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1 Introduction to OmicsBox - Bioinformatics Made Easy

OmicsBox is a leading bioinformatics platform for the analysis of omics data.

OmicsBox offers user-friendly data analysis which allow gaining biological insights fast and easy even for
completely novel genomes.

OmicsBox is a desktop application for industry, academic and governmental research biologists.

OmicsBox provides a robust platform for the execution of complex and demanding bioinformatics pipelines
from a normal desktop PC.

OmicsBox allows designing bioinformatics workflows, run state-of-the-art tools and to visualize results in a
very easy and non-techie fashion. This reduces the learning curve significantly, allows to obtain results faster
and in a more reliable and reproducible way.

OmicsBox has minimal setup requirements and provides automatic updates. Advanced functionality is
instantly available requiring no high-performance computing facility, computational background or
maintenance.

OmicsBox Modules: At the moment the following modules are available:

* Genome Analysis

» Transcriptomics

» Functional Annotation and Analysis
* Metagenomics

&) omicsBox

Configuring GUI...

Splash Screen v.1.2
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2 About BioBam

« BioBam'’s solutions accelerate research in disciplines such as agricultural genomics, microbiology
and environmental NGS studies; amongst others.

« BioBam is internationally recognized as a leader in functional genomics, which is demonstrated by
over 10.000 scientific research citations.

« BioBam Bioinformatics develops and maintained software like OmicsBox, OmicsCloud and
Blast2GO.

« BioBam is a bioinformatics solution provider (software, cloud solutions, consulting and analysis
services) with headquarters in Spain.

biobam
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Logo: BioBam Bioinformatics S.L.
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3 Installation and Activation and User Interface

Content of this page:

Activation(see page 7)
* Network License(see page 7)
¢ The Desktop Application(see page 8)
+ Main User Interface(see page 8)
» Table(see page 10)
+ Table Context Menu(see page 11)
 Filter out Sequences(see page 13)
+ Hide Columns(see page 14)
File Types(see page 14)
Uninstalling OmicsBox(see page 15)
* Windows(see page 15)
¢ Linux(see page 15)
¢ MacOS(see page 15)

3.1 Activation

On startup and if not yet provided, OmicsBox asks for activation. It is possible to use OmicsBox in 2 different
modes:

« Limited mode. This mode allows to load and visualize projects in OmicsBox.

< Full mode. To activate OmicsBox in Full mode, the corresponding subscription has to be obtained via
the OmicsBox website. This mode provides access to all features of the purchased modules, Cloud
services, updates and support. More details about all the advantages to be a Full user can be found
online. A free Trial account can be requested via the OmicsBox website.

To activate OmicsBox the software requires access to the Internet. If necessary, proxy settings can be
directly adjusted directly from the activation dialog.

3.2 Network License

OmicsBox can also be activated with the license server. Various clients can share a pool of licenses on a
license server in the local network. To activate a network license, click Network License on the bottom left in
the activation dialog and provide the license server IP address and cloud key if you own one. The cloud key
allows to use CloudBlast and CloudIPS, all the other cloud features are already available without a key.

biobam 7
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OmicsBox Activation x

@ OmicsBox

Activate OmicsBox

OmicsBox can be activated with a subscription key. Please
visit our website to request a OmicsBox subscription trial.

If your subscription key is expired you can run OmicsBox in

limited mode. This mode allows you to open and view your
OmicsBox files.

Please enter your subscription key

| Limited Mode ] Request Key ] Activate )

Metwork License Proxy Settings

Figure 1: Activation dialog of OmicsBox: Full or Limited Mode

3.3 The Desktop Application

This section describes briefly the main parts of the OmicsBox applications.

3.3.1 Main User Interface
The general components of the OmicsBox main user interface are:

1. Menu Bar: The main application menu contains 3 items:

« File: This menu groups all functions for opening, saving and closing OmicsBox files as well as
to load or export data in many different formats.

< View: This menu allows to open different utility taps like the file manager, the application
messages or the Java memory monitor.

< Help: The help menu provides access to various support features. You can review your
subscription details, the CloudBlast history and the App-Manager. The App-Manager allows to
install and update additional tools for OmicsBox.

2. Main Analysis Icons: These will execute the whole analysis.
« start: Quick start to load an OmicsBox Project or recent projects or fasta sequences or
annotation file.
« workflows: Allows to run workflows to execute analysis in a semi-automatic way.
« genome browser: Allows to visualize genomic structures from different files types in a side-
scrolling way.

biobam 8
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functional analysis module: Contains functions for functional characterization of sequences:
Blast, InterProScan, GO Mapping, Functional Annotation, Coding Potential and Enrichment
Analysis. In addition, charts can be generated to offer the researcher an overview of the results
obtained in each step to facilitate the decision for parameter choice in latter annotation steps.
genome analysis module: Allows to characterize and analyze newly sequenced genomes, from
raw reads to gene structures. It contains actions for Eukaryotic and Prokaryotic Gene Finding,
Repeat Masking and DNA-Seq de novo Assembly.

transcriptomics module: Allows to process RNA-seq data from raw reads down to their
functional analysis. It incorporates functions for RNA-Seq de novo Assembly, RNA-Seq
Alignments, Create Count Tables and perform Differential Expression Analyses.

metagenomics module: Allows to combine and integrate all necessary steps for a complete
metagenome analysis: Taxonomic Classification, Metagenomic Assembly and Gene Prediction,
Functional Annotation and Comparative Analysis.

general tools: Includes different general actions: draw Venn Diagrams, obtain Tag Statistics
charts and tools to perform quality control and pre-processing of Fastq files.

3. Application Tabs:

Progress tab: Shows running, queued and finished jobs. Allows to stop jobs and open a
separate log-viewer. Each finished job shows the time it took to execute. A finished job can be
removed using the cross button. All finished jobs can be removed by clicking on the small
triangle in the top left corner.

Application Messages tab: Displays information on the progress of the analysis.

File Manager: The File Manager allows to view, open and organize different OmicsBox related
files.

Java Memory Monitor: Provides information about the memory consumption of the application.
Log tabs: Most of the analysis steps provide additional logging. These logs can be viewed via
the Progress tab.

4. Data Tabs: Each object type can be opened and saved in a separate tab. In general, table viewer
tabs like e.g. the OmicsBox sequence table will be opened by default in the upper-wide area while
result tabs will be opened in the lower-right area (e.g. charts, graphs, etc.).

The OmicsBox File Manager allows to view, organise and open different OmicsBox related files.
The "Merge" option allows combining various file into one. The merge function may not be available for all
data types and can only be used to object of the same type.

biobam 9
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Figure 2: OmicsBox Main User Interface
@ Progress @ Application Messages @ File Manager 23 = 0
A /Users/work/B2G Datasets/DataTypes "f
¥ | | DataTypes
Pr Blast2GO Project — ) |
Pr Blast2GO Project Blasted i~ Open i
(@) Chart Open with >
(E) Combined Graph GraphViz
(&) Combined Graph YFiles J. Merge
(i DE_Expression_Count_Table
Enrichment Analysis Open with System Default
1d List Open in System Explorer
@ Kegg Results
() RFAM Result E2 New Folder
[/ Rename
Copy #C
Paste
1 Delete =
Lcd

3.3.2 Table

Figure 3: File Manager menu

The table allows opening different types of objects (.box/.b2g files) in a spreadsheet style. Additionally to the

columns representing the dataset, it contains a TAG column which represents the different status of each line
according to the object type.
The table allows to hide or show single columns via a checkbox menu by right-clicking on the column header.

In case, multiple objects are viewed (e.g. OmicsBox plus Rfam results), column headers are colored
differently. In this example (Figure 4) tags show if a functionally enriched GO term is over or under-

represented.

biobam
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oven. G0:0019... metabolic process BIOLOGL... |3.90715... 3.66903...
oven. G0:0006... uronic acid metabolic process BIOLOGI... |3.90715... 3.66903...
oven. G0:0052.... BIOLOGL... |9.85096... 1.48539...
G0:0034... cellular hormone metabolic process BIOLOGI... |9.85096... 1.85012E-8

oven. G0:0042... hormone metabolic process BIOLOGI... |3.27490... 8.47177-7
oven. GO:0005... transporter activity MOLECU... |3.27490... 123012...

ojos[w[NE]

Figure 4: Table

3.3.2.1 Table Context Menu

The context menu allows to create ID lists of a selected column, extract subsets of entries as well as to copy
part of the content into the clipboard. The values of a given column can also be visualized as a category or
distribution plot in various formats (bar-chart, pie-chart, etc.).

Show Sequence: Allows seeing the sequence information.

Show Blast Result: Revise the Blast results in detail:, hits, species, identifiers, etc.

Show InterProScan Result: Revise the InterProScan results in detail: databases, GOs, etc.

Show Mapping Result: Revise the retrieved candidate GO terms in detail: Accessions, Evidence
Codes, Databases.

Show GO Description: Review information about annotated GOs.

Copy Sequence Names to Clipboard: Copies the sequence name to the clipboard.

Change Annotation and Description: Allows to manually change/add annotations.

Annotate Sequence: This function allows changing annotation parameters for the selected sequence
and re-running automatic annotation.

Make Graph of GO-Mapping-Results with Annotations Score: Displays a DAG with all GO terms
related to one sequence. Shows all the GOs from the mapping step as well as final annotations
(highlighted).

Extract Selection to new Tab: Create a new project from the marked sequences (Shift or Ctrl).
Copy Selection to Clipboard (tabular format): Copies the marked sequence to the clipboard in
tabular format for further processing in a spreadsheet editor.

Copy Content of Column: SeqName to Clipboard: The content of a specific column will be copied
to the clipboard.

Create ID List of Column: Sequence: Allows creating an ID list of a specific column which can then
be used for Fisher's Exact Test or Selection of sequences (see Figure 6).

Create ID Value-List of SeqName and Length: Allows creating a list with two specific columns e.g.
SegName and Length.

Create Category Chart of Column: Length: Create a category chart of a certain column e.g.
sequence length.

Create Distribution Chart of Column: InterProScan IDs: Create a distribution chart of a certain
column.

biobam 1
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Create ID lists:

INTERPRO
BLASTED
MAPPED
ANNOTATED

Show Sequence

Show Blast Result

Show InterProScan Result
Show Mapping Result
‘Show GO Descriptions.

INTERPRO

= SeqMame = Description| = Length | = #Hits = e-Value| = simm...|= #GO0| = Enzyme Co...

Installation and Activation and User Interface

Copy Sequence Names to Clipboard

‘Change Annotation and Description

Annotate Sequence

INTERPRO

(& Make Graph of GO-Mapping-Results with Annotations Score

@ Extract Selection to New Tab

Copy Selection to Clipboard (tabular format)
‘Copy Content of Column: Description to Clipboard

() Create ID List of Column: Description
(© Create ID-Value-List of: Description and:

@ Create Category Chart of Column: Description and:
@ Create Distribution Chart of Column: Description

Figure 5: Sequence Context Menu

To generate an ID list the desired sequences have to be marked and then right click on "Create ID list from
selected Entries (SeqName column)”.
A new tab is opened containing the ID list of the marked sequence names. This list can now be saved for

further use (e.g. enrichment analysis, selections, etc.). It is also possible to generate sequence ID lists from
Graphs (see Quantitative Analysis(see page 80)).

To mark all the sequences on the table do: Ctrl + A (Windows/ Linux) and Apple + A (Mac).
@ bl tomateenct ¢ [

The ID lists can be used in:

« Fisher Exact Test
e Select Sequences

= Description

INTERPRO
BLASTED

‘ANNOTATED
Show Sequence
Show Blast Result
Show InterProScan Result
Show Mapping Result
Show GO Descriptions

Copy Sequence Names to Clipboard

Change Annotation and Description
Annotate Sequence

@ Make Graph of GO-Mapping-Results with Annotations Score

@ Extract Selection to New Tab

Copy Selection to Clipboard (tabular format)
Copy Content of Column: SegName to Clipboard

Chart of Column: SeqName and:
INTERPRO @ Create Distribution Chart of Column: SeqName
BLASTED

MAPPED|
ANNOTATED

= Length | = #Hits| = evalie| = simm...| = #Gg

Figure 6: Create ID List from Sequence Name

< Load Annotations from BioMart (online)

biobam
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The Gene Set Enrichment Analysis (GSEA) needs a ranked list and this can also be generated by OmicsBox
with the Create ID Value List.

Here is an example of the Open File dialog of the Fisher's Exact Test Wizard shows the available ID lists if
the selected file type in the checkbox (bottom left) is set to B2G ID list.

@ Table: tomato_annot 32

=@ n| = Togs = seqhame = Descripton | = Length| = ##its = evolue| = smm... = #G0| = coms = GO Names = Enzyme Codes = Eneyme Names. = Interpro D=
Golgi membrane;

IPRO0BG30 (PFAM);
Xyloglucan PTHR31311

Solyc03g115740.1.1 glycosytransferase... 1353 20 0EO  88.41% |9 6ixylbsyitransierase)

(PANTHER] tmhmm
(TMHMM)

Fisher's Exact Test Configuration

© Imvalid path. You must select a valid il

ol

e, diied

D2 o (SOH restsetries
Corere]

e 270312019 10:43
1% 2732019 10:43

@ progress| @ :\U\’\;na;!q 3

Gops

GO Categories Biological Process,Molecular Functon,Cellular Component

Defat_ | [ cancel -

i a N CEC) ®
Figure 7:: Select ID list from Fisher Exact Test Wizard

3.3.2.2 Filter out Sequences

The OmicsBox table allows filtering out rows, depending on different search criteria for each column. Each
column header shows a small icon which opens a context menu when left-clicked.

« Filters can be applied in various columns and are joined via an AND condition.

« Different data-types allow different filter settings (e.g. numbers allow greater than).

« When a filter is applied on a column the filter icon turns red - double-clicking the icon will remove the
filter.

« On the top-right corner, there is a small status message showing how many sequences pass your
filter.

¢ The button next to it (crossed out a document) removes all current filters.

All the algorithms, blast, mapping, annotation, etc., work on the selected sequences and not only on the
filtered ones. This means if one has a filter but there are some sequences selected on your project and one
runs e.g. remove blast results, it will work on all selected sequences and not only on the ones you see on the
table.

biobam 13
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E Tags = SsgMame £ Description
| '
seq4_ORF tain - chitinase 5-like
e | wvcrares MaRes e
orA
_ seq5_ORF cysteine ase inhibitor
| MAPFED | ANNOTATED i _

Figure 8: Filter Criteria

3.3.2.3 Hide Columns

This feature allows hiding the columns of the sequence table.

By right clicking on a column and a menu will be displayed and one can select those columns to hide from
the table.

In combination with Export Table from File > Export, this can be used to customize the output.

= GOIDs = Fnrzvme Codes

7, C:G0:0016021; p:Gooo7L @ Selectall
 Unselect all
2; F:G0:0004364
v
3; F:G0:0000156
« Nr
4; C:GO:0042765 v Tags

5; C:60:0016020; C:G0:000% o/ SegName
2
+ Description

1
+ Length
1; P:GO:0006098; P:GO:0009 :
7; P:GO:0D46686  #Hits
7: F:G0:0005515; P:GO:0016 ¥ &-Value
~ sim mean
9; C:GO:0009505; C:GO000E o 460

¥, C:G0:0005739; F:GO:0008 sl
GO Names
1 « Enzyme Codes

Enzyme Names
InterPro IDs

+ InterPro GO IDs
InterPro GO Names

9; C:G0:0005730
9: F:GO:0008234; P.GO:0006
1

Figure 9: Hide Columns

3.4 File Types

From version Blast2GO 3.1 upwards the .b2g file type replaces the previous .dat file. The .dat files will still be
supported for opening and export. All OmicsBox project and results (enrichment results, charts, graphs, etc.)
will be saved with the new file type .b2g/.box. This files can be viewed and opened directly within the
FileManager tab. All other file types can be open form the FileManager via the systems default application.

1. .box/.b2g: File type for all OmicsBox objects (project, results, id lists, etc.). Some OmicsBox objects
can be opened with different viewers like for example the OmicsBox Table or the Generic Table.

biobam 14
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2. .dat: Legacy format for previous OmicsBox projects. This format had been replaced in 2015 by the
more flexible and performance .b2g/.box format. The .dat format is still maintained for compatibility

with older datasets and application versions as well as the OmicsBox plugins.

3.5 Uninstalling OmicsBox

OmicsBox can be uninstalled from the different operating systems.
Below one can find instructions on how to uninstall OmicsBox.

3.5.1 Windows

On the folder where OmicsBox has been installed you will find an uninstall.exe file.
Double-click on the .exe file and follow the wizard to complete.

A By default, the OmicsBox folder is located in Local folder (C:/Users/[username]/AppData/Local/
OmicsBox).

It can also be uninstalled directly from Programs in the Control Panel.

3.5.2 Linux

On the folder where OmicsBox has been installed you will find an uninstall.sh file.
Open a command line, run the command and follow the wizard to complete:

./uninstall.sh

A By default, the OmicsBox folder is located in your home directory (/home/[username]/OmicsBox).

3.5.3 MacOS

Move the whole OmicsBox folder to trash.

& By default, the OmicsBox folder is located in the Applications directory (/Applications/OmicsBox).

biobam
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4 System Requirements

4.1 General

e CPU: 64-bit, 1.6GHz or faster processor, 2 or more cores recommended

« Microsoft Windows (64-bit): 7, 8 or 10 (recommended), Windows Server 2016 and Windows Server
2019

e Mac: OS X (64-bit) 10.10, 10.11 and macOS 10.12, 10.13, 10.14

 Linux (64-bit): Ubuntu 12.04 and later, RHEL 7 and later (The software is expected to run without
problem on other recent Linux systems, but we do not guarantee this.)

« Memory: 4GB of RAM (8GB recommended)

« Disk Space: 2 GB of available hard-disk space; additional 4 GB to download all optional content and
temporary files. The latter depends mainly on the input data volume.

« 1280x800 display resolution (at 100% DPI scaling)

< Continuous internet connection required for product activation, content download, and cloud
connections

« Installation on local drive necessary, SSD recommended, installation on flash or network drive not
advisable

« Virtual Environments are supported but require additional licensing conditions

4.2 Language Versions
* English

4.3 Supported import/export formats

¢ See user manual: http://manual.omicsbox.biobam.com/user-manual/file-menu/#FileMenu-Load

4.4 Documentation

« User Manuals online only at: http://manual.omicsbox.biobam.com?

4.5 Support

* Email Support Tickets with Online Portal / Community

4.6 Java

OmicsBox is built using Java technology and includes Oracle Java JRE 1.8 which is needed to run the
Software. This JRE will not interfere with existing JRE'’s on your computer and will only be used to run
OmicsBox.

1 http://manual.omicsbox.biobam.com/user-manual/
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4.7 Scope of requirements

All system requirements on this page are requirements for the most recent versions of the products. For
requirements for older versions, please refer to the user manual for that specific version.
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5 Workflows

Content of this page:

« Workflow Composer(see page 19)
¢ Design workflows (see page 19)
« Configure workflow steps(see page 20)
« Define workflow inputs(see page 21)
« Define workflow outputs(see page 22)
* Run workflows(see page 22)

OmicsBox provides an interface to create, edit and run workflows based on the Common Workflow
Language (CWL) specification. This interface allows to describe all analysis steps using the functions and
tools offered by OmicsBox and connect them to perform a complete analysis in a single run. Workflows are
highly customizable since users can define input data, configure the parameters of each step, save and
export results, generate charts and statistics and more.

- OmicsBox 1.0.0 -+ x
File View Help

®. 9. 0.6. . 0. 0,6 0,

Start typing to search actions,

me ncional * genome ” transeri meta enerl
st worflows  Drowser  anabst  anapsis T ademes %ok
@ *Workflow Composer: annotation xx‘ OQ= o
—4
Search Fard
» Functional Analysis <

» Genome Analysis
» Transcriptomics

» Metagenomics

» General Tools
» Load

» Export

» Utiities

blast_statistics mapping_statistics

Make Project Statistics project_statistics

Make Blast Statistics

Run CloudBlast Run GO Mapping (Oniine) Run Annotation

Run CloudBlast Load Fasta File (fasta)
Numberof .. 20 =
Blast Descri.._ true

Blast Program | blastx-fast

ot Expec.. | 1053 Run Cloud InterProScan (Orline)
Blast DB pdbaa
Fiter option _ Blast againsta subset ...

Species Make InterPro Statistics interproscan_statistics
LowCompl... true

Make Mapping Statistics

Make Annotation Statistics annotation_statistics

final_project

Make Enzyme Codes Statistics

O—@®

Make Combined Graph combined_graph

enzyme_statistics

Combine Projects  Merge InterProSean GOS to Annotation

merge_interpro_chart

@ Progress| @ Fie Manager 12 | @ Application Vessages = 0 || @ welcome wessage x| =0
‘A |/home/biobam N &
Sl omicsBox Example worktows OmicsBor Latest Updates
v [ biobam
e verson 100
b 1 bgFiles ersion
-

> [ bagWorkspace
> [ Blast2G0
> [ Deskiop

Fifter... : e PN . . /@—@ + Functonal
Figure 1: Workflow Composer Interface
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5.1 Workflow Composer

The OmicsBox workflow composer interface offers all the necessary options to manage workflows. You can
access the composer using the "Workflows" toolbar item or the "Create Workflow" menu option in the
workflows toolbar menu.

5.1.1 Design workflows

To create a workflow, start adding some steps. The side panel (on the left) contains the list of actions (that
may vary depending the apps installed in OmicsBox) that can be used as workflow steps (Figure 2). To add
an action to the workflow click on the corresponding plus symbol next to the action's name.

Each action is represented by an icon (Figure 3). On the left side of the icon are placed the connections for
every input of the action (e.g. project, count table, etc) and on the right side are placed the connections for
every output it produces as result (chart, graph, etc).

To connect two steps of the workflow, click on the small circle representing the output connection of the first
action and drag it to the small circle representing the input connection of the second action. If the connection
is valid (i.e. both types match) the small input connection circle should turn green, and a line connecting both
circles should be displayed. Otherwise, the small input connection circle should turn red, indicating the
selected output can not be used as input for that action.

project project

Run Annotation

Figure 3: Action icon

Using the "Properties" button in the side panel it is possible to edit the documentation of the workflow.
You can write whatever information it is useful, like the author name, author email and a description of
the workflow.
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]
]
]
]

]

]

Workflows

T
Search... &

= Functional Analysis

» Blast

-

InterProScan
Blast2GO Mapping
Blast2G0O Annotation

-

-

-

Charts and Statistics

-

Gene Ontology Graphs

-

Coding Potential

-

Enrichment Analysis

-

Tools (Select, Rename, Search)

-

EggNOG Annotation
Genome Analysis
Transcriptomics
Metagenomics
General Tools

Load

Export

Utilities

Figure 2: List of actions that can be included in a workflow

5.1.2 Configure workflow steps

Most workflow steps can be configured. If a step needs to be configured (because its parameters are not

valid) it will be highlighted in red color and it will not be possible to run the workflow (Figure 4). To configure
the step right-click on the step icon and select the "Edit Parameters" option. The red color should disappear
as the parameters are now valid. The parameters of each step can be consulted in the bottom region of the

side panel.

<) biobam
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T
Search... &L

= Functional Analysis -

b Blast

-

InterPraScan

-

Blast2GO Mapping

-

Blast2GO Annotation

-

Charts and Statistics

-

Gene Ontology Graphs

-

Coding Potential

-

Enrichment Analysis
v Tools (Select, Rename, Search)
» EggNOG Annotation

» Genome Analysis

¥ Transcriptomics

» Metagenomics

v General Tools

» Load

b Export

» Utilities

-

Figure 4: Valid step (left), invalid step (right).

5.1.3 Define workflow inputs

Workflow inputs are .b2g files by definition. To use a .b2g file as input click on the input connection on the left
side of the icon and drag it out. The input file can be selected by right-clicking on this step and selecting the
"Select Input File" option (Figure 4 top) or in the "Run Workflow" wizard.

@ ©®

# Salacl Input File
proje in CloudBlast (Online)

B Delete

Figure 5: Input data definition

/\ Some actions don't require any input and produce a result that can be used as input by other
actions. These actions can be incorporated as first step in a workflow (e.g. Load Fasta, Eukaryotic
and Prokaryotic Gene Finding, Create Count Table, etc).
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5.1.4 Define workflow outputs

Like inputs, workflow outputs are .box/.b2g files by definition. To save the results as .box/.b2g files click on
the output connection on the right side of the icon and drag it out. The output name (file name in the end) can
be selected by right-clicking on this step and selecting the "Change Output Name" option (Figure 6). Later in
the "Run Workflow" wizard it is possible to choose the output folder of every output, or use a common output

folder for all workflow's outputs.

. (# Change Cutput Mame

= Delete

Figure 6: Output data definition

A If you want to export the output of a workflow as a regular file (e.g. .txt, .csv, .png) instead

as .box/.b2g file, use the several export actions to export annotations, charts and statistics that
OmicsBox offers. These actions can be incorporated as the last step in a workflow (e.g. Generic

Export, Export Chart, Export Report, etc).

5.1.5 Run workflows

Once the workflow is ready click on the green "Run" button on the side panel to open the "Run Workflow"
wizard. Here you can select the inputs files and the outputs folder(s) to save the results or use a common
folder for all results (Figure 7). Click "Run" to execute the workflow. You will see a new progress bar for the
workflow execution, and an additional progress bar for every step, so it is possible to cancel the whole

workflow or just a certain step and continue with the others.

v Run OmicsBox Workflow (annotation) +

OmicsBox Workflow Outputs Configuration
(D The folder already exists and possible existing file(s) will be overwritten.

