paired-and :] i
Expermental conditians
samples selection Intraduce the expanmental condibions:
Referance anmoetation . -
file salackon Candition & ema o

Define contral

i s | and treatment

salaction Candition B 3 G

Parametar ; ~
canfiguration | @rimport them fram a data diractary J il
Wizard summary

| Back || Mext || Cancel |
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To manually enter the data, the male and female conditions must be specified. The order
here is not important, but keep in mind that the program considers as control condition the

first condition in alphabetical order.

Advanced: Define control and treatment condition

DEWE determines the control condition as the first alphabetical ordered regardless of the
order in which they were entered. To change this, there is a button at the right of the
conditions text boxes, "Define control and treatment ", which opens a new window where
conditions can be defined as Control and Treatment.

Experimental conditions

! i Control and tre...tions definition X =R
1
Exparimental conditions This dialag allows you to define which condition should
L lectior b used as control and which condition as treatment
[or case). To do that, use the radio buttons to define
your selection, efine contral
nd treatment

femala [_) Traatmant (&) Control

male T
| L]

o b | #Dk] *® Cancel

| Back || Mest || Cancel

Once defined and pressed the "Ok" button, DEWE updates the text boxes, with the text
“Control_" in front of the control condition name and “Treatment_" in front of the treatment

condition name.
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& Differential expression analysis = 4 x
EKPEI’"I'IEI“:H' conditions
Differantial expression
analysis pipaline
Referance ganoma
selection Samples type: [Paired-end =] @
Expermental conditions
Samplas selection Imtraduce the expanments] condibions:
Beferanca anmotation . .
file selection Carwditian A | Cantral female ) Defina zantrsl
Work ctar and treatment
:;Fﬁ':,;_ll?gnd'm“tcy Condition B | Treatment_male G |
Farametar
canfiguratian | or impert them fram a data directary | {0
Wizard summiary
[ Back _| |. Next J |_ Cancel J

Step 6 : samples verification [Optional: samples selection]

If the samples directory was selected previously, this step can be used to verify that all
samples have been selected correctly.

[T} Differential expression analysis = % X
Samples selection

W remove all samples lﬂl & add sample (1 Summary
.
Sampla name ERALEBA2E chry 63}
Differantial expressian
analysis pipeline condition | famale D x
|
Referance ganoma I—’
selection Reads 1  female/ERRL88428_chry_1.fastg.gz | Q| m
Expermental conditions
samples salection Feads 2 TermnaleERRLAE428_chrk_2.fastg.gz | Q@
Beferanca anrotation
file selection
Working diractary Sample narme  ERALEE272_chrd )
salection
Parametar condition | fernale |®| @
cnr':'lql_..'atl-cn b ] Ii._,
Wizard summary Feads 1 TernaleERRLAE273_chrk_1.fastg.gz | Q| ]
Reads 2 fermale/ERR188273 chiX_2fastagz | @ | @

Sample name ERAZ04816 chey | 3

[ Back _| |. Mext _] [ Cangeal ]
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Check if all samples are correctly imported and click the Next button to advance to the next
step.

Optional: Samples selection

If a samples directory has not been selected in the previous step, the samples must be
entered manually (DEWE allows files in .fq, .fastq or .fastq.gz format):

Differential expression analysis - + x
Samples selection
W remove 3l samples A & 2dd sample (1) Summary
F
Sample nama 0 [y
Condition | <Select a condition= Iad iy ¥ |
Reads 1 [a @ J4s
Samples selection Raads 2 . u.- ) G}
Sample namae I:I} .-/I
Condition |=Select a condition= = @ b4 |
Reads 1 Q@ &
Raads 2 [ @ ) ]
Sample nama I [ ‘,',
i
| Back | | cancel

In order to introduce the samples for the tutorial dataset, follow the next steps:
3. Select the first reads file of each sample (those ending with _1.fastq.gz in the

samples directory) by clicking the L Q | button.
o Reads are provided in compressed FASTQ format so if the file browser is
empty when browsing into the samples directory, then the appropriate file
filter must be select as the image below shows.

|l Open -+ x

Look In: [ﬁ samples T] [@J &] @ 'E‘{&J

|1 ERR128044_chrX_1.fastq.gz || ERR188234_chrX_2.fastq.gz || ERR188273
"1 ERR188044_chrX_2.fastq.gz || ERR188245_chrX_1.fastq.gz || ERR188273
|1 ERR188104_chrX_1.fastq.gz || ERR188245_chrX_2.fastq.gz || ERR188337
"1 ERR188104_chrX_2.fastq.gz || ERR188257_chrX_1.fastq.gz || ERR188337
|1 ERR188234_chrX_1.fastq.gz || ERR188257_chrX_2.fastq.gz || ERR188383

<l Vi T
File Name: ERR188257_chrX_L.fastq.gz
Files of Type: {Compressed FASTQ (.fastq.gz) format files v]

Open Cancel

o As can be seen in the image below, after selecting the first reads file the
second reads file and the sample name are automatically filled in.

52



Sample name ERR188044_chrX

Condition | =Select a condition= v

Reads 1 amples/ERR188044_chr¥_1.fastg.gz | Q

Reads 2 amples/ERR188044_chrX_2.fastq.gz|| @ |

o By default, the list contains four samples. Since in this case you must

4 Add sample | button must be

introduce up to twelve samples, the
clicked to introduce more samples.

4. Assign each of the 12 samples to their corresponding conditions:

ERR188044: male.

ERR188104: male.

ERR188234: female.

ERR188245: female.

ERR188257: male.

ERR188273: female.

ERR188337: female.

ERR188383: male.

ERR188401: male.

ERR188428: female.

ERR188454: male.

ERR204916: female.

O

O O O 0O O O O o 0o o o

After introducing all the samples proceed to the next step. For single-end samples
alignment the steps are the same, but only one single-end file is selected for each sample.

Step 7: reference annotation file selection

Select the reference annotation file (GTF format) for the experiment. In this case, the
chrX.gtf file located in the genes directory must be selected. After selecting it, the Next
button must be clicked to advance to the next step. A ready-to-use reference sequence list
and their annotations can be downloaded form the Illlumina iGenome site
(https://support.illumina.com/sequencing/sequencing_software/igenome.html), taking into
account that only eukaryotic organisms can be analysed through DEWE.
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i Differential expression analysis = 4+
Reference annotation file selection

Differantial exprasgiosn
analysis plpelire
Beferance ganoma
salactian

Expermental conditions

Samples selection

Rghrqm:q_ annotation Select a reference annatation file [gtfk

file selection File: |atailata/Hisat 25trngTeeBawtie chridigenesichri gtf || Q
Working diractory g
salection

Farametar

canfiguration

Wizard summary

| Back || Mest || Cancel |

Step 8: working directory selection

Choose the working directory, where the analysis results will be stored, and advance to the

final step.

i Differential expression analysis -+ X
Waorking directory selection

Differential expression

analysis pipehng

Reference genome

salechon

Experimental conditions

Samples selection

Reference annotation Select aworking directany:

file selaction Fila: | dataDataisat 2stingTieBowtia-chrs |
Warking directory “L el 2]
selection

Farameter

canfiguration

Wizard Surmimary

| Back | | Mest | | cancel ||

Step 9: parameter configuration

WARNING: this parameter configuration is intended for advanced users. If you are not
familiarized with command-line parameters of the underlying applications of the workflow,
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please, skip this configuration step. Otherwise, check carefully the parameters introduced
since they can lead to unexpected failures.

DEWE allows the user to manually introduce additional parameters to the alignment and
transcript reconstruction steps, like a command line execution.

e HISAT2: custom command-line parameters for the execution of the HISAT2
alignment. For more information on HISAT2 options, please, check the reference
manual (https://ccb.jhu.edu/software/hisat2/manual.shtmi#command-line-1)  and
sections 5.3.1.2 and 5.3.2.2.

e StringTie obtain labeled ftranscripts: custom command-line parameters for the
execution of StringTie reconstruct labeled transcripts command. For more information

on StrinTie options, please, check the reference manual
(http://ccb.jhu.edu/software/stringtie/index.shtml?t=manual) and section 5.5.2 for
more details.

e StringTie merge transcripts: custom command-line parameters for the execution of
the StringTie merge command. For more information on StrinTie options, please,

check the reference manual
(http://ccb.jhu.edu/software/stringtie/index.shtml?t=manual) and section 5.5.3 for
more details.

e StringTie obtain transcripts: custom command-line parameters for the execution of
StringTie reconstruct transcripts command. For more information on StrinTie options,

please, check the reference manual
(http://ccb.jhu.edu/software/stringtie/index.shtml?t=manual) and section 5.5.1 for
more details.

It is important that the parameters are entered correctly or the execution of their respective
step will fail.

i Differential expression analysis = + X
Parameter configuration

‘Waming: this parameter canfiguration is imtended for advanced users. f you are
nat familiarzed with command-line paramaters of the underlying applications of th
e workflaw, please, skip this canfiguration step.Otherwise, check carefully the par
ameters introduced since they canlead to unexpectad failures,

fgrancae ar ki HISATZ:
StringTle obtain labeled transcripts:

Farametar StringTie merge transcript s:
configuration

28 a a e

StringTie abtain transcripts: -2 -2

| Back || Wext || Cancel
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Step 10: workflow configuration summary

In this last step a summary of the workflow configuration is provided. It must be checked
carefully in order to ensure that the right files were selected, namely the samples’ conditions.
If the workflow is executed, this summary is also stored in the selected working directory as
workflow-description.txt.

& Differential expression analysis = 4+
Wizard summary

= 2diigdie fdifidy TARLODEIH_LINA [LUTILILIUEE 1=ilidid]
Raads file 1 file: ERR1 88234 _chri 1 fastg.gz
Raads file 2 file: ERRLAE234_chrx_2.fastg g2

- Sarmngle name: ERRLEE245_chrX [Condition: female]
Reads file 1 file: ERRLEG245_chri_1.fastg.gz

Te

Differantial exprassion
analysis pipaline
Beferance ganoma
salaction

Experimental conditions
Samples selection

Referan

1 annatation
file chion

Working directory
selactian

Raads file 2 file: ERRLAE245_chri_2.fastg.gz

= Sample name: ERALER2ST chri [Conditiar: mala)
Reads file 1 file: ERRLAE257 _chrX_1.fastg gz
Reads file 2 file: ERRLEE257 _chrX_2.fastg gz

- Sample nama: ERALEBLOA_chri [Condition: mala]
Raads file 1 file: ERRLEE104_chri_1 fastggz
Reads file 2 file: ERRL32104_chrd_2 fastqqz

- Sample nama: ERRLEEA01_chrX [Conditior: male]
Reads file 1 file: ERRLAE40L_chr¥_1.fastg gz
Raads file 2 file: ERRLEZA0L_chri_2.fastg.gz

- Samgle nama: EF!F'.I_BBI:I-IM_J;hrx [Conditior: mala)
Reads file 1 file: ERR1A8044 chri 1 fastg.qz

Farameter Reads file 2 filer ERRLEB044_chrX_2.fastg gz
canfiguration - Sarmgle name: ERRLEE3A3_chrX [Condition: male]
Wizard summary Raads file 1 file: ERRLEE383_chri_1 . fastg.gz

Raads file 2 file: ERRLSS383_chrk_2.fasta.gz

- Garnple namea: ERALEEASA_chrk [Conditiare mala)
Reads file 1 filer ERRLEE454_chrX_1.fastg gz
Reads file 2 file: ERRLAE454_chrX_2.fastg. gz

3
l Back || Finish || cancel |

Chck the finish button ta rum the workflaw.,

In order to begin the execution of the workflow, click the Finish button.

Step 11: monitoring the workflow execution

While the workflow is being executed, the execution can be monitored in a dialog as the one
shown in the following image.

&| Execution progress - + X ||[4] Execution progress - + X

Running workflow < Running worlkflow

/I\

Sub stage: Sample: ERR188044 _chrx Sub stage: Sample: ERR188104_chrX

Stage progress: Stage progress:
Stage: Align reads Stage: Converting sam to bam
Overall progress: Overall progress: [
|%| Execution progress -+ x & Execution progress -+ X | |4 Execution progress -+ X
— Running workflow |/ Running workflow = Running workflow
-7 ~ 9
Sub stage: Sample: ERR188245_chrX Sub stage: Ballgown Sub stage: EdgeR
Stage progress: [l Stage progress: | | Stage progress: R ]
Stage: Running StringTie Stage: Differential expression analysis Stage: Differential expression analysis
Overall progress: B ] Overall progress: I Overall progress:  —— I
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When the workflow is finished, the Ballgown results are added to the clipboard and it can be
explored in the selected working directory.

Step 12: workflow results

The following files and directories are generated by the application in the selected working
directory:

e workflow-description.txt. a plain text file containing the workflow configuration (input
files, experiment description, etc.).
run.log: a log containing the executed commands.

e read-mapping-statistics.csv: a table containing the statistics of the alignment for each
sample.

e stringtie: a directory containing the StringTie merged annotation file.
Directories for each of the samples: each sample’s directory contains the files
produced by the workflow components such as the alignments (in .sam and .bam
formats) and the transcripts calculated by StringTie.

o analysis/ballgown: this directory contains the results of the differential
expression analysis performed with Ballgown. See subsection 6.7 Ballgown of
section 6. Outputs and visualization for more information on the generated
outputs.

o analysis/edger: this directory contains the results of the differential expression
analysis performed with edgeR. See subsection 6.2 edgeR of section 6.
Outputs and visualization for more information on the generated outputs.

o analysis/overlaps: this directory contains the summary of the overlapped
significantly differentially expressed genes between Ballgown and edgeR
analyses. See subsection 6.3 Overlaps between Ballgown and edgeR
analyses of section 6.

4.3 Configure a workflow using the workflow.dewe file

When configuring a workflow, DEWE has two methods. On the one hand, following the steps
one by one of sections 4.2 and 4.3 and manually introducing each input. On the other hand,
through a workflow configuration file named workflow.dewe that automatically introduces all
inputs.

This configuration file contains information related to inputs and configuration of the
workflow, i.e. the location of the input files (read files of the samples and annotation file), the
two conditions, the index selected for the alignment and the output folder. When the
configuration file is uploaded, DEWE will fill in all the inputs, but allowing its inspection and
modification. A workflow.dewe file is generated on the output folder each time an analysis is
executed. This file can not be edited manually.

The main advantage of this method is that it allows the re-execution of an analysis quickly.
For example, if the user runs an analysis from one workflow and wants to run it in the other,
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just need to upload the configuration file. Another interesting example would be re-execute
an analysis, but changing a single parameter (e.g., remove a sample).