Select the path for all the workflow's ouputs.

Browse...| @

Outputs Folder

)
| thome/bioba m/Desktop

Cancel | Run

Figure 7: Outputs folder configuration
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6 Genome Browser

Download? Example Datasets.

The Genome Browser allows you visualize different file types in a side-scrolling way, the features are
rendered ordered by start from left to right. Each file will be represented as a track, several tracks can be
added to the browser, and the current supported tracks are GFF, VCF, DNA Fasta and BAM. Tracks can be

reordered, hidden or closed using the track controls ( % AV ). One chromosome is visualized at a time,
the top box represents the whole chromosome and the small box represents the area of the current region.

Chromosome: 1 Size: 23,037,639

9,914,811 Length: 125 9,914,935
= AV GFFvitis_vinifera_iggp_12x_38_gff3_gz Labels [ Tooltip % Features B Gene M Transcripts @ Exon EICDS [ Unclassified
%X = A v SEQUENCE vitis_vinifera_iggp_12x_dna_genome_fa_gz
\AGAACCAATATAAGGGACATAAAATTTACCTCAATCCCAAAACCTTTCACATATACATTGGTGAAGAGTTCAGAAGGCTCCGGCATTGAACTTTCCTGGTAAAACAGAAAAACAGCAAA ci
X = A VCFvitis_vinifera_incl_consequences_vcf gz Labels & Tooltip

ENSVWID0117363 ENSVWVI00117364 ENSVWVI00117365 ENSVVVIO0117366

X = AV BAMVvitis_viniferabam @ Tooltip [ As pairs

Figure 1: Genome Browser with all 4 tracks.

6.1 GFF Track

The GFF track is able to detect types to group features by genes (genes, transcripts, exons and CDS and
the relationship between them by using ID and Parent attributes, see GFF3 Specification® for more

details ). Genes are in blue, the transcripts are the small red lines, non-coding exons are white boxes with
orange border and exons with CDS are filled with orange color. Other non-grouped features appear in
grey. GFF Viewer can be opened with the context menu option in the File Manager when selecting a GFF
file and using the context menu option Show in GFF Viewer from the table when exploring a GFF file.

2 https://resources.biobam.com/omicsbox/example_data/General.zip
3 https://github.com/The-Sequence-Ontology/Specifications/blob/master/gff3.md
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= AV GFF homo_sapiens_grch38_92_chr_gff3_gz Labels ETooltip & Features [ Gene M Transcripts EExon ECDS O Unclassified

[CCCCC
<6615
£6GT5-201
<GGT5-202

<GGT5-205
<GGT5-203

<GGT5-204
<GGT5-206

Figure 2: GFF viewer.

With the Features button controls you can classify the types for Genes, Transcripts, Exons and CDS, this
will modify the Gene group visualization, by default these types will be set automatically. The checkboxes will
hide or show the features, i.e. if you want to show only the genes, you need to uncheck the Transcripts,
Exon, CDS, and Unclassified checkboxes.

& Features Gene Transcripts Exon CDS Unclassified

Modify types to be used as Gene, Transcript, Exon and CDS.

Genes: Transcripts: Exon: CDs:
O chromosome ~ | Ochromosome ~ | O chromosome “ | O chromosome -
[ gene O gene O gene O gene
O mRNA mRNA O mRNA O mRNA
O exon O exon exon O exon
O five_prime_UTR O five_prime_UTR O five_prime_UTR O five_prime_UTR
Ocos Ocos Ocos M cps

Othree_prime_UTR  ~ Othree_prime_ UTR  ~ [Othree_prime_UTR + |[three_prime UTR ~

Figure 3: Feature controls.

A tooltip will appear on mouse hover, it will show additional information about the feature and the information
is collected from the GFF file.

2223333323333 33 3333333333333 3332333333333 33333 33333333333 33333 333333333333 3333 3333333333333 3333333333333 333333)) 3333333330 |
COMT >
ENSTO0000361682 >

ENST00000407537 >

ENSTD0000403710 >

ENST0D0000403184 > ‘exon - 1676493

ENST00000207636 > start-end: 19962233-19962815

strand: + —
ENST00000412786 > length: 583

chromosome: 22 —u
ENSTD0000406520 > source: havana

type: exon —_—

m
zn

Attributes: I
parent: transcript: ENST00000403710
| name: ENSED0001561154

ENSTOD000467343 >
Coding DNA Sequence
< € < . (]
1676591 > 1676551 > 1676592 > 16764 start-end: 19962527-19962815 1676585 > <)
— strand: +
1676537 > 1676508 > length: 289 <t
— chromosome: 22
1676524 = 167 source: havana
— type: CDS
1676553 > phase: 0
—
1676539 > Attributes:
parent: transcript: ENST00000403710
1676526 > id: CDS:ENSPO0000385917
1676506 >
—
1676491 =

Figure 4. Feature tooltip.
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6.2 VCF Track

The VCF track shows the variants in the corresponding position and if you zoom in enough, the alternative
nucleotide will be shown.

% — A v SEQUENCE vitis_vinifera_iggp_12x_dna_genome_fa_gz
TAAAAAGTAAACTAGGCTCTT TT‘CCA TCACCCTTCACAAGCTGTCT

%X = A Vv VCFvitis_vinifera_incl_consequences_vcf_gz Labels Tooltip

ENSWVIODH14¥4 ENSVWI00111435

Figure 5: VCF track

6.3 BAM Track

The BAM track shows the reads of a BAM file and if the sequence track is active, will also paint the
differences between the read sequence and the sequence track. If you click on the [ As pairs checkbox, if
the BAM has paired reads, the pair will be painted one beside the other.

X = A SEQUENCE vitis_vinifera_iggp_12x_dna_genome.fa_gz
AGGACAATGGTCTTGTGCCCATAGTAGAACCTGAGATTCTTCTTGATGGGGATCACCCAATTGATAGGACACTCGAAGTTGCAGAGAAAGTGTGGTCGGAGGTCTTCT1

X— AV BAM m B Tooltip O As pairs

Figure 6: BAM track

6.4 DNA Fasta Track

The DNA Fasta or sequence track shows the nucleotides and is only shown on low region lengths.

X = A SEQUENCE vitis_vinifera_iggp_12x_dna_genome.fa_gz
TATCGTGATATGGCAGAGTAACAAAGCGTCCATCTTTGAGAATCATACACAATGATGCACTCATTAACTCAAGCTTCAAAAGATCTTCAAACTCCCCCTCAATCTCCATTCTCCAAACATTCCACATAGAATCCCCCAAACCCGAAAGAGAAAGAGAAGAAGTGCTAAAAGAGT!

Figure 7: DNA Fasta Track

6.5 Navigation

Navigation is performed with the mouse, by left-clicking without releasing the button the scroll action will
start, the just move the mouse to move left or right. Also is possible to adjust the region to a feature or gene
by double-clicking on it. Zoom in and Zoom out from the current region is performed using the Zoom
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buttons on the Toolbar, If you zoom out enough, visualization will change and a histogram will show. The
chromosome box can be used to select a new region either clicking or by selecting a new box area using
click and drag.

Chromosome: 1 Size: 23,037,639

T T

1,739,530 Length: 2,220,037 3,959,566

X = A Vv SEQUENCE vitis_vinifera_iggp_12x_dna_genome_fa_gz
Sequence not shown at this region width.

= A Vv GFFvitis_vinifera_iggp_12x_38_gff3_gz Lu

0
10

100
1.000
10.00

R = A v VCFvitis_vinifera_incl_consequences_vcf_gz Lu

0
10

100
1.000
10.00

® = A Vv BAM vitis_vinifera.bam Ll

0
0
0

1.000
10.00

Figure 8. Histogram, the small rectangle on the Chromosome box shows the region painted as a histogram.

It is also possible to find features on the GFF and the VCF track using the Search field in the Toolbar, the
search results will be shown on a panel beside the Toolbar.

Search results: x

GFF homo_sapiens_grch38_92_chr_gff3_gz
gene:ENSG0O0000139618
transcript:ENST00000380152
transcriptENST00000470094
transcriptENSTO0000528762
transcript:ENST00000530893
transcriptENST00000533776
transcript:ENST00000544455

transcript:ENST00000614259
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I Hide Toolbar

Add track EI
- View

Zoom (In, C |:| |i| @
Refresh =

= Navigation

| 1:10676-10748 |
Chr 1 =

< Search

IBRCAZ l

Figure 9: Toolbar

oy Open object as track
A {3 /home/frasator/b2gWorkspace/Genome Browser

Name

| antiguos

| Melon

I problemas

© homo_sapiens_grch38 92 _chr_gff3_gz

@ vitis_vinifera_iggp_12x_38_gff3_gz

@ vitis_vinifera_iggp_12x_dna_genome_fa_gz
 vitis_vinifera_incl_consequences_vcf gz

E naz1 144.chrom20.ILLUMINA.bwa.GIH.low_coverage.20130415.bam
El naz1 144.chrom20.ILLUMINA.bwa.GIH.low_coverage.20130415.bam.bai
[ vitis_vinifera.bam

[ vitis_vinifera.bam.bai

All Compatible Ty 2

Genome Browser

Also, you can add more tracks to the current Genome Browser using the Add track button. A window will
appear the available files that can be opened with a Genome Browser as tracks.

o x
2 |Filter
Size Last Modified
09/05/2018 13:34
17/05/2018 12:34
08/05/2018 16:29
170 MB 17/05/2018 12:12
27 MB 27/04/2018 18:21
206 MB 24/04/2018 12:03
24 MB 24/04/2018 12:02
462 MB 15/05/2018 11:15
176 KB 15/05/2018 11:16
79 MB 11/04/2018 06:17
839 KB 11/05/2018 17:41
| cancel || oOpen

Figure 10: Browse tracks to be added to the Genome Browser
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6.6 Load files

Files must be loaded in order to be shown on the Genome Browser to do that just click on the File menu and
under the Load sub-menu you can load GFF, VCF, DNA Fasta and BAM files.
These files can be loaded in either with .gff or .gz extension.

-
m View Help
Recent Files v
e functonal © genome  tanscript
Open File (.box, .b2g) Ctr+0 |8 Efias SE TS

Close Tab
Export 3 Load Blast Results v
@ Load InterProScan Results
Manage License K
Load Annotations v
Preferences
Load ID-List
Restart @ Load ID-Value-List
Exit [Buls®) Gf Load GTF/GFF2/GFF3 A
(@ Load DNA Fasta
@ Load BAM

Load VCF

@ Load Count Table (expression data)
& Load Pairwise Results

Load Kraken Data
@ Load EggNOG Mapper Annotations

@ Load PfamScan Annotations =
P File M
@ Progress @ e Vanager @ @ Load Metagenomic GO Annotations _

Figure 11: Load Files to see in the browser

A window will appear to select the file to import, use the browse button to select the file from the file system
and finally click on the Load button to start the Load process, the load time depends on the file size.

2 Load GTF/GFF2/GFF3 + X

Load GTF/GFF2/GFF3

GFF File Browse... 9

/home/biobam/gtfexamplecontigs.gtf |

| Default | | Cancel | ﬁ

Figure 12: Browse for GFF file

Once loaded you may save the file, once the file is saved you can visualize it using the Genome Browser.
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O O g ple (] & (] (] i =
& vitis_vinifera_iggp_12x_38 gff3_gz (27 MB)
@ vitis_vinifera_iggp_12x_dna_genome_fa_gz (206 MB)
@ vitis_vinifera_incl_consequences_vcf gz (24 MB)
[#] Homo_sapiens.GRCh38.92.chr.gff3.gz (36 MB)
E] naz1 144.chrom20.ILLUMINA.bwa.GIH.low_coverage.201304
E] NAZ1 144.chrom20.ILLUMINA.bwa.GIH.low_coverage.201304
[E] vitis_vinifera.bam (79 MB)
[E] vitis_vinifera.bam.bai (839 KB)
[E] vitis_vinifera.IGGP_12x.38.gff3.gz (5 MB)
[E] vitis_vinifera.IGGP_12x.dna.genome.fa.gz (135 MB)

[ vitis_vinifera_incl_consequences.vcf.gz (5 MB)

Merge

Open with System Default

Open in System Explorer

E=2 New Folder
# Rename

Copy
Paste

Delete

Genome Browser

[ Details Viewer

F2

Ctrl+C
Ctri+V

Delete

Figure 13: Open the saved file directly with the Genome Browser

Genome Browser can also be opened from a Table view, If you have already a file open in a table, use the
context menu option Show in Genome Browser, by right-clicking on a row, a Genome Browser will be

shown on the region of that feature.

@i Table: vitis_vinifera_iggp_12x_38_gff3_gz[@ Table: homo_sapiens_grch38_92_chr_gff3_gz & I

= seqid | = source | = type | = start
17 biclogical_region 44308601
17 .blolugical_regiun .44308601
17 biclogical_region 44308601
17 .blolagical_regian .44308601
17 .blological_reginn .44314052
17 .blological_reginn .443145‘56
17 .blological_reginn .44316606
17 .Ensembl_havana . ene .44319625
17 .havana
17 .havana
17 'hava.-.a Copy selection to Clipboard (tabular format)
17 havana Copy Content of Column: source to Clipboard
17 .havana exon 44320196

17 havana

CcDs

44320196

Figure 14: Open the Genome Browser fromGFF table
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7 Module Functional Analysis

Content of this section

¢ Quick Start(see page 31)

e Sequences(see page 36)

e BLAST (see page 40)

¢ Gene Ontology Mapping(see page 54)

« Gene Ontology Annotation(see page 58)
« EggNOG Annotation(see page 68)

+ InterProScan Annotation(see page 72)

¢ Gene Ontology Graphs(see page 79)

¢ RFAM(see page 92)

¢ Enrichment Analysis(see page 97)

« Tools (Select, Rename, Search...)(see page 106)

The Functional Analysis Module is a comprehensive bioinformatics tool for functional annotation.

This module uses the Blast2GO methodology to extract the GO terms associated with the obtained hits and
returns an evaluated GO annotation for the query sequence(s). Enzyme codes are obtained by mapping
from equivalent GOs while InterPro motifs are directly queried at the InterProScan web service. GO
annotation can be visualized reconstructing the structure of the Gene Ontology relationships and pathways.

A typical basic use case of the Functional Analysis Module consists of 5 steps: BLASTing, mapping,
annotation, statistical analysis, and visualization. These steps will be explained in the next sections.

®@. ®. 0. 0O,

functional gename transcript meta
analysis analysis omics genomics

(® Blast N |

(® InterProScan 3 |

(® Blast2GO Mapping v

(® Blast2GO Annotation v

# Gene Ontology Graphs v
Coding Potential v
Enrichment Analysis ]
Tools (Select, Rename, Search) b

Figure 1: Functional Analysis menu

Functional Annotation Analysis use case: https://www.biobam.com/whole-genome-functional-annotation-
of-solanum-lycopersicum/.

Functional Analysis Example Dataset: Download®.

4 https://resources.biobam.com/omicsbox/example_data/FunctionalAnalysis.zip
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7.1 Quick Start

1.

This section provides a quick run-through of a basic functional annotation process done within
OmicsBox. More detailed descriptions of the different analysis steps and more advanced features are
described in the remaining sections of this documentation.

Load Data

Go to File Load > Load Sequences > Load Fasta File and select your .fasta file containing the set of
sequences in FASTA format. Alternatively, you can load the example sequences into OmicsBox
choosing File > Load > Load Example Sequences. Please download example files to try and test
OmicsBox: b2g_example_files.zip®

Blast

Click on Functional Analysis (toolbar) > Blast. In the Blast Configuration Dialog (BLAST (see page 31))
select the way in which Blast will be executed (CloudBlast, NCBI Blast or Local Blast), the type of
Blast mode which is appropriate for your sequence type (Blastx for nucleotide and Blastp for protein
data) and the taxonomies you want to blast against. Click Next for the advanced settings and to
choose where to save the Blast results, and click Run to start the Blast search.

Once your BLAST analysis is finished visualize your results at Functional Analysis (toolbar) >
Charts and Statistics > Blast.

On the Main Sequence Table, right-click on a sequence to open the Single Sequence Menu (BLAST(s
ee page 31)). Select Show BLAST Result to the BLAST Browser for that sequence.

/\ Note

If you are running blast using CloudBlast we recommend to run blastx-fast or blastp-fast as it
is faster and fewer computation units will be consumed.

InterProScan

By clicking on the InterPro icon the corresponding Wizard will be shown. If InterProScan is executed
via the EMBL-EBI web service, please provide a valid email address. This is not needed if
InterProScan is run via CloudIPS. It is highly recommended to run IPS in order to improve the quality
of the annotations. Once InterProScan results are retrieved use Merge InterProScan GOs to
Annotation to add GO terms obtained through motifs/domains to the current annotations.
InterProScan can be run in parallel with BLAST.

Mapping

Click on Functional Analysis > Blast2GO Mapping > Run GO Mapping to start mapping GO terms.
Mapped sequences will turn green. Once Mapping is completed visualize your results at Functional
Analysis > Charts and Statistics > Mapping.

Annotation
Click on Functional Analysis > Blast2GO Annotation > Run Annotation to open the Annotation
Configuration Window. Click Next to change the evidence codes and finally click Run to start the
annotation. Annotated sequences will turn blue.
< Once the annotation is completed you are able to visualize your results with Functional
Analysis > Charts and Statistics > Annotation.

5 https://www.blast2go.com/images/b2g_support/b2g_example_files.zip
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7.

11.

« On the Main Sequence Table, right-click on a sequence to open the Single Sequence Menu.
Select Make Graph of GO-Mapping with Anhnotation Score to visualize the annotation on the
GO DAG for that sequence.

« If desired, modify the annotation by clicking with the right mouse button and select Change
Annotation and Description or reducing to a GO-Slim representation Functional Analysis >
Blast2GO Annotation > GO-Slim > Run GO- Slim (online).

» During the annotation process, Enzyme Codes (EC) will be also given when a GO-term/EC
number equivalence is available.

Enrichment Analysis

OmicsBox provides tools for the statistical analysis of GO term frequency differences between two
sets of sequences. Go to Functional Analysis > Enrichment Analysis > Enrichment Analysis
(Fisher's Exact Test) and a new Dialog window will open (Fisher's Exact Test(see page 97)). Select

a .txt file or an ID list containing the sequence IDs for a subset of sequences. A test-set example file
can be downloaded the OmicsBox website. Select the second set of sequences as reference set if
desired. If no reference set is provided all annotations of the corresponding project will be used as the
reference. Click Run to start the analysis. A table containing the results of this analysis will be
displayed in a new tab.

Click on Make Enriched Graph icon to visualize the results of the Fisher’s Test on the GO DAG.
Click on Show Bar Chart to obtain a bar chart representation of GO frequencies.

The results can be reduced to more specific GO terms in the corresponding icon and saved as text
format (Save as Text).

Combined Graph

OmicsBox can visualize the combined annotation for a group of sequences on the GO DAG. Select a
group of sequences to generate their combined graph at Functional Analysis > Tools > Select >
Select Sequences. Now Select by Features and Select by Name or ID. You can use the Demo Test
Set used previously for this. Alternatively, you can select sequences using the sequence check boxes
of the Main Sequence Table. Now go to Functional Analysis > Gene Ontology Graphs > Make
Combined Graph. Now click Run.

Save Results
File > Save saves the current OmicsBox project as .box file.

Export Results

File > Export allows exporting the generated data in many different formats.

File > Export Annotations exports the actual annotation results as .annot file or generate own
formatted annotation file as .txt file.

The enrichment analysis results can be exported in various formats from the Fisher Exact Test Result
Viewer. “Save as Text” exports the results as a tabulator separated text file.

To export GO graphs use the sidebar of the corresponding graph viewer. Graphs can be saved/
exported in .pdf, .png, .svg and .txt.

Project Statistics

Once finished any step or at the beginning, we can obtain a general chart in which it shows the state
of the analysis of the entire data.

We will be able to know the number of sequences that belong to a concrete state (functional
analysis > Charts and Statistics).

The data distribution can be visualized in two different charts, one as a bar chart and the other as a
pie chart (Figures 1 and 2).

These are the different states we are going to find in the charts:
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a. Total: The total amount of sequences in the project (only in the bar chart).

b. Without Analysis: Sequences without processing or have been reset in the BLAST menu
(functional analysis > Blast > Remove Blast Results).

c. With Only InterProScan: Sequences that only have InterProScan and nothing else.

d. Without Blast Hits: Sequences that have been sent to BLAST but no hits have been found.

e. With Blast: Successful sequences after BLAST step or have been reset in the Mapping menu
(functional analysis > Blast2GO Mapping > Remove Mapping).

f. With Mapping: Successful sequences after Mapping step or they have been reset in the
Annotation menu (functional analysis > Blast2GO Annotation > Remove Annotation).

g. With GO Annotation: Successful sequences after Annotation step.

h. With Manual Annotation: Manually annotated sequences before or after executing the
annotation step.

i. With GO-Slim Annotation: Sequences with GO-Slim Annotation.

Each state will have assigned a specific colour.

Data Distribution

#S5Sequences
0 100 200 300 400 500 600 700 800 900 1,000

Total

Without Analysis

With Only InterProScan :|

With Blast (without hits)

With Blast Hits

With Mapping

With GO Annotation :|

With Manual Annotation

With GO-Slim Annotation :|

Figure 1: Data Distribution Bar chart
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GOSlim (27)

Manually Annotated
2)

B2G Annotated (10)

With GO Mapping
(71)

With InterProScan
but not Blasted) (24)

With Blast Hits (599)

Data Distribution Pie Chart

Figure 2: Data Distribution Pie chart

It is also possible to see the progress of the analysis (Figure 3).

From the 1000 sequences, 700 have blast results.
From the chart, it could suggest there are still some analysis to be completed, such as mapping, annotation

and specially InterProScan.
Once all the analysis steps have been executed the Analysis Progress chart should be similar to the one in

Figure 4.

biobam

BIOINFORMATICS SOLUTIONS

Module Functional Analysis

Without Analysis (37)

Blasted without Hits
(230)

34



OmicsBox Documentation Module Functional Analysis

Analysis Progress
Sequences

100 200 300 400 500 600 700 800 900 1,000

=

Total Sequences

With InterProScan

With Blast Hits

With Mapping

With Annotation

Figure 3: Analysis Progress Chart
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Analysis Progress [final_project]

Sequences
100 200 300 400 500 600 700 800 S00 1,000

= O

Total Sequences

With InterProScan

With Blast Hits

With Mapping

With Annotation

Figure 4: Analysis Progress Chart after running all analysis

7.2 Sequences

Content of this page:

» Load sequences from start(see page 36)

¢ Show Sequence(see page 36)

» Sequence Length Statistics(see page 36)

« Add sequences to existing OmicsBox project(see page 36)

To start a new OmicsBox project for the Functional Analysis you just have to load your sequence data from a
file into OmicsBox.

7.2.1 Load sequences from start

At the "File" menu, go to Load > Load Sequences > Load Fasta File and select the file containing your
sequences. The application accepts text files containing one or more DNA or protein sequences in FASTA or
FASTQ format (see below). These files must have the extension .fasta,.fnn,.faa,.fna,.ffn, .txt, .fq or .fastq to
be accepted by the application.
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A sequence in FASTA format begins with a single-line description or header starting with a ">" character. The
rest of the header line is arbitrary but should be informative. Subsequent lines contain the sequence, one
character per residue. Lines can have different lengths. Be sure your file is in this format and avoid strange
characters in the sequence header, such as '&' or '\' and use 'N' to denote in-determinations in the
sequences.

An example of the FASTA format:

>gi|121664|sp|P00435|GSHC BOVIN GLUTATHIONE PEROXIDASE
MCAAQRSAAALAAAAPRTVYAFSARPLAGGEPFNLSSLRGKVLLIENVASLUGTTVRDYTQMND
LQRLGPRGLVVLGFPCNQFGHQENAKNEETILNCLKYVRPGGGF

7.2.2 Show Sequence

Once the sequences have been loaded to OmicsBox, it is possible to see them by right-clicking on the
Sequence Table. The "Single Sequence Menu" (context menu) will appear (figure 1°). This menu provides
some functions for sequences individually, i.e. will apply to the sequence at that position of the Table.
With the sequence viewer, it is possible to copy the sequence to the clipboard.