To execute a workflow from a configuration file, in the workflows catalog, click on the "Import
workflow" button, which will open a file browser to select the configuration file to be imported.

ﬂwoddlmr catalog ]

Workflow catalog

Quality control | Fastgc

Built-in workflows are meant to start with high quality reads. also, quality —

control is & process that must be camied out carefully in order to properyin | Trimmamatic (single-end) |
order ta obtain thase high quality reads. For this purpese, DEWE includes the = - -

FastQC and Trimmnmal.:?c t‘;ols.{lse the fo |Iuwingpbl.r$tn ns to launch the %Jﬁlmmumaht el )
corresponding operations in case you need to perform the quality contral

befare running a workdlow.

Differential expression analysis using Bowtie2, StringTie and R | Run workflow |

This workflow allows perforrming a differential expression analysis using

BowtieZ to ahgn sample reads, StringTie to assemble transcripts and twe R Impert werkflow
—

packages, Ballgown and EdgeR, to perform the differential expression itself.
This workflow is able to compare twa conditions with at least two samples
each. This workflow has been described by Griffith, M. et al. in Informatics fer
RMA Sequencing: A Web Resource for Analysis on the Cloud' (PLOS
cornputational Biology (2015), doii10.1371fjoumnal pebi.1004393),

Differential expression analysis using HISAT2, StringTie and R R workdlow
This warkflow allows perforrming a differential expression analysis using ——
HISATZ to align sampla reads, StringTie to assemble transcripts and twa R

packages, Ballgown and EdgeR. to perform the differential expression itself.
This workflow is able to compare two conditions with st least twoe samples
zach, This workflow has been described by Pertea, M. et al. in Transcript-level
expression analysis of AMA-seq experments with HISAT, StringTie and
Ballgown' (Mature Protocols 11, 1650-1667 (2016),

doi:10.1038/nprot. 2016.095).

Once the configuration file has been imported into DEWE, the same steps as in sections 4.2
and 4.3 will be shown, but with all configurations and inputs covered. The rest of the
execution is the same as in the sections 4.2 and 4.3.

4 .4 \Workflow execution FAQ

4.4 .1 Error executing bowtie2-build

Error during operation on mahmi-XPS-8700 2

Thars ware an aondedurin Frr.n:um:
3 l=

Error execuling bowtie2-buil ase, check erorlog

| Shower Details ] oK |

When DEWE returns this error during index construction, in most cases it means that the
genome file used to build the index contains some errors. The user must verify the genome
file for errors.

4.4.2 No reads files are displayed in the sample selection

When selecting the sample files manually, the directory where the samples are found may
appear empty.
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Open on mahmi-XP5-8700 x

Lookln: | romal ) (@) (@) (@) () e

Flle Blame:

Fllea o Type: | FASTE (i) formas fles I

Open | | Cancel |

This happens because by default DEWE searches for files with .fq extension. The user must
select in the drop-down menu the correct extension of the reads files so that DEWE

recognizes them.

Lock|n: (B rormal v [" Q ﬁ 'E &

) b1 3RS _nomal_rept _1 laskg gz
hos 36 _nomal_repl_2 laskgge
oo 386 _nomal_repZ_1 faskggz
ool 356 _nomal_rep2_2 faskggz
oot ¥56_nomal_repd_1 fastggz
| oot X556 _nomal_repd_2 fasiggz

Flle Mame:

Flles od Type: | Compressed FASTO [ fasiq.gz) fomat fles b
FAST [ k) farmat fles
FASTQ [ Fastq) farmal liles

Compressed FASTQ [ fasiq.gz] lomat files
Al Files

4.4.3 java.io.lOException error during alignment

Error durlmng operation en mahmi-XP5-8700

There wene an error durng procesa:
jawaic [OExceplion: See hoo1 36 _nomal _repd sam.td file Sor dedails.

(ot ] (o6

When DEWE returns this error during alignment process, this can happen for two reasons.
To know the reason, the sample.sam.ixt file should be inspected to determine the error, in
this example hcc1396_normal _rep1.sam.txt.
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4.2.3.1 Could not locate a Bowtie/HISAT index

Could not locate a [Bowtie/HISAT] index corresponding to basename
"/mnt/shared/mahmi/rna_seq/sf_data/Data/test/indexes/Homo_sapiens.GRCh38.dna
_sm.chromosome.22index"

In the sample.sam.txt file

This is because the index was imported / built correctly but later its location has been deleted
or changed. The user must import / build the index again.

4.2.3.2 Reads file does not look like a FASTQ file

Error: reads file does not look like a FASTQ file

In the sample.sam.txt file

This is because some of the reading files are wrong. The user must verify the sample files
for errors.

4.4.4 Error executing StringTie

Error during eperatlian an mahml-XP5-8700

There wer: an errorduring process:
Emor emecuting samionls. Flease, checkemor log.

Show Details.. | | OK
—

When DEWE returns this error, in most cases it means that the GTF annotation file contains
an error. The user must verify the annotation file for errors.

4.4 5 Workflow execution error

Waorkflow executione error on mahmi-XPs-87000)

0 Errar execuling the werddflow. Pleass, chackemar log.

=

When DEWE returns this error when importing a workflow, in most cases it means that a
workflow.dewe configuration file from an old version of DEWE is being imported. The user
must manually configure the workflow.
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4.4 .6 Invalid workflow file

Invalid workFlow File on mahmi-XP5-8700

o The selected file coes notcaortain the recuired informatian far this worddiow:.

(]

When DEWE returns this error when importing a workflow, in most cases it means that a
workflow.dewe configuration file from another workflow is being imported. The user must
import the file in the correct workflow.

4.4.7 Heatmap and PCA plot have not been generated after Ballgown
execution

This happens when an analysis does not produce genes with a g-value < 0.05. If in an
analysis these figures are not generated, it means that statistically significant genes have not
been found.

o f (T

bg.rda consensusp  DE-values- FPEM- FPEM- FPEM-
athdhb- distributio  conditions- conditions-  distributio
enrichme... njpeg correlati... densityp... n-across-...

genes-DE-  phenotype- phenotype- phenotype- phenotype- phenotype-
pvalues- datacsv  data_geme_ data gene_ data gene_ data_gene
distributi... results.tsv  results Fi... results_si... results si...

phenotype- phenctype- phenotype- phenotype-  transcripts-  volcano-

data_ data_ data_ data_ DE- plot.jpeg
transcript_  kranscript_  transcript_  btranscripts  pValues-
results.tsv results_ results_sig.  _results_  distributio
filtered.tsv ksv sig_Fpkm_ njpeg
plus_1.tsv
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5. Single operations

In addition to being able to run a complete workflow, DEWE also allows the advanced user to
execute each step separately. With these single operations, the advanced user is able to
execute custom workflows. To do this, in the upper menu the user is provided with all
operations.

o

Quality contral Genome Align Comnvert Transcripts Reads Differential Expression View results Help

Clipboard [ Workflow catalog

Workflow catalog

5.1 The Quality control menu

This menu provides operations for performing quality control analysis and reads filtering.

‘ln'

Genome Abgn Conwert Transcripts Reads Diferential Exprassion View results Help
FastQc Workflow catalag
Trimmamatic * i
¥

Workflow catalog

5.1.1 FastQC

This operation allows the generation of a FastQC quality control report for multiple reads
files. Clicking on the Quality control > FastQC button, a new window will be displayed and
the following data will be requested:

e [nput files: the reference annotation file (.gtf).

e OQutput directory: optionally, the directory where the reports must be generated. If not
provided, the output report for each reads file is created in the same directory as the
reads file being processed.
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i FastQC - + X

Generades a reads quality control report using FastQcC,

Input files | £ select files... J
. % J_ B8 |
amples/ERR188044 chrX 1.fastq.gz
amples/ERR188044 chr¥_2.fastg.gz ®

amples/ERR188104 _chr¥_1.fastg.gz
amples/ERR188104 _chr¥_2.fastg.gz

Ouput directory 6| @

{M’Ok][ XCanceI|

Once the Ok button is pressed, StringTie analysis starts and a message will be displayed
until the end of the process, when an information message is shown.

5.1.2 Trimmomatic

This menu provides operations for performing reads filtering using Trimmomatic.

5.1.2.1 Single-end reads filtering

This operation allows filtering single-end raw reads using Trimmomatic. Clicking on the
Quality control > Trimmomatic > Single-end reads filtering button, a new window will be
displayed and the following data will be requested:

e [nput file: the input reads file.

e Trimmomatic parameters: the steps for trimmomatic and its configuration. The Steps
tab allows selecting which steps must be applied and define the order in which they
should be applied. Then, the other tabs allows configuring each step. The following
steps are available:

o Leading: removes low quality bases from the beginning. As long as a base
has a value below this threshold the base is removed and the next base will
be investigated.

o Trailing: removes low quality bases from the end. As long as a base has a
value below this threshold the base is removed and the next base (which as
trimmomatic is starting from the 3' prime end would be base preceding the
just removed base) will be investigated. This approach can be used removing
the special illumina 'low quality segment' regions (which are marked with
quality score of 2), but we recommend Sliding Window or MaxInfo instead.

o Crop: removes bases regardless of quality from the end of the read, so that
the read has maximally the specified length after this step has been
performed. Steps performed after CROP might of course further shorten the
read.
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Headcrop: removes the specified number of bases, regardless of quality, from
the beginning of the read.

Minlen: removes reads that fall below the specified minimal length. If required,
it should normally be after all other processing steps. Reads removed by this
step will be counted and included in the ,dropped reads® count presented in
the trimmomatic summary.

Sliding window: performs a sliding window trimming, cutting once the average
quality within the window falls below a threshold. By considering multiple
bases, a single poor quality base will not cause the removal of high quality
data later in the read.

Max info: performs an adaptive quality trim, balancing the benefits of retaining
longer reads against the costs of retaining bases with errors.

Quality: reencodes the quality part of the FASTQ file to the selected base.
lllumina clip: finds and removes lllumina adapters.

e Output directory: optionally, the directory where the filtered file must be created. If not
provided, the output file is created in the same directory as the reads file being
filtered.

iy Single-end reads filtering - + %

Filters single-end reads using Trimmomatic.

Input file = @
Trimmomatic parameters Max info T Quality T lllumina Clip
Minlen T Sliding Window
| steps I Leading T Trailing T Crop I Headcrop
Unselected Selected
v A v A
MAXINFO HEADCROP
LEADING
TRAILING @
CROP &«
MINLEN
SLIDING_WIN... >
QUALITY
ILLUMINA_CLIP
Ouput directory | @
[ 4 J [ X Cancel |

5.1.2.2 Paired-end reads filtering

This operation allows filtering paired-end raw reads using Trimmomatic. Clicking on the
Quality control > Trimmomatic > Paired-end reads filtering button, a new window will be
displayed and the following data will be requested:

e Reads file 1: the first reads file.

e Reads file 2: the second reads file

e Trimmomatic parameters: the steps for trimmomatic and its configuration. The Steps
tab allows selecting which steps must be applied and define the order in which they
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should be applied. Then, the other tabs allows configuring each step. The following
steps are available:

(@]

O

O

Leading: removes low quality bases from the beginning. As long as a base
has a value below this threshold the base is removed and the next base will
be investigated.

Trailing: removes low quality bases from the end. As long as a base has a
value below this threshold the base is removed and the next base (which as
trimmomatic is starting from the 3' prime end would be base preceding the
just removed base) will be investigated. This approach can be used removing
the special illumina 'low quality segment' regions (which are marked with
quality score of 2), but we recommend Sliding Window or MaxInfo instead.
Crop: removes bases regardless of quality from the end of the read, so that
the read has maximally the specified length after this step has been
performed. Steps performed after CROP might of course further shorten the
read.

Headcrop: removes the specified number of bases, regardless of quality, from
the beginning of the read.

Minlen: removes reads that fall below the specified minimal length. If required,
it should normally be after all other processing steps. Reads removed by this
step will be counted and included in the ,dropped reads® count presented in
the trimmomatic summary.

Sliding window: performs a sliding window trimming, cutting once the average
quality within the window falls below a threshold. By considering multiple
bases, a single poor quality base will not cause the removal of high quality
data later in the read.

Max info: performs an adaptive quality trim, balancing the benefits of retaining
longer reads against the costs of retaining bases with errors.

Quality: reencodes the quality part of the FASTQ file to the selected base.
lllumina clip: finds and removes lllumina adapters.

e Output directory: optionally, the directory where the filtered files must be created. If
not provided, the output files are created in the same directory as the reads file being
filtered.
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o Paired-end reads filtering - + X

Filters paired-end reads using Trimmomatic.

Reads file 1

Reads file 2

@] o
(@] o

Trimmomatic parameters Max info T Quality T lllumina Clip

Minlen T Sliding Window
Steps I Leading T Trailing I Crop I Headcrop
Unselected Selected

v A v A

MAXINFO
LEADING ®
TRAILING
CROP
HEADCROP 2>
MINLEN

SLIDING_WINDOW

QUALITY

ILLUMINA CLIP

Ouput directory 5 @

[¢:<][ XCanceIJ

5.2 The Genome menu

To perform the alignment tasks of RNA-Seq samples, it is necessary to have an index
against which to align. An index is nothing more than a indexed reference genome against
which alignment of the RNA-Seq sequences is performed.

Through this menu, the user can perform all actions related to the management of DEWE
indexes. The options available to the user are as follows:

e Build an index: construct an index for alignment from a reference genome.
e Import an index: import an index for the alignment previously created.

i
Quality control BEEREIUEE Akgn Convert Transcripts Reads Differential Exprassion View results Help

Bulld index L4 Workflow catalog
Irngart indes -

L
L

Workflow catalog

Both operations are available for two alignment tools: Bowtie2 and HISAT2.
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5.2.1 Build index

As stated above, an index for Bowtie2 or for HISAT2 can be constructed.
o
Quality control REEREIUER Akgn Convert Transcripts Reads Differential Exprassion View results Help

Clipkear Sulld index L$

Irmport index L

Bowtie?
HISAT2

[ Workflow catalag ]
L]

Y Workflow catalog

5.2.1.1 Bowtie2

Clicking on the Genome > Build index > Bowtie2 button, a new window will be displayed and
the following data will be requested:

e Genome: the reference genome file for which the index will be created. Must be in .fa

format.
e Name: the name for the genome index in order to identify it later.

By default, the index is constructed within the folder containing the reference genome.

L& Build Bowtie2 index - + X

Builds a genome index using Bowtie2.

Genome (5] ()
Name (O]
Advanced options ¥

[JOx“ XCanceIJ

In addition to these data, when building an index with Bowtie2 a menu of Advanced options
can be displayed. Within this menu there is one more field, Output folder, with which the
folder where the index will be built can be changed (by default it will be constructed in the
folder containing the genome).

| & Build Bowtie2 index - + X
Builds a genome index using Bowtie2.
Genome B ®
Name @
Advanced options 3
Output folder & @
{ v Ok ] I X Cancel I
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Once the Ok button is pressed, a message will be displayed until the end of the process.
| £ ‘Prugress - + x|

4
~ Creating Bowtie2 index |

5.2.1.2 HISAT2

Clicking on the Genome > Build index > HISATZ2 button, a new window will be displayed and
the following data will be requested:

e Genome: the reference genome file for which the index will be created. Must be in .fa
format.
e Name: the name of the genome index.

[£ Build HISAT2 index -+ X

Builds a genome index using HISAT2.

Genome &= (0]
Name ' (6

Advanced options ¥

[J.K]LXCanceIJ

In addition to these data, and similarly to HISAT2’s index creation, you may also specify the
Output folder (in Advanced options), i.e. the folder where the index will be built (by default
the index will be constructed in the folder containing the genome).

Advanced options e

Output foldar

E.'
e

| w U | x Cancel|

Once the "Ok" button is pressed, a message will be displayed until the end of the process.

&% Progress - + X
-—’? Creating HISAT2 index

5.2.2 Import index
As with index building, you can import an index for both Bowtie2 and HISAT2.
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Quality control REEREIUER Akgn Conwert Transcripts Reads Differential Exprassion View results Help
Bowtla2 q

Clipboar: Workflow catalog
L

HISAT2 Workflow catalog

Bulld index
Irpart index

[
"

5.2.2.1 Bowtie2
Clicking on the Genome > Import index > Bowtie2 button, a new window will be displayed
and the following data will be requested:

e Index folder: the folder that contains the Bowtie2 genome index.
e Name: the name for the genome index in order to identify it later.

.Iil Import Bowtie2 index - + X

3

Imports a reference genome indexed using Bowtie2.

Index folder | = @
Name @
Advanced options ¥

[ v Ok ]k X Cancel ]

In addition to these data, when importing an Bowtie2 index, a menu of Advanced options can
be displayed. Within this menu there is one more field, Genome, with which the reference
genome with which the index was built can be selected (this field is not necessary, but

optional)

|2 Import Bowtie2 index -+ X

Imports a reference genome indexed using Bowtie2.

Index folder I & @
Name @
Advanced options &

Genome | (&g @

[MJklk XCanceIJ

Once the Ok button is pressed, if all fields are filled in correctly, the index will be imported.
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&) Information - + X

@ Bowtie2 index successfully imported.

5.2.2.2 HISAT2
Clicking on the Genome > Import index > HISATZ2 button, a new window will be displayed

and the following data will be requested:

Index folder: the directory that contains the HISAT2 genome index.

[ ]
Name: the name for the genome index in order to identify it later.

(£ Import HISAT2 index - + x

Imports a reference genome indexed using HISATZ.

Index folder B @
@

Name

L4

Advanced options

iv”?k]l XCancell

In addition to these data, when importing an HISAT2 index, as with Bowtie2, a menu of
Advanced options can be displayed. Within this menu there is one more field, Genome, with
which the reference genome with which the index was built can be selected (this field is not

necessary, but optional)

Advanced options

Genome IE | @

lv( ~J_='tl:£|||"n:+.=.llJ

Once the Ok button is pressed, if all fields are filled in correctly, the index will be imported.

& Information - + X

6 HISATZ index successfully imported.
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5.3 The Align menu

This menu provides operations for performing reads alignment using Bowtie2 or HISAT2.

'] '}
Q‘lunllty contral Genoma

Clipboard Parredendreads ‘ workflow catalog

Simgle-end reads Ll |
»

Caorwert Transcripts Reads Diffgrantial Exprassion View results Help

Workflow catalog

5.3.1 Align paired-end reads

5.3.1.1. Bowtie2

Clicking on the Align > Paired-end Reads > Bowtie2 button, a new window will be displayed
and the following data will be requested:

e Reference genome: the reference genome index to use. It must have been previously
built or imported into the application.

Reads file 1: the first reads file. Must be in .fq, .fastq or .fastq.gz format.

Reads file 2: the second reads file. Must be in .fq, .fastq or .fastq.gz format.

Save alignment log: whether the alignment log must be saved or not.

Output file: the output file to save the alignments. Should be a .sam file.

i Reads using Bowtie2 - + %

Aligns paired-end reads using Bowtie2.

Reference genome | Bowtie2 index YJ

Reads file 1  |aperNatureHisat/chrX_data/samples/ERR188044_chrx_1.fastq.gz | 3
L&

Reads file 2 aperNatureHisat/chrx_data/samples/ERR188044_chrx_2.fastqg.gz

Sawve alignment log 8

@ @ @ @ e

Output file | y/sf_data/Data-PaperNatureHisat/chr_datafsamples/alignments || 3

€«

Advanced options

[ v J[ xCanceIJ

In addition to these parameters a menu of Advanced options can be displayed. Within this
menu there is two more parameter:

e Presets, that allows the selection of a preset option for the Bowtie2 --end-to-end
mode. The default preset option is “--very-sensitive”;

e Command parameters, that allows the user to manually introduce others Bowtie2
alignment parameters, like a command line execution. These parameters overwrite
those defined in Presets. It is important that the parameters are entered correctly or
the execution of Bowtie2 will fail.
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For more information on this advanced options, please, check the Bowtie2 reference manual
(http://bowtie-bio.sourceforge.net/bowtie2/manual.shtml#options).

. & Bowtie2 - + x|

&ligns paired-end reads using Bowlie?.

Reference genarme Bowtie2 index

Reads file 1

Reads file 2

e el
2 e a8 8 8

Sawe aignmant log b

autput file

©

Advanced options #

Presets L) —Sensithea (®) —very-sensitive () -fast ey fast {I:I

Command parameaters 5]

| v | | :a-:canu:el|

Once the Ok button is pressed, a message will be displayed until the end of the process.

5

o Bowtie2 reads alignment

/I\

File: ERR188044_chrX_1.falign.sam

5.3.1.2 HISAT2

Clicking on the Align > Paired-end Reads > HISATZ2 button, a new window will be displayed
and the following data will be requested:

Reference genome: the reference genome index to use. It must have been previously
built or imported into the application.

Reads file 1: the first reads file. Must be in .fq, .fastq or .fastq.gz format.

Reads file 2: the second reads file. Must be in .fq, .fastq or .fastq.gz format.

Save alignment log: whether the alignment log must be saved or not.

Transcript assemblers: whether to report alignments tailored for transcript assemblers
(including Stringtie) or not. With this option, HISAT2 requires longer anchor lengths
for de novo discovery of splice sites. This leads to fewer alignments with
short-anchors, which helps transcript assemblers improve significantly in computation
and memory usage.

Output file: the output file to save the alignments. Should be a .sam file.
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i Reads using HISAT2 - + X%

Aligns paired-end reads using HISATZ,

Reference genome | HISAT2 index vJ

Readsfile 1  R188044 chrX 1.fastg.oz|| 5

Reads file 2  R188044 chrX 2.fastggz|| Y

Save alignment log &

Transcript assemblers U

G

Output file | _chrX_1-ALUGNMENTS.sam || Y

[\fﬂk}{ XCancelJ

In addition to these parameters a menu of Advanced options can be displayed. Within this
menu there is one more parameter:

e Command parameters, that allows the user to manually introduce others HISAT2
alignment parameters, like a command line execution. It is important that the
parameters are entered correctly or the execution of HISAT2 will fail.

For more information on this advanced options, please, check the HISAT2 reference manual
(https://ccb.jhu.edu/software/hisat2/manual.shtmli#command-line-1).

i HISAT2 = 4 X

Aligns paired-end reads using HISATZ2,

Raference gename | Hisat chrk index |

Raads file 1

&

Reads file 2

=

Sawe alignment log

Transcript assemblers )

[
B &8 8 8 8

Qutput file

e

Advanced oplions £

Command parametars i

i w Jl ® Cancel

Once the Ok button is pressed, a message will be displayed until the end of the process.
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i Progress - 4+ %

Hisat2 reads alignment

A

File: ERR188044 chrX l.align.sam

5.3.2 Align single-end reads

5.3.2.1. Bowtie2

Clicking on the Align > Single-end Reads > Bowtie2 button, a new window will be displayed
and the following data will be requested:

e Reference genome: the reference genome index to use. It must have been previously
built or imported into the application.
Reads file 1: the reads file. Must be in .fq, .fastq or .fastq.gz format.

e Save alignment log: whether the alignment log must be saved or not.

e Output file: the output file to save the alignments. Should be a .sam file.

i Bowtie2 - + %

Aligns single-end reads using Bowtie2,

Reference genome | bowtie2 index '] 6]
Reads file  vtieZStringTieR/samples/normalfhccl 395 normal_repl fastq gz ,EJ @
Sawve alignment log V) ®
Output file | /Bowtie2StringTieR/samples/normalfhccl 395Hnurmalnrep1.sam_ 'EJ @
Advanced options ¥
[ « 0k ] * Cancel J

In addition to these parameters a menu of Advanced options can be displayed. Within this
menu there is two more parameter:

e Presets, that allows the selection of a preset option for the Bowtie2 --end-to-end
mode. The default preset option is “--very-sensitive”;

e Command parameters, that allows the user to manually introduce others Bowtie2
alignment parameters, like a command line execution. These parameters overwrite
those defined in Presets. It is important that the parameters are entered correctly or
the execution of Bowtie2 will fail.

For more information on this advanced options, please, check the Bowtie2 reference manual
(http://bowtie-bio.sourceforge.net/bowtie2/manual.shtml#options).
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i Bowtie2 4
Aligns single-end raads using Bowtie?,

Referance genome | Bowtiez indax x| @

Reads file ) 6]

Save aligrment lag 4] @

Outpart file | ic& ]

Advanced options 4
[istioky| | > cancel |

Once the Ok button is pressed, a message will be displayed until the end of the process.

W

- ) )
o Bowtie2 reads alignment
~ 9

File: ERR188044_chrX_1.falign.sam

5.3.2.2 HISAT2

Clicking on the Align > Paired-end Reads > HISATZ2 button, a new window will be displayed
and the following data will be requested:

e Reference genome: the reference genome index to use. It must have been previously
built or imported into the application.

Reads file: the reads file. Must be in .fq, .fastq or .fastq.gz format.
Save alignment log: whether the alignment log must be saved or not.

e Transcript assemblers: whether to report alignments tailored for transcript assemblers
(including Stringtie) or not. With this option, HISAT2 requires longer anchor lengths
for de novo discovery of splice sites. This leads to fewer alignments with
short-anchors, which helps transcript assemblers improve significantly in computation
and memory usage.

e Output file: the output file to save the alignments. Should be a .sam file.

] HISAT2 - + X

Aligns single-end reads using HISAT2,

Reference genome | hisat2 index M

Reads file 'ERR183234_chr)(.fastq.g2 (58]

Save alignment log W

Transcript assemblers L

® e @

Output file  ale/ERRL88234_chri.sam | E3

iVOkH XCanceIJ
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In addition to these parameters a menu of Advanced options can be displayed. Within this
menu there is one more parameter:

e Command parameters, that allows the user to manually introduce others HISAT2
alignment parameters, like a command line execution. It is important that the
parameters are entered correctly or the execution of HISAT2 will fail.

For more information on this advanced options, please, check the HISAT2 reference manual
(https://ccb.jhu.edu/software/hisat2/manual.shtml#command-line-1).

i HISAT2 - 4+ X
2ligns single-end reads using HISATZ.
Referance genome | Hisat chrindex = @
Reads fila | & @
Savm alignment log [ (0
Tramscript assemhblers L v}
utput fila | =] @
Advanced options E
Command parameters )
|+ 08| X canc el |

Once the Ok button is pressed, a message will be displayed until the end of the process.

i Progress - + %
Hisat2 reads alignment

7

File: ERR188044 chr¥_1.align.sam

5.4 The Convert menu

This menu provides operations for converting and sorting read alignments in sam format into
bam format using samtools.

‘\J

Quality control Genoma  Align Wrm Reads Differential Exprassion View results Help

Clipboard SEWETIENE  convert sam to sorted bam
Batch corwert sam to sorted bam
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5.4 1 Convert sam to sorted bam

Clicking on the Convert > Samtools > Convert sam to sorted bam button, a new window will
be displayed and the following data will be requested:

e Input sam file: the input sam file. Must be in .sam format.
e OQutput bam file: optionally, an output bam file. If not provided, a file with the same
name that the input sam file with “.bam” extension will be used.

i Convert sam to sorted bam - 4+ x

Converts a sam file into a sorted bam file using samtools.

Input sam file  Jownloads/alignments.sam | 4 @®

Output bam file  |iownloads/alignments.bam || 3 @

[fﬂk}l xCanceIJ

Once the Ok button is pressed, conversion starts and a message will be displayed until the
end of the process, when an information message is shown.

£ Information - + X
6 alignments.sam successfully converted an sorted to alignments.bam.

To convert a set of sam files into bam in a single step, the Batch convert sam to sorted bam
operation is provided.

5.4.2 Batch convert sam to sorted bam

Clicking on the Convert > Samtools > Batch convert sam to sorted bam button, a new
window will be displayed and the following data will be requested:

e Input sam files: the input sam files. . Must be in .sam format.
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jr Batch convert sam to sorted bam - + X

Converts several sam files into sorted bam files using
samtools.

Input sam files [ Y select files... ]

L% L 8 |
naseq/Downloads/alignments.sam
naseq/Downloads/alignments2.sam ®

al S M

| ¥ ok || x cancel |

Once the Ok button is pressed, conversion of each file starts and one message for each file
will be displayed until the end of the process, when an information message is shown.

5.5 The Transcripts menu

This menu provides operations for obtaining and processing transcripts using StringTie.