Show Blast Result

Show InterProScan Result

Show GO Descriptions

Annotate Sequence

Change Annotation and Description

Load Kegg Pathway Map

Make Graph of GO-Mapping-Results with Annotations Score

Figure 1: Context Menu: Show Sequence

6 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=620789839#Sequences-figurel
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{ Welcome Message | @ Sequence Viewer: C02006A04 12

Name: C02006A04
Description
Length: 571 A:158 C151 G134 T:128 GC(%)49.91

0 Paint only background (] GC Content 4] Resiriction sites

10 20 30 40 50 60 TIU 80 20 100 110 120

1 ol
ACAAGTCAAGTCACAACTCACAATAACAAGCGAGGGAAGCARGACCCARAGATGGCAGGCATCARGGTCEACGGTTCTGTTTTCTCAACTGCTACGCAGEGAGTTTTCGEATCCCTCTAL

1 13CTag) 10 150 160 1 180 190 200 20 o 20 240
AGAAGGAGCTICGAATACGAGCTTGTTCCCGTAGACATGAAGGCTGGTGAACACAAAAAGGAGGCCTTCCTTTCTTTGAATCCATTCGGTCAAGTTCCGGTGCTTGAACACGGCGACCA

il Tagl ) 260 m 20 20 30 10 m 30 30 30 30
AAGCTCTTCGAATCAAGGGCAATCACCCAATACATCGCCCAGGAGTTTCCAGACAARGGCACCCAGTTAACATGCCCAGGCAAGCCCATCGCCCCGTTATTGGTATGGAAGGAGGTGGA

3L 37CTag) B Ta 30 40 4 42 430 440 450 460 Hindill ) 480
CACTCCAGTTICGACCCCCCATCATICGAAGCTCAACTGGGAGCTCGTGTACAAGCCAATGTTTGGAATGACCACTGATCCAGCTGCGGTTGAAGARAATGAAGCTARGCTTGCCAAAATT

481 40 500 510 520 530 M0 Tal 550 560 570
TTAGATGTTTACGAGGCCCGTTTGTCTCAGTCCAAATACTTGGCGTGCGACAGCTTCACCTTGGTCGATTTGCATCATCTCCCCAATATTA

Figure 2: Sequence Viewer

7.2.3 Sequence Length Statistics

OmicsBox allows you to visualize the length distribution of your sequences in the arrow next to the "Chart"
icon.

7.2.4 Add sequences to existing OmicsBox project

Use the File Manager context menu to merge into the project. Select two or more project, open the context
menu with a right click on one of the files and select Merge.

In case the loaded project file has only Blast results and no sequence information it is still possible to add the
corresponding sequences to OmicsBox project by clicking on the arrow next to the "Start" icon and select
"Load Sequences". Now two options will be displayed "Create new project” see figure 37 and 4, and "Add to
the existing project”. The "Add to the existing project" option should be selected and in the next page, you
can browse for the fasta file and "Overwrite" option should be selected.

7 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=620789839#Sequences-figure3
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- Load Seq (ExX leSeq ) R

Create or Add

Create a new object or add data to an exsting one.

Create new project
*) Add to the existing project

Existing projects | ExampleSequences

|

| Default | Cancel |

Module Functional Analysis

Figure 3: Load Sequences Dialog: Add sequences to an existing project

~ Load Sequences + X

Load Sequences

€ Irwalid path. You must select a valid file.

Load FASTA formatted sequences.

FASTA File Browse... (g
bl.-:::"’ = |

Sequences Format Sequences (FASTA)

3L:]
:|9

How to Handle Duplicated IDs | Replace

| Default || Cancel |

Figure 4: Load Sequences Dialog: Choose Fasta file

Export FASTA Sequence with Annotation Results

After executing the whole functional annotation of the sequences in OmicsBox (BLAST, Mapping and
Annotation) it is possible to export the sequence in FASTA format with the corresponding sequence
description and GO ID or GO term from File > Export > Export as FASTA.

An example of the Exported FASTA format with Sequence Description and GO IDs:

>C04018C10|mitogen-activated protein kinase 3|G0:0005634;G0:0004707;G0:0005515
acaaacgagagcgtagaaaattaattagagagaaaaagagagagagtaaaatggctgacgtggcgcaggtcaacg
gcgtaggtcaaacggctgattttcctgcggtaccgacgcacggcggtcagtttatacagtacaatatatttggaa
acttgtttgaaatcacggccaagtatcggcctccgatcatgccgattggtcgcggecgegtacgggategtttget
cggtgttgaatacggagacgaatgagctcgttgcgatgaagaaaatagcgaacgcttttgataatcacatggatg
ccaagcgaacgcttcgtgagattaagcttctgcaacatttcgatcatgaaaatgtgatagctgtaaaagatgtgg
ttcccccaccgttacgaagagaattcactgatgtctatattgectgecggaactcatggacactgacctttaccaaa
ttattcgctcaaatcaaagtttatccgaggagcactgccagtatttcttgtatcaacttcttcgaggactcaagt
atatccattcagcaaatgttattcatcgggatttgaagcccagcaatctcttgttaaatgcaaattgtgatttaa
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aaatttgtgattttggtcttgctcgtccaacctcggagaatgagttcatgacagagtatgttgtcacaagatggt
accgagcccctgagttgttattgaactcatctgactacactg

7.3 BLAST

Content of this page:

¢ Run BLAST at the NCBil(see page 41)
¢ Blast Configuration Page(see page 41)
¢ Advanced Page(see page 43)
¢ Save Results Page(see page 43)
¢ Run BLAST using CloudBLAST (see page 43)
¢ Run BLAST Locally(see page 44)
¢ Show BLAST Results(see page 45)
» Statistics(see page 47)
¢ Load BLAST results(see page 49)
* Make Blast Database(see page 50)
¢ Retrieve Blast Top-Hit(see page 51)
¢ Retrieve Blat Top-Hit(see page 52)
¢ Other BLAST Functions(see page 53)

OmicsBox uses the Basic Local Alignment Search Tool (BLAST) to find sequences similar to your query set.

Please, refer to http://www.ncbi.nim.nih.gov/BLASTfor details on the BLAST function. Figure 28, show the

BLAST Configuration Dialog Window that controls the BLAST step.

BLAST in OmicsBox can basically be performed in three different fashions:

1. CloudBlast. This is a cloud-based OmicsBox Community Resource for massive sequence alignment

tasks. It allows you to execute standard NCBI Blast+ searches directly from within OmicsBox in a
dedicated computing cloud. CloudBlast is a high-performance, secure and cost-optimized solution for
your analysis. This is a blast service totally independent from the NCBI servers to provide fast and
reliable sequence alignments. Please see Run Blast using CloudBLAST section for more information.
. QBlast@NCBI. NCBI offers a public service that allows searching molecular sequence databases with
the BLAST algorithm. The main advantages of making use of this service are its versatility and that no
database maintenance is required. Therefore by selecting this option at OmicsBox no additional
installations have to be done.

. Local BLAST against its own database. It is possible to use BLAST+ executable to query a local/own
database. At https://www.blast2go.com/make-own-database-and-blast and at the Make Blast Database®
section one can see how to prepare and blast locally an own fasta database.

QBlast at NCBI is the only feature available for OmicsBox Basic users.

8 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598114359#BLAST-figure2
9 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598114359#BLAST-MakeBlastDatabase
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The next figure shows the menu manner to select between NCBI-, local- BLAST as well as CloudBlast, AWS
Blast or blasting against an own database.

~ Run Blast (ExampleSequences) + X

Blast Options

* CloudBlast

CloudBlast is a cloud-based OmicsBox Community Resource for massive sequence
alignment tasks. It allows you to execute standard NCBI Blast+ searches directly from
within OmicsBox in our dedicated computing cloud. This is a high-perfermance, secure
and cost-optimized solution for your analysis. Check your available ComputationUnits
under Menu => View => Cloud Usage.

Current Computation Unit balance: 5,889,662

NCEI Blast

:_) N C B I Use the public NCBI Blast service (QBlast) to blast your sequences against public
- databases. Performance and results depend on the NCBI Blast web service.

Local Blast

Use NCBI blast+ software to perform Blast searches locally on your PC against a lecal
/ database. Use an own, formatted database or download a pre-formatted sequences
database from the NCBI {ftp.nchi.nlm.nih.gov/blast/db). Simply select the database you

want to blast against and run your blast searches locally.

| Default | Bac ‘ Cancel |

Figure 1: Select between NCBI, Local or CloudBlast

7.3.1 Run BLAST at the NCBI

Here, the user can specify the following parameters, which are divided into three different sections: Blast
Configuration in figure 219, Advanced in figure 3! and Save Results Page figure 42

7.3.1.1 Blast Configuration Page

< Your e-mail address in case you are using the NCBI BLAST web service.
e BLAST program: The algorithm you want to use:
« blastp - Compares an amino acid query sequence against a protein sequence database.
« blastn (-task blastn) - Compares a nucleotide query sequence against a nucleotide sequence
database.
 blastx - Compares a nucleotide query sequence translated in all reading frames against a
protein sequence database. Used to find potential translation products of an unknown
nucleotide sequence
« tblastn - Compares a protein query sequence against a nucleotide sequence database
dynamically translated in all reading frames.
* blastx-fast
* blastp-fast
« blastp-short
 blastn (-task megablast)

10 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598114359#BLAST-figure2
11 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598114359#BLAST-figure3
12 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598114359#BLAST-figure4
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* blastn (-task dc-megablast)
* blastn-short
* tblastn-fast

« BLAST DB: The name of the database to search in (eg. nr, swissprot, pdb). To see a list of possible
DBs at NCBI seehttp://data.biobam.com/ncbi_blast_dbs_protein.pdf

» Taxonomy Filter: Search for Blast results only in the selected taxonomy.

* BLAST expect value: The statistical significance threshold for reporting matches against database
sequences. If the statistical significance ascribed to a match is greater than the EXPECT threshold,
the match will not be reported. Lower EXPECT thresholds are more stringent, leading to fewer chance
matches being reported. Increasing the threshold shows less stringent matches.

¢ Number of BLAST hits: The number of alignments you want to achieve (0-100).

BLAST Description Annotator: The BDA finds the best possible description for a new sequence based on a
given BLAST result.

> Run Blast at the NCBI (ExampleSequences) + X

Blast Configuration

Note:

Via this function you communicate directly with the NCBI BLAST service. Please use this service ina
responsible fashion, identify yourself providing your email address and do not run Blast searches in parallel.
Any issues regarding the performance or obtained results depend on the NCBI BLAST.

Questions regarding the NCBI BLAST service can be send to:
blast-help@ncbi.nim.nih.gov

Email Ijgmierrez@biobam.com | 2]
Blast Program | blastx-fast - @
Blast DB [nr |~@
Taxenomy Filter Ivas[u\arplams{(axa:SEDZB‘Tracheuphﬂa] 54 (2]
Blast Expectation Value (E-Value) | 1.0E5 1@
Number of Blast Hits 20 e
Blast Description Annotator (&4 Q

| ot || <sack [N [ concel |

Figure 2: Blast Configuration Page

A Run Blast at the NCBI (ExampleSequences) + X

Advanced Configuration

Blast Parameters

Word Size 6 |:| 9

Q
(]

Low Complexity Filter

Filter Options

HSP Length Cutoff [ [:] @
HSP-Hit Coverage o [:] @
Filter by Description [ o fitter | Q

e | I o | |

Figure 3: Advanced Page
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3 Run Blast at the NCBI (ExampleSequences) +
Save Results

(@ The folder already exists and possible existing file(s) will be overwritten.

L2 =4 Browse..| @
i 1

B
| ihomerbiobam

| Default | <Back | Cancel | { Run

Figure 4: Save Results Page

7.3.1.2 Advanced Page

* Blast Parameters:

« Word size: One of the important parameters governing the sensitivity of BLAST searches is the
length of the initial words. The word size is adjustable in blastn and can be reduced from the
default value to increase sensitivity. This word size can also be increased to increase the
search speed and limit the number of database hits.

* Low complexity filter: The BLAST programs employ the SEG algorithm to filter low complexity
regions from proteins before executing a database search. The default is ON.

« Filter Options:

« HSP length cutoff: A Cutoff value for the minimal length of the first hsp of a balst hit, used to
exclude hits with only small local alignments from the BLAST result. The given length
corresponds to amino-acids or nucleotides depending on the type of performed BLAST.

e HSP-Hit Coverage

« Filter by description: Filter-out Blast hits by a description

7.3.1.3 Save Results Page

The results of the BLAST queries can also be directly saved to a file in different formats by selecting the
corresponding checkboxes at the BLAST Save Results Page. If the chosen file already exists, upcoming
results will be appended. Choose a format type to additionally save your BLAST results.

XML2: This is a new BLAST result provided by NCBI and can also be loaded into OmicsBox.

« XML: It is recommended to save your BLAST results as XML as this format is supported by the
OmicsBox Load BLAST Results function.

TXT: It saves the blast results of each sequence in text file format.

e HTML: For each sequence, a file in HTML format will be saved.

7.3.2 Run BLAST using CloudBLAST

CloudBlast offers a highly optimized, self-sustained HPC solution to address a very specific need of the Omic
sBox community.
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CloudBlast is a BLAST service totally independent from the NCBI servers to provide fast and reliable
sequence alignments. It consists of a high performance computing cluster dedicated exclusively to Blast
searches.

All OmicsBox subscriptions include "ComputationUnits" to make use of this resource and allows you to
perform blast searches for tens of thousands of sequences within a few days against a large collection of
protein databases. Each sequence alignment performed in the system consumes a certain amount of
computation time depending on the sequence length and the blast algorithm (blastx, blastp) and parameters
used. The smaller the database you blast against the more sequences you can analyse with 6.000.000
ComputationUnits (see Cloud Usage in the View Menu section to know how to monitor the
ComputationUnits). This means that e.g. if you blast against the vertebrate NR-subset you would be able to
blast approx. one million (1.000.000) sequences. If you decide to blast against the NR database, the largest
protein database available, it should allow you to blast approx. 80.000 sequences (with an average length of
800nt per sequence).

For the advanced and save parameters page please see Advanced Page®® and Save Results Page'*
sections for detailed information.

> Run Blast using CloudBlast (ExampleSequences) + X

CloudBlast Configuration

Perform your NCBI blast+ searches via CloudBlast, an OmicsBox community resource for fast and secure
sequences alignments making use of OmicsBox dedicated cloud system.

Blast Program | blastx-fast = (7]
Query Database a
Blast DB INon—redundant protein sequences (nr_v5) s I (7]

Tip: By selecting the taxonomies of your interest (group of species, domain or kingdom) like e.g. Viridiplantae
or Fungi you will obtain faster Blast results, consume less of your Cloud Computation Units and increase the
specificity of your functional annotations.

i | Add
Species > || | @

6239 Caenorhabditis elegans

Filter option | Blast against a subset of taxonomies = (7]

| Default | | < Back | ext> | Cancel | Run

Figure 5: CloudBlast Configuration Page

7.3.3 Run BLAST Locally

With Local BLAST you can blast the sequences against own database. OmicsBox allows creating a Blast
database from a FASTA file with the option "Make Blast Database" (see Make Blast Database!® section).

13 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598114359#BLAST-AdvancedPage
14 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598114359#BLAST-SaveResultsPage
15 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598114359#BLAST-MakeBlastDatabase
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Download and format your database and choose the corresponding folder to see figure 61, Databases have
to be formatted for NCBI Blast+.

The main parameters in the Local BLAST Configuration page are very similar to the ones in NCBI and
CloudBlast. The main difference is when choosing the database as OmicsBox is expecting a .pal file or .p*.
On the Advanced Page at the "Run Parameters," it is possible to select the number of threads to be used.
This field has not to be set up as OmicsBox detects the number of threads in the computer. The Advanced
Pagel’ section provides a detailed description of each parameter. As in CloudBlast, the BLAST results will be
saved in XML file format.

v Run Blast Locally (NCBI Blast+ against Local Database) (ExampleSequences) + X

Local Blast Configuration

Use NCEI blast+ to perform Blast searches locally on your PC against a local database. Download a pre-
formatted database from the NCBI at https:/ftp.ncbi.nlm.nih.gov/blast/db/ or use an own formatted database.

Blast Program | blastx-fast = (7]

Tip: To create a Blast database from a FASTA file please use the "Make Blast Database” option from the
"Blast" menu.

Formatted Blast Database Browse... 6

| thomerbioba m/Desktop/blastdatabase.fa |

Blast Expectation Value (E-Value) | 1.0E-3 = (7]
Number of Blast Hits 20 :| (7]
Blast Description Annotator v (7]

Default | | < Back | MNext > | Cancel |

Figure 6: Local Blast Configuration Page

7.3.4 Show BLAST Results

As the BLAST search progresses, sequences with successful BLAST results change their color on the Main
Sequence Table from white to orange and the BLAST result related columns will be filled. In case no results
could be retrieved for a given sequence, this row will turn dark-red.

With a mouse the right click on a sequence, the Single Sequence Menu will be displayed and it is possible to
see the BLAST results for each sequence individually. Show BLAST Results (figure 718) will generate a tab in
the Results containing information on the results of the similarity search of the selected sequence. For each
of the obtained hits, the following information is given: Hit id and definition Gene name assigned to the hit by
its accession e-value of the alignment Alignment length of the longest hsp Positive matches of the longest
hsp Hsp similarity of hit: Number of hsps mapped GO-Terms with its evidence code UniProt codes of the hit
sequences.

16 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598114359#BLAST-figure6
17 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598114359#BLAST-AdvancedPage
18 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598114359#BLAST-figure7
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Show Sequence
Show Blast Result

Module Functional Analysis

Show InterProScan Result
Show GO Descriptions
Annotate Sequence
Change Annotation and Description
Load Kegg Pathway Map
Draw Graph of GO-Mapping with Annotation Score

QueryName:  C02006A04

Databs
Leng Evalue et 0,001
Program: BLASTX 2231+ Filers: u
* Sequences Producing Significant Alignments Scientific Taxonomy
1 i Le gl
Gi[567903570) ref XP_006£44273.1 |
gi[5575465351gb |ESRS7513.1| RS,
2
gil568852489) ref [ XP_006479908.1 | Curussinenss
. i L
gil6418685311 g5 1KDOB7315.1 |
| 8
2 Bruguiera gymnerhiza
4113291308941 go | AEB77871.11 guiera gy
1-Phl . Bruguiera gymnerhiza
4113291308981 g |AEBT7872.1] S0
1  10024356mg.
4 gilSE7903566 | ref | XP 0062442721 | Gitrus clementina

gilS57546534] gb | ESRE7512.1

5 5
gil255582146 rf XP_002531868.1 |
i g5t

Ricinus communis

11223528476 go | EEF30505.1|

1
i Citrus sinensis:
gil6418686331 gb | KDOS7317.1|

glutathione S-transferase F4 [Populus euphratical
gil10414962521 gb| ANO39927.1

Popuuz euphratica

1
Gil743931676 ref XP_011010221.1 | Fopulus euprresis

1 1 family
gilS6615170] ref | XP_00E386753.1 |

Figure 7: Show BLAST Results
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Figure 8: Individual BLAST Result Table View
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7.3.5 Statistics

Different BLAST statistics charts (Figure figure 111°, figure 12°2 and figure 132%) can be generated for a
global visualization of the results. These charts provide a general view of the similarity of the query set with
the selected databases and can be used to choose cut-off levels for the e-value, similarity and annotation
threshold parameters at the annotation step.

Additionally, a BLAST hit species distribution chart is available. To generate the BLAST Statistics charts just
go to the arrow next to the "Chart" icon and select the statistics to be displayed (see figure 10).

w7 Blast Statistics (ExampleSequences) + X

Blast Statistics

E-Value Distribution

©

Similarity Distribution
Species Distribution

Top-Hit Species Distribution

©

Hit Distribution

g

HSP Distribution

Q

HSP/Seq Distribution

©

00 00O OO

HSP/Hit Coverage Distribution

Q

| Defaut || <Back | ext | Cancel |

Figure 10: Blast Statistics

< E-Value Distribution: This chart plots the distribution of E-values for all selected BLAST hits. It is useful
to evaluate the success of the alignment for a given sequence database and help to adjust the E-
Value cutoff in the annotation step.

« Similarity Distribution: This chart displays the distribution of all calculated sequence similarities
(percentages), shows the overall performance of the alignments and helps to adjust the annotation
score in the annotation step.

« Species Distribution: This chart gives a listing of the different species to which most sequences were
aligned during the BLAST step.

« Top-Hit Species Distribution: Bar chart showing the species distribution of all Top-Blast hits.

« Hit Distribution: This chart shows a distribution of the number of hits for the blasted sequences in a
data-set.

« Hsp Distribution: This bar chart shows the distribution of hsps per hit.

« Hsp/Seq Distribution: This chart shows a distribution of percentages which represents the coverage
between the hsps and their corresponding sequences.

19 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598114359#BLAST-figure10
20 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598114359#BLAST-figure1l
21 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598114359#BLAST-figure12
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» Hsp/Hit Distribution: Same as above but for hits instead of sequences.

Sequence similarity distribution

600 {:
5001
4001

300 |

Hits

200 {

100 {:

0 10 20 30 40 50 B0 70 80 90 100
#positives/alignment-length

Figure 11: Similarity Distribution
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Lycopersicon esculentum
Triticum aestivum
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” Danio rerio
Capsicum annuum

alu
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Hordeum vulgare
Brassica napus
Brassica rapa
Fragaria x
others

Figure 12: Species Distribution
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Figure 13: E-Value Distribution

7.3.6 Load BLAST results

If a BLAST result is already available in XML format, it can be directly loaded into OmicsBox by using Load >
Load Blast Results in the File menu. You can choose here to import the Blast results as XML file or the new
XML2/JSON format. These new formats can be loaded as Zip file.

In the Load Blast Results dialog a whole directory containing a collection of BLAST XML files or a single XML
file can be selected Figure 14. The BLAST results will be added to your current OmicsBox session.
OmicsBox also allows the input of TimeLogic DeCypher Blast results.

~ Load Blast XML2/JSON/Zip Results (ExampleSequences) + X

Load Blast Results

Load Blast results that have been created with -outfmt 13,14,15 or 16.
14 is the default and recommended option.

Blast XML/Zip Results Add Files | | Select Folder| (g

fhome/bicbam/blastResult_original.xml

Filter by Description |Noﬁ\ter | (2]
Number of Blast Hits |20 :I (7]
HSP Length Cutoff 23 Je
Handling of duplicated ids lRep\ace Duplicated Ids - ] 0

I Default I I <Back ” Next> | [ Cancel I ﬁ

Figure 14: Load / Import Blast Results
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7.3.7 Make Blast Database

This option allows creating a BLAST database from the sequence of any OmicsBox project or from a FASTA
file (figure 15%2). This option can be found in the arrow next to the blast icon.

Module Functional Analysis

Current project: OmicsBox will use the loaded sequences to create the Blast database. Note: If the
resulting database will be used for further GO mapping a proper ID and description line with "GO

mappable" information are needed.

FASTA file: This option allows choosing own FASTA file. The FASTA file has to be correctly formatted

for NCBI Blast+.

Output Folder: Select the directory where to save the created Blast database.
Blast Database Name: Provide a name for the Blast database

Taxonomy Options:

e Taxonomy ID: Introduce the NCBI species ID
« Mapping file: If the sequences come from different species, it is possible to generate a text file
with the sequence names and its species id to map to the corresponding sequence in the

FASTA file.

Example:
TR|AGAG22PMT6 | ERYGU
TR|AGAG22PMUO | ERYGU
TR|AGAO59BJI72 | EUCGR
TR|AGAO59BJI72 | EUCGR
TR|AGAG61FDU3 | THECC
TR|AGAG67DJ79|CITSI

4155
4155
71139
71139
3641
2711

& Visit the following tutorial?® for more information on how to create the Taxonomy ID file.

22 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598114359#BLAST-figure14
23 https://www.biobam.com/taxonomic-mapping-file-make-blast-database-within-omicsbox/
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b Make Blast Database (ExampleSequences) +

Make Blast Database Configuration

Select whether to use the currently selected OmicsBox project, or external FASTA files, to create the BLAST
database.

Current Project

) FASTAFile(s)

Input FASTA File(s) ,Add F”ES”SE\E(IFDMEI’I e

/home/biobam/Desktop/final.contigs.fa

Qutput Folder Browse...| (@

| ihome/biobam/Documents |

Blast Database Name | Blastpatabase | (]

*) Taxonomy ID

Input Sequences Taxonomy ID | 155978 | 9

Mapping File

Defaut || Cancel | Run

Figure 15: Make Blast Database

7.3.8 Retrieve Blast Top-Hit

This feature allows retrieving the sequence information of Top Blast Hits in an OmicsBox project. Data can
be obtained from the NCBI, Ensembl or Uniprot web services and stored in a new project or replace the
existing IDs/sequences (see figure 16). A possible use case scenario would be a so-called "Double-Blast":
The blast results of a first run are used to replace the sequence data for a second run against a different set
of query sequences. Imagine an RNA-seq data-set with a high percentage of sequences without any
alignments against a protein database (e.g. blastx against NR). This feature could be used to select and
extract the sequences without hits (red ones) into a new project. These sequences could be basted first
against a set of EST sequences. The initial unaligned sequences are now replaced with the ESTs. Now the
initial blastx search is repeated again the protein.

For each Top-Hit (first significant alignment from an already performed BLAST), apply the filters (bottom part
of the dialog) and search them in the corresponding database (online).

It is possible to either replace the sequence from your data-set or to extract them into a new data-set (Action
option). You can also decide whether you want to keep the original sequence names or if you want to
rename them to the downloaded sequences names. The latter will add a small note to the sequence
description, telling you the original name.
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The last remaining option allows you to decide whether you want to replace your sequences with the
downloaded ones or if you just want to retrieve their names. This option is activated by default.

- Retrieve Blast Top-Hit (vmb_proteins) + X

Retrieve Blast Top-Hit

This tool retrieves the Blast Top Hit for every sequence. Currently we search NCBI, Uniprot and Ensembl.

Please be aware that a nucleotide sequence will be replaced by an amino acid sequence if the Top-Hitwas
obtained with the BlastX program.