¥

Quality contral Ganoma Akgn Conwart Reads Differential Exprassion View results Help
Clipboard Reconstruct transcripts

i/ Recanstruct labeled transcripts a—

Y| W\ Marge transcripts

Eatch reconstruct transcripts

Balch reconstruct labeled transcripls

5.5.1 Reconstruct transcripts

This operation allows the assembly of RNA-Seq alignments into potential transcripts.
Clicking on the Transcripts > StringTie > Reconstruct transcripts button, a new window will
be displayed and the following data will be requested:

e Reference annotation file: the reference annotation file (.gtf).

e Input bam file: the input bam file. . Must be in .bam format.

e Output transcripts file: optionally, an output transcripts file (.gtf). If not provided, it will
be created in the same directory than the input bam file.
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@ Reconstruct transcripts using StringTle - + x

assembles RMNA-5aq alignments into patential transcrpts using

trlng‘l’lq.
Rafarence annatation file W 3]
Ingut barm file | E. | G}
QuEpUt transcripts file & o
Advanced options ¥

[ v ]l Kcanteij

In addition to these parameters a menu of Advanced options can be displayed. Within this
menu there is one more parameter:

e Command parameters, that allows the user to manually introduce others StringTie
execution parameters, like a command line execution. It is important that the
parameters are entered correctly or the execution of StringTie will fail.

For more information on this advanced options, please, check the HISAT2 reference manual
(http://ccb.jhu.edu/software/stringtie/index.shtml?t=manual).

¥ Reconstruct transcripts using StringTle - + x
Assembles RNA-5aq alignments into patential transcrpts using
trlng.'l'lq.
Rafarence annatation file L&J @
Imgut bam file |&E | @
utplt transcripts file |&| @
Advanced options 2
Command parameters -0 -2 ]

st | * cancel |

Once the Ok button is pressed, StringTie analysis starts and a message will be displayed
until the end of the process, when an information message is shown.

5 Progress - + x

Obtaining transcripts = Information B

S

6 ERR188044_chr¥_1.bam successfully transcripted to ERR188044_chrX_1.gtf.

File: ERR188044_chr¥_1.bam

To process a set of bam files in a single step, the Batch reconstruct transcripts operation is
provided.
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5.5.2 Reconstruct labeled transcripts

This operation allows the assembly of RNA-Seq alignments into potential labeled transcripts.
Clicking on the Transcripts > StringTie > Reconstruct labeled transcripts button, a new
window will be displayed and the following data will be requested:

Reference annotation file: the reference annotation file (.gtf).
Input bam file: the input bam file.. Must be in .bam format.

e OQutput transcripts file: optionally, an output transcripts file (.gtf). If not provided, it will
be created in the same directory than the input bam file.

e [abel: optionally, the label for the -l option of StringTie. This label is the name prefix
for output transcripts. If not provided, it will be used the file name.

iy Reconstruct labeled...ripts using StringTie - + %

Assembles RNASeq alignments into patential labeled transcripts
using StringTie.

Reference annatation file i| ]
Input bam file & @

Output transcrpts file . |& | @
Label  =NULL= z ®

Advanced options )

[ e ] * Cancel |

In addition to these parameters a menu of Advanced options can be displayed. Within this
menu there is one more parameter:

e Command parameters, that allows the user to manually introduce others StringTie
execution parameters, like a command line execution. It is important that the
parameters are entered correctly or the execution of StringTie will fail.

For more information on this advanced options, please, check the HISAT2 reference manual
(http://ccb.jhu.edu/software/stringtie/index.shtml?t=manual).

J¢ Reconstruct labeled...ripts using StringTie = + x

Assembles Rh&Seq alignments into patential labeled transcripts
using StringTie.

Reference annotation file £| m
Inpast bamm file £| m
Qutput transcripts file ' i] M
label  <MULL= E @
Advanced options &
Command parametars | m

[ o ] * Cancel |
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Once the Ok button is pressed, StringTie analysis starts and a message will be displayed
until the end of the process, when an information message is shown.

5 Progress - + x

Obtaining labeled transcripts | Information - + x

6 ERR1E88044 _chrX_1.bam successfully transcripted to ERR1E8044_chrX_1_LABELED.gtf.

File: ERR188044_chr¥_1.bam

To process a set of bam files in a single step, the Batch reconstruct labeled transcripts
operation is provided.

5.5.3 Merge transcripts

This operation allows the assembly of transcripts from multiple input files to generate a
unified non-redundant set of isoforms. Clicking on the Transcripts > StringTie > Merge
transcripts button, a new window will be displayed and the following data will be requested:

Reference annotation file: the reference annotation file (.gtf).

e [nput annotation file: the input annotation files (.gtf).

e Output transcripts file: Optionally, an output transcripts file (.gtf). If not provided, it will
be created in the same directory than the reference annotation file with name
mergedAnnotation.gtf.

Merge transcripts using StringTie - 4 X
Esgembles transcripts fram multiple input files generating a unified
nanredundant set of isofarms.

Reference annotation file & @
Input annatation files [ & select files...
| ® | B
@
Cutput transcripts file | H | {D
Advanced options #
l o Ol J ® Cancel

In addition to these parameters a menu of Advanced options can be displayed. Within this
menu there is one more parameter:

e Command parameters, that allows the user to manually introduce others StringTie
execution parameters, like a command line execution. It is important that the
parameters are entered correctly or the execution of StringTie will fail.
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For more information on this advanced options, please, check the HISAT2 reference manual

(http://ccb.jhu.edu/software/stringtie/index.shtml?t=manual).

i Merge transcripts using StringTie - + X
Asgembles branscripts fram multiple input files generating a unified
nonredundant set of isoforms.

Reference anmotation file & @
Input annatation files [ I select files... |
| x | 5]
@
Outpat transcripts file & | @
Advanced options £
Command parametars n
I W Ol ] = Cancel

Once the Ok button is pressed, StringTie analysis starts and a message will be displayed

until the end of the process, when an information message is shown.

£ Information =

6 Transcript files successfully merged into mergedAnnotation. gtf.

+ X

5.5.4 Batch reconstruct transcripts

This operation allows the assembly of RNA-Seq alignments into potential transcripts.
Clicking on the Transcripts > StringTie > Batch reconstruct transcripts button, a new window

will be displayed and the following data will be requested:

e Reference annotation file: the reference annotation file (.gtf).
e Input bam file: the input bam files. Must be in .bam format.
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i1 Reconstruct transcripts using StringTle - + x

Asssembles ANA-Sag alignments inta petential transcrpts using
ﬁ.trlnngq.

Rafarence annatation file & 7}

Input bam files 5 salact files... |
*x )8 |

Advanced options ¥

stk | x cancel |

In addition to these parameters a menu of Advanced options can be displayed. Within this
menu there is one more parameter:

e Command parameters, that allows the user to manually introduce others StringTie
execution parameters, like a command line execution. It is important that the
parameters are entered correctly or the execution of StringTie will fail.

For more information on this advanced options, please, check the HISAT2 reference manual
(http://ccb.jhu.edu/software/stringtie/index.shtml?t=manual).

fr Reconstruct transcripts using StringTle - + x
nszambles AMA-Seqg alignments into potentisl transcrpts using
ﬁ.trlnngg.
Refarence annatation file a3 6]
Input bam files 5 salect fies,.. |
*x 8 |
0]
Advanced options 3
Corrmand paramaters g -e 6]
sk | * cancel |

Once the Ok button is pressed, StringTie analysis starts and a message will be displayed
until the end of the process, when an information message is shown for each input bam file.
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3] Information - + x

6 ERR188044_chr¥_1.bam successfully transcripted to ERR188044_chrX_1.gtf.

5.5.5 Batch reconstruct labeled transcripts

This operation allows the assembly of RNA-Seq alignments into potential labeled transcripts.
Clicking on the Transcripts > StringTie > Reconstruct labeled transcripts button, a new
window will be displayed and the following data will be requested:

e Reference annotation file: the reference annotation file (.gtf).
Input bam files: the input bam files (.gtf).
Label: optionally, the label for the -l option of StringTie. This label is the name prefix
for output transcripts. If not provided, it will be used the file name.

4 Reconstruct transcripts using StringTie - + x
Aszemblas RMA-Seq alignments nto patential labeled tramscripts
using StringTie,
Rafargnce annatation file .’_’-‘ | |I|
Input bam filas £ selact filas. .. |
x | |
@
Label  =HULL= [z @
Advanced optiens b
(sl | x cancel |

In addition to these parameters a menu of Advanced options can be displayed. Within this
menu there is one more parameter:

e Command parameters, that allows the user to manually introduce others StringTie
execution parameters, like a command line execution. It is important that the
parameters are entered correctly or the execution of StringTie will fail.

For more information on this advanced options, please, check the HISAT2 reference manual
(http://ccb.jhu.edu/software/stringtie/index.shtml?t=manual).
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# Reconstruct transcripts using StringTie = + x

Assemblas RNA-Seq alignments nto patential labeled transcripts
wsing StringTie.

Rafargnce annatation file & ,I 6]

Input bam filas S salect files... |

x Il B |

]

Label  =MULL= ¢ @©
Advanced options 2
Command parameters 1 )

[ wF (k ]| ¥ Cancel J

Once the Ok button is pressed, StringTie analysis starts and a message will be displayed
until the end of the process, when an information message is shown for each input bam file.

) Information - + x

6 ERR1E88044 _chrX_1.bam successfully transcripted to ERR1E8044_chrX_1_LABELED.gtf.

5.6 The Reads menu

This menu provides other operations dealing with RNA-Seq reads.

7]

Quality contrel Genoma Abgn Corwert Transcripts Riffarantial Exprassion View results Help

HtseqLount ¥

Calculate reads counts using htseg-count

*| Worlflow catalog

5.6.1 Calculate reads counts using htseg-count

This operation takes an alignment file in BAM format and a feature file in GFF format and
calculates for each feature the number of reads mapping to it. Clicking on the Reads >
HtseqCount > Calculate read counts using htseq-count button, a new window will be
displayed and the following data will be requested:

e Reference annotation file: the reference annotation file (.gtf).
e Input bam file: the input bam file. Must be in .bam format.
e OQutput file: the output file where results are stored.
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jii Calculate reads counts using htseqg-count - + X

Takes an alignment file in BAM format and a feature file in GFF
format and calculates for each feature the number of reads
mapping to it.

Reference annotation file  t/chrX_data/genes/chri.gtf || [ @

Input bam file  ts/ERR188044 chrX 1.bam || [ @

Output file | ata/ results/HtSeqCounts || [ @

[v’ﬂk}l XCanceIJ

Once the Ok button is pressed, processing starts and a message will be displayed until the
end of the process, when an information message is shown.

£ Information - + X
6 ERR188044_chrX_1.bam successfully analyzed to HtSeqCounts.

5.7 The Differential Expression menu

This menu provides operations for performing differential expression analyses.

]
Quallty contral Genoma Abgn Conwert Transcripts Reads MGEECHITEINSSAEE Y View results Help

Clipboard worf Differentisl expression analysis with Eallgown

4 Differantial axpression amalysis with edgep,
L

Workflow catalog

5.7.1 Ballgown

This operation allows you to perform a differential expression analysis using the Ballgown R
library. Clicking on the Differential Expression > Differential expression analysis with
Ballgown button, a new window will be displayed and the following data will be requested:

e Samples: the Ballgown samples to analyze. For each sample, you must provide:
o File: the directory where files required by Ballgown are located. The files

required by Ballgown are: e2t.ctab, e_data.ctab, i2t.ctab, i_data.ctab, and
t data.ctab. These files can be produced with StringTie (see subsection 5.4
The Transcripts menu for more details on using StringTie).
Name: the name of the sample.
Type: the type or experimental condition of the sample. Note that this analysis
requires two conditions with at least two samples each.

e Directory: the output directory where results are stored.
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W Differential expression analysis with Ballgown - + X

Performs a differential expression analysis using Ballgown,

Samples Wl Remove all samples o = add sample

File: BALLGOWN_TEST/hcecl395 normal_repl | Q »

Name: 395 _normal_repl Type: normal

File: BALLGOWN_TEST/hccl385_normal_repz | Q

E

Name: 395_normal_rep2 Type: normal @

File: _BALLGOWN TEST/hccl395 tumor repl | Q

x

Name: hccl395_tumor_r| Type: tumor

File: |_BALLGOWN_TEST/heccl395_tumor_rep2 || Q

&

Name: 1395_tumor_rep2 Type:  tumor

Directory  ZC/_AIBENCH_WORKFLOW_WD/_TMP_BALLGOWN_TEST/results || [ ®

v Ok | [ Cancel

Once the Ok button is pressed, the analysis starts and a message will be displayed until the
end of the process, when an information message is shown. For Ballgown results
visualization refer to subsection 6.7 Ballgown.

W P.. — + X ||[Z Information - + x

@ Succeed: ballgown analysis results can be found at /media/sf_data/Data-HCC/ AIBENCH WORKFLOW WD/ TMP_BALLGOWN_TEST/results.
= Working

&
\

5.7.2 edgeR

This operation allows you to perform a differential expression analysis using the edgeR R
library. Clicking on the Differential Expression > Differential expression analysis with edgeR
button, a new window will be displayed and the following data will be requested:

e Working directory: the output directory where results are stored.
e Reference annotation file: the reference annotation file (.gtf).
e Samples: the edgeR samples to analyze. For each sample, you must provide:
o File: the alignment bam file. Must be in .bam format.
o Name: the name of the sample.
o Type: the type or experimental condition of the sample. Note that this analysis
requires two conditions with at least two samples each.
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i Differential expression analysis with EdgeR - + =

Performs a differential expression analysis using EdgeR.

Warking directory  ta/Data-HCC/_AIBENCH_WORKFLOW_WD/_TMP_EDGER_TEST | 5 @

Reference annotation file | HCC/genes/Homo_sapiens. GRCh38.86.chromosome22.gtf | [ @

Samples  {ff Remove all samples o = Add sample

File: ormal_repl/hccl395_normal_repl.bam | Q b4

Name: 395_normal_repl | Type: normal

File: ormal_rep2/hccl395_normal_rep2.bam | Q b4

Name: 395_normal_rep2 Type: normal ®

File: |_tumor_repl/hcel395_tumor_repl.bam || Q b4

Name: 1395_tumor_repl | Type: tumor

File: _tumor_rep2/hccl395 tumor rep2.sam | Q b4

Name: 1395 tumor_rep2  Type: tumaor

v Ok X Cancel

Once the Ok button is pressed, the analysis starts and a message will be displayed until the
end of the process, when an information message is shown. For edgeR results visualization
refer to subsection 6.2 edgeR.

i P... — + X ||l& Information ) _ t x

@ Succeed: edgeR analysis results can be found at /media/sf_data/Data-HCC/_AIBENCH_WORKFLOW_WD/_TMP_EDGER_TEST.

\“_\ Working

5.8 The View results menu

DEWE allows the visualisation of differential expression results previously performed by the
tool. Through this menu, the user can visualise the Ballgown (View Ballgown working
directory option) and edgeR (View edgeR working directory option) results contained on a
directory.