Action | Replace in Current Project = (2]
Sequence Name | Keep Original Sequence Names = (7]
Replace Query With Top-Hit [l (7]

These filter settings depend on your data-set and your goal. To get a better idea, open a Blast result (right-
click sequence) and check the corresponding values for the first significant alignment.

Filters Applied to Top-Hit

E-Value Filter |1.0e-3 @
Similarity Filter |55 3| (7]
Hsp/Hit Coverage Filter |[J :| (7]
Hsp/Query Coverage Filter |[J =l 7]

| Default | | Cancel | i

Figure 16: Retrieve Blast Top-Hit Dialog.

7.3.9 Retrieve Blat Top-Hit

This tool is very similar to "Retrieve Blast Top-Hit" explained above, but it employs BLAT?* instead (figure
17). The dialog is therefore quite similar and the first 3 options are identical. BLAT needs a reference FASTA
file which it uses to search for similar sequences. The last 2 options allow you to filter by similarity and if
BLAT should consider the reverse strand.

24 https://www.ncbi.nIm.nih.gov/pmc/articles/PMC187518/
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- Retrieve Blat Top-Hit (vmb_proteins) + X

Retrieve Blat Top-Hit

This tool creates a Blat database with a reference FASTA file and then finds similar sequences from your

data-set.

Action | Replace in Current Project = (7]
Sequence Name | Keep Original Sequence Names = (2]
Replace Query With Top-Hit v (7]
Reference Fasta Browse...| @

| /home/biobam/Desktop/final.contigs.fa |

Similarity (%) E5

oK)

Check for Reverse Strand [ 9

_%}m Note: This function makes use of BLAT by Jim Kent. Commercial users require a
license from Kent Informatics.

KENT INFORMATICS, INC.
Use Kent Informatics' BLAT for faster and more accurate sequence mapping
and to locate your element within a reference genome. BLAT is free for
academic and non-profit researchers. Commercial users must purchase a
separate BLAT license to access this feature. See www.kentinformatics.com for
information.

| Default | Cancel |

Figure 17: Retrieve Blat Top-Hit Dialog.

This tool can be useful after running Prokaryotic Gene Finding, in order to replace the sequence names
retrieved from Glimmer by the top-hit from a reference fasta. For further details, click here?®.

7.3.10 Other BLAST Functions

* Remove Blast Results: This option will remove the BLAST results from the selected sequences.

* Run Blast-Descriptor-Annotator (BDA): This will run the BDA algorithm. For further details, please see
Blast Configuration Page section.

< Recover original Best-Blast-Hit Description: When this option is executed the sequence description
column on the Main Sequence Table will contain the top blast hit description and not the one from the
BDA.

25 https://www.biobam.com/change-genefinding-sequence-name/
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7.4

Gene Ontology Mapping

Content of this page:

¢ General(see page 54)

Show Individual Mapping Results(see page 54)
Statistics(see page 54)

¢ Export Mapping Results(see page 54)

7.4.1 General

Mapping is the process of retrieving GO terms associated with the Hits obtained by the BLAST search.
OmicsBox performs four different mappings steps:

1.

BLAST result accessions are used to retrieve gene names or symbols making use of two mapping
files provided by the NCBI (gene_info, gene2accession). Identified gene names are then searched in
the species-specific entries of the gene-product table of the GO database.

GeneBank identifiers (gi), the primary blast Hit ids, are used to retrieve UniProt IDs making use of a
mapping file from PIR (Non-redundant Reference Protein Database) including PSD, UniProt, Swiss-
Prot, TTEMBL, RefSeq, GenPept and PDB.

Accessions are searched directly in the dbxref table of the GO database.

BLAST result accessions are searched directly in the gene-product table of the GO database.

(® Run Mapping  #M
* Remove Mapping

Figure 1: Mapping options

Run Mapping. Mapping will start.
Remove Mapping. Delete Mapping results for the selected sequences.

The mapping step needs protein ids to run. Make sure you ran blast against a protein database.
blastx - if one has nucleotide sequences
blastp - if one has protein sequences

7.4.2 Show Individual Mapping Results

For each sequence, it is possible to see the mapping results individually.
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(@ Welcome Message | [ Table: C02006402 5%

Nr

Show Mapping Results. A new table will be displayed (see figure 3%6). The resulting table shows the
GO mapping results for a particular sequence. See Table section to manipulate/extract the results
from this table.
Show GO Descriptions. GO ID, description, type, and definition are given for all GO terms associated
with the selected sequence. The GO ID is linked to the AmiGO browser at the Gene Ontology site
while the show option displays the DAG representation of the GO term.
Annotate Sequence. This function allows changing annotation parameters for the selected sequence
and re-running automatic annotation.
Change Annotation and Description. This function edits the annotation of the selected and allows
typing and deleting of annotation or sequence description. A manual annotation check-box (see figure
5 in Gene Ontology Annotation section(see page 55)) is available for marking sequences with manual
annotation. The sequence will get the pink label on the Main Sequence Table.
Make Graph of GO-Mapping-Results with Annotation Score. Displays a DAG with all GO terms related
to one sequence. Shows all the GOs from the mapping step as well as final annotations (highlighted).
The wizard (figure 427 allows filtering the hits which will be taken into account (see Gene Ontology
Graphs(see page 79) section for more details about visualization in OmicsBox)

a. Hit Filter. Nodes can be filtered out by a number of hits: only nodes with more than a given

number of BLAST-Hits will be shown in the graph.
b. HSP-Hit Coverage CutOff: Includes only those hits which are overage with the HSP for a given
percentage.

Show Sequence
Show Blast Result
Show InterProScan Result

Show Mapping Result

Show GO Descriptions
Copy Sequence Names to Clipboard

Change Annoctation and Description

&) Make Graph of GO-Mapping-Results with Annotations Score
@ Extract Selection to New Tab

Create |D List of Column: SegName
Create |D-Value-List of: SeqName and: v

@ Create Distribution Chart of Column: SeqName

Figure 2: Show Mapping Results

Gl Acc Gene Name Taxa Id Xref Xref Db co EC

550318793
557556363
802541382
567922264
802541377
728824570
728824570
641813127
550318802
641813123
643740153
802541382

POPTR 00185147609
CICLE v10008136mg
Jcez 17446

CICLE v10008136mg
Jcez 17446

F363 32568

F363 32568
CISIN_1g015075mg
POPTR 00185148509
CISIN_1g015075mg
Jcez 17446

Jc6z 17446

3694 USFIKS
85681 Vaup?

180498 ADADBTLNZO
85681 VAUOLS

180498 ADADBTLNZO
20723 AOAOBOMUTS
20723 AOAOBOMUTS
2711 ADAOBTDIX3
3694 USFGEO

2711 AOAOBTDFV2
180498 ADAOBTLNZO
180438 ADADBTLNZO

UniProtks
UniProtks
UniProtks
UniProtkB
UniProtks
UniProtks
UniProtks
UniProtkB
UniProtks
UniProtks
UniProtks

UniProtks

G0:0055085
G0:0016021
G0:0055085
G0:0016021
G0:0016020
G0:0016020
G0:0022857
G0:0016021
G0:0016020
G0:0016020
G0:0016020
G0:0022857

Figure 3: Mapping Results for sequence C02006A02

A
A
A
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A
A
A
EA
A
A
A
EA

26 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598114410#GeneOntologyMapping-figure3
27 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598114410#GeneOntologyMapping-figure4
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i Draw Graph of GO-Mapping-Results with Annotations Score + X

Graph Drawing Configuration

Generate a Gene Ontology graphs which allows you to review the annotation process of a single
sequence.

Graph Title I(E.li)—l\u"l.ﬂ:)ping Graph of Sequence 1 | (7]
GO Categories IEiiological Process,Molecular Function,Cellular Compc”;l (7]
E-Value-Hit-Filter [1 l 2]
HSP-Hit Coverage CutOff 0 :| 2]

| Default I Cancel |i Run i

Figure 4: Single Graph Drawing Configuration

7.4.3 Statistics

If a BLAST result is successfully mapped to one or several GO terms, these will be shown in the GOs column
of the Main Sequence Table and this sequence row will turn light-green. Assigned GOs can be reviewed in
the BLAST results Table (see Show BLAST Results(see page 45) section and BLAST figure 8(see page 46) of that
section).

Three different charts are available to summarise the mapping step:

* GO Mapping Distribution: Shows the distribution of the amount of Gene Ontology candidate terms
assigned to each sequence during the GO Mapping step.

« EC Distribution for Blast Hits (figure 528): Evidence Codes associated to the obtained GO pool

« EC Distribution for Sequences (figure 62°): This chart shows the distribution of GO evidence codes for
the functional terms obtained during the mapping step. It gives an idea about how many annotations
derive from automatic/computational annotations or manually curated ones.

« DB Resources of Mapping (figure 73%): This chart gives the distribution of the number of annotations
(GO-terms) retrieved from the different source databases e.g. UniProt, PDB, TAIR etc.

A Commonly IEA (electronic annotation) is overwhelmed in the mapping results. However, the
contribution of this (and other) type of annotation to the finally assigned annotation to the query set
can be modulated at the annotation step.

Mapping Statistics Graphs:

28 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598114410#GeneOntologyMapping-figure5
29 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598114410#GeneOntologyMapping-figure6
30 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598114410#GeneOntologyMapping-figure7
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Evidence code distribution for BLAST Hits
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Figure 5: Evidence Code Distribution of BLAST hits

Evidence code distribution for sequences
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Figure 6: Evidence Code Distribution for sequences
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Figure 7: DB Resources of Mapping
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7.4.4 Export Mapping Results

A tab separator text file can be exported with the corresponding mapping results (File > Export > Export
Mapping Results).

7.5 Gene Ontology Annotation

Content of this page:

« Annotation Rule(see page 58)
« Individual Annotation Results(see page 62)
» Statistics(see page 63)
« Annotate GOs from Blast Descriptions(see page 64)
« Exporting Annotation(see page 64)
¢ GO-Slim(see page 66)
* Enzyme Code(see page 66)
» Statistics(see page 66)
« Load Annotation Results (.annot)(see page 67)
« Other Annotation Functions(see page 68)

7.5.1 Annotation Rule

This is the process of selecting GO terms from the GO pool obtained by the Mapping step and assigning
them to the query sequences. In the current OmicsBox version, this is the core type of functional annotation.

GO annotation is carried out by applying an annotation rule (AR) on the found ontology terms. The rule
seeks to find the most specific annotations with a certain level of reliability. This process is adjustable in
specificity and stringency.

For each candidate GO an annotation score (AS) is computed. The AS is composed of two additive terms.

The first, direct term (DT), represents the highest hit similarity of this GO weighted by a factor corresponding
to its EC.

The second term (AT) of the AS provides the possibility of abstraction. This is defined as an annotation to a
parent node when several child nodes are present in the GO candidate collection. This term multiplies the
number of total GOs unified at the node by a user-defined GO weight factor that controls the possibility and
strength of abstraction. When GO weight is set to 0, no abstraction is done.

Finally, the AR selects the lowest term per branch that lies over a user-defined threshold. DT, AT and the AR
terms are defined as given in figure 13%.

31 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598179910#GeneOntologyAnnotation-figurel
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DT = max(similarityx EC, ., )
AT = (#GO-1)xGO,
AR :lowest.node(AS(DT + AT)) > threshold

Figure 1: OmicsBox Annotation Rule

To better understand how the annotation score works, the following reasoning can be done: When EC-weight
is set to 1 for all ECs (no EC influence) and GO-weight equals zero (no abstraction), then the annotation
score equals the maximum similarity value of the hits that have that GO term and the sequence will be
annotated with that GO term if that score is above the given threshold provided. The situation when EC-
weights are lower than 1 means that higher similarities are required to reach the threshold. If the GO-weight
is different to O this means that the possibility is enabled that a parent node will reach the threshold while its
various children nodes would not.

The annotation rule provides a general framework for annotation. The actual way annotation occurs depends
on how the different parameters at the AS are set. These can be adjusted in the Annotation Configuration
Dialog (figure 2%2) and in the Evidence Code Weight Configuration Dialog (figure 3%3).

1. Annotation Cut-Off (threshold).The annotation rule selects the lowest term per branch that lies over
this threshold (default=55).

2. GO-Weight. This is the weight given to the contribution of mapped children terms to the annotation of
a parent term (default=>5).

3. Filter GO by taxonomy: The filter will remove the Gene Ontology terms known not to be in the given
taxonomy using the restrictions defined by Gene Ontology. You can select one of the given options or
simply write a taxonomy id.

4. E-Value-Hit-Filter. This value can be understood as a pre-filter: only GO terms obtained from hits with
a greater e-value than given will be used for annotation and/or shown in a generated graph
(default=1.0E-6).

5. Hsp-HitCoverage CutOff. Sets the minimum needed coverage between a Hit and his HSP. For
example, a value of 80 would mean that the aligned HSP must cover at least 80% of the longitude of
its Hit. Only annotations from Hit fulfilling this criterion will be considered for annotation transference.

6. Hit Filter. This option allows you to consider only the first N hits during annotation. This option is
correlative with "Only hits with GOs" feature.

7. Only hits with GOs. This option together with the "Hit Filter" option allows to apply it only on hits that
have a GO term candidate.

8. EC-Weight. EC code weights can be modified at the following pages of the Run Annotation dialogue
by clicking Next. Note that in case of influence by evidence codes is not wanted, you can set them all
at 1. Alternatively, when you want to exclude GO annotations of a certain EC (for example IEAS), you
can set this EC weight at 0.

32 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598179910#GeneOntologyAnnotation-figure2
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b Run Annotation (tomato_annot) + X
A Config
Annotation CutOff [ E| (2]
GO Weight [5 ke
Filter GO by Taxenomy [No Filter | v I (7]
Blast Filters
E-Value-Hit-Filter |1.0e6 :e
HSP-Hit Coverage CutOff IO M (7]
Hit Flter [s00 ke
Only hits with GOs (] (7]

I Default II < Back I-[ Cancel H Run

Figure 2: Annotation Configuration
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- Run Annotation (tomate_annot) + %

Evidence Code Weights

Computational Analysis Evidence Codes

IS5 |0.s ‘ %]
150 08 | @
ISA |o.a ‘ %]
1SM [os | @
16C [07 | @
IBA |0.a ‘ %]
1BD o8 | @
IR [0s | @
IRD [o7 | @
RCA [08 | @

Experimental Evidence Codes

DA [ | @
P |1 ‘ [}
mMP [ | @
161 [ | @
1P [+ | @
EXP [ | @

Default H <Back ‘-I Cancel H Run J

~/ Run Annotation (tomato_annot) + X

Evidence Code Weights

Author Statement Evidence Codes

TAS [0s | @

NAS |0.s ‘ %]

Curator Statement Evidence Codes

1c [os | @
ND 05 | @
Automatically-Assigned Evidence Codes

IEA [07 | @

Obsolete Evidence Codes

MR [0 | @

Please Cite:

- Gotz S, Garcia-Gomez JM, Terol |, Williams TD., Nagaraj SH., Nueda MJ., Rables M. Talon M, Dopazo). [
and Conesa A. (2008). High-throughput functional annotation and data mining with the Blast2GO suite.

Nudleic acids research, 36(10), 3420-35.

o QN e [ [ o |

Figure 3: Evidence Code weight configuration

Module Functional Analysis

Successful annotation for each query sequence will result in a color change for that sequence from light-
green to blue at the Main Sequence Table, and only the annotated GOs will remain in the GO IDs column.

biobam

BIOINFORMATICS SOLUTIONS

61



OmicsBox Documentation Module Functional Analysis

7.5.2 Individual Annotation Results

Annotation results for each sequence can also be visualized on the GO DAG by selecting "Draw Graph of
GO-Mapping with Annotation Score" at the context menu. Additionally, the "Change Annotation and
Description" options of this menu offer also the possibility to adjust annotations specifically for a single
sequence.

This function edits the annotation of the selected and allows typing and deleting of annotation or sequence
description. A manual annotation check-box (see figure 5%%) is available for marking sequences with manual
annotation. The sequence will get the pink label on the Main Sequence Table.

Show Sequence

Show Blast Result

Show InterProScan Result

Show GO Descriptions

Annotate Sequence

Load Kegg Pathway Map

Draw Graph of GO-Mapping with Annotation Score

Figure 4: Manually change Annotation and Description

2 Manual Annotation (tomato_annot) + %
Change Annotation of Solyc11g040140.1.1
sequence Name Solyc11g040140.1.1 o
Sequence Description xyloglucan endotransglucosylase Q
GO Annatations G0:0009505, GO:0009506, GO:0009507, GO:0016021, e
G0:0048046, GO:0004553, GO:0016762, GO:0009612,
G0:0009645, GO:0009733, GO:0009826, GO:0010411,
G0:0042546, GO:0071555
EC Annotations [FC:2.4.1.207 e
Mark Manual Annotation O Q
o

Figure 5: Mark Manual Annotation

34 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598179910#GeneOntologyAnnotation-figure5
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7.5.3 Statistics

An overview of the extent and intensity of the annotation can be obtained from the Annotation Distribution
Chart (Figure 6%°), which shows the number of sequences annotated with different amounts of GO-terms.

Annotation distribution

01 23456 7 8 9101112131415161718192021 22
#GO

Figure 6: Annotation Distribution

In order to display the Annotation Statistics Wizard go to the "charts" icon in the main toolbar and select
"Annotation Statistics".

The following statistics are available:

Annotation Distribution: This chart informs about the number of GO terms assigned per sequence.
GO Annotation Level Distribution: A bar chart which shows all GO terms for all 3 categories for a given
GO level taking into account the GO hierarchy (parent-child relationships).
Annotation Score Distribution: A chart that shows the number of sequences per annotation score.
Annotated Seqs/Seq-Length: Shows the relation between the amount of annotated sequences and
sequence lengths.
Number of GOs/Seq-Length: Shows the relation between sequence length and number of GOs.
Go Distribution by Level: A bar chart which shows all the GO terms for all 3 categories for GO level 2,
taking into account the GO hierarchy.
Direct GO Count:

¢ Molecular Function: A chart for the Molecular Function GO category, which shows the most

frequent GO terms within a data-set without taking into account the GO hierarchy.
 Biological Process: Same as above but for Biological Process.
e Cellular Component; Same as above but for Cellular Component.

35 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598179910#GeneOntologyAnnotation-figure6
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- Annotation Statistics (tomato_annot) +

Annotation Statistics

Annotation Distribution

GO Annot. Level Distribution
Annotation Score Distribution
Annctated Seqs/Seg-Length

Number of GOs/Seq-Length

GO Distribution by Level

QP o000 OQ®

Direct GO Count

Molecular Function

Biological Process

Cellular Component

Q00 Q0OQOOQ

pefault | [ <Back | cancel

Figure 7: Annotation Statistics Wizard

7.5.4 Annotate GOs from Blast Descriptions

This tool looks at every significant alignment (Right-Click > Show Blast Result on a sequence) for each
sequence and searches their description lines for GO ids. These GOs are now directly annotated to the
sequence if the alignments similarity passes the desired minimum. Validation can also be applied and is
recommended, it will remove intermediate GO terms.

7.5.5 Exporting Annotation

The annotation results can be exported in a variety of formats. This function is available under File > Export
> Export Annotation.

1. .annot. This is the default option for Annotation export and the exchange annotation format in
OmicsBox. Annotations are provided in a three-column fashion. The first column contains the
sequence name, the second the annotation code and the third the sequence description. When
multiple annotations for the same sequence are available, these come in subsequent rows. GO and
EC annotations are exported jointly in the same format.

2. Genespring format. One single row is given by sequence where three different columns are provided
for Molecular Function, Biological Process and Cellular Component. GO terms are denoted by their
description rather than by their code.

3. GoStats format. One single row is given by sequence and GO terms are only denoted by entire
numbers ("GO:" and left zero's are skipped)
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4. WEGO format (native). One single row is given by sequence, including those without annotated GOs.
Belonging GOs are added to each sequence separated by tabs. The format corresponds to the
"WEGO native format", shown in this example:
http://wego.genomics.org.cn/docs/input01.Ist.

5. Custom: It is possible to customize the exportation of the annotation file according to the information
desired or the column separator see the next figure.

OmicsBox allows to export additional annotation file formats.

1. Export Annotations in GO Annotation File Format (GAF v.2), which is the primary format currently used
by the GO Consortiumhttp://geneontology.org/page/go-annotation-file-formats.

2. Export Annotation Descriptions.

3. Export GO Propagation: Exports the GO parents up to the root for the annotated sequences.

4. Export Sequences per GO (Gene Sets).

hd Export Annotations (tomato_annot) + X

Export Annotations Configuration

Export your annotations in different pre-defined formats or use a custom format.

Annotation Export File Browse... 6

[ shomesbiobamip esktop/example_annotations.annot |

Choose a Format l.annot = I Q
.annat

Genespring
GOstat
WEGO

Custom

| Default | E ext > | Cancel | E

Figure 8: Export Annotation Configuration
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hd Export Annotations (tomato_annot) + X

Export Annotations Custom Configuration

«
[}

Add Sequence Name

Add Sequence Description O (7]
Column Separator |Tab( ) = Q
Gene Ontology Format |ID - [7]
Gene Ontology Separator | Comma () =] [2]
GO Categories [Biological process Molecular Function Cellular component | » | @
Add Enzyme Codes O [~]

"One Sequence per Row" will print all annotations in line, whereas "One Annotation per Row" will print a new
line for every annotation.

*) One Sequence per Row

One Annotation per Row

| Default || <Back Next > | Cancel |

Figure 9: Export Annotations Custom Configuration

7.5.6 GO-Slim

GO-Slim is a reduced version of the Gene Ontology that contains a selected number of relevant nodes. The
Run GO-Slim (online) function (under the Functional analysis - Blast2GO Annotation - GO-Slim menu)
generates a GO-Slim mapping for the available annotations. Different GO-Slims are available which are
adapted to specific organisms.OmicsBox supports the following GO-Slim mappings: General, Plant, Yeast,
GOA (GO-Association) and TAIR.

Use the Functional analysis > Blast2GO Annotation > GO-Slim > Remove GO-Slim option to return to
the original annotations.

7.5.7 Enzyme Code

OmicsBox provides EC annotation through the direct GO > EC mapping file available at the GO website.
This means that only sequences with GO annotations will eventually show also EC numbers and that the GO
annotation accuracy can be made extensive to Enzyme annotations.

7.5.7.1 Statistics

To see the main Enzyme classes in the dataset it is possible to generate a distribution Enzyme Code chart
on the "Charts and statistics" menu.

« Main Enzyme Classes: Shows the distribution of the 6 main enzyme classes over all sequences.
» Second Level Classes: Same as above but for the corresponding subclass.
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Enzyme Code Distribution of Tomato_analysis

#5eqs
0 500 1,000 1,500 2,000

2.- Transferases

4,- Lyases

EC Classes

5.- Isomerases

6.- Ligases

Figure 10: Enzyme Code Distribution

~ Enzyme Code Statistics (tomato_annot) + X

Enzyme Code Statistics
Main Enzyme Classes O (2]
Oxidoreductases [m] %]
Transferases (m] (7]
Hydrolases O (%]
Lyases O 2]
Isomerases (] (%]
Ligases O %]
Translocases (] (7]

Default -| Next > | Cancel J ‘ Run

Figure 11: Enzyme Code Statistic

7.5.8 Load Annotation Results (.annot)

Already made or existent annotation can be imported using the .annot format. For import purposes only,
the .annot format allows also multiple annotations of the same sequence to be given in one single row,
separated by commas, as shown above (Schema: Seg-Name <tab>GO(s) or EC(s) <tab>Sequence
description):

OmicsBox Annotation File (.annot):

Segl G0:0001234 glycolipid transfer protein-like
Seql GO:0001264,G0:0004567, ...
Seql GO:0034567
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Seql EC:2.1.2.10

Seg2 G0:0001234, ... sorbitol transporter
Seq2 G0:0001244

Seq3 G0:0001234,G0:0004567,G0:0009123
Seq3 EC:1.2.4.1, EC:3.1

There are still other annotation functions available in the submenu:

7.5.9 Other Annotation Functions

« Remove Annotation. Delete Annotation results for the selected sequences.

« Filter Annotation by GO Taxa

« Validate Annotations. OmicsBox annotation generates lowest node annotations. This is not always
guaranteed when Annotations have been imported or changed manually. This function can be run to
ensure that no parent-child redundancy is present in the annotated set.

* Remove 1. Level Annotations

< Annotate GOs from Blast Descriptions allows to transfer GOs from the Blast hit descriptions to their
sequences.

7.6 EggNOG Annotation

7.6.1 EggNOG-Mapper

EggNOG-mapper is a tool for fast functional annotation of novel sequences (genes or proteins) using
precomputed eggNOG-based orthology assignments. Obvious examples include the annotation of novel
genomes, transcriptomes or even metagenomic gene catalogs. The use of orthology predictions for
functional annotation is considered more precise than traditional homology searches, as it avoids transferring
annotations from paralogs (duplicate genes with a higher chance of being involved in functional divergence).

Details and methodology about the tool and its database are best explained on their website: http://
eggnogdb.embl.de/#/app/methods.

EggNOG-mapper can be found under Functional Analysis -~ EQgNOG Annotation -~ EggNOG Mapper.
The wizard allows to select the parameters for the functional annotation (figure 1(see page 68)).

7.6.1.1 Wizard Page

< Target Orthologs: Define what type of orthologs should be used for functional transfer.
« GO Evidence: Define what type of GO terms should be used for annotation:

< experimental = Use only terms inferred from experimental evidence.

« non-electronic = Use only non-electronically curated terms.
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> EggNOG Mapper (ExampleSequences extraction) + X

EggNOG Mapper

EggMOG-mapper is a tool for fast functional annotation of novel sequences (genes or proteins) using
precomputed eggMOG-based orthology assignments. The use of orthology predictions for functional
annotation avoids transferring annotations from paralegs e.g. duplicate genes with a higher chance of
being involved in functional divergence.

Target Orthologs |AII s | (7]

GO Evidence |Non—EIectr0nic : | (7]

Version Details:
eggMOG-Mapper 1.0.3 with EggNOG 5.0.0

Please Cite:

Huerta-Cepas J et al. (2019). eggNQG 5.0: a hierarchical, functionally and phylogenetically

annotated orthology resource based on 5090 organisms and 2502 viruses. Nudeic acids research,

47(D1), D309-D314.

| Default || Cancel |ﬁ

lad

Figure 1. EggNOG Mapper wizard page.

7.6.1.2 Results

The result table summarizes all annotations that could be transferred with EQgNOG Mapper. Besides

ordering and filtering, the context menu allows to take a closer look at certain results (figure 2(see page 69)).

Module Functional Analysis

This annotation process also generates a Summary Report with information about the total number of GOs,
the COG categories and the orthologous groups distribution.

=Type | = Query D Gene Name! EggNOG Description | = E]= BifBest.. EC Codes |= Gos GO Names |k . [xeas .|
[KoG]EnOG] C02006A02 Organic cation carnitine transporter 7.10... 326.6 Stre... o
(=5 (S EES C02006A04 GSTF2 | Belongs to the GST superfamily 1.80...355.1 |Stre... EC:2.5.1.18 27 |F:GO:0050897; C:G0:0009570; P... C:chloroplast stroma; F:protein domain specific b... K00... map...
(EED (ESEES 02006408 Two-component response regulator-like 220...154.8 Stre... 2 P:GO:0048579; C:GO:0005634 C:nucleus; P:negative regulation of long-day pho... K12... map...
EHEED 02006802 GPI transamidase component 8.40... 336.3 Stre... 0 KO05... 'map...
[COG[KOG]ENOG VL=l EY RPS11  Belongs to the universal ribosomal protein us17 family 1.80.., 3251 Stre... 3 PiGO:0006412; C:GO:0022627; F... Fistructural constituent of ribosorne; Pitranslatio... |K02... \map..
(9 @ES | 02006810 UBC25  protein modification by small protein conjugation 690..273.1 Stre... EC:2.3.2.23; EC:2.3.2.24 4 [F:GO:0061630; F:G0:0031625; C... |P:protein ubiquitination; C:cytoplasm; F:ubiquitin... K10... map...
(EB(ESEES 02006C02 Transaldolase 1.10... 172.2 Stre... EC:2.2.1.2 ] K00... ‘map...
(EDEED €02006C04 Pentatricopeptide repeat-containing protein 290..68.9 Stre... 7 [F:GO:0003723; P:GO:0009451; P:... F:RNA binding; P:nucleic acid phosphodiester bo... K17.
EEBESEESD c02006C06 Beta-hexosaminidase 5.90...'172.9 Stre... EC:3.2.1.52 o K12.. map...
(35 @D co2006C08 NADH dehydrogenase (Ubiquinone) iron-sulfur protein 4.50... 106.3 Stre... 1 C:GO:0005739 C:mitochondrion
(9 @IS c02006C10 Belongs to the metallo-dependent hydrolases superfamily. Ad... 1.00... 239.2 Stre... EC:3.5.4.6 0 KO1... ‘map...
EOEES co2006C12 Nascent polypeptide-associated complex subunit alpha-like p... |7.20... 170.2 Stre... 1 | C:GO:0005829 C:cytosol K03.
(ESEES 02006002 ribosome production factor 2 homolog 1.00.., 1756 Stre... 4 FiGO:0019843; C:GO:0005730; P... P:maturation of LSU-rRNA from tricistronic rRNA ... |K14..,
(EDESEESD 02006004 UBP12  Belongs to the peptidase C19 family 6.90... 353.2 Stre... EC:3.4.19.12 6 F:GO:0004843; C:GO:0009506; C... C: F:thiol-dependent ubiq pe... K1l.. map...
(EHEES C02006D06 Hemiasterlin resistant protein 1.40...232.3 Stre... 0
(D EEEED 0200608 DUF21 domain-containing protein 1.50... 305.4 Stre... 1 C:60:0005886 Ciplasma membrane K16..
D ESEES 02006010 Belongs to the DEAD box helicase family 4.80...149.8 Stre... EC:3.6.4.13 5 C:G0:0005730; F:GO:0003724; P... P:RNA secondary structure unwinding; F:RNA hel... |K14.

Figure 2. EggNOG results table.

The annotation details (right-click on an annotated sequence — Show Annotation Details) provide link
outs where possible and give detailed information about annotated GOs (figure 3(see page 69)).
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Module Functional Analysis

(® welcome Message | () EggNOG Annotation Report | () HTML viewer: C02006C04 12

Annotation details for C02006C04

EggNOG Description:
EggNOG Protein:

Best Taxonomic Level:
Taxonomic Scope:
KEGG KO:

Pentatricopeptide repeat-containing protein
XP_006426850.1 (Citrus clementina)
E-Value: 2.9E-9

Bit Score: 68.9

Streptophyta

Viridiplantae[1]

K17710

BRITE: ko00000, ko03016, ko03029
Matching Orthologous Groups: 37SkKF@Viridiplantae, 3G7BB@5treptophyta, KOG4197@root, KOG4197@Eukaryota

COG Categories: S

Related GOs

# G0:0090305 ih
Name
nucleic acid phosphodiester BP

bond hydrolysis

Definition

The nucleic acid metabolic process
in which the phosphodiester bonds
between nucleotides are cleaved by
hydrolysis.

# G0O:0008380 il
Name

RNA splicing BP
Definition

The process of removing sections of
the primary RNA transcript to
remove sequences not present in
the mature farm of the RNA and
joining the remaining sections to
form the mature form of the RNA

# G0:0003723 il
Name R
RNA binding ‘ MF |
Definition

Interacting selectively and non-
covalently with an RNA maolecule or a
portion thereof.

Figure 3. Annotation details.

7.6.1.3 Merge EggNOG Annotations

Once the sequences are annotated via EQgNOG, it is possible to merge the GO terms and the EC codes
(Enzyme Commission Codes) to a sequence project in order to add the new annotations. This can be done
by clicking on Functional Analysis -~ EggNOG Annotation . Merge EggNOG GO

Annotations (figure(see page 70) 4(see page 70)).

# GO:0009737 i
Name

response ta abscisic acid BP
Definition

Any process that results in a change
in state or activity of a cell or an
organism (in terms of movement,
secretion, enzyme production, gene
expression, etc.) as a result of an
abscisic acid stimulus

In the wizard, you have to select the sequences project to merge the GO annotations to. If the sequences
already have annotated GO terms and/or ECs, the new information generated from EggNOG will be added
to the annotations found in the project.

In addition, you can filter the annotations by E-value or Bit-Score.
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-

Sequence Project

Merge EggNOG 5 GO Annotations (eggnog_annotations) + X

Merge EggNOG 5 GO Annotations

Merge GOs from EggNOG Mapper Annotations to a sequence project.

s @

fhome/biobam/Desktop/eggnogmapper_func/examplesequences_extraction.box |

Seed Ortholog E-Value Filter I1E—3 : I (7]

-

Seed Ortholog Bit-Score Filter [60 | Q9

l Default H Cancel ‘-

Once finished, this step generates a barchart showing the total number of GOs and ECs added to the

Figure 4. Merge EggNOG GO Annotations wizard.

original sequence project (figure 5(see page 71)).

@ Welcome Message ‘ ) EggNOG Annotation Report ‘ &) *Statistics Viewer: GO merge 52 ‘ oE =

Number of occurrences

Merge Orthology groups GO annotation

£ GOs Before Merge B GOs After Merge & Confirmed GOs HECs Before Merge BECs After Merge‘
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Figure 5. Merge EggNOG GO Annotations graph.
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() Fast genome-wide functional annotation through orthology assignment by eggNOG-mapper. Jaime
Huerta-Cepas, Damian Szklarczyk, Lars Juhl Jensen, Christian von Mering and Peer Bork.
Submitted (2016).
eggNOG 4.5: a hierarchical orthology framework with improved functional annotations for
eukaryotic, prokaryotic and viral sequences. Jaime Huerta-Cepas, Damian Szklarczyk, Kristoffer
Forslund, Helen Cook, Davide Heller, Mathias C. Walter, Thomas Rattei, Daniel R. Mende, Shinichi
Sunagawa, Michael Kuhn, Lars Juhl Jensen, Christian von Mering, and Peer Bork. Nucl. Acids Res.
(04 January 2016) 44 (D1): D286-D293. doi: 10.1093/nar/gkv1248

7.7 InterProScan Annotation

Content of this page:

» General(see page 72)

Run InterProScan(see page 73)

* Merge InterProScan GOs to Annotation(see page 75)
Statistics(see page 76)

+ Load InterProScan Results(see page 78)

7.7.1 General

The functionality of InterPro annotations in OmicsBox allows to retrieved domain/motif information in a
sequence-wise manner. Corresponding GO terms are then transferred to the sequences and merged with
already existing GO terms. InterProScan results can be viewed through the Single Sequence Menu (figure
636) and saved in TXT and XML format (figure 537). The sequences will turn violet if no other analysis has
been executed before.

(® Run InterProScan 381
Merge InterProScan GOs to Annotation  38)
= Remove InterProScan

Figure 1: InterProScan options

* Run InteProScan. Start sending sequences to the EBI.

* Merge InterProScan GOs to Annotation. Add GO terms obtained through motifs/domains to the
current annotations.

* Remove InterProScan. Delete InterProScan results for the selected sequences.

36 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=59804896 7#InterProScanAnnotation-figure6
37 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=59804896 7#InterProScanAnnotation-figure5
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7.7.2 Run InterProScan

There are two options to run InterProScan in OmicsBox, either with CloudIPS or via the public web service at
EBI.

CloudIPS is a cloud-based OmicsBox community resource for fast and reliable InterPro analysis for
everything from small to big data-sets. It allows executing the original InterPro algorithms against up-to-date
databases in our dedicated computing cloud. This is a high-performance, secure and cost-optimized solution
for your analysis.

The public EMBL-EBI InterPro web-service scans your sequences against InterPro's signatures and
performance and results depend on the EBI web-server.

InteProScan can only be performed if the sequences are shown in the sequence table that contains the
actual sequence information (loaded via fasta file). You have to be careful if you created a project via a blast
XML file or if you loaded a .annot file.

To add the sequences to the current OmicsBox project see Add sequences to existing OmicsBox project(see
page 38) section.

You can save the InterProScan results in different file formats, in tab separated values (TVS), XML, which is
the default output, GFF3 and the input (query) sequence itself (figure 5%8).

If you are working with nucleotide sequences, OmicsBox translates it to the longest open reading frame and
sends it to InterProScan. For this particular case when exporting the input sequence OmicsBox will save the
protein sequence itself and not the nucleotide one.

Once the InterProScan has finished it is possible to view the results of each sequence via the context menu (f
igure 6%9).

= InterPro (tomato_annot) + X

InterPro Options

*) CloudIPs

CloudIPS is a cloud-based OmicsBox PRO community resource for fast and reliable
InterPro analysis for everything from small to big data-sets. It allows to execute the
original InterPro algorithms against up-to-date databases in our dedicated computing
cloud. This is a high-performance, secure and cost-optimized solution for your analysis.

Current Computation Unit balance: 5,889,662

EMBL-EBI InterPro

EMBL-EBI i Use the public EMBL-EBI InterPro web-service to scan your sequences against InterPro's

signatures. Performance and results depend on the EBI web-server.

| Default | Next > | Cancel |

Figure 2: InterProScan Configuration

38 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=59804896 7#InterProScanAnnotation-figure5
39 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=59804896 7#InterProScanAnnotation-figure6
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W Run InterProScan (tomato_annot) + X

Member Databases

Families, Domains, Sites and Repeats

cop 4 o
HAMAP g 9
HMMPanther 4 [7]
HMMPfam 4 (2]
HMMPIR ™ Q
FPrintScan (v [7]
BlastProDom "4 [7]
ProfileScan (v [7]
HMMTigr %4 2]
PatternScan O [7]

Figure 3: Selection of Member Databases

> Run InterProScan (tomato_annot) + X

Member Databases and Other Sequence Features

Structural Domains

Gene3D [ [7]
SFID o (7]
SuperFamily [ [7]
Other Sequence Features

Coils @] (2]
MobiDBLite "4 [7]

Figure 4: Selection of Member Databases
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9 InterProScan Results

AC Type

IPR000266 FAMILY

IPRO12340 HOMOLOGOUS_SUPERFAMILY
IPR019979 CONSERVED_SITE

IPR028333 FAMILY

IPR032440 DOMAIN

no IPR FAMILY

no IFR FAMILY

Save Results

Please select the desired export formats, it's also possible to select none.
Each export format will generate one file per sequence in the selected folder.

Export Formats |XML Output (default, recommended) ” 3 | (%]
[ [ XML Qutput (default, recommended)
Choose Folder [ JSON Output [] GFF3 Output
/home/biobam/IPS-Resul (] yrmL Output ("] SVG Output
Version Details:
- InterProScan version 5.33-72.0
‘ Default | | <Back || Next> ‘ Cancel | | Run

Figure 5: Save InterProScan Results

Show Sequence

Show Blast Result

Show GO Descriptions

Annotate Sequence

Change Annotation and Description

Load Kegg Pathway Map

Draw Graph of GO-Mapping with Annotation Score

Figure 6: Show InterProScan Results

Name GO IDs

Ribosomal protein $17/511 50:0005622, GO:0003735, GO:0006412, GO:0005840

Nucleic acig-binding, OB-fold
Ribosomal protein §17, conserved site G0:0005622, GO:0006412, GO:0005840, GO:0003735
Ribosomal protein §17, archaealieukaryatic

40S ribosomal protein S11, N-terminal

Ribosomal protein S17, archaealieukaryotic

Ribosomal protein $17/511

Figure 7: InterProScan Results

7.7.3 Merge InterProScan GOs to Annotation

The InterProScan GOs results can now be added to the already existing annotations based on the BLAST
results. This option is available from the InterProScan submenu.
Once the merge has finished a distribution chart is displayed in the Results menu showing the number of
GOs that have been added to (or confirmed) the current annotation results.

biobam
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Library
PRO0OT3 (PRINTS)

PF00366 (PFAM)

PTHR10744 (PANTHER)
PD001295 (PRODOM)
SSF50249 (SUPERFAMILY)
PS00055 (FROSITE_PATTERNS)
TIGRO3530 (TIGRFAM)
PF16205 (PFAM)
G3DSA2.40.50.140 (GENE3D)
PTHR10744:SF 17 (PANTHER)
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(® Run InterProScan 381

Merge InterProScan GOs to Annotation 38

= Remove InterProScan

Figure 8: Merge InterProScan results

Merge Interpro Annotation Results of of
blast2go_project_Merged_IPS_to_Annotation

4,500
4,000
3,500
3,000
2,500
2,000

1,500

Number of Annotations

1,000

00

GOs Before Merge GOs After Confirmed IPS GOs Too General IPS GOs

Figure 9: Statistics after merging InterProScan to GO Annotation

7.7.4 Statistics

On the submenu of the "Charts" icon it is possible to select InterProScan statistics to see how many
sequences still do or do not have IPS results and how many sequences have GOs resulting from
InterProScan.

InterProScan Results: This chart reflects the effect of adding the GO-terms retrieved through the
InterProScan results (figure 114°).

InterProScan Families Distribution: Bar chart representing the number of sequences that belong to a
particular IPS family.

InterProScan Domains Distribution: Bar chart showing the number of sequences that belong to a
particular IPS domain.

InterProScan Repeats Distribution: Bar chart reflecting the number of sequences that belong to a
particular IPS repeat.

InterProScan Sites Distribution: Bar chart representing the number of sequences that belong to a
particular IPS sites.

InterProScan IDs Distribution: Bar chart showing the number of sequences that have been annotated
with that InterProScan IDs.

40 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598048967#InterProScanAnnotation-figure11l
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* InterProScan IDs by Database: Pie chart reflecting the number of sequences of the InterProScan IDs

for a particular InterProScan Database. In figure 10%! the Pfam database is selected.

7 InterProScan Statistics (tomato_annot) + X

InterProScan Statistics

InterProScan Results [ 7]
InterProScan Families Distribution O 0
InterProScan Domains Distribution [ (2]
InterProScan Repeats Distribution O 0
InterProScan Sites Distribution O (2]
InterProScan IDs Distribution O (2]
InterProScan IDs by Database v Q
InterProScan Database {Pfam - I Q

| pefaur || <Back || mew> || cancl J-

Figure 10: InterProScan Statistics Configuration Window

InterProScan Results

&
=]
=]

Number of Sequences
—_ —_ =] P L
[=] (%] [=] w u
=] [=1 =] [=1 [=1

wn
o

=)

without IPS with IPS with GOs

Figure 11: InterProScan Statistics

41 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598048967#InterProScanAnnotation-figure10
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The InterProScan results saved in XML format can be loaded in the current OmicsBox project (File > Load >

Load InterProScan Results).

When loading the InterProScan results it is possible to select the input format.

e Protein - If InterProScan has been performed inside OmicsBox (OmicsBox translates the nucleotide

sequences to the longest ORF peptides)

* Nucleotides - If InterProScan has been performed with nucleotide sequences and InterProScan

binaries.

Load InterProScan Results

InterProScan XML Results

/home/biobam/C02006D10.xml

(=) Proteins

) Nucleotides

Import Only Longest ORF

Strand to be Considered

Minimum ORF Length

- Load InterProScan Results (tomato_annot) + X

Import InterProScan results in XML format into your data-set, multiple file selection possible.

Add Files | | Select Folder | @)

L]

[sense,Antisense || 2 2]
[100 e

| Default | | < Back |‘ Next > | ‘ Cancel | ﬁ

Figure 12: Load InterProScan Results
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7.8 Gene Ontology Graphs

Content of this page:

« Directed Acyclic Graphs(see page 79)
¢ Graph element legend(see page 79)
¢ Pies and Bar Charts(see page 79)

OmicsBox aims to be a visual-oriented tool. This means that special attention is paid to show information
through graphs, coloring and charts.

7.8.1 Directed Acyclic Graphs

OmicsBox offers the possibility of visualizing the hierarchical structure of the gene ontology by directed
acyclic graphs (DAG). This functionality is available to visualize results at different stages of the application
and although configuration dialogs may vary, there are some shared features when generating graphs.

1. Software. OmicsBox integrates a viewer based on the ZVTM framework developed by Emmanuel
Pietriga at the INRA (France) for graph visualization (, ). This high-performing vectored visualization
framework allows fast navigation and zooms on the GO DAG. A graph overview is permanently shown
at the upper right corner of the graphical tab to easy follow exploring across the DAG surface. Zoom
infout is supported on the mouse wheel and fast zoom to readability is reached by double click on a
DAG node. Information about the current node is given on the lower application bar

2. Parameters.

a. Node Filters. A potential drawback during drawing Gene Ontology DAGs where numerous
sequences are involved is the presence of an excessive number of nodes that would make the
graph hard to visualize and will demand large memory resources. OmicsBox allows modulation
of graph size by introducing node filters that depend of the type of graph considered.
Additionally, there are a maximum possible number of nodes to be displayed.

b. Coloring mode. OmicsBox highlights nodes proportionally to some parameter of the analysis
which result is visualized on the DAG. By this intensity variation of node color relevant terms
get more visual weight which is a useful way to guide visual inspection of the results.

7.8.1.1 Graph element legend

Gene Ontology term obtained by mapping which can directly be associated to one ore more BLAST hits.
(GO-Accession, maximum hit e-value assigned, max. hit similarity assigned, number of hits belonging to this)

Non-annotated GO term node (GO term name, mean e-value of all hits contributing to this node, max. e-
value, max. Similarity, number of Hits contributing to this node, Annotation Algorithm Score)

42 http://download.blast2go.com/b2gusermanual/test/node10.html#Pietriga2005Toolkit

biobam 79

BIOINFORMATICS SOLUTIONS


http://download.blast2go.com/b2gusermanual/test/node10.html#Pietriga2005Toolkit
http://download.blast2go.com/b2gusermanual/test/node10.html#Pietriga2005Toolkit

OmicsBox Documentation Module Functional Analysis

Annotated GO term node (GO term name, mean e-value of all hits contributing to this node, max. e-value,
max. Similarity, number of Hits contributing to this node, Annotation Algorithm Score)

There exist two types of relationships between child and parent terms. Children that represent a more
specific instance of a parent term have an ‘instance of' or 'is a' relationship to the parent. Children that are a
constituent of the parent term have a 'part of' relationship.

7.8.2 Pies and Bar Charts

Some of the results obtained by the Data Mining tools present in the application (see Quantitative Analysis
section) are displayed either as a Bar or Pie charts. Similarly to the DAGs, parameters for modulating the
size of these graphs are available at their configuration menus. As these charts are very much related to the
Data Mining functions they correspond, they will be explained together in the next section.

7.8.3 Quantitative Analysis
Content of this page:

« Descriptive analysis. Combined Graph Function(see page 80)
« Graph Side Panel(see page 80)
¢ Charts(see page 80)
* WordCloud(see page 80)
* TreeMap(see page 80)
» Coloured GO Graphs from a text file(see page 80)
* Make GO Graph(see page 80)

As a Data Mining tool, OmicsBox provides various ways for the joint analysis of groups of annotated
sequences.

7.8.3.1 Descriptive analysis. Combined Graph Function

OmicsBox generates combined graphs where the combined annotation of a group of sequences is visualized
together. This can be used to study the joined biological meaning of a set of sequences. Combined graphs
are a good alternative to enrichment analysis where there is no reference set to be considered or the number
of involved sequences is low. This function is available under Functional Analysis > Gene Ontology
Graphs.

The next images show the Combined Graph Drawing Configuration Dialog, where the following parameters
are available:

« Graph Title
« GO Categories

For each Gene Ontology category, a graph will be displayed. OmicsBox allows extracting information from
the graph nodes such as tooltip (figure 4(see page 80)), create a subgraph from that specific GO, create an Id
list of the sequences that have been annotated with that particular GO (figure 5(see page 80)). The generated
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Id list can then be used within OmicsBox in the select by sequences feature (see Select Sequences and
Functions(see page 107) Section).

Fie View Help

.o . 0.

®.0.

Generate

GraphTite

60 Categories

<
functional annotation of mulple sequences at the same tme

Figure 1: Combined graph visualization

hd Make Combi

d Graph (i I tated) + X

Graph Drawing Configuration

Generate Combined Gene Ontology Annotation Graphs. This graph type allows you to visualise the
functional annotation of multiple sequences at the same time.

Graph Title

DL

| Combined Graph [exampleannotated]

GO Categories | Malecular Function

I Default II Cancel ‘-

i
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Figure 2: Combined Graph Drawing Configuration Dialog allows to provide a graph title header and to
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I Hide Toolbar
= View =
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Figure 3: Molecular Function Combined Graph
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Figure 5: Extract Node Information

Graph Side Panel

The generated combined graph is interactive and its parameters can be modified from the side panel.

* View. This section controls the graph visualization within its area.

e Zoom
« Collapse All: The nodes will

collapse and only the root will be visualized.

« Expand All: The nodes will expand to the original graph visualization.

« Re-Layout: The whole grap

h will be re-scaled to adjust to the visualization area.

» Search. Allows to search for GO IDs/ Terms/ Description in the Combined Graph.
* Node Info. This parameter controls the information shown at a node. Possible values are:

GO ID: If checked the GO |
GO Name: The GO Names

D will be included in the node.
are shown in the node.

GO Description: When checked the GO Description will be included in the node.
Nodescore: The node score will be shown in the node.
Sequence Names: The names of the sequences annotated at each GO are included in the

node. The limit number of names to be displayed is 15.

Sequences: The number of
the node.
e Layout.

displayed.

checked.
Color

sequences annotated with that particular GO will be displayed in

Edge Labels: When checked the labels on the edges will be shown.
Expand/Collapse Icon: If checked the ions that represent expand/collapse on the node are

Only "is a" Relations: Only the is a relation between nodes will be displayed if the box is

« Ontology: All nodes will be colored according to the ontology category, Biological

Process - green; Mo
* White: The nodes wi
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* By Nodescore: A Score is computed at each node according to the formula:

score = Z seq X ot
Gia
where seq is the number of different sequences annotated at a child GO term and dist th
e distance to the node of the child. GO term Coloring by Score will highlight areas of
high annotation density.
< By Sequence Count: Node color intensity will be proportional to the number of
contributing sequences at the node.
e Options.
< Sequence Filter: The minimal number of sequences a GO node must have assigned, to be
displayed. This filter is used to control the number of nodes present in the graph. Itis
recommended to start the analysis with a high number that, depending on the number of total
sequences, is expected to overload the graph. Depending on the result adjust this value until
you obtain a satisfactory graph. Start with 10% of your total number of sequences.
* Nodescore Filter:
< Score alpha. The value for parameter alpha in the Score formula Node Score Filter. Only nodes
with a Score value higher than the Filter will be shown. Use this parameter to thin out the GO-
DAG for low informative nodes.
» Restore Defaults: All filters will be set to the default values.
e Charts. (see next section)
< Save as. The information present in a Combined Graph can be saved as an image (.png) or in table
format. This will generate a .txt file where all information related to each node of the plotted Graph is
provided in different columns.
< Overview. Provides a radar-like view of the graph, which allows adjusting the visible window.
¢ Open With. Open the graph information as TreeMap or WordCloud (see following sections).
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Figure 6: Combined Graph Side Panel

biobam 85

BIOINFORMATICS SOLUTIONS




OmicsBox Documentation Module Functional Analysis

Charts

Analysis of GO Term associations in a set of sequences can also be done by Pie/Bar Charts. For this
analysis, a Combined Graph must have been generated first. Once the graph is visible in the GO Graph
panel you can find several icons to visualize the 4 different types of charts.