¥

Quality contrel Genoma Abgn Corwert Transcripts Reads Differential Exprassion Help
Clipboard | Waorkfow catalag Wiew Ballgown working directary
: Wiew edgeR warking directary (=

1
Workflow catalog

L

5.8.1 View Ballgown results directory

Clicking on View Ballgown results directory, a new window appear.
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|# View Ballgow...king directory - + =

Wigws a Ballgown working directany.

Dirgctary [ B @

[ » Ok ] * Cancel |

In this new window, the user must select the directory where the results of Ballgown are
stored and click on the OK button. Once this is done, the six analysis performed by Ballgown
will be displayed.

[ad] FxPM across samples [ad] DE genes pualues distribution [ad] DE transcripts paalues distribution BB Load genes FEH Load transcripts
 [Genes [ Fitered genes [ Significant fittered genes | | Filtered its | Significant filtered transcripts |

1] Gene namea Fold change & pualue | gvalue =]
MSTRG.10226 . a2 | 1.74856-01 3.8666.01 £
MSTRG.19494 THMSE4Y axn | 1.2212e-14 4.5093¢-10

MSTRG.1324 MNDA am | 3.25006.02 0.3176e02

M5TRG.10433 . as | 256018-01 4.58832-01

MSTRG. 3628 IRET Ev 1.6548a-01 3.77286.01

MSTRG. 2628 . 2 | 16548001 2.77280.01

MSTRG.19320 . aa | 3.074le-01 5.5885e-01

MSTRG.B379 PRFFS ass | 31253201 5.64532-01

MSTRG, 11983 N ass | 2.7243a-01 5194201

MSTRG.10422 . an | 13528001 2.22430.00

MSTRG.5618 . a% | 1.4pa18-01 3.3185e-01

MSTRG.5620 . PEP 1.74588-01 3.86072-01

MSTRG, 19500 . PEe 3,01220-09 1,39030-05

MSTRG.19500 THLNGY w22 | 2.0122e-09 1.3903¢-05

MSTRG.5570 . sm 1 16577601 3.7774e-01

MSTRG. 19481 . a4 0 3.6154e-09 L.4833e-05

MSTRG, 19481 2Ry PeT 3.61542-09 1,46330-05

MSTRG.19452 . w1 1.4953e.08 4.60110.05

MSTRG.18452 Uty e 1 1.4953e.08 4.6011e.05

MSTRG.19450 USF: wer 0 2,10562-10 1.8104e-06

MSTRG. 10450 TS w1 2,10580-10 1.81040-06

MSTRG.19450 . st 1 2.1058e.10 1.84040.06

MSTRG.19502 KDMSD wes W 2.2599e-09 1.1894e-05

M5TRG.19502 . e W 2,25192.09 1.1894e-05

MSTRG, 16080 . PN 2.60870-03 8,28400-03

MSTRG.16020 HLAA 17 2.6987¢-03 8.28400.03

MSTRG.16213 HLAA war . 7.5146e-03 2.2787e.02

MSTRG.16213 . wmer N 7.5196e-03 2.2787e-02

MSTRG, 19451 . 22 5,99918-09 2.21520-05

MSTRG.19491 DDXEY 202z N 5.9994e-09 2.2152e05

MSTRG.18503 EIFLAY s4a — 35483812 6.55080.08 )
MSTRG.19450 RFSaY1 e | 1 1.67878.11 2.0661e-07 Iv|

The interaction with these results is explained in section 6.1.2

5.8.2 View edgeR results directory

Clicking on View edgeR results directory, a new window appear.

& View edgeR w...ing directory - + X

Wiews an edgeR working dirsctan.
Diractory &= ()]
v Ok X Cancel

In this new window, the user must select the directory where the results of edgeR are stored
and click on the OK button. Once this is done, the analysis performed by edgeR will be
displayed.
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DE Genes

3.0058e-210

The interaction with these results is explained in section 6.2.2.

5.8.3 View edgeR results directory

Clicking on View pathfindR results directory, a new window appear.

View pathfi

...ng directory

Views a pathfindR working directory.

Directory

(@) ©

[-/Dk]l XCanceIJ

Gene | Gene name | pvalue A | Log Fold change
ENSG00000100234 TIMP3 0.0000e +00 925

ENSG00000138544 KIAA1644 0.0000e +00 an

ENSG00000100320 RBFOX2 0.0000e +00 727

ENSG00000185686 PRAME 0.0000e +00 653

ENSG00000075275 CELSRL 0.0000e+00 se7

ENSG00000188636 LDOCIL 0.0000e + 00 378

ENSGO0000197077 KIAAL671 0.0000e +00 247

ENSG00000100139 MICALLL 0.0000e +00 204

ENSG00000128272 ATF4 0.0000e+00 182

ENSG00000100219 XBPL 0.0000e+00 131

ENSG00000100077 GRK3 0.0000e +00 229 _—
ENSG00000186998 EMIDL 0.0000e+00 357 —
ENSG00000244509 APOBECIC 0.0000e+00 435 —
ENSG00000128284 APOL3 0.0000e+00 538 I
ENSG00000100342 APOLL 0.0000e +00 715 I
ENSG00000159958 TNFRSF13C 0.0000e+00 722 I
ENSG00000128340 RAC2 0.0000e +00 7.3 I
ENSG00000100055 CYTH4 0.0000e +00 7.44 I
ENSG00000128268 MGAT3 0.0000e +00 755 L ——
ENSG00000100385 IL2RB 0.0000e +00 983 I
ENSG00000239713 APOBEC3G 0.0000e +00 20,08 I
ENSG00000211669 I6LV3-10 0.0000e +00 2052
ENSG00000211677 16LC2 0.0000e +00 1eo I
ENSG00000188677 PARVB 1.1203e-317 314 ]
ENSG00000185340 GAS2LL 2.2430e-301 ams

ENSG00000138564 PARVG 1.1573e-293 ESE] I
ENSG00000206195 DUXAPS 2.8211e-290 213

ENSG00000128165 ADM2 5.0306e-288 250

ENSG00000243811 APOBEC3D 1.0431e-268 880 I
ENSG00000100167 SEPT3 8.3652e-258 &07

ENSG00000100060 MFNG 1.0938e-246 53+ I
ENSG00000100014 SPECCIL 7.8299e.233 162

ENSG00000100368 CSF2RE 1.2765e-220 10z
ENSG00000100196 KDELR3 3.8199e-212 770

ENSG00000099942 CRKL 125 -

Pl

In this new window, the user must select the directory where the results of pathfindR are
stored and click on the OK button. Once this is done, the analysis performed by pathfindR

will be displayed.

| Enriched Pathways |

Pathway Pathway name | Fold enrichment 4| Occurrence | Highest p-value | Down-regulated genes Up-regulated genes | Cluster | Status
hsa05200 Pathways In cancer  1,2948e+01 1 0.012 0.012 BCR. CRKL, IL2RE, CSF2RE, M., HMOX1, EP300 1 Member
hsa05166 Human Tcell leuke...  2,2648e+01 1 0.009 0.009 IL2RE, RANBPL, TNFRSFL3C,... TSP, ATFd, XBP1, EP300 2 Representative
hsa05203 viral carcinogenesis  2,9733e+01 5 I 0,003 0,003 MAPKL, RANBPL ATF4, YWHAH, EP300, HD... 1 Member
hsa04068 Fox0Q signaling path... 3.1430e+01 sl 0.036 0,036 MAPKL EP200, CSNKLE, MAPKL2 1 Member
hsa04110 Cell cycle 3.2718e+01 10— 0.015 0.03 CHEK2, MCM3 YWHAH, SMC1B, EP300 2 Member
hsa05161 Hepatitis B 3.8567e+01 o I— 0.001 0.001 MAPKI EP300, ATF4 1 Member
hsa05230 Central carbon met... 4,5733e+01 e | 0.014 0,021 MAPKI 5c02 1 Member
hsa05220 Chronic myeloid leu... 4.8145e+01 En 0.009 0,033 BCR, CRKL, MAPK1 1 Member
hsa04350 TGF-beta signaling .. 5.4680e+01 4 . 0.009 0,031 MAPK1 EP300 1 Member
hsa05211 Renal cell carcinoma  5.6292e+01 1 0.007 0.007 CRKL, MAPKL EP300 1 Member
hsa0s215 Prostate cancer 5,7850e+01 5 0 0 MAPKL ATF4, EP300 1 Representative
hsa04520 Adherens junction  6.0479e+01 : H 0.008 0.006 RAC2, MAPKL EP300 1 Member
hsa04720 Long-term potentia.. 6.6527e+01 5 — 0.005 0.005 MAPKL EP200, ATF4 1 Member

The interaction with these results is explained in section 6.4.2.

5.8.4 View DE overlaps results directory

Clicking on View DE overlaps results directory, a new window appear.
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views a DE overlaps working directory,

Directory B ®

[JL- ” XCanceI‘

In this new window, the user must select the directory where the results of DE overlaps are
stored and click on the OK button. Once this is done, the analysis performed by DE overlaps
will be displayed.

[ad) vern diagram

Ballgonn and edgeR DE Overlaps

Gene Ballgown log2 fold change | Ballgown p-value Edger log2 fold change EdgeR p-value
ADM2 3.066 0.011 2.903 0
ARVCF Ry 0.008 -2.56 o
CARD1O B8.608 0.004 10.816 o
CBX6 =l ik 0.047 -0.81 o
CDCA2EPL 7.718 [ 9.322 o
CPSFLP1 5.429 0.018 3.452 o
CRYBB2F1 1.767 0.023 0.327 0.026
CSF2RB -8.345 [} -11.03 o
CTA-2804A3.2 3.934 0.024 8.331 o
DHALY 7.61 0.048 0.813 [}
EMID1 -2.649 0.028 -3.972 o
H1FQ 3.427 0.023 2,22 o
HMOXL 4.318 0.01 1.609 o
16LC2 13.193 1} 11.799 o
1GLC3 11.054 3} 10.53% o
1GLv3-10 -13.843 o 10.816 o
KIAALB71 3.204 0.033 2.468 [
LoociL 3.648 0.008 3.777 o
LNCO1315 8.348 0.015 8.929 o
LL22NCO3-N64ES.L 6.245 0.001 6.849 Q
MFNG 4.043 0.027 -6.338 o
MICALLL 1.844 0.03 2.042 o
MIR4534 2.513 0.018 1.273 [
MIRLET7BHG 5.83 0.003 3.461 bl
Y0158 -6.81% 0.002 -10.211 bl
MNCF4 -6.257 0.021 -7.82 o
P2RX6 5.08 0.018 4.452 o
PANK2 4.21 0.032 3.609 o
PPIL2 -1.578 0.004 -0.476 o
RAC2 -4.907 0.031 -7.314 o
o

RAMBF1 -4.537 0.003 -1.079

The interaction with these results is explained in section 6.3.2.

5.9 The Pathway enrichment menu

DEWE allows to discover the enriched pathways of Ballgown and edgeR differential
expression analyses. Through this menu, the user can enrich the Ballgown (Pathways
enrichment with PathfindR over Ballgown results) and edgeR (Pathways enrichment with
PathfindR over edgeR results) results contained on a directory.

Quslity control Genome Align Conwert Transcripts Reads Differential Expression View results JEEHRC=R = dut-lydl RMA-seq signal Help

Clipboard ‘ workflow catalog Pathways enrichment with PathfindR over Ballgown results
Pathways enrichment with PathfindR over edgeR results

Workflow catalog

5.9.1 Pathways enrichment with PathfindR over Ballgown results

Clicking on the Pathway enrichment > Pathways enrichment with PathfindR over Ballgown
results button, a new window will be displayed and the following data will be requested:

Directory: the directory where Ballgown results are stored.

Human gene symbols: whether the input genes symbols are from human.
Gene sets: the database against the pathways will be enriched.
Clustering method: the agglomeration method for pathway clustering.
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Pathways enrichment with PathfindR over Ballgown results on mahmi-XPs...

Performs a pathways enrichrment using PathfindR over Ballgown results. ‘

Ditectory | &

Hurnan gene symbols (€]

Gene sets @ KEGG (U Reactomne (U BioCarta () GO-All
) GO-BP ) Go-cc () GO-MF

© © o ©

Clustering method ) ward.D u ward.D2 L_) single U complete
® average () mequitty () median () centroid

v Ok X Cancel |

Once this is done, the enriched pathways will be displayed. Results will be stored in a
pathfindr directory inside the Ballgown results directory. Detailed information on PathfindR
results can be found in section 6.4 PathfindR.

workflow catalog | pathfindr 4

Enriched Pathways
Pathway Pathway name | Fold enrichment 4| Occurrence Lowest p-value | Highest p-value | Down-regulated genes Up-requlated genes | Cluster | status
hsa05200 Pathways in cancer  1.2948e+01 4. 0.012 0.012 BCR, CRKL, IL2RB, CSF2RB, M... HMOXL, EP300 1 Member
hsa05166 Human T-cell leuke...  2.2648e+01 2 0.009 0.009 IL2RB, RANBP1, TNFRSF13C.... TSPOQ, ATF4, XBP1, EP300 2 Representative
hsa0s203 Viral carcinogenesis  2.9733e+401 5 [ 0,003 0,003 MAPKL, RANBPL ATF4, WHAH, EP300, HD. ., 1 Member
hsa04068 Fox0 signaling path..  2.1430e+01 7 — 0.036 0.036 MAPKL EP300, CSNKLE, MAPKL2 1 Member
hsa05220 Chronic myeloid leu...  3.2086e+01 s . 0.009 0.033 BCR, CRKL, MAPK1 1 Member
hsa0dl10 Cell cycle 3.2718e+01 10— 0.015 0.03 CHEK2, MCM5 YWHAH, SMC1B, EP300 2 Member
hza0s5161 Hepatitis B 3.8567e+01 10— 0.001 0.047 MAPKL EP300, ATF4 1 Member
hsaps230 Central carbon met... 4.0656e+01 2 0.014 0,021 MAPKL scoz 1 Member
hsan4aso TGF-beta signaling... 5.4680e+01 7 0.009 0.009 MAPKL EP300 1 Member
hsa05211 Renal cell carcinoma  5.6282e+01 4 0.007 0.007 CRKL, MAPK1 EP300 1 Member
hsa05215 Prostate cancer 5.785084 01 s I o 0 MAPKL ATF4, EP300 1 Representative
hsa04520 Adherens junction 6.0479e+01 7 0.006 0.006 RAC2, MAPKL EP300 1 Member
hea04720 Longterm potentiat... 6.6527e+01 o — 0.005 0.005 MAPKL EP300, ATF4 1 Member

5.9.2 Pathways enrichment with PathfindR over edgeR results

Clicking on the Pathway enrichment > Pathways enrichment with PathfindR over edgeR
results button, a new window will be displayed and the following data will be requested:

Directory: the directory where Ballgown results are stored.