Four possibilities are available:

1. Sequence distribution by GO level (Pie-Chart): This pie chart represents the number of sequences for
each Gene Ontology term for a given level. See figure 8(see page 86).

2. Sequences per GO terms (Multilevel Pie): This function generates a Pie with the lowest node per
branch of the DAG that fulfils the filter condition., e.g. will find all the lowest nodes with the given
number of sequences or Score value and will plot them jointly in a Pie representation. See figure 9(see
page 86).

3. Top 50 GO terms (Bar-Chart): A bar chart representing the GO terms according to the number of
annotated sequences. See figure 10(see page 87).

4. Sequence distribution by GO level (Bar-Chart): This bar chart represents the number of sequences for
each Gene Ontology term for a given level. See figure 11(see page 87).

When any of these functions are called, a table of node counts is generated and displayed in the statistics
tab.

Charts
@ @
=L =

Figure 7: Combined Graph Pie and Bar-Charts
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Figure 8: Sequence distribution by GO level: Pie Chart
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Sequence Distribution (Filtered by Sequence Count: Cutoff=20.0)
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Figure 9: Sequence Distribution/GO as Multilevel-Pie (#score or #seq cutoff)
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Figure 10: Top 50 GO terms
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Figure 11: Sequence distribution by GO level: Bar Chart
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WordCloud

A WordCloud is a visual representation for a list of labels. The importance of words, here GO terms, is
represented by its font size. The font size depends on either the sequence count or the NodeScore of each
GO term. The list of words can be limited to a specific Gene Ontology category (BP, CC or MF). The coloring
is random. Several options to change the graphical appearance are available like the number of words, the
orientation and shape of the cloud as well as the color scheme.

Welcome Message ‘@ *Combined Graph: Combined Graph [blast2go_project_merge... [ WordCloud: Combined Graph [blast2go_project_merged_ips_to... 82| T 8
I Hide Toolbar

Information

phosphotransferase activity, alcohol group as acceptor Label All GOs =
Value Node Sc 2
Layout
Nr Words Top30 3
- Orientation Horizon
hydrolase activity (ttorizon <)
Color B2G Col 2
protein binding Shape Round
zoom E
- - = Save as PNG =]
catalytic activity
Treemap @

ATP binding

nucleotide binding
kinase activity

purine nucleotide binding

Figure 12: Convert Graph to Word Cloud

TreeMap

The TreeMap viewer allows visualizing graphs (hierarchical, tree-structured data in general) as a set of
nested rectangles. Each branch of the tree is given a rectangle, which is then tiled with smaller rectangles
representing sub-branches. The size of each rectangle represents the number of sequences associated with
a given GO term or a GO's NodeScore.
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& Graph: Combined Graph [Biological Process] of annet set 0 | € Treemap: Gombined Graph [Bielogical Process] of annot set 0 5 =8
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Figure 13: A TreeMap representing a Gene Ontology Graph.
The size of the rectangles represents the number of sequences or the NodeScore of each GO term.

7.8.3.2 Coloured GO Graphs from a text file

We can generate a GO graph from a text (.txt) file which contains a list of GOs and the desired colour for
each of them. It is also possible to label groups of GOs with the same name. Figure 15(see page 89) shows an
example that was created introducing the following text file:

GO:0000003 6 Group A
GO:0040007 8 Group B
G0:0050896 1 Group B

The text file has to follow a simple structure, to be processed correctly. It may contain from 2 to 3 columns in
each line. The first column has to contain a GO, the second a number (0.0 to =) and the optional third
column contains a text that will be written into the octagon of the corresponding GO. The columns must be
separated with a tabulator character.

According to the example above Group B has two GO IDs that contain different values. It is also possible to
differentiate these GO IDs by colouring according to their values. In order to colour the octagon according to
the value, you should select the gradient colour in the next page on the colour graph configuration window
(see figure 16(see page 89)).
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~ Make Coloured Graph + X

Graph Drawing Configuration

Generate a Custom Coloured Gene Ontology graph based en a definition file in text format.

Select Input File M (=]

/homesbiobam/groups.txt
Graph Title [Co\ored GO Graph l (2]
GO Categories IEioIogicaI Process,Molecular Function,Cellular Component IB (2]
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I Default II < Back I-[ Cancel H Run I

Module Functional Analysis

Figure 14: Colour Configuration Window

biological_process

G0:0000003
Group A
Value: 6.0

Coloured GO Graph

Figure 15: Coloured GO Graph by Group

‘ biological_process ‘

T

G0:0000003
Group A
Value: 6.0

Coloured GO Graph

Figure 16: Coloured GO Graph by Group value
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Color Configuration @

Select the colour used for each group defined in the provided file.

Groups Colour

Figure 17: Select Colour to differentiate values within the same group.

7.8.3.3 Make GO Graph

The "Make GO Graph" function allows visualizing any set of GO terms/Ids.

@ Table: exampleannotated 52 (® Blast
5 G InterProScan
(® Blast2GO Mapping
® Blast2GO Annotation
(® Charts and Statistics
INTERPRO i
BLASTED

MAPPED I Make Combined Graph Shift+Ctrl+Y
ANNOTATED Enrichment Analysis

Tools (Select, Rename, Search) Make Coloured Graph
EggNOG Annotation

Figure 18: Make GO Graph
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~ Make GO Graph + X

Graph Drawing Configuration

Generate a GO graph.

® GO IDs
com 60:0003700 Py
GO:0003723 ‘ ‘

GO Names

cellular respense to fluoride o
glucenate transmembrane transporter activity ‘ ‘

| Default || Cancel |

Figure 19: Make GO ID Graph

7.9 RFAM

Content of this page:

¢ [ntroduction(see page 92)
¢ Results Table(see page 93)
¢ Sidebar options(see page 94)

7.9.1 Introduction

The Rfam database is a collection of RNA families, each represented by multiple sequence alignments,
consensus secondary structures and covariance models (CMs). The families in Rfam break down into three
broad functional classes: non-coding RNA genes, structured cis-regulatory elements and self-splicing RNAs.
Typically these functional RNAs often have a conserved secondary structure which may be better preserved
than the RNA sequence. The CMs used to describe each family are a slightly more complicated relative of
the profile hidden Markov models (HMMs) used by Pfam. CMs can simultaneously model RNA sequence
and the structure in an elegant and accurate fashion (Rfam description from: http://rfam.xfam.org/).

Please cite: Nawrocki, E. P., Burge, S. W., Bateman, A., Daub, J., Eberhardt, R. Y., Eddy, S. R., Floden, E.
W., Gardner, P. P., Jones, T. A,, Tate, J., et al. (2014). Rfam 12.0: updates to the rna families database.
Nucleic acids research, page gku10633.

This functionality can be found under Functional Analysis — Coding Potential — Run Rfam. A dialog screen
appears (see image below). Sequences longer than a given length can be skipped during the analysis.

43 https://academic.oup.com/nar/article/43/D1/D130/2437148/Rfam-12-0-updates-to-the-RNA-families-database
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= Rfam (exampleannotated) + x

Rfam

Run Rfam blast search against Xfam servers (rfam.xfam.org).

The Rfam database is a collection of RNA sequence families of structural RNAs including non-coding
RNA genes as well as cis-regulatory elements. Each family is represented by multiple sequence
alignments and covariance models (CMs).

Rfam aims to facilitate the identification and classification of new members of known sequence
families, and distributes annotation of ncRNAS in over 200 complete genome sequences.

Important note:

Via this function you communicate directly with the RFAM servers. Any issues regarding the
functionality, performance or obtained results depend on the EMBL-EBL.

Questions regarding the RFAM service can be send to:

rfam-help@ebi.ac.uk.

J @

Sequence Length Filter 2000

| Default | | Cancel | ﬁ

Figure 1: Rfam Dialog

Click on the Run button to start the analysis. It may take a while depending on the number of sequences and
the EMBL-EBI servers.

7.9.2 Results Table

Once Rfam analysis has begun a table with the corresponding results will be displayed in a new tab.
Sequences will turn red/orange depending if Rfam found hits for them (red if no hits were found, orange
otherwise). White rows are sequences that have not been analysed yet. For each sequence It is possible to
consult details about each one of their hits using the context menu (similar to consult Blast results).
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7.9.2.

Figure 2: Rfam Table Results

1 Sidebar options

In the sidebar there are located all possible action that can be performed for the Rfam result, including one
option for the visual display of the results:

1.

oakwn

Hit Distribution: This chart shows a distribution chart of the number sequences with hits in the Rfam
analysis.

Biotypes Pie Chart: This pie chart shows the distribution of the Rfam families of the sequences.
Biotypes Distribution: The same as the former but in a bar-style.

E-Value Distribution: This chart plots the distribution of E-values for the Rfam hits.

Create GFF: This will create a GFF file for the Rfam results.

Open as Treemap: This visualisation allows to see the Rfam families (hierarchical, tree-structured
data in general) as a set of nested rectangles.
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Figure 3: Rfam Statistics Graphs and Visualization

Additionally, like many others results in OmicsBox, It is possible to display the Rfam result in a different way:
the Treemap representation to see the Rfam families (hierarchical, tree-structured data in general) as a set of
nested rectangles.
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splicing

scaRNA...

Figure 4: Rfam Tree Map

7.10 Enrichment Analysis

Researchers often want to retrieve a functional profile of these significant genes, in order to gain a better
understanding of the underlying biological processes.

Functional enrichment analysis is a procedure to identify functions that are over-represented in a set of
genes and may have an association with an experimental condition (e.g. phenotype, treatment...). These
methods use statistical approaches to identify significantly enriched or depleted groups of genes.

The Functional Analysis Module offers two different statistical tests in order to Functional Enrichment
Analysis, the Fisher Exact Test and Gene Set Enrichment Analysis.

Both Fisher's Exact Test and GSEA Enrichment methods need a ranked ID gene list. For a detailed tutorial
on how to obtain these lists in each case, please link here**,

7.10.1 Fisher's Exact Test

Content of this page:

« Introduction(see page 97)
* Results Table(see page 99)
 Sidebar Options(see page 100)

7.10.1.1 Introduction

OmicsBox has integrated the FatiGO package for statistical assessment of annotation differences between 2
sets of sequences. This package uses Fisher's Exact Test and corrects for multiple testing. For this analysis,
the completion (but not exclusively) of the involved sequences with their annotations must be loaded in the
application. This can either be the result of a OmicsBox annotation or the imported annotation by file
(.annot), see Gene Ontology Annotation(see page 58) of this manual.

44 https://www.biobam.com/how-to-create-a-gene-list-within-blast2go-to-run-the-functional-enrichment-analysis/
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This functionality can be found under Functional Analysis — Enrichment Analysis — Enrichment

Analysis (Fisher's Exact Test). A dialog screen appears (see image below). Test and Reference Sequences
can be selected by uploading text files or ID-List .box files containing the lists of sequence IDs for the 2
groups. When there is no reference set selected, the whole dataset present in the project will be taken as
reference. A detailed description of each parameter is available by clicking the help icon next to the
parameter.

@ New: starting from Blast2GO 4.1 and in OmicsBox, it is possible to perform Fisher's Exact Test for
different types of annotations for most of the results generated in OmicsBox. The
Annotations parameter allows selecting the column of the table to use as an annotation. With this
feature, It is possible to perform an enrichment analysis of enzymes or InterPro IDs for example.

hd Run Fisher's Exact Test + X

Fisher's Exact Test Configuration

Note:
Only IDs present in the table, annotated or not, will be used to define the test and reference set.
For more information please see the user manual.

Test-Set Files Browse...| @

/home/biobam/testset_example.txt |

Reference-Set Files (] | Browse...| 9
|

lRe"ererce files

Do Not Filter O (7]
Filter Value |0.05 | (7]
Filter Mode |FOR 1@
Two Tailed O (7]
Remove Double IDs ] (7]
Annotations |GO Name s | (7]
GO Categories |Biological Process,Molecular Function,Cellular Component ”z’ (7]

| Default | | Cancel | ﬁ

Figure 1: Run Fisher's Exact Test Wizard Dialog

Click on the Run button to start the analysis. It may take a while depending on the number of annotations.
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7.10.1.2 Results Table

Once completed the results table will be shown in a new tab (see image below), where the adjusted p-values
of each annotation above a given threshold will be shown. The main columns are:

FDR p-Value

Corrected p-value by False Discovery Rate control p-Value without multiple testing corrections
according to Benjamini-Hochberg.

For further details please refer to the FatiGO publication (Al-Shahrour, F., Diaz-Uriarte, R., and Dopazo, J.
(2004). Fatigo: a web tool for finding significant associations of gene ontology terms with groups of genes.
Bioinformatics, 20(4):578-580%°).
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Figure 2: Enrichment Results Table

Using the context menu of each row It is possible to get more details about the annotation and also create an
ID-List with the sequences annotated in the Test-Set or the Reference-Set.

e #Test is the number of sequences that are annotated with the GO and are in the test set.
< #NotAnnotTest is the number of sequences that are not annotated with that GO, that is in the test set.

Adding these two numbers it gives the total amount of sequences that are annotated at all in your test set
e.g. GO:0061135: 9 + 52 =61

45 https://academic.oup.com/bioinformatics/article-lookup/doi/10.1093/bioinformatics/btg455
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Sidebar Options
In the sidebar there are located all possible action that can be performed for this enrichment result, including
two options for the visual display of the results:

1. Make Enriched Graph (only for GO annotations): use this option to generate a representation on the
GO DAG (see image below). Nodes are color-highlighted proportionally to their significance value.
The user can choose which type of calculated p-value to use for highlighting and the threshold for
filtering out nodes. Additionally, the Filter intermediate the checkbox will hide non-enriched nodes.
More options are available in the graph viewer's sidebar. Gene Ontology Graphs(see page 79) of this
manual gives further information on the graphical functions in OmicsBox.

~ OmicsBox 1.0.0 - + X
File View Help
L4 @ v ©me v ﬂm@nal v (gme L4 lﬁ%m v g v g@ﬂ L4 [ start typing to search actions.
start. workflows rowser analysis analysis omics genomics tools
= @We\come Message | & *Enriched Graph: Enriched Graph [Biclogical Process] 2’&1 H B = &
@ I Hide Toolbar
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L = —
@ el = el
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g T wa ~ka Collapse All \ﬂl
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Figure 3: Enriched Graph

2. Show Bar Chart: this option generates a bar display of the percentages of sequences at both, test
and reference set, for each annotation of the table (see image below).
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Figure 4: Enriched Bar Chart

3. Reduce to Most Specific (only for GO annotations): use this option to remove more general GO terms
from the results and get only the most specific terms (with the lowest level in the GO DAG).

Additionally, like many others results in OmicsBox, It is possible to display the enrichment results in two
different ways: the Treemap representation to compare the most enriched annotations by their size and
the WordCloud representation to summarise relevant annotations in a fashionable way.

7.10.2 Gene Set Enrichment Analysis (GSEA)

Content of this page:

* Introduction(see page 101)
* Results(see page 101)
 Sidebar Options(see page 101)

7.10.2.1 Introduction

OmicsBox includes the GSEA computational method that determines whether an a priori defined set of
genes shows statistically significant, concordant differences between two biological states. GSEA considers

biobam
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experiments with genome-wide expression profiles from samples belonging to two classes, labelled 1 or 2.
Genes are ranked based on the correlation between their expression and the class distinction by using any
suitable metric. Given an a priori defined set of genes S (e.g., genes encoding products in a metabolic
pathway, located in the same cytogenetic band, or sharing the same GO category), the goal of GSEA is to
determine whether the members of S are randomly distributed throughout L or primarily found at the top or
bottom.

For further details please refer to the GSEA publication: Subramanian, A., Tamayo, P., Mootha, V. K.,
Mukherjee, S., Ebert, B. L., Gillette, M. A., Paulovich, A., Pomeroy, S. L., Golub, T. R., Lander, E. S., and
Mesirov, J. P. (2005). Gene set enrichment analysis: A knowledge-based approach for interpreting genome-
wide expression profiles. Proceedings of the National Academy of Sciences, 102(43):15545— 15550%.

For this analysis, the completion (but not exclusively) of the involved sequences with their annotations must
be loaded in the application. This can either be the result of an OmicsBox annotation or the imported
annotation by file (.annot), see Gene Ontology Annotation(see page 58) of this manual.

This functionality can be found under Functional Analysis — Enrichment Analysis — Gene Set Enrichment
Analysis (GSEA). A dialog screen appears (see image below). Ranked list of genes can be selected by
uploading text files or ID-Value-List .box/.b2g files containing the lists of sequence IDs and a statistical value
for each one. A detailed description of each parameter is available by clicking the help icon next to the
parameter.

hd Gene Set Enrichment Analysis (GSEA) (vmb_proteins) + X

Gene Set Enrichment Analysis (GSEA) Configuration

Gene Set Enrichment Analysis (GSEA) is a computational method that determines whether an a priori defined
set of genes shows statistically significant, concordant differences between two biological states (e.g.
phenotypes).

For more information please see the user manual.

Ranked List i (2]

| /home/biobam/rankedlist_example.txt |

Number of Permutations |1U[J[J C| (7]

Enrichment Statistic | Classic = (2]

Detailed Results

Mote: The generation of summary plots and gene lists can be very time and disk-space consuming.

Number of Detailed Results 50 3| (7]

Detailed Results for All GOs O (2]
Default | < Back | Next> || Cancel | Run

Figure 1: GSEA Dialog

Click on the Run button to start the analysis. It may take a while depending on the number of permutations
selected.

46 http://www.pnas.org/content/102/43/15545.abstract
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7.10.2.2 Results

Once completed the results table will be shown in a new tab (see image below), where the adjusted p-values
of each annotation above a given threshold will be shown. The main columns are:

ES NES FDR Nominal p-value

Reflects the degree to By normalizing the The estimated Estimates the statistical
which a gene set is enrichment score, probability that a gene significance of the
overrepresented at the GSEA accounts for set with a given NES enrichment score for a
top or bottom of a differences in gene set represents a false single gene set

ranked list of genes size and in correlations  positive finding

between gene sets and
the expression dataset

For further details please refer to the GSEA User Guide®’.
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Top | DETAILS
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GO Version: Mar 13 2019 /BLAST2GO Example Datasets/GSEATomato_pollen heat stress/gsea resuitb2g

Figure 2: GSEA result table

Using the context menu of the rows tagged with the Details tag It is possible to get more details about the
GO term, including the enrichment statistics, and also create an ID-List with the core enrichment sequences
for each GO term.

47 http://software.broadinstitute.org/gsea/doc/GSEAUserGuideFrame.html
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Sidebar Options

In the sidebar there are located all possible action that can be performed for this enrichment result, including
two options for the visual display of the results:

1. Make Enriched Graph: use this option to generate a representation on the GO DAG (see image
below). Nodes are color-highlighted proportionally to their significance value. The user can choose
which type of calculated p-value to use for highlighting and the threshold for filtering out nodes.

OmicsBox 1.00 -+ x

©.6©.0.0.0. 0. 0@

genome ™ funciona meta general
Yowser anaysis genomics ools

==

 Hide Toolbar
- View
2o0m | —||+||«"

Collapse All

Expand All

2

It
Relayot |

 Search

2 NodeInfo.
Gom
GOName

aQ

GO Description

Es
Nes
PValue
FOR
WER

LN IO

~ Layout
LayoutStyle | Hierarchical
Edge Labels
Expand/Colapse Icon
Onlyis a Relations
Color ByNEs

= Options
ES Filter (abs) [0.70000 [2]
FORFiter (001000 2]
PValue Fiter (022000 2]
Fiter Intermedate (]
RestoreDefauls [

= saveas
PNGImage |
DawasTex |F]

= Overview

2| N e

GO Version: Mar 192019

Figure 3: Enriched Graph

2. NES vs Significance Chart: this option generates a plot of p-values versus normalized enrichment
scores, which provides a quick, visual way to grasp the number of enriched gene sets that are
significant (see image below).
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Figure 4: NES vs Significance Chart

3. ES Histogram Chart: this option generates a histogram of enrichment scores across gene sets, which
provides a quick, visual way to grasp the number of enriched gene sets. (see image below).
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Figure 5: ES Histogram Chart

4. Reduce to Most Specific: use this option to remove more general GO terms from the results and get
only the most specific terms (with the lowest level in the GO DAG).
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Additionally, like many others results in OmicsBox, It is possible to display the enrichment results in two
different ways: the Treemap representation to compare the most enriched GO terms by their size and
the WordCloud representation to summarise relevant GO terms in a fashionable way.

7.11 Tools (Select, Rename, Search...)
Content of this page:

¢ Menu ltems(see page 106)
Find Similar Sequences(see page 106)
Find Duplicated Sequences(see page 107)

Select Sequences and Functions(see page 107)

7.11.1 Menu ltems

1. Set-to-Sense (Based on Best-Blast-Hit): Convert all selected sequences with a negative reading
frame Best-Blast-Hit to anti-sense i.e. query-sequences will be translated to its reverse complement
(e.g.: ATTG ->CAAT). The tag "_antisense" will be added to the end of the sequence names. Use the
batch rename function to undo the name change.

2. Translate Longest ORF: Convert all selected sequences to its longest ORF protein sequence. The tag
" ORF" will be added to the sequence names. Use the batch rename function to undo the name
change. The user may select the reading frame, the genetic code depending to the species that will
be considered to the prediction.

3. Search Loaded Annotations in Another Annotation Set: Compare a set of annotations for a given
group of sequences against the annotations already loaded in OmicsBox.

4. Find Duplicated Sequences: Mark as selected or directly remove all sequences in the dataset which

have the exact same sequence string.

Find Similar Sequences: Detect, Select and/or remove similar sequences within one project.

6. Batch Rename: Perform a batch rename of all selected sequences by converting, replacing or adding
text to the actual sequence name. Link here*® for a detailed explanation on how to use this tool.

o

7.11.2 Find Similar Sequences

This function allows searching for similar sequences within a dataset. The search for similar sequences is
done via BLAT*? alignments. The function searches a list of sequences against itself and reports all
alignments above a certain similarity percentage. It is possible to remove similar sequences from the project
or to extract a less redundant result dataset into a new project.

48 https://www.biobam.com/batch-rename-seq-ids/
49 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC187518/
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7.11.3 Find Duplicated Sequences

This function allows to quickly identify and remove redundant sequences (exactly the same sequences)
within a dataset.

7.11.4 Select Sequences and Functions

Content of this page:

» Select Sequences(see page 107)

« Select Sequence by Color(see page 108)

« Other Select Options(see page 109)
* Invert Selection(see page 109)
» Delete Selected Sequences(see page 109)
« Extract Selection to New Tab(see page 109)

There are different functions for selecting and deselecting sequences. Most functions in OmicsBox are only
applied to selected elements. Selections allow to create subset or apply certain functions to parts of a given
dataset.

7.11.4.1 Select Sequences

The Select Sequences feature can be applied to OmicsBox Projects only and allows to select sequences for
many different criteria. Selections can by added to existing ones, subtracted or created from scratch.

« Sequence Name. This is a general function for (de)selecting sequences by loading a file containing a
list sequence IDs.

« Sequence Description. OmicsBox allows to (de)select sequences according to Blast result description.

» Species.

« Function (GO-Terms or GO-IDs). This is a general function for (de)selecting sequences by loading a
file containing a list of GO-Terms or GO-IDs.

 InterProScan IDs.

e Enzyme IDs.
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b Select Sequences (vmb_proteins) + X
I I
L 9

Select sequences based onits name, description or function. This feature allows you to add sequences to an
existing selection or to create a new selection. Various search options (exact match, case sensitive, etc,) can
be chosen. Search criteria can be provided manually or via a text file,

Option IStarl New Selection = ] (2]
Select by | Function (Go-1Ds) @
Match Type l[ontains - ] (7]
Case Sensitive (2]
Include more specific GO terms ] 0
Search Only Top Hit [2]
() Text

Search GO:0001234 e
) File

Select File Browse...| (g
[pattern file |

l Default I l Cancel I -

Figure 1: Start New Selection

7.11.4.2 Select Sequence by Color

This function allows (de)selection of sequences on the basis of their color code i.e. the processing stage they
have.
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Option

White
Red
Lila
Orange
Green
Blue
Pink

Yellow

Select by Colour (vmb_proteins) + X

Select/Deselect Sequences by Colour

Select sequences based on its analysis status by making use of the colour codes.

| start New Selection ;| @
("] without Analysis (%]
BlastedwithowHs @

[C] with InterProScan but not Blasted
(] with Blast Hits

[] with GO Mapping

[C] B2G Annotated

[+ Manually Annotated

Q00000

] GOSlim

| Default || Cancel |ﬁ

Module Functional Analysis

7.11.4.3 Other Select Options

Invert Selection

Figure 2: Selection by Color

This function will invert the current selection. Those sequences that are not selected will now be selected

and vice versa.