Human gene symbols: whether the input genes symbols are from human.
Gene sets: the database against the pathways will be enriched.
Clustering method: the agglomeration method for pathway clustering.

Pathways enrichment with PathfindR over edgeR results on mahmi-XPs-8700()

Performs a pathways enrichment using PathfindR over EdgeR results,

Directory | &

1| Human gene symbols 4

Gene sets  ® KEGG (U Reactome () BioCarta () GO-All
) Go-BP O Go-cc ) GO-MF

Clustering method ) ward.D ) ward.D2 () single () complete
i ® average () mecguitty () median (U centroid

S S E)

[ v Ok J | X Cancel J

Once this is done, the enriched pathways will be displayed. Results will be stored in a
pathfindr directory inside the edgeR results directory. Detailed information on PathfindR
results can be found in section 6.4 PathfindR.
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Workflow catalog | pathfindr E3
Enriched Pathways

| Pathway | Pathway name | Fold enrichment. 4| Occurrence | Lowest p-Yalue | Highest p-value | Down-regulated genes | Up-reguiated genes | Cluster | Status.
hsa05200 Pathways in cancer  1.29488+01 4 - 0.012 0.012 BCR, CRKL, IL2RB, CSF2RE, M... HMOX1, EP300 1 Member
hsa05168 Human T-cell leuke...  2.2648e+01 2 0.009 0.009 IL2RE, RANBP1, TNFRSF13C,... TSPO, ATF4, XBP1, EP300 2 Representative
hsa05203 viral carcinogenesis  2.9733e+01 5 — 0.003 0.003 MAPKL, RANBPL ATF4, YWHEH, EP300, HD. 1 Member
hea04068 Fox0 signaling path... 2.1430e+01 7 0.036 0.036 MAPKL EP300, CSNKLE, MAPKL2 1 Member
hsa0s220 Chronic rmyeloid leu..,  3.20968+01 s Il 0,009 0,033 BCR. CRKL, MAPKL 1 Member
hsa04110 Cell cycle 2.2718e+01 10— 0.015 0.03 CHEK2, MCM5 YWHAH, SMC1E, EP300 2 Member
hsa05161 Hepatitis B 3.8567e+01 10— 0.001 0.047 MAPKL EP300, ATF4 1 Member
hsa05230 Central carbon met.,, 4.0656e+01 2 0.014 0,021 MAPKL $co2 1 Member
hsa04350 TGF-beta signaling ... 5.4680e+01 7 - 0.009 0.009 MAPKL EP300 1 Member
hsa0s211 Renal cell carcinoma  5.6292e+01 < 0.007 0.007 CRKL, MAPKL EP300 1 Member
hea05215 Frostate cancer 5.7850e+01 5 — 0 0 MAPKL ATF4, EP200 1 Representative
hsa04520 Adherens junction 6.0479+01 7 0.006 0.006 RAC2, MAPKL EP300 1 Member
hsab4720 Long-term potentiat... 6.6527e+01 5 0.005 0.005 MAPKL EP300, ATF4 1 Member
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5.10 The RNA-seq signal menu

DEWE allows the visualisation of the RNA-seq signal for the expression files. Through this
menu, the user can visualise the RNA-seq signal using the IGV browser.

Quality control Genome Align Convert Transcripts Reads Differential Expression View results Pathway enrichment

RMA-seq signal [gEI
Clipboard U workflow catalog ] visualisation of RNA-seq signal with IGY |

" Workflow catalog

5.10.1 Visualisation of RNA-seq signal with IGV

Clicking on the RNA-seq signal > Visualisation of RNA-seq signal with IGV button, a new
window will be displayed with the IGV browser:

workflow catalog

Workflow

IGV on mahmi-XPS-8700
File Genomes View Tracks Regions Tools GenomeSpace Help

‘Humanhglg |vHAII v‘ ‘Go i &0 x 9 | 1

(0|

RefSeq Ganes
=— Y RO P TY TUTTRISUTEN TRVTU TN APWTITTIN [FTY R PRFTARRTIG (| ==
Log | Referg
[11:48:40] T 1T
[11:48:49] Thruey TG
[11:48:49] INFO [2019-01-24T.
[11:48:49] INFO [2019-91-24T.
F13 40 1 aam e amin 1-an

I |l283M of 5321
eV T s o
158] [AWT-EventQueue-0] Default User Directory: /root
j 1591 [AWT-EventQueue-0] 0S: Linux

A complete user manual for the IGV browser can be found at
http://software.broadinstitute.org/software/igv/UserGuide.
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6. Outputs and visualisation

6.1 Ballgown

The Ballgown differential expression analysis can be run from the menu operation (section
5.7.1) or as part of the available workflows (sections 4.2 and 4.3). The outputs are similar in
In both cases. This section explains these outputs and the visualisation capabilities of the
tool, with a brief indication on the interpretation and the biological relevance of the results
shown in the figures.

6.1.1 Ballgown outputs

Ballgown will produce several archives that can be useful for the interpretation of the results
of the differential expression experiment. The following files are generated:

consensuspathdb_enrichment_analysis.csv:  this file will list the genes
over/underexpressed with their corresponding fold-changes in log2 values. This file,
or a subset of it, can be used as input file for ConsensusPathDB gene set enrichment
analysis (http://cpdb.molgen.mpg.de/) or DAVID (https://david.ncifcrf.gov/). Using this
file and those services, the user can group the genes over- or under-expressed in,
genetic, metabolic, signaling, gene regulatory or biochemical pathways among
others. The user can also perform functional annotation and gene functional
classification of the set of genes changing their expression values under given
experimental settings.

phenotype-data_gene_results.tsv: a list of the differentially and non-differentially
expressed genes between the two conditions set by the user.
phenotype-data_gene_results_filtered.tsv: a subset of the
phenotype-data_gene_results.tsv file in which only the differentially expressed genes
between the two conditions (p-value < 0.05) are listed. In this file, low-abundance
genes and genes with variance values across the samples lower than 1 are also
filtered and not included in this file.

phenotype-data_gene_results_sig.tsv: a subset of the
phenotype-data_gene_results_filtered.tsv: file in which only differentially expressed
genes between the two conditions, with g-values lower than 0.05 are listed. Usually,
this file is used to set a threshold in the fold-change values and define, from a
biological point of view, which genes are considered over or under-expressed.
Generally, fold-change values (which are given in log2 changes) higher than 1 or
lower than one, which correspond to fold-changes higher/lower than 2, are
considered. In this point, the user should evaluate whether genes with small
fold-change values but consistent g-values, could have a great biological effect (i.e.
transcription regulators)

phenotype-data_transcript_results.tsv: a list of the differentially and non-differentially
expressed transcripts between the two conditions set by the user. User should
consider that transcripts comprise annotated genes and other regions of the genome
that produces other molecules such as microRNAs or completely unknown RNAs.
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For instance, the last human genome assembly (hg19) comprises roughly 21000
genes but more than 70000 transcripts. A list of the eukaryotic genomes compatible

with DEWE can be retrieved in the following link:
https://genome.ucsc.edu/FAQ/FAQreleases.html
phenotype-data_transcript_results_filtered.tsv: a subset of the

phenotype-data_transcript_results.tsv file in which only the differentially expressed
transcripts between the two conditions (p-value < 0.05) are listed. In this file,
low-abundance genes and genes with variance values across the samples lower than
1 are also filtered and not included in this file.
phenotype-data_transcript_results_sig.tsv:. a subset of the
phenotype-data_transcript_results_filtered.tsv: file in which only differentially
expressed transcripts between the two conditions, with g-values lower than 0.05 are
listed. Usually, this file is used to set a threshold in the fold-change values and define,
from a biological point of view, which genes are considered over or under-expressed.
FPKM-distribution-across-samples.jpeg. plot of the distribution of FPKM values
across the samples. At first this image will be created in grayscale, but later it will be
able to be generated again in the format, size and color chosen by the user (colored
or grayscale). These user generated images will be saved in the user-images folder,
contained within the Ballgown results folder. This figure will provide the user with an
indication of the FPKM value distribution in the different samples analysed. As a
guideline, FPKM represent a transformation of the raw differential expression values
and are expected to be log-normally distributed
(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1240081/).
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l0g2(FPKM+1)

ERR188044 _chrX —
ERR188104_chrX —
ERR188234_chrX -
ERR188245_chrX

ERR188257_chrX -
ERR188273_chrX —
ERR188337_chrX —
ERR188383_chrX —
ERR188401_chrX —
ERR188428_chrX

ERR188454_chrX -
ERR204916_chrX —

genes-DE-pValues-distribution.jpeg: histogram of the frequencies of experimental
p-values corresponding to the genes contained in the analysed genome. It will
provide the user with a distribution of the differential expression p-values for all the
genes, and it will also provide an indication of the subset of genes without
significative differences in their fold-changes (p-value > 0.05). At first this image will
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be created in grayscale, but later it will be able to be generated again in the format,
size and color chosen by the user (colored or grayscale). These user generated
images will be saved in the user-images folder, contained within the Ballgown results
folder.

Gene P-values

Frequency
100 200 250
| I I

50
L

P-value

e transcripts-DE-pValues-distribution.jpeg:  histogram of the frequencies of
experimental p-values corresponding to the transcripts contained in the analysed
genome. It will provide the user with a distribution of the differential expression
p-values for all the transcripts, and it will also provide an indication of the subset of
genes without significative differences in their fold-changes (p-value > 0.05). At first
this image will be created in grayscale, but later it will be able to be generated again
in the format, size and color chosen by the user (colored or grayscale). These user
generated images will be saved in the user-images folder, contained within the
Ballgown results folder.
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volcano-plot.jpeg: This graphic combines the results of the p-values obtained after
statistical tests with every single fold change. It will allow a rapid identification of the
genes that increases both their magnitude of fold change and their statistical
significance. Orange color represent up- or down-regulated genes (absolute value of
log2fold-change > 1). Red color represent genes changing their expression with a
statistical significance equal or lower than 0.05, measured as the adjusted p-value
using the false discovery rate method. Green color represent up- or down-regulated
genes with combine the two previous criteria. At first this image will be created in
grayscale, but later it will be able to be generated again in the format, size and color
chosen by the user (colored or grayscale). These user generated images will be
saved in the user-images folder, contained within the Ballgown results folder.

Hogh0ipValue)

« [log2(iold change>1
- FDR<0.05
* bof

lag2(fold change)
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DE-values-distribution.jpeg: distribution of differential expression values histogram,
which shows the frequency of the different expression fold-changes in a given
experiment. This will give the user an idea of the proportion of genes changing their
expression over a given fold-change threshold, which is depicted with a dashed line.
At first this image will be created in grayscale, but later it will be able to be generated
again in the format, size and color chosen by the user (colored or grayscale). These
user generated images will be saved in the user-images folder, contained within the
Ballgown results folder.

Distribution of differential expression values.

FPKM-conditions-correlation.jpeg: FPKMs correlation between conditions, which are
plotted in the x/y axis and will highlight those genes with enriched FPKM values in
one or other experimental condition. Genes showing no variation in their
experimental FPKM values will adjust to the diagonal line. Note that values are
expressed in FPKM+1 values, avoiding dividing by zero when calculating fold
changes. Red color represent up- or down-regulated genes (absolute value of
log2fold-change > 2). Red color represent genes changing their expression with a
statistical significance equal or lower than 0.05, measured as the adjusted p-value
using the false discovery rate method. At first this image will be created in grayscale,
but later it will be able to be generated again in the format, size and color chosen by
the user (colored or grayscale). These user generated images will be saved in the
user-images folder, contained within the Ballgown results folder.
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FPKM-conditions-density.jpeg: FPKM correlation between conditions, represented as
a density plot. At first this image will be created in grayscale, but later it will be able to
be generated again in the format, size and color chosen by the user (colored or
grayscale). These user generated images will be saved in the user-images folder,
contained within the Ballgown results folder.

Heatmap.jpeg: Heatmap of statistically significant genes (g-value<0.05), which a
computed row and column clustering, the latter with an additional layer including the
phenotype data. At first this image will be created in grayscale, but later it will be able
to be generated again in the format, size and color chosen by the user (colored or
grayscale). These user generated images will be saved in the user-images folder,
contained within the Ballgown results folder.
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e pca.jpeg: Principal Component Analysis plot, in which the global variance of the
experiment is decomposed and grouped into new and orthogonal variables
denominated components. PCA allows a quick inspection on the factors driving the
observed variance, including unsupervised discovery of confounding factors. At first
this image will be created in grayscale, but later it will be able to be generated again
in the format, size and color chosen by the user (colored or grayscale). These user
generated images will be saved in the user-images folder, contained within the
Ballgown results folder.

Po1 (99

In addition, the following analysis can be performed using the Ballgown results viewer, as the
next subsection describes:

e user-images/FPKM-distribution-gene_genename-transcript_transcriptname.format:
FPKM distributions for a given transcript, representing how the over or
underexpression values are distributed between the two experimental conditions.
This boxl/jitter plot will give the user an idea of the variation of the differential
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expression values across the quartiles and around the median. This image can be
exported in jpeg, tiff or png and in the resolution and color (colored or grayscale)
defined by the user.

RPS4X : NM_001007

eeeeee

user-images/transcripts-gene_genename-sample_samplename.format. Structure and
expression levels of the different isoform for a given gene in a given sample.
Basically, the user will identify where RNA-Seq reads map with the different gene
exons. Eventually, the user might identify potential and differential isoform production
between the conditions. This image can be exported in jpeg, tiff or png and in the
resolution and color (colored or grayscale) defined by the user.

Gene RPS4X in sample ERR188104_chrX

zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz

user-tables/transcript_results_sig_percentage.tsv: a list of differentially expressed
transcripts between the two experimental conditions, in which a threshold p-value is
empirically set by the user.
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e user-tables/gene_results_sig _percentage.tsv: a list of differentially expressed genes
between the two experimental conditions, in which a threshold p-value is empirically
set by the user.

e A list, named by the user, with the selected number of the most overexpressed or
underexpressed genes. This list can serve as input for ConsensusPathDB
over-representation gene set analysis or other functional annotation web services
such as DAVID, which has been described under the
“consensuspathdb_enrichment_analysis.csv’ section.

6.1.2 Results visualisation

The viewer enables the interactive browsing of genes and transcripts analysis through some
generated tables to better understand and visualisation this analysis in the Ballgown working
directory.

As you be seen in the following image, this view contains the following six tabs:

e Genes: this tab contains a table with the genes in file
phenotype-data_gene_results.tsv.

e Filtered genes: this tab contains a table with the genes in file
phenotype-data_gene_results_filtered.tsv.

e Significant filtered genes: this tab contains a table with the genes in file
phenotype-data_gene_results_sig.tsv.

e Transcripts: this tab contains a table with the transcripts in file
phenotype-data_transcript_results.tsv.

e Filtered transcripts: this tab contains a table with the transcripts in file
phenotype-data_transcript_results_filtered.tsv.

e Significant filtered transcripts: this tab contains a table with the transcripts in file
phenotype-data_transcript_results_sig.tsv.

n

EEH Load genes BEH Load transcripts

[ Genes [ Finered genes | signibicant fitered genes | Transcripts | Filtered transcripts | Significant filtered transcripts |

i Gene name Fold change | pvalue qvelue (]
MSTRG, 1908 . 96874... 5.3508a-02 8147101
MSTRG.1352 96080 1.9595e-02 7.3167e01
MSTRG. 2164 6408 2.6895e.02 7.5133e01
MSTRG.1366 0045, 1.2962e-02 6.2439201
MSTRG.B36 . 26130.. 1.491 3002 6.6340201
MSTRG. 3010 2347... 4.5679e-02 7.8830e.01
HSTRG.1276 22463 2.2907e-02 7.4426201
MSTRG.1550 a2037.. 4.3367e-02 7.56302-01
MSTRG, 1580 . EEE 3,8869e-02 7.9830-01
MSTRG. 2368 1328 5.60550.02 B.1471e01
MSTRG.1273 a1 2.0697e.02 7.5830e01
MSTRG.1722 16157 1.00832-01 B.385Le01
MSTRG, 2172 . 17 6.9158a-02
MSTRG. 3057 11081.. 5.0030a.02
MSTRG.1832 AP1-151B14.6 a4 2.2641e-02
MSTRG.522 22714 2.24992.02 g
MSTRG, 1164 . 22061 8.1971a-02 BS95Le0]
M5TRG, 2388 20834... 1.511 0601 8595101
MSTRG. 2511 16794 1.26828-01 B.5051e01
MSTRG.2272 18378, 2.01678-02 B.385Le01
MSTRG, 1523 . 10417... 3.7596e-02 7.9830e01
MSTRG, 2566 5240, 2.231 2000 B.7031ed]
MSTRG. 408 ANTSLEL 2P 718 1.7177e-01 B.5085e01

C

6.1.2.1 Creation of additional results from transcripts tables

Any of the transcripts tables allows to generate the first two additional analysis described in
section 6.1.1 Ballgown outputs. To perform this analysis, first the rows corresponding to the
transcripts that are wanted to export must be selected. Then, right-click must be done in
order to make visible a contextual menu with options to create the figures that explain these
analysis.
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Genes T Filtered genes T Significant filtered genes TTranscripts T Filtered transcripts T Significant filtered transcripts }

o | Gene names | Transcript names | Fold change | pMalue
1,695 . MSTRG.515.1 0.02 5.8550e-05
1,694 TSIX NR_003255 0.10 7.3700e-05

MSTRG.135.1 1.0686e-04

1.4942e-04

.515.3

1 Create FKPM distribution figure

1,646 | 1007 0.60 1.7642e-04
1,596 Create expression levels figure 564 0.01 2. 0900e-04
1,884 . MSTRG.597.1 5.98 3.0852e-04
1,890 . MSTRG.603.1 6.53 7.6656e-04

Clicking the Create FKPM distribution figure the following dialog will appear, allowing to
select the image format, resolution and color. After clicking the Ok button, the images will be
generated inside a directory called user-images placed in the working directory.

|4 FKPM tr...guration - + X

This dialog allows you to configure
the figure settings.

Format:  (8) PNG () JPEGI TIFF (D

Width: 1,000 @
Helght: 1,000 @
Color: [ ] ®

lfﬂklk XCanceIJ

Clicking the Create expression levels figure the following dialog will appear, allowing to
select the image format, resolution and color along with the samples for which the figure
should be generated. After clicking the Ok button, the images will be generated inside a
directory called user-images placed in the working directory.

&) Figure configuration - + X
This dialeg allows you to configure the figure settings and select for which samples the figure must
be created.

Unselected samples Selected samples
ERR128245 A
ERRLE8428
ERR188337 «
Samples | ERR188401 ®
ERR188257 2>
ERR1283282
ERR204916
ERR188234 v
Format: @® PNG () JPEGU) TIFF @
Width: 1,000
Image configuration ® @
Height: 1,000 ®
Color: [] @
v 0Ok X Cancel

6.1.2.2 Creation of additional results from genes tables

Any of the gene tables allows to generate the last additional analysis described in section
6.1.1 Ballgown outputs. To perform this analysis, first the button over the vertical scroll must
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be clicked. Then, the Export gene names option must be selected. This will open a new
window.

J Genas T Filtered genes T Significant filtered genes T Transcripts T Filtered transcripts T Significant filtered transcripts ]

| MSTRG.1 . 211 4.4247e-01 1.000

{l[»] 4| Gene name | Fold change | pvalue | gvalue |E|

Export gene names

MSTRG. 10 ILZRA 124 4,0326e-01 1.000¢

MSTRG.10 124 4.0326e-01 Horizontal Scroll
MSTRG.100 TMSBAX 2.2050e-01 Pack All Columns
MSTRG.1000 : 117 5.0592e-01 1.000  Pack Selected Column
MSTRG.1001 . 125 3.7703e-01 1.0000e+00

MSTRG.1002 . 0.53 8.9002e-01 1.0000e+00

MSTRG.1003 . 6.28 6.5044e-01 1.0000e+00

MSTRG.1004 CXorf40B 132 1.4845e-01 1.0000e+00

MSTRG.1005 . 233 5.1801e-01 1.0000e+00

MSTRG.1006 . 175 2.7931e-01 1.0000e+00

MSTRG.1007 . 143 4.5573e-01 1.0000e+00

On this new window the following data will be requested: The first is the Output file, that is
the path in which the result file of the analysis will be generated (if a name is not specified for
the file, DEWE will name it ballgown.txt). The second field is the type of gene expression,
overexpressed or underexpressed. And finally, the number of over/underexpressed genes.

After clicking the Ok button, the analysis will be generated in the selected path.
& Export genes T 3

This dialog allows you to export the most overexpressed or
underexpressed genes.

output file |:afanalysistest/analysis/ballgown, txt | Q J @

Type of genes  (®) Overexpressed () Underexpressed (@

Number of genes 10 @

« Ok | X Cancal J

6.1.2.3 Creation of additional filtered genes tables

The Filtered genes table allows to generate the third analysis described in section 6.7.1
Ballgown outputs. To perform this analysis, first the button over the vertical scroll must be
clicked. Then, the Filter and export genes option must be selected. This will open a new
window.

Genes | Filtered genes ] Significant filtered genes ITranscripts T Filtered transcripts T Significant filtered transcr‘]pts]

In] | Gene name | Fold change | pvalue g-value ||

MSTRG.100 THAPZ 100 9.5082e-01
Export gene names

MSTRG.10001 RNF144A 0.54 8.4588e-01 :

MSTRG.10002 D2 16 7.3337e-02 (FliE37 TGl GEpli: GErES
MSTRG.10003 . 120 5.4833e-01 Horizantal Scroll
MSTRG.10003 MBCOAT2 125 1.4209e-01 4 Pack All Columns
MSTRG.10006 1AH1L 11z 9.7148e-02 { FPackSelected Column
MSTRG.10006 . 112 9,7148e-02 §.59538-01

MSTRG.10011 . 118 4.6842e-01 9.5953e-01

MSTRG.10011 ITGB1BP1 118 4.68422-01 9.59532-01

MSTRG.10012 CPSF3 105 5,4021e-01 9.6101e-01

MSTRG.10013 YWHAQ 108 2,8065e-01 9.5953e-01

MSTRG.10014 TAF1B 122 6.1772e-02 9.5953e-01

MSTRG.10019 CY¥S1 0.80 7.0340e-01 9.7750e-01
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On this new window, DEWE will request for the maximum p-value, that specifies the
maximum p-value of the genes in the table. After clicking the Ok button, the analysis will be
generated in the selected path.

|4 Expo...able = + x

This dialog allows you to
export the filtered genes
table and save only those
genes under the specified
pvalue,

Maximum p-value | 0.08 |®

[ v OkJ % Cancel )

After the additional table is created, it will be displayed in the Ballgown table tabs.

[ Genes I Filtered genas T Significant filtered genes T Transcripts T Filtered transcripts T Significant filtered transcripts ] gene_results_sig_0.08.tsv I

D | Gene name | Fold change | pMi
MSTRG.200 . 10142 6.1
MSTRG.803 MOSPD1 11e Ly

ST BA Thar kT 07 ~aa 0o

6.1.2.4 Creation of additional filtered transcripts tables

The Filtered transcripts table allows to generate the fourth analysis described in section 6.7.1
Ballgown outputs. To perform this analysis, first the button over the vertical scroll must be
clicked. Then, the Filter and export transcripts option must be selected. This will open a new
window.

[ GenesT Filtered genes T Significant filkered genes TTranscripts ] Filtered transcripts I Significant filkered transcn’pts]

Is] | Gene names | Transcript nameas | Fold change palue | q-value @
2. MSTRG.4.1 123 5.33972-01 , ,
5 | MSTRG. 4.4 nes 4.01072-01 Filter and export transcripts
25 . MSTRG.12.1 143 1.0052¢01 | Herizontal Scroll
26 MIR6723 NR_106781 23 3.3101e-01| PackAll Columns
51 . MSTRG.23.1 073 1.9476g-01| Pack Selectad Column
52 NOC2L NM_015658 0.9 9.2293e-01 9.9332e-01
50 HES4 NM_021170 076 4.1517e-01 9.6435e-01
62 HES4 NM_001142467 100 9.9297e-01 9.9927e-01
63 ISG15 NM_005101 116 6.8703e-01 9.7466e-01
54 AGRN NM_001 305275 118 7.8784e-01 9.8576e-01
55 AGRN NM_198576 1632 6.201 0e-01 9,6628e-01
66 . MSTRG.29.3 0,48 1.9418e-01 9.6435e-01
87 . MSTRG.29. 4 1.40 3.4783e-01 9.6435e-01
68 . MSTRG.29.5 1 7.3205e-01 9.7972e-01
72 . MSTRG.28.3 08l 1.26872-01 9.6435e-01
86 TNFRSF4 NM_003327 0.94 8.26892-01 9.8739e-01
88 . MSTRG.33.1 232 2.17462-01 9.6435e-01
86 SDF4 NM_016176 078 5.71882-01 9.6435e-01

On this new window DEWE will request for maximum p-value, that specifies the maximum
p-value of the transcripts in the table. After clicking the Ok button, the analysis will be
generated in the selected path.
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% EXpo...able — + X

This dialog allows you to
export the filtered
transcripts table and save
only those transcripts
under the specified
pvalue,

Maximum p-value | 0.06 | @

l L OkJ X Cancel J

After the additional table is created, it will be displayed in the Ballgown table tabs.

[ Genes i Filtered genes T Significant filtered genes T Transcripts T Filtered transcripts T Significant filtered transcripts I transcript_results_sig_0.06.tsv i

ID

| Gene names Transcript names | Fold change
495 TAB3 NM_152787 0.00
2,488 PHFE NM_001015877 0.03

A2N ADAN MD AOECAS nos

6.1.2.5 Creation of colored figures

Over the tabs of the different tables generated, left aligned, there are three buttons that allow
you to regenerate the following figures again:

FPKM across samples: plot of the distribution of FPKM values across the samples.
genes DE pValues distribution:. plot of the overall distribution of differential
expression p-values for genes.

transcripts DE pValues distribution: plot of the overall distribution of differential
expression p-values for transcripts

Voolcano plot: combines the results of the p-values obtained after statistical tests with
every single fold change.

Fold changes DE values distribution: distribution of differential expression values
histogram, which shows the frequency of the different expression fold-changes in a
given experiment.

FPKM correlation plot: FPKMs correlation between conditions, which are plotted in
the x/y axis and will highlight those genes with enriched FPKM values in one or other
experimental condition.

FPKM density plot: FPKM correlation between conditions, represented as a density
plot.

Heatmap: heatmap of statistically significant genes (g-value<0.05), which a
computed row and column clustering, the latter with an additional layer including the
phenotype data.

Principal Component Analysis: the global variance of the experiment is decomposed
and grouped into new and orthogonal variables denominated components.
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|

Faold change pvalus
0.03 1.3075e-07 3.06] [of] DE transcripts pwalues distribution
35.79 1. 7 P6de-07 3, ()
ﬁ GE fald changes values distribution
01z 5.0515&-07 5. B
.00 1.2566e-05 8.300 [of] voleana plat
7115 1.3141e-05 8, 39]
g e oo L FPEMs conditions correlation
noa 1. 705305 B, 349 ﬁ FPEMs conditions dansity
LE@.41 2.5612a-05 1.054
. S e 1084 [ag Principal campanent Analysis
77.08 96520005 3,32 @ Heatmap
n.on 1.6563&-04 5.141
.00 1.6563e-04 S.1475e-02
203.10 L. F920e-04 2.1475a-02

Clicking on any of the options, DEWE will display a new window where the user will have to
enter the format, resolution and color (colored or grayscale) of the figure that wants to
generate. Once the OK button is clicked, the new figure will be generated inside the
user-images folder, contained in the Ballgown results folder.

|&| Figure c...guration — + X

This dialog allows you to configure
the figure settings.

Format: (8 PNG () JPEGL) TIFF (@
Width: 1,000 @
Helght: 1,000 @

Color: [ ] @

l v Ok l X Cancel J

Additionally, in the creation of additional Heatmap plots, DEWE allows clustering the genes
by a user-selected number of clusters.

#d Figure configuration = + X

This dialag allows you to configura the figure settings.
Format: (®) PNG [ JPEGI_) TIFF

Width: 1,000

Height: | 1,000

2 a8 8 a

Colon ]

[_J Clusters? : (6

[ o Ok | | % cancel |

L]

6.1.2.6 Visualisation of the additional filtered tables

Over the tabs of the different tables generated, right aligned, there are two buttons that allow
you to load the previous generated additional filter tables for genes and transcripts:

e [oad genes: Load a user-created filtered genes table.
e [ oad transcripts: Load a user-created filtered transcripts table.
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Clicking on either option will open a new window where the user must select the table that he
wants to import.

| Open -+ X

St

Look [n: [[ﬁ’user-tables 3 | LﬁJ [ RRNEN] ﬁ‘-J

[ gene_results_sig_0.08.tsv

[ transcript_genes_sig_0.05.tsv
[ transcript_results_sig_0.06.tsv
[ transcript_results_sig_0.07.tsv
[ transcript_results_sig_0.09.tsv

File Name: transcript_results sig_0.06.tsv

Files of Type: | All Files .]