Delete Selected Sequences

This function will delete selected sequences from the Main Sequence Table

Extract Selection to New Tab

One can extract a subset of the selected sequences to a new project.

Once one has the desired sequences selected it is possible to hideffilter out the deselected ones by clicking
on the icon next to the selection check box on the table.
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Figure 3: Show only selected sequences

OmicsBox Latest Updates. I
Version 1.0.0
- BIast2GO is now OmicsBox
General

o Search box for ment
<+ Improved citations ir
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With Ctrl+A in Windows/Linux or appleKey+A on Mac OS, all selected sequences will be marked. Now right
click on one of the sequences on the table and choose the 2nd option Extract Selection to New Tab.
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Figure 4: Extract Selection to New Tab

A new project will be created of the selected sequences.
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8 Module Genome Analysis

Content of this section:

DNA-Seq de Novo Assembly(see page 112)

* Repeat Masking(see page 122)

« Prokaryotic Gene Finding by Glimmer(see page 131)
Eukaryotic Gene Finding by Augustus(see page 138)

The OmicsBox Genome Analysis module allows to characterize and analyze newly sequenced genomes,
from raw reads to gene structures in an efficient and user-friendly way.

« Quality Control and Assessment: Use FastQC and Trimmomatic to perform the quality control of
your samples, to filter reads and to remove low-quality bases.

* De novo Assembly: The assembly feature based on ABySS allows reconstructing whole genome
sequences without a reference genome or specific hardware requirements.

* Repeat Masking: Mask repeats and low complexity DNA sequences of your eukaryotic genome
assemblies with RepeatMasker to improve downstream gene predictions.

» Gene Finding: Perform prokaryotic (Glimmer) and eukaryotic (Augustus) gene predictions to
characterize genome structure. The eukaryotic gene prediction offers RNA-seq intron hint support.

O C N C

genome transcript meta
analysis omics genomics

(® DNA-Seq De Novo Assembly
Repeat Masking

Eukaryotic GeneFinding
Prokaryotic GeneFinding

Figure 1: Genome Analysis menu

Genome Analysis use case: https://www.biobam.com/genome-assembly-annotation-sarocladium-oryzae/.

Genome Analysis Example Dataset: Download®.

50 https://resources.biobam.com/omicsbox/example_data/GenomeAnalysis.zip
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8.1 DNA-Seq de Novo Assembly

Content of this page:

¢ [ntroduction(see page 112)
* ABYSS(see page 112)
¢ Input Data(see page 113)
« Configuration(see page 114)
¢ Output(see page 115)
¢ Results(see page 115)
¢ SPAdes(see page 117)
¢ Input Data(see page 118)
¢ Configuration(see page 119)
¢ QOutput(see page 120)
¢ Results(see page 120)

8.1.1 Introduction

Genome assembly refers to the process of taking a large number of short DNA reads and putting them back
together to create a representation of the whole genome from which the DNA originates. De novo genome
assemblies assume no prior knowledge of the source DNA sequence length, layout or composition (i.e. no
reference genome is available). The goal of an assembler is to produce long contiguous pieces of sequences
(contigs) from DNA-seq reads. The contigs are then joined together to form scaffolds where possible. Short-
insert paired reads provide increased information for maximizing sequencing coverage, while long-insert
mate paired-end reads can pair sequence fragments across greater distances. This is especially helpful to
cover highly repetitive regions.

This functionality can be found under genome analysis -~ DNA-Seq De novo Assembly.
Two assembly strategies are available:

« ABySS: ABySS (Assembly By Short Sequences) is a de novo, parallel, paired-end sequence
assembler that is designed for short reads. It implements algorithms that employ a Bloom filter, a
probabilistic data structure, to represent a de Bruijn graph. ABySS is capable of assembling large
genomes.

« SPAdes: SPAdes (St Petersburg genome assembler) is an assembly toolkit containing various
assembly pipelines based on the Bruijn Graph. SPAdes works with lllumina and lonTorrent data and is
capable of providing hybrid assemblies using PacBio, Oxford Nanopore and Sanger reads. SPAdes is
designed for small genomes, and allows to assemble single-cell MDA data as well as standard
isolates.

8.1.2 ABySS

ABySS 2.0% is a multistage de novo assembly pipeline consisting of unitig, contig, and scaffold stages.

51 http://www.bcgsc.ca/platform/bioinfo/software/abyss
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« At the unitig stage, the program performs the initial assembly of sequences according to the De
Bruijn graph assembly algorithm. The unitig stage loads the full set of k-mers from the input
sequencing reads into a hash table and stores auxiliary data for each k-mer such as the number of k-
mer occurrences in the reads and the presence/absence of possible neighbor k-mers in the De Bruijn
graph.

« At the contig stage, the paired-end reads are aligned to the unitigs and the pairing information is
used to orient and merge overlapping unitigs.

« At the scaffold stage, the mate-pair reads are aligned to the contigs to orient and join them into
scaffolds, inserting runs of "N" characters at gaps in coverage and for unresolved repeats.

The main innovation of ABySS 2.0 is a Bloom filter-based implementation of the unitig assembly stage. It
reduces the overall memory requirements, enabling assembly of large genomes. A Bloom filter is a compact
data structure for representing a set of elements that supports operations of inserting elements and querying
the presence of elements. The Bloom filter data structure consists of a bit vector and one or more hash
functions, where the hash functions map each k-mer to a corresponding set of positions within the bit vector
(bit signature for the k-mer).

During unitig assembly, two passes are made through the input sequencing reads:

1. In the first pass, k-mers are extracted from the reads and are loaded into a Bloom filter. The program
discards all k-mers with an occurrence count below a user-specified threshold (typically in the range of
two to four). In this way, k-mers caused by sequencing errors are filtered out. The retained k-mers are
known as solid k-mers.

2. In the second pass, the program identifies reads that consist entirely of solid k-mers, and extend them
left and right within the De Bruijn graph to create unitigs.

Please cite ABySS 2.0 as:

Jackman SD, Vandervalk BP, Mohamadi H, et al (2017). "ABySS 2.0: resource-efficient assembly of large
genomes using a Bloom filter". Genome Res. 2017;27(5):768-777.52

8.1.2.1 Input Data

< Input Reads: First, choose the type of sequencing data. Then, select the files of this type of data for
the assembly. Both paired-end and single-end short reads can be provided, and both types of data
can be combined in the same run.

< Additional Data: ABySS supports additional data types as supplementary information:

< Additional Paired-end Libraries: Paired-end libraries that will be used only for merging unitigs
into contigs and will not contribute toward the consensus sequence.

« Mate-pair Libraries: Mate-Pair libraries that will be used for scaffolding. Mate-Pair libraries that
will be used for scaffolding. Mate-pair libraries do not contribute toward the consensus
sequence.

 Linked Reads: Linked reads from 10x Genomics Chromium. The linked reads are used to
correct assembly errors and scaffolding.

< Long Sequences Libraries: Provide long sequence libraries (such as RNA-Seq contigs) that will
be used for rescaffolding. Long sequence libraries do not contribute toward the consensus
sequence.

< Paired-end Configuration: If paired-end reads are provided, a pattern to distinguish upstream files
from downstream files is required. The provided patterns are searched in the filenames right before
the extension. The beginning of the filenames should be the same for both files of each sample.

< Upstream Files Pattern: Establish the pattern to recognize upstream FASTQ files.

52 https://www.ncbi.nIm.nih.gov/pubmed/28232478
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A

+ Downstream Files Pattern: Establish the pattern to recognize downstream FASTQ files.

For example, if the upstream file is SRR037717_1.fastq and the downstream SRR037717_2.fastq,
" 1" should be established as the upstream pattern and "_2" as the downstream pattern.

o ABYSS DNA-Seq De Novo Assembler Bk

Input 1

ABYSS (Assembly By Short Sequences) is a de novo, parallel, paired-end sequence assembler
that s designed for short reads. It implements algorithms that employ a Bloom filter, a
probabilistic data structure, to represent a de Bruijn graph. ABYSS is capable of assembling large

Input Reads Paired-End Library 2 | Add Files| select Folder| @

[Paired-End Library] :_c_elegans/pe_ _1fasta.gz

[Paired-End Library] :_c_elegans/pe_ 2 fasta.gz

[Paired-End Library] :_c_elegans/pe_ _1fasta.gz

[Paired-End Library] :_c_elegans/pe_ 2 fasta.gz

Use Additional Data v )

Additional Data Mate-Pair Library - |AGERIES] (setect Folder| @

[Mate-Pair Library] /hom C_ ¥ _1fastq.gz
[Mate-Pair Library] /hom C ¥ 2 fastq.gz

Paired-End Configuration
Define the patter to distinguish pstream fles from downstrearn files. The pattern s searched
right before the file extension, and the rest of the name should be the same for both files of
each sample

Upstream files Patter &= o

Downstrea Files Pattem D )

| Defaut || <Back Next > Cancel

Figure 1: Input Data Page

8.1.2.2 Configuration

K-mer Size: The term k-mer refers to all possible subsequences of the given length that are
contained in a read. In sequence assembly, k-mers are used during the construction of De Bruijn
graphs. The choice of the k-mer size has many different effects on the sequence assembly, it is
advisable to try different values and check the results to choose the best one. It is recommended to
use odd values of at least half the length of the reads.

Use paired De Bruijn graph: Assembly will be performed using a paired De Bruijn graph. In this
mode, k-mer pairs are used, which consist of two equal-sized k-mers separated by a fixed distance.
To assemble using the paired De Bruijn graph mode, specify the k-mer pair span (distance between k-
mers).

K-mer Pair Span: Set the span of a k-mer pair (distance between k-mers).

Minimum Alignment Length: Establish the minimum alignment length of a read (bp). This means
that there must be a perfect match of the established length between each read and its target contig.
Hash Functions: Set the number of Bloom filter hash functions. K-mers from each input sequencing
read are loaded into the Bloom filter by computing the hash values of each k-mer sequence and
setting the corresponding bit.

K-mer Count Threshold: Set the k-mer count threshold for Bloom filter assembly. Optimal values are
typically in the range of 2-4. K-mers with an occurrence count below the threshold will be discarded.
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o ABySS DNA-Seq De Novo Assembler [P

Configuration

Kmer Size B ;e
Usepaired de Bruijngraph () o

0 °
Minimum Alignment Length  [40 ;e
Hash Functions [x ;e
K-mer Count Threshold B Je

[ TR
Figure 2: Configuration Page

8.1.2.3 Output

Unitigs Fasta: Where to store the Fasta file containing the assembled unitigs.

< Contigs Fasta: Where to store the Fasta file containing the assembled contigs.

Scaffolds Fasta: Where to store the Fasta file containing the assembled scaffolds.

Long Scaffolds Fasta: Where to store the Fasta file containing the assembled long scaffolds. Note
that this file is only generated if long sequence libraries were provided.

5 ABYSS DNA-Seq De Novo Assembler [P
Output

Unitigs Fasta Browse...| @

/home/carlos/dataset_c_elegans/unitigs.fasta

Contigs Fasta Browse...| @

Ihomecarlos/dataset_c_elegans/contigs fasta

Scaffolds Fasta Browse..| @

/homejcarlos/dataset_c_elegans/scaffolds.fasta

Version Details:
ABySS 2.1.5

Please Cite:
Jackman SD et al. (2017). ABYSS 2.0: resource-efficient assembly of large genomes usinga [
Bloom filter. Genome research, 27(5), 768-777.

Default || <Back cancel || Run

Figure 3: Output Data Page

8.1.2.4 Results

ABYSS returns the assembled sequences in three FASTA files (four if long sequence libraries were
provided). Each one corresponds to a different stage of the assembly procedure:
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« Unitigs: Contains sequences assembled without using paired-end information. In case you provide
only single-end data, this will be the only result file, since pairing information is required to assemble
contigs.

« Contigs: Contains sequences assembled with paired information, scaffolding over sequencing
coverage gaps, but no repeats.

» Scaffolds: Contains sequences assembled with paired information, scaffolding over sequencing
coverage gaps and repeats.

* Long Scaffolds: Contains sequences that were obtained by rescaffolding using long sequences
libraries.

In addition to the resulting FASTA files, a report and a chart are generated. The report shows a summary of
the DNA-Seq De Novo Assembly results (Figure 4). This page contains information about the input
sequencing data and a results overview. The Results Overview table shows a number of common statistics
used to describe the quality of a sequence assembly:

« N50: This statistic defines the assembly quality in terms of contiguity. N50 is calculated by first
ordering every unitig, contig or scaffold from longest to shortest. Next, starting from the longest
sequence, the lengths of each sequence are summed up, until this running sum equals one-half of the
total length of all sequences in the assembly. The N50 of the assembly is the length of the shortest
contig in this list. Higher values of N50 indicate a better assembly. Note that any Nx statistic is
calculated in the same way, e.g. N75 is calculated summing up all the lengths until the sum equals
75% of the total length.

« L50: Defined as the smallest number of contigs whose lengths sum makes up half of the total
assembly length.

+ Bloom filter False Positive Rate (FPR): The Bloom filter can generate false positives when the bit
signatures of different k-mers overlap by chance. This means that a certain fraction of k-mer queries
will return true even though the k-mers do not exist in the input sequencing data. Users are
recommended to target a Bloom filter false positive rate (FPR) smaller than 5%. Parameters such as
the k-mer size, hash functions or k-mer count threshold can influence the false positive rate.

The Nx plot (Figure 5) shows Nx values as x varies from 0 to 100 %. The Nx values are displayed for unitigs,
contigs and scaffolds.

(=] u} X
ABySS DNA-Seq De Novo Assembler == 0

ABySS DNA-Seq De Novo Assembler Results

Name: ABYSS output

Input: Sequencing Data
A total of 1 library has been processed.

Sample Name  Sequencing File Name Format

DRRO17920  Single-End Library DRRO17920fasla gz | 0z

Results Overview
Bloom filter False Positive Rate (FPR): 0.006%.

Statistic assembly_unitigs
Number of Gontigs (~= 0 bp) 13.296
Number of Contigs (~= 1000 bp) 1,040
Number of Contigs (>= 5000 bp) 9
Number of Contigs (== 10000 bp) 0
Number of Contigs (~= 25000 bp) [}
Number of Contigs (~= 50000 bp) 0
Total Length (= 0 bp) 3,867,558
Total Length (= 1000 bp) 1,953,491
Total Length (= 5000 bp) 54722
Total Length (>= 10000 bp) 0
Total Length (= 25000 bp) 0
Total Length (= 50000 bp) [}
Number of Contigs 1,951
Largest Contig 7.858
Total Length 2,607,930
GC (%) 3484
NS0 1578
N75 997
L50 536
L75 1,082
Number of N's per 100 kbp 0

Note: Users are recommended to target a Bloom fifter false positive rate (FPR) that is less than
5%.
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Figure 4: Summary Report
Nx Plot
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Figure 5: Nx Plot

8.1.3 SPAdes

SPAdes®® is a de novo genome assembly pipeline that can deal with data coming from several sequencing
technologies and supports hybrid and single-cell assemblies. The SPAdes assembly pipeline consists of four
stages:

1. Assembly graph construction. SPAdes uses the multisized de Bruijn graph, implements new bulge/tip
removal algorithms, detects and removes chimeric reads, aggregates biread information into distance
histograms, and allows to backtrack the performed graph operations.

2. k-bimer adjustment: SPAdes derives accurate distance estimates between k-mers in the genome
using joint analysis of distance histograms and paths in the assembly graph.

3. Constructs the paired assembly graph: Inspired by Paired de Bruijn graphs (PDBG) approach.

4. Contig construction: SPAde constructs DNA sequences of contigs and the mapping of reads to contigs
by backtracking graph simplifications.

SPAdes uses a modification of Hammer® for error correction and quality trimming prior assembly.
In general, SPAdes uses two techniques for scaffolding.

« SPAdes tries to estimate the size of the gap separating contigs using read pairs.
« SPAdes, using the assembly graph, joins contigs that are separated by a complex tandem repeat, that
cannot be resolved exactly, with a fixed gap size of 100 bp.

Contigs produced by SPAdes do not contain N symbols.
Please, cite SPAdes as:

« Nurk, Bankevich et al., 2013%.
« Bankevich, Nurk et al., 2012%,
« Antipov et al., 2015%7 (in case you perform hybrid assembly using PacBio or Nanopore reads).

53 http://cab.spbu.ru/software/spades/

54 https://www.ncbi.nIm.nih.gov/pmc/articles/PMC3117386/

55 http://link.springer.com/chapter/10.1007%2F978-3-642-37195-0_13

56 http://online.liebertpub.com/doi/abs/10.1089/cmb.2012.0021

57 http://biocinformatics.oxfordjournals.org/content/early/2015/11/20/bioinformatics.btv688.short
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« Prjibelski et al., 2014%8 (if you use multiple paired-end and/or mate-pair libraries).
« Vasilinetc et al., 2015%° (if you use multiple paired-end and/or mate-pair libraries).

8.1.3.1 Input Data

< Input Reads: Select the files containing the sequencing libraries (reads). The assembly strategy
requires at least one of these types of sequencing libraries.
« lllumina single-end, paired-end, or high-quality mate-pairs.
« lonTorrent single-end, paired-end, or high-quality mate-pairs.
< PacBio CCS reads (should be provided as single-end data).

& These files are assumed to be in FASTQ format. For lonTorrent data, SPAdes supports unpaired
reads in unmapped BAM format.

< lonTorrent Data: This option is required when assembling lonTorrent data. lllumina and lonTorrent
libraries should not be assembled together. For lonTorrent data, SPAdes also supports unpaired reads
in unmapped BAM format (like the one produced by the Torrent Server).
< Single-cell Data: This option is required for Multiple Displacement Amplification (MDA) single-cell
data assembly.
< Paired-end Configuration: If paired-end reads are provided, a pattern to distinguish upstream files
from downstream files is required. The provided patterns are searched in the filenames right before
the extension. The beginning of the filenames should be the same for both files of each sample.
< Upstream Files Pattern: Establish the pattern to recognize upstream FASTQ files.
« Downstream Files Pattern: Establish the pattern to recognize downstream FASTQ files.

& For example, if the upstream file is SRR037717_1.fastq and the downstream SRR037717_2.fastq,
" 1" should be established as the upstream pattern and "_2" as the downstream pattern.

5 SPAdes DNA-Seq De Novo Assembler e

ssemble single-cell MDA data, as well as standard

Input Reads [Paired-End Forward-Reverse 2 |[Add Files| Select Folder| @

[Paired-End Forward-Re

lonTorrent data (-}
Single-cell Data )

uish upstream files from downstrea files. The pattem is searched
and the rest of the name should be the same for both files of

[a (2]

Downstream Files Pattem [ 2 )

[ vetaur | (SR Next> || conce
Figure 6: Input Data Page

« Use Additional Mate-Pair Data: SPAdes supports mate-pair only assembly. However, high-quality
mate-pair libraries are recommended in these cases. Here, regular mate-pair libraries can be provided
as supplementary information. Upstream and downstream files will be distinguished using the pattern
established in the previous page (Paired-end Configuration).

58 http://bioinformatics.oxfordjournals.org/content/30/12/i293.short
59 http://bioinformatics.oxfordjournals.org/content/31/20/3262.abstract
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* Use Data for Hybrid Assembly:
« PacBio (CLR), Oxford Nanopore and Sanger reads can be provided for hybrid assemblies (e.g.
with lllumina or lonTorrent data). SPAdes uses this data for gap closure and repeat resolution.
» Contigs of the same genome (trusted) generated by other assembler(s) can be specified to
merge them into SPAdes assembly.
» Less reliable contigs (untrusted) can be used only for gap closure and repeat resolution.

& Only contigs of the same genome should be specified since SPAdes does not work with genomes of
closely-related species.

(5) SPAdes DNA-Seq De Novo Assembler. [FARGR

Input 2

Use Additional Mate-Pair Data (v

= | Add Files || Select Folder| @

legans/mate_pair

Use Data for Hybrid Assembly (v

Data for Hybrid Assembly Oxford Nanopore = || Add Files || Select Folder| @

[Oxford Nanopore] /home/carlos/dataset_c_elegans/nanopore

Default Next > Cance
Flgure 7: Input 2 Data Page

8.1.3.2 Configuration

« Automatic K-mer Sizes: K-mer sizes are selected automatically based on the read length and data

set type:
« If single-cell data is provided, the default values are 21, 33 and 55.
« For multicell datasets, K values are automatically selected using maximum read length.

« K-mer Sizes: Define a comma-separated list of k-mer sizes to be used. These must be odd and less
than 128. You can find recommendations about K-mer sizes in the SPAdes documentation®.

* Read Error Correction: Performs a read error correction before assembly. Depending on the
sequencing platform, the BayesHammer (lllumina) or the lonHammer (lonTorrent) tools are used for
this task. This procedure is recommended to obtain high-quality assemblies but can be turned off if
read error correction has been done previously.

» Mismatch Careful Mode: Tries to reduce the number of mismatches and short indels. It also runs
MismactCorrector, a post-processing tool that uses BWA.

» Read Coverage Cutoff: Configure the read coverage cutoff value that SPAdes will use to obtain the
most reliable assembled sequences. Must be a positive decimal number, or automatic, or off. When
set to “Automatic” SPAdes automatically computes coverage threshold using conservative strategy.

+ Read Coverage Cutoff Value: If the “Defined by User” option is selected above, set a positive float
value.

60 https://github.com/ablab/spades#sec3.3
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(5) SPAdes DNA-Seq De Novo Assembler. ey

Configuration

Automatic K-mer Sizes v

Read Er

Mismatch Ca

| Mode

Read Coverage Cutoff [orf

©
®© 000000

[ efaut <sac | [ o'
Figure 8: Configuration Page

8.1.3.3 Output

« Contigs Fasta: Where to store the Fasta file containing the assembled contigs.
« Scaffolds Fasta: Where to store the Fasta file containing the assembled scaffold. Recommended for
use as resulting sequences.

=) SPAdes DNA-Seq De Novo Assembler RS

Output

Contigs Fasta Browse...| @

/nomejcarlos/dataset_c_elegans/contigs.fasta

Scaffolds Fasta Browse..| @

/nomejcarlos/dataset_c_elegans/scaffolds.fasta

Version Details:
SPAdes 3.13.0

Please Cite:
Bankevich A et al. (2012). SPAdes: a new genome assembly algorithm and its applications [
to single-cell sequencing. Journal of biology : a journal of

molecular cell biology, 19(5), 455-77.

Default <Back [ cancet || mun

Figure 9: Output Data Page

8.1.3.4 Results
SPAdes returns the assembled sequences in two FASTA files:

< Contigs: Contains resulting contigs.
« Scaffolds: Contains resulting scaffolds (recommended for use as resulting sequences).

Contigs/scaffolds names in SPAdes output FASTA files have the following format:
>NODE_3_length 237403 cov_243.207

< 3is the number of the contig/scaffold.

e 237403 is the sequence length in nucleotides.

e 243.207 is the k-mer coverage for the last (largest) k value used. Note that the k-mer coverage is
always lower than the read (per-base) coverage.
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In addition to the resulting FASTA files, a report and a chart are generated. The report shows a summary of
the DNA-Seq De Novo Assembly results (Figure 10). This page contains information about the input
sequencing data and a results overview. The Results Overview table shows a number of common statistics
used to describe the quality of a sequence assembly (see the explanation in the previous section).

« N50: This statistic defines the assembly quality in terms of contiguity. N50 is calculated by first
ordering every contig or scaffold from longest to shortest. Next, starting from the longest sequence,
the lengths of each sequence are summed up, until this running sum equals one-half of the total
length of all sequences in the assembly. The N50 of the assembly is the length of the shortest contig
in this list. Higher values of N50 indicate a better assembly. Note that any Nx statistic is calculated in
the same way, e.g. N75 is calculated summing up all the lengths until the sum equals 75% of the total
length.

« L50: Defined as the smallest number of contigs whose lengths sum makes up half of the total
assembly length.

The Nx plot (Figure 11) shows Nx values as x varies from 0 to 100 %. The Nx values are displayed for
contigs and scaffolds.

=2 m] X
SPAdes DNA-Seq De Novo Assembler 27 ==

SPAdes DNA-Seq De Novo Assembler Results

Mame: SPAdes output

Input: Sequencing Data
Atotal of 1 library has been processed.