[ Open | | Cancel |

After selecting the table and clicking on the OK button, if the table is correct it will be loaded
in the Ballgown tables tabs.

[ Genes i Filtered genes T Significant filtered genes T Transcripts T Filtered transcripts T Significant filtered transcripts I transcript_results_sig_0.06.tsv i

ID | Gene names Transcript names | Fold change
496 TAB3 NM_152787 0.00
2,488 PHFE NM_001015877 0.03
ADN ADAN MD NTOER AR nos

The edgeR differential expression analysis can be run from the menu operation (section
5.7.2) or as part of the available workflows (section 4.2 and 4.3). This section explains these
outputs and the visualisation capabilities of the tool.

6.2.1 edgeR outputs

After performing a differential expression analysis with edgeR, the following single analysis
are generated:

e DE genes.tsv: differentially expressed genes between the two conditions.

e DE significant_genes.tsv: significant differentially expressed genes between the two
conditions, i.e. genes with p-value<0.05.

e volcano-plot.jpeg: This graphic combines the results of the p-values obtained after
statistical tests with every single fold change. It will allow a rapid identification of the
genes that increases both their magnitude of fold change and their statistical
significance. Orange color represent up- or down-regulated genes (absolute value of
log2fold-change > 1). Red color represent genes changing their expression with a
statistical significance equal or lower than 0.05, measured as the adjusted p-value
using the false discovery rate method. Green color represent up- or down-regulated
genes with combine the two previous criteria. At first this image will be created in
grayscale, but later it will be able to be generated again in the format, size and color
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chosen by the user (colored or grayscale). These user generated images will be
saved in the user-images folder, contained within the edgeR results folder.

DE-values-distribution.jpeg: distribution of differential expression values histogram,
which shows the frequency of the different expression fold-changes in a given
experiment. This will give the user an idea of the proportion of genes changing their
expression over a given fold-change threshold, which is depicted with a dashed line.
At first this image will be created in grayscale, but later it will be able to be generated
again in the format, size and color chosen by the user (colored or grayscale). These
user generated images will be saved in the user-images folder, contained within the
edgeR results folder.

Distribution of differential expression values

== |logaola change)>2

fog2{fold change) tumor v normal

pValues-distribution.jpeg: histogram of the frequencies of experimental p-values
corresponding to the genes contained in the analysed genome. It will provide the
user with a distribution of the differential expression p-values for all the genes, and it
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will also provide an indication of the subset of genes without significative differences
in their fold-changes (p-value > 0.05). At first this image will be created in grayscale,
but later it will be able to be generated again in the format, size and color chosen by
the user (colored or grayscale). These user generated images will be saved in the
user-images folder, contained within the edgeR results folder.

Distribution of pValues

20

20

100

6.2.2 Results visualisation

The viewer enables the interactive browsing of genes analysis through a generated table to
better understand and visualisation this analysis in the edgeR working directory.
As you can see in the following image, this view contains one tab:

e DE Genes: this tab contains a table with the genes in file DE_genes.tsv.
DE Genes (p<0.05): this tab contains a table with the genes in file
DE_significant_genes.tsv.

@] o€ pvalues distribution| (4] DE fald changes values distribution [aa] Velcana plot
DE Genes | DE Genes (p < 0.05) |

Gane Gena name | pvalue 4| Lng Fold changa

ENSGOD0001 00234 TIPS 0,000 +00 2z I 0
EMNSGOD000] 38544 €lan] 644 0,00008+ 00 27z I
ENSGO0000100320 REFOK2 0.0000e+00 727 I
ENSGOD0001B5686 PRAME 0.0000e+00 ren I
EMSGO00000TS2TS CELSRL 0.00002+00 aE7 I
ENSGO00001BH636 LDaciL 0.0000¢+ 00 ame I
ENSG0D000187077 HAA] 671 0.0000e+00 247 —
ENSGOD000100135 MICALLL 0.0000e+00 zen -

ENSGOD0001 28272 ATF4 0,0000e+00 1a -
ENSGO0000100218 HBPL 0.0000¢4+00 1: -
ENSGO0000100077 GRKI 0.0000e+00 EE] _—
ENSGOD0001BGISE EMIDL 0.0000e+00 st —
ENSGOD00Z44500 APOBECSC 0, 0000+ 00 435 ]

ENSGON0001 28284 APOLT 0.0000e4+ 00 a7 I
ENSGO0000100342 APOLL 0.0000e+00 7as —
ENSGOD000159958 THFRSF13C 0.0000e+00 EFHY —

ENSGOD000L 28340 RALZ 0,00008+00 EE I

ENSGOD0O0L 00055 CYTHS 0,0000¢+ 00 T4 I
EMSGOD000128268 MGAT3 0.0000€+00 e I
ENSGOD000100385 1LZRE 0.0000e+00 Er I
ENSGOD00023971% APOBEC3G 0.00008+00 a0 I

EMNSGON000Z] 16560 GLYZ10 0.0000e 400 B e,
ENSGODOO02L1677 GLC2 0.0000e+00 iy
ENSGOD00018867T PARVE 4,5708e-312 e —
ENSGOD0O0LES3A0 Gas2LL 1. 09568-299 75 —
ENSGOD0001 38364 PARVG 1.9469¢-792 A I
ENSGOD000Z06195 DUXEPE 1.5041e.250 At I
ENSGOD000128165 ADMZ 1.3283e.267 280 —_—
ENSGOD000243811 APOBECID 1.7077e-267 Et) —
EMSGOD000]00LET SEPT2 257640250 507 I
ENSGOD000100050 MFNG 1.1706e-246 %3 I
ENSGOD000100014 SPECCIL 3,6860e.232 163 - i
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6.2.2.1 Creation of colored figures

Over the tabs of the different tables generated, left aligned, there are three buttons that allow
you to regenerate the following figures again:

e genes DE p-values distribution:. plot of the overall distribution of differential
expression p-values for genes.

e Fold changes DE values distribution: distribution of differential expression values
histogram, which shows the frequency of the different expression fold-changes in a
given experiment.

e Volcano plot: combines the results of the p-values obtained after statistical tests with
every single fold change.

@ DE paaluas distribution E DE fald changes values distributicn @ Volcano plat

DE Genes | DE Genes (p < 0.05) |

Gene Gene name
EMSGOD0AR] 85340 GAS2LL
EMNSGOD0ON] 38554 PARMG
EMSGO0000206155 DLXAPE
EMSGQ0000128165 ADM2
EMSGOD0002433]11 APOBECZD

Clicking on any of the options, DEWE will display a new window where the user will have to
enter the format, resolution and color (colored or grayscale) of the figure that wants to
generate. Once the OK button is clicked, the new figure will be generated inside the
user-images folder, contained in the edgeR results folder.

|&| Figure c...guration — + X

This dialog allows you to configure
the figure settings.

Format:  (#) PNG () JPEG TIFF @

width: 1,000 | ®©

Helght: 1,000 @

Color: [ ] O]
[ « Ok I X cancel |

6.3 Overlaps between Ballgown and edgeR analyses

After the execution of the workflows, a summary of the overlaps between the significantly
differentially expressed genes (g-value<0.05) of Ballgown and edgeR analysis will be
provided.

6.3.1 Overlaps outputs

After performing the differential expression analysis with Ballgown and edgeR, the following
single analysis are generated:

e overlap-ballgown-edger.tsv: a table containing the common significantly DE genes
(g-value<0.05) between Ballgown and edgeR analyses.
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e overlap_ballgown edger.tiff: a Venn diagram summarising the overlap between
Ballgown and edgeR analyses.
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6.3.2 Results visualisation

-

Ballgown

The viewer enables the interactive browsing of the overlapping genes through a generated
table to better understand and visualisation this analysis in the overlapping working directory.

As you can see in the following image, this view contains one tab:

e Ballgown and edgeR DE overlaps: this tab contains a table with the overlapping

genes in file overlap-ballgown-edger.tsv.

[ venn diagram
[ Ballgown and edgeR DE Overiaps
| Gene | Ballgown log2 fold change ‘ Ballgown p-Value | EdgeR log2 fold change | EdgeR p-Value
ADM2 3.066 0.011 2,803 o
| ARVCF 5.7 0.008 256 o
CARDIO 8,608 0.004 10,918 o
|CEX6 -1.535 0.047 -0.81 o
CDC42EF1 7.718 aQ 9.322 o
|CPSF]PI 5.429 0.016 3.452 o
CRYBB2P1 1.767 0.023 0.327 0.026
| CSF2RB -8.345 ] -11.03 o
CTA-28043.2 3,934 0.024 B.531 o
| DNALY 7.61 0.046 0.813 ]
EMID1 -3.649 0.026 -3.972 [}
| H1FO 3427 0.023 222 o
HMOXL 4,318 0.01 1.609 o
| IGLE2 -13.1983 ] -11.799 o
IGLC3 -11.054 o -10.53% o
| IGLV3-10 -13.843 o -10.918 o
KIAAL671 3.204 0.033 2.468 o
| Lboc1L 3.646 0.008 ShTTT o
LINCO1315 8.348 0.015 9.929 o
| LL22NCO3-NB4ES. 1 6.245 0.001 6.849 o
MFNG 4.043 0.027 -6.338 o
|M\CALL1 1.844 0.03 2.042 o
MIR4534 2513 0.018 1.273 o
| MIRLET7EBHG 5.83 0.003 3.481 ]
MYO188 -6.815 0.002 10.211 o
| NCF4 -6.257 0.021 7.82 ]
P2R¥6 5.88 0.016 4.452 o
| PANX2 4.21 0.032 2.609 o
| FRIL2 -1.576 0.004 -0.476 o

6.2.2.1 Creation of colored figures

Over the tabs of the table generated, left aligned, there is one button

regenerate the following figure again:

that allow you to
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Venn diagram: Venn diagram summarising the overlap between Ballgown and edgeR

analyses.

H\fenn diagram

[ Ballgewn and ecdgeR DE Overlaps ]

Gene Ballgown log2 fold change | Ballgown pAalue

ADMZ 3.066 0.011
ARVCF 5.97 0.008
CARDLO 8.608 0.004

Clicking on any of the options, DEWE will display a new window where the user will have to
enter the format, resolution and color (colored or grayscale) of the figure that wants to
generate. Once the OK button is clicked, the new figure will be generated inside the
user-images folder, contained in the overlaps results folder.

Figure configuration on ...

| This dialog allows you to
| configure the figure
| settings.

Format: (&) PNG() TIFF (@

Width: | 3,000 )]
Height: | 2,000 @
Color: [ | )]

IJORJL X cancel |

6.4 PathfindR

The PathfindR pathways enrichment analysis can be run from the corresponding menu
operation (section 5.9) . This section explains the outputs generated by this analysis.

6.4.1 PathfindR outputs

After performing a pathways enrichment analysis with PathfindR, the following single
analysis are generated:

pathfindR_enriched_pathways.tsv: a table containing the enriched pathways.
pathfindR_clustered_pathways.tsv: a table containing the enriched pathways and the
pathway clustering results.

pathfindR_score_matrix.tsv: a table containing the score matrix for the creation of the
all pathways heatmap of the pathfindR_score_matrix.pdf.
pathfindR_score_matrix_representative.tsv: a table containing the score matrix for
the creation of the representative pathways heatmap of the
pathfindR_score_matrix.pdf.

pathfindR_enrichment_summary.pdf. a pdf containing a image with the summary of
the pathway enrichment.
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pathfindR_clustering.pdf: a pdf containing four images: a heatmap and a
dendrogram of the pathways clustering, and a map representation of the clustered
pathways in normal and fuzzy visualisation method.
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hsa05211
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pathfindR_score_matrix.pdf. a pdf containing two images:

a heatmap of the

representative enriched pathways and their score by sample and a heatmap of all

enriched pathways and their score by sample.
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6.4.2 Results visualisation

The viewer enables the interactive browsing of the enriched pathways through a generated
table to better understand and visualisation this analysis in the pathfindr working directory.
As you can see in the following image, this view contains one tab:

e Enriched pathways: this tab contains a table with the enriched pathways in file
pathfindR_clustered_pathways.tsv.

Enriched Pathways

Pathway Pathway name | Fold enrichment 4| Occurrence Lowest p-Value | Highest pvalue | Down-regulated ganes Up-regulated genes | Cluster | Status

I hsa05200 Pathways in cancer  1.2848e+01 4. 0.012 0.012 BCR, CRKL, IL2RB, CSF2RB, M... HMOX1, EPI00 1 Member
hsa05166 Human T-cell leuke.., 2.2648e+01 2 0.009 0.009 IL2RB, RANBP1, TNFRSF13C,.. TSPO, ATF4, XBP1, EP300 2 Representative
hsa0s203 viral carcinogenesis  2.97338+01 o I— 0.003 0.003 MAPKL, RANBPL ATF4, VWHAH, EP300, HD... 1 mMember
hsa04068 Fox0 signaling path... 3.1430e+01 7 - 0,036 0,036 MAPKL EP300, CSNKLE, MAPKL 2 1 Member
hsa05220 Chronic myeloid leu... 3.2086e+01 s 0.000 0.033 BCR, CRKL, MAPKL 1 wember
hsa04110 Cell cycle 3.27182+01 10— 0.015 0.03 CHEK2, MCMS YWHAH, SMC1B, EP300 2 Member
hsaps16l Hepatitis B 32.85678+401 10— 0.001 0,047 MAPKL EP300, ATF4 1 Member
hsa05230 Central carbon met... 4.0656e+01 2 0.014 0,021 MAPK sco2 1 Member
hsana3so TGF-beta signaling .. 5.46808+01 7 - 0,009 0,000 MAPKL EP300 1 Member
hsaps211 Renal cell carcinoma  5.6282e+01 4 0,007 0.007 CRKL, MAPKL EP300 1 Member
hea0s215 Frostate cancer 5.7850e+01 5 I 0 0 MAPKL ATF4, EP300 1 Representative
hsa04520 Adherens junction 6.04790+01 7 - 0.008 0.006 RAC2, MAPKL EP300 1 Member
hsa0a720 Long+term potentiat... 6.6527e+01 o I— 0.005 0.005 MAPKL EP300, ATF4 1 Member
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