Sample Name | Sequencing File Name Format
DRR017920 | Single-End  DRR017920fastqgz | gz

Results Overview

Statistic scaffolds ~ contigs

Number of Contigs (= 0 bp) 236 241
Number of Gontigs (== 1000 bp) 80 84
Number of Contigs (>= 5000 bp) 62 65
Number of Contigs (== 10000 bp) 51 52
Number of Contigs (>= 25000 bp) 29 28
Number of Contigs (>= 50000 bp) 21 20
Total Length (= 0 bp) 3,018,018 | 3,017,601
Total Length (== 1000 bp) 2984531 2,084016
Total Length (= 5000 bp) 2,930,647 | 2,934,490
Total Length (~= 10000 bp) 2850508 2,836,221
Total Length (>= 25000 bp) 2,490,644 2,414714
Total Length (= 50000 bp) 2211934 2,123237
Number of Conligs % 100
Largest Contig 225173 225473
Total Length 2995825 2,995310
GC (%) 3463 3463
N50 104726 104726
N5 48863 43622
L50 1 "
L75 2 23
Number of N's per 100 kbp 16.69 0

Figure 10: Summary Report
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Figure 11: Nx Plot

8.2 Repeat Masking

Content of this page:

* Introduction(see page 122)
* Run Repeat Masking(see page 122)
* Input(see page 122)
» Basic Configuration(see page 122)
« Advanced Configuration(see page 122)
* QOutput(see page 122)
¢ Results(see page 122)

8.2.1 Introduction

Repetitive DNA sequences are abundant in a broad range of species. The term repeat is used to describe
two different types of sequences: low complexity sequences, such as homopolymeric runs of nucleotides,
and transposable elements, such as viruses, long interspersed nuclear elements (LINES) and short
interspersed nuclear elements (SINEs). Eukaryotic genomes can be very repeat rich: for example, 47% of
the human genome is thought to consists of repeats. Adequate repeat annotation should be a part of every
genome annotation project.

Repeat identification and masking is usually a previous step to the gene prediction and annotation phase.
The term 'masking' means transforming every nucleotide identified as a repeat to an 'N', 'X' or to a lower
case a, t, g or c (the latter is known as soft masking). The masking step signals to downstream sequence
alignment and gene prediction tools that these regions are repeats. Identifying repeats is complicated by the
fact that repeats are often poorly conserved; thus, accurate repeat detection usually requires a repeat library
for the species of interest. Also, the borders of these repeats are usually ill-defined; repeats often insert
within other repeats, and only fragments within fragments are present, which means that complete elements
are found quite rarely.

Users must carefully post-process the outputs of this process since that failure to mask genome sequences
can be catastrophic. Left unmasked repeats can seed millions of spurious BLAST alignments, producing
false evidence for gene annotation. Worse still, many transposon open reading frames (ORFs) look like true
host genes to gene predictors, causing portions of transposon ORFs to be added as additional exons to
gene predictions, completely corrupting the final gene annotations. Good repeat masking is thus crucial for
the accurate annotation of protein-coding genes.

This application is based on RepeatMasker®!. RepeatMasker is a program that screens DNA sequences
and detects transposable elements, satellites, and low-complexity DNA sequences. The output of the
program is a detailed annotation of the repeats that are present in the query sequence as well as a modified
version of the query sequence in which all the annotated repeats have been masked. RepeatMasker uses a
sequence search engine to perform its search for repeats. In OmicsBox, RMBLast and HMMER are
supported. RepeatMasker also uses the Tandem Repeat Finder to detect tandem repeats.

61 http://repeatmasker.org/
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RepeatMasker comes with the Dfam Database. The Dfam database is a open collection of DNA
Transposable Element sequence alignments, hidden Markov Models (HMMs), consensus sequences, and
genome annotations. Dfam represents a collection of multiple sequence alignments, each containing a set of
representative members of a specific transposable element family. These alignments (seed alignments) are
used to generate HMMs and consensus sequences for each family. The Dfam website®? gives information
about each family, and provides genome annotations for a collection of core genomes.The current release
(Dfam 3.0) contains 6,235 TE families spanning five organisms: human, mouse, zebrafish, fruit fly,
nematode, and a growing number of additional species.

To supplement these databases, OmicsBox allows providing custom libraries, as well as the RepeatMasker
edition of RepBase. RepBase is a database of representative repetitive sequences from eukaryotic species.

Users can download the RepeatMasker library file from the Genetic Information Research Institute (GIR1)®®
web site after requesting an account opening.

Please cite RepeatMasker as:
Smit, AFA, Hubley, R & Green, P. RepeatMasker Open-4.0. 2013-2015 <http://www.repeatmasker.org>.

8.2.2 Run Repeat Masking

This functionality can be found under Genome Analysis - Repeat Masking. The wizard allows to select
input files and adjust analysis parameters (Figures 1 to 4).

8.2.2.1 Input

« Input FASTA: Select the file that contains the DNA sequences to be masked. Input sequences must
be in FASTA format.

62 https://www.dfam.org/home
63 https://www.girinst.org/
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et Repeat Masking + X

Input

Repeat identification and masking is usually a previous step to the gene prediction and annotation phase. The
masking step signals to downstream sequence alignment and gene prediction tools that these regions are
repeats. This application is based on RepeatMasker, a program that screens DMNA sequences and detects
transposable elements, satellites, and low-complexity DNA sequences.

Input FASTA Browse..| @
|

| fhome/biobam/Desktop/genome.fasta

| Default | < Back Mext | Cancel |

Figure 1: Input Page

8.2.2.2 Basic Configuration

« Search Configuration: Select the search engine to perform the search for repeats.

* RMBlast: Is a RepeatMasker compatible version of the NCBI Blast tool suite.

« HMMER: It uses the nhmmer program to search sequences against the Dfam database.
* Repeat Database: RepeatMasker works with these databases:

- Dfam: It is a database of transposable elements included in the application, so it is not
necessary to provide any additional file.

e Custom: Allows providing a custom library of sequences to be masked in the query. The library
file needs to contain repetitive elements in FASTA format. The recommended format for IDs in a
custom library is ">repeatname#class/subclass".

« RepBase: We highly recommend obtaining the RepeatMasker edition of RepBase. Searches
are optimized to use this database and can produce higher quality annotations. To obtain
RepBase RepeatMasker edition go to the Genetic Information Institute website®4. This option
expects an EMBL file as a database file.

@ This functionality is compatible with the RepBase RepeatMasker edition 20181026 and 20170127.
Make sure you are providing the proper database.

- Database Flle: If it is necessary, select the file containing the database to perform the search.

64 http://www.girinst.org
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* Custom: The library file needs to contain sequences in FASTA format. The recommended
format for IDs in a custom library is ">repeatname#class/subclass".
+ Repbase: EMBL file downloaded from the Genetic Information Institute website®.

* Species: Specify the species or clade of the input sequence. The species name must be a valid NCBI
Taxonomy Database species name and be contained in the RepeatMasker repeat database. Take into
account that if HMMER is selected as search engine, the Dfam database only contains information
about human, mouse, zebrafish, fruit fly, and nematode.

e Repeat Masking + X

Configuration 1

Search Configuration

Search Engine (7]
*) HMMER
RMBlast
s o
. [ —
Species 6239 Caenorhabditis elegans ~ | @

. Default [ | < Back | Next > . Cancel

Figure 2: Basic Configuration Data Page

8.2.2.3 Advanced Configuration

+ RMBlast Options. Speed/Sensitivity: Select the sensitivity of the search. The more sensitive the
longer the processing time:
* Rush: About 10% less sensitive and 4-10 times faster than the default option (quick searches
are fine under most circumstances).
¢ Quick: 5-10% less sensitive, 2-5 times faster than default.
» Slow: 0-5% more sensitive, 2-3 times slower than default.
« RMBlast Options. Apply Divergence Cutoff: This option masks only those repeats that are less
divergent from the consensus than a specific percentage.
« Masking Options: Select how sequences will be masked. Repetitive elements can be replaced by N,
by X, or by lower case. Note that some downstream applications require a specific type of masking.
¢ Only Alu elements: Only masks Alus and 7SLRNA, SVA and LTR5. This option only works for
primate DNA.

65 http://www.girinst.org
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* Type of repeat: Select the type of repeats that the algorithm will detect and mask: Interspersed
repeats, simple repeats, and low complexity DNA, or both.

* Not mask RNA genes: RepeatMasker by default screens for matches to small pol Ill transcribed
RNAs (mostly tRNAs and snRNAS) due to their close similarity to SINEs and the abundance of some
of their pseudogenes. Check this option if you are interested in leaving the small RNA genes
sequences unmasked.

et Repeat Masking + X

Configuration 2

RMEBlast Options

Speed/Sensitivity | Default = (7]

Apply Divergence Cutoff (] (7]
| |

Divergence Cutoff 80 9

Output Options

Masking Options | Replace by M = | Q
Only Alu elements - 7]
Type of repeat |[nterspersed repeats,Simple repeats and low complexity DI‘|IL/ (7]
Mot mask RNA genes O (7]

Default | | < Back |i Cancel Run

Figure 3: Advanced Configuration

8.2.2.4 Output

« Output FASTA: Select a file where the masked sequences will be placed.
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et Repeat Masking + X

Output

Output FASTA Browse..| @

fhome/biobam/Desktop/masked_sequences fasta |

Version Details:

- RepeatMasker 4.0.8
-Dfam 2.0

- Dfam consensus 20171107

Please Cite:

- Smit, AFA., Hubley, R. and Green, P. (2013). RepeatMasker Open-4.0. Retrieved 2018, from http:/f m
repeatmasker.org/.

Default | | < Back |I Next = | | Cancel | ﬁ

Figure 4: Output page

8.2.3 Results

The Repeat Masking process returns the masked sequences in FASTA format and the location of the
detected repeats in GFF format (Figure 5%¢ and Figure 687). The repeat sequences found during the
procedure are replaced by X, N or lowercase (according to the selected mask option), so the output FASTA
will contain the same sequences as the input FASTA but with the nucleotides corresponding to a repetitive
element masked. The coordinates and strand, as well as the class and subclass of each repetitive element is
annotated in the output GFF project.

66 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=618594328#RepeatMasking-figure3
67 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=618594328#RepeatMasking-figure4
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Figure 5: Masked sequences
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GO Version: Jan 27 2019 )

Figure 6: Output GFF with the repetitive elements coordinates.
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In addition to the resulting FASTA and GFF files, a report and a chart are generated. The report shows a

summary of the Repeat Masking results (Figure 7%8). This page contains information about the input
sequencing data and a results overview. The Results Overview table shows the number of elements, the
length occupied and the percentage of sequence that each repeat class and subclass covers.

The Repeat Distribution chart (Figure 85%) shows the percentage of sequence covered by each repeat class.

68 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=618594328#RepeatMasking-figure5
69 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=618594328#RepeatMasking-figure6
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g Results Overview
Repeat class/family Mumber of elements Length occupied Percentage of sequence
SINEs 6265 1407487 2.82
Penelope 305 48896 0.10
LINEs 4205 1585966 3.7
CRE/SLACS 0 0 0.00
L2/CR1/Rex 2318 BaT141 1.80
R1/LOA/Jockey 150 46673 0.09
R2/R4/NeSL 10 3654 0.01
RTE/Bov-B 266 131697 0.26
L1/CINg 820 312595 0.63
LTR elements 4348 2444054 4.89
BEL/Pao 94 73544 0.15
Ty1/Copia 3 848 0.00
Gypsy/DIRS1 1702 1500421 3.00
Retroviral 795 303166 0.61
DNA transposons 83044 20363539 40.75
hobo-Activator 22327 5460263 10.93
Te1-18630-Pogo Q001 3149248 6.30
En-Spm 0 0 0.00
MuDR-IS905 0 0 0.00
PiggyBac 915 333008 0.67
Tourist/Harbinger 5836 2110625 4.22
Gther (Mirage, P-element, Transib) 309 146613 0.29
Rolling-circles 0 0 0.00
Unclassified 2447 644410 1.29
Small RNA 231 37016 0.07
Satellites 1068 583339 117
Simple repeats 26847 1838794 368
Low complexity 2367 180431 0.36
GO Version: Jan 27 2010 - G

Figure 7: Summary Report
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Repeat Distribution [dr_ref GRCz1l1l_chr24.fa]
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/
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DNA transposons:
(20,363,539 |/ 41%)

Figure 8: Repeat Distribution Pie Chart
8.3 Prokaryotic Gene Finding by Glimmer

Content of this page:

* Introduction(see page 131)
« Run Prokaryotic Gene Finding(see page 132)
* Input Page(see page 132)
« Configuration 1 Page(see page 133)
« Configuration 2 Page(see page 134)
« Configuration 3 Page(see page 135)

8.3.1 Introduction

Glimmer (Gene Locator and Interpolated Markov ModelER) is a system for finding genes in microbial DNA,
especially the genomes of bacteria, archaea, and viruses. Glimmer uses Interpolated Markov Models (IMMs)
to identify the coding regions and to distinguish them from non-coding DNA. Glimmer was the primary
microbial gene finder used at The Institute for Genomic Research (TIGR), where it was first developed, and
since then has been used to annotate the genomes of hundred's of bacterial and archaea species from TIGR
and other labs.

The precision of Glimmer lies in its Interpolated Context Models (ICM), which are built for every query
genome, by calculating and adapting the algorithm parameters to the GC content, the start and stop codons,
etc.
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8.3.2 Run Prokaryotic Gene Finding

To create the most accurate model for your genome, this tool joins all the input fasta files and builds the
model with it. Once the model is built, it performs the gene finding for each entry in the files. This
methodology allows you to save the model created with all your sequences (belonging to the same
organism), and use it to find the genes on a short sequence without loading the entire genome. If you are
running this tool on small genomic fragments, the genome of the closest available evolutionary relative of the
target organism can be used to provide a training set of genes, if no genome is available for your organism.

8.3.2.1 Input Page

The query file contains the DNA input sequence and must be in decompressed (multiple or single) FASTA
format (figure 1(see page 132)). You can select a folder or multiple fasta files.

Note: Be sure to select only the fasta files containing the sequences of your query organism.

5 Prokaryotic GeneFinding + X

Input

Glimmer is a system for finding genes in microbial DNA, especially the genomes of bacteria, archaea and
viruses. Glimmer uses Interpolated Markov Models (IMMs) to identify the coding regions and to distinguish
them from non-coding DNA.

Input FASTA |AddFiIe5||SeIectFoIder| (2]

/home/biobam/Desktop/genome fasta

| Default | < Back | Cancel | Run

Figure 1: Input Data Page
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8.3.2.2 Configuration 1 Page

This page groups the main settings regarding your query genome (figure 2(see page 133)).

Genetic code: Here you can choose the genetic code for your genome. Only the 1%, 2nd 11t
corresponding to the General genetic code, the Mycoplasma/Spiroplasma Code and the Bacterial and
Archeal code are available.

Minimum gene length: Allows setting the length threshold for the found genes in nucleotides.
Maximum gene overlap: Here you can choose the maximum overlap length. Unlike eukaryotic genes,
prokaryotic genes often have their genes overlapped.

Minimum gene score: Every ORF found has an assigned a score depending on his length, start and
stop codons. Here you can modify the limit of the score necessary to consider an ORF a gene.
Lowering these values will increase the number of genes found, but will also increase prediction
errors.

Genome Shape: Here you can specify the genome shape, assuming a linear rather than circular
genome, there will be no genes that “wrap around' between the beginning and end of the sequence.

w7 Prokaryotic GeneFinding + X

Configuration 1

Gene settings:

Select the genetic code | The Bacterial, Archaeal and Plant Plastid Code = (7]
Minimum gene length |IID :| (7]
Maximum gene overlap |30 3| (7]
Minimum gene score |30 :| (7]
Select the genome shape | Circular = (7]

| Default || < Back | | Cancel |

Figure 2: Configuration 1 Page
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8.3.2.3 Configuration 2 Page

The second wizard page is dedicated to the Interpolated Context Model (ICM) creation parameters. The
ICMs are a further extension of Interpolated Markov Models (IMMs) used to identify the coding regions and
distinguish them from non-coding DNA. This step is one of the most sensitive points of the process, as it will
determine the accuracy of all the following gene predictions (figure 3(see page 134)).

First, you can choose to create a new ICM or to use one created previously. If you choose to create a new
ICM, you can create one with the default parameters or modify the parameters by selecting the advanced
parameters checkbox:

< Allow in-frame stops: ORFs with in-frame stop codons are omitted in the building of the model Default:
off

¢ ICM depth: The maximum number of positions in the context window that will be used to determine
the probability of the predicted positions. Default: 7

« ICM Width: Set the width of the ICM to the specified number. The width includes the predicted
position. Default: 12

< ICM Period: The period is the number of different submodels for different positions in the text in a
cyclic pattern, i.e., if the period is 3, the first submodel will determine positions 1, 4, 7,... .; the second
submodel will determine positions 2, 5, 8,... .; and the third submodel will determine positions 3, 6,
9, .. .. For a non-periodic model, use a value of 1. Default: 3

< Gene entropy cutoff: If this cutoff is raised, more sequences will be identified as coding, resulting in
more candidate genes.
Only genes with an entropy distance score smaller than the given value will be considered. This
parameter is inspired by the observation that the coding sequences can be translated to an amino
acid sequence capable of folding into a protein, whereas the non-coding sequences do not have this
function. The class of amino acid sequences capable of folding to a protein has a global
organizational order in contrast to those pseudo-amino-acid sequences generated from non-coding
(or completely random) DNA sequences. Looking at the amino acid composition (or abundance) of a
sequence we can determine the entropy of the resulting protein which allows us to cluster two kinds of
sequences (coding and non-coding). Default: 1.15

If you choose to create a new ICM, you can save it by checking the option and selecting the output folder.
The ICM file (.icm) can be used in posterior runs to saving computation time.
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he Prokaryotic GeneFinding + X
Configuration 2
Choose ICM use option (7]
(e) Create new ICM model
Set advanced ICM parameters )] (7]
Advanced ICM settings:
Save ICM model ] (7]
i Br .. 9
[ choose folder '
) Use existing ICM model.
S e nde Browse .g.
[ choose file |
| Default | | <Back | ext> | Cancel | Run

Figure 3: Configuration 2 Page

8.3.2.4 Configuration 3 Page

This page groups the settings which pertain to the gene finding process. All of these settings are made in
pairs. The first member of each pair is a checkbox allowing transition from the automatic value to the
manually set value. Note: if the value is set as "Automatic', these values will be calculated automatically
(figure 4(see page 135)).

¢ GC content: Allow the percentage of the content of G+C to be set.

« Start codons: Allow the start codons to be set as a comma-separated list. Note: If you want to use only
one start codon, it's suitable to set the three start codons, and to change the weight of the desired
start codon to 1 in the “start codons weight' parameter.

« Start codons weight: Specify the probability of different start codons (same number and order as in the
“Start codons' parameter). If the start codons have been specified without weights, then each start
codon will be assigned equal weights (which is very unusual).

» Stop codons: Allow the stop codons to be set as a comma-separated list.
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w Prokaryotic GeneFinding +

Configuration 3

Select the run model | Iterated = (7]
Parameters:

Define GC content (7]
Define the start codons (7]
Define the stop codons (7]

Version Details:
- Glimmer 3.02

Please Cite:

- Delcher AL., Harmon D., Kasif 5., White O. and Salzberg SL. (1999). Improved microbial gene
identification with GLIMMER. Nucleic acids research, 27(23), 4636-41.

B

| Default | < Back | Cancel | Run

Figure 4: Configuration 3 Page

Results
Once the gene finding tools have finished, two objects will automatically be opened:

* Sequence table: Here you can see the traditional OmicsBox table showing the sequence name
corresponding to the fasta ID line plus a gene identification, and the sequence length. Note: this
sequence can be on nucleotides or in amino acids, depending on the wizard selection.

« GFF3 table: Here you can see the results as a ¢ff file with:

< Sequence: The name of the source sequence that belongs to this feature.

< Source: The name of the program that has predicted this feature, in this case, "Glimmer'.

< Type: The type of the feature, that can be "gene’, ' mRNA', "CDS', "gene', "Start', “stop’, ‘'gene'

« Start: The coordinate of the start codon.

< End: The coordinate of the stop codon.

e Score: The score assigned to the feature, except the exons.

« Strand: The strand of the feature, where a “+' means that the feature is forward oriented and "-'
backwards.

« Phase: The correct frame to translate this feature, the values can be "0', "1' or “2'. A gene “set'
of features can have variant phase values, due to a frameshift in an intron.

« Attributes: Here we can see all the attributes assigned to each feature. The attributes are "ID'
that assigns an id to each feature, "parent' present on the CDS and exon features, and
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provides information about the feature to which it belongs (refereeing to the sequence by its
ID).

The resulting GFF3 can be inspected using the Genome Browser. To display a GFF entry right click on it and
select the Show in the Genome Browser option (figure 5(see page 137)). For more information about this
feature visit the Genome Browser(see page 23) documentation section.

®. . 0. 06 . ® 0 0. 0,

-
me functional genome transcript meta general
art workflows gruwser analysis analysis omics genomics tools

(& *Table: Glimmer_Sequences_GFF % 1@ *Table: GI\mmer_Sequen(es_Seqs|

= 5eqlD = Source = Type
C0O2006A02 .Glimmer lregiom ‘1
C02006A04 .Glirnrner .region 1
C02006A08 Glimmer e -
02006802 (Glimmer
02006604 |Glimmer | @ Extract selection to NewTab I
C02006B04 _Glimmer - Copy Selection to Clipboard (tabular format) }6
C02006804 _Glimmer | Copy Content of Column: Seurce to Clipboard }6
C02006B10 Glimmer
C02006C02 Glimmer | ) Create ID List of Column: Source [
C02006C04 .Glimmer | Create ID-Value-List of: Source and: 3 |
C02006C08 .Glirnrner _a Create Category Chart of Column: Source and: v
C02006C08 Glimmer 7@ Create Distribution Chart of Column: Source I
C02006C10 |Glimmer [region n
C02006C12 .Glirnrner .region 1
C02006D02 _Glimmer _region 1

Figure 5: How to open the Genome Browser

A Result Viewer is also opened to display the name of each sequence present in the fasta file, the number of
genes per sequence, the minimum and maximum gene length, and the strand position of the genes found (fi
gure 6(see page 137)).

Welcome Message | Prokaryotic Gene Finding (Glimmer Sequences) 52 I A 5 (=

Prokaryotic Gene Finding Results

Name: Glimmer_Sequences

Dataset Overview

Number of sequences: 40

GC content: 43.7%

Start codons: ATG, GTG, TTG

Start codons weight in second round: 0.000, 0.333, 0.000
Stop codons: TAA, TAG, TGA

LI

Results
Input Sequences Found Genes
Name Length* ORFs Genes Genes per Strand +/- Length Min/Max* Avg Length*
C02006H06 622 8 1 1/0 402 / 402 402.000
C02006D06 623 5 1 0/l 315/315 315.000
C02006B04 558 5 1 1/0 141 /141 141.000
C02006D02 584 6 1 0/l 180/ 180 180.000
C02007A04 528 4 1 0/1 156 /156 156.000
Total 2,915 28 5 2/3 141/ 402 238.800

* Length in nucleatides.

Warning: There are 35 sequences for which no gene has been found.

Figure 6: Result Summary
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8.4 Eukaryotic Gene Finding by Augustus

Content of this page:

¢ [ntroduction(see page 138)
¢ Run Eukaryotic Gene Finding(see page 138)

* Input Page(see page 138)

¢ Configuration 1 Page(see page 139)

¢ Configuration 2 Wizard Page(see page 140)
¢ Results(see page 142)

8.4.1 Introduction

Augustus is a program that predicts genes in eukaryotic genomic sequences; It is one of the most accurate
programs for the species it is trained for. In the human ENCODE project, it proved to be the most accurate
gene finder among the tested “ab initio' programs. In the more recent nGASP (worm) project, it was again
among the best in the “ab initio' and transcript-based categories.

The accuracy of Augustus lies on his precomputed models which facilitate fast and accurate gene prediction.

8.4.2 Run Eukaryotic Gene Finding

In order to speed up the gene finding process, the fasta will be split by sequence, i.e, each fasta entry will be
sent to a different node for parallel execution (figure 1(see page 138), figure 2(see page 139) and figure 3(see page
141)).

8.4.2.1 Input Page

* Input FASTA: The query file contains the DNA input sequence which must be in decompressed
(multiple or single) FASTA format. Every letter other than a, c, g, t, A, C, G, and T is interpreted as an
unknown base. Digits and white spaces are ignored. The number of characters per line is not
restricted.

/\ Note: The differences that make the fasta identifiers unique must be within the first 30
characters to be recognized by Augustus.
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~ Eukaryotic GeneFinding + X

Input

Augustus is a program that predicts genes in eukaryotic genomic sequences. It is one of the most accurate
programs for the species it is trained for. The accuracy of Augustus lies on his precomputed medels which
facilitate fast and accurate gene prediction. The program can be runin 'Ab initio' or 'hint based' mode.

Input FASTA Browse.. @

[ hom e/biobam/Desktop/genome fasta |

| Default | Next > | Cancel

Figure 1: Augustus Input Data Page

8.4.2.2 Configuration 1 Page

» Closest species: This list allows for the selection of the closest related organism to your query, in
order to obtain the most accurate prediction.
« Strand: Here you can choose the sense of the gene search, obtaining the predicted genes on the
forward strand, the backward strand or on both strands.
« Type of gene: With this option, you can select the gene model.
« partial: allows prediction of incomplete genes at the sequence boundaries (default)
« intronless: predicts only single-exon genes like in prokaryotes and some eukaryotes
< complete: predicts only complete genes
< Output type: Specify whether the output sequences will be extracted as nucleotides or amino acids.
* Protein length threshold: Set a minimum length of the predicted proteins.
< Allow in-frame stops: Activating this checkbox will allow the detection of genes containing a stop
codon in its reading frame, detecting fragment genes with some undetected zones; normally it's the
most suitable option for an 'ab initio' search.
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-

Configuration 1

Select the closest species

Select the strand for gene search
Select the type of gene

Output type

Gene length threshold

Allow in-frame stop codons

Default

Eukaryotic GeneFinding

Acyrthosiphon pisum, [Metazoa - Arthropoda - Insecta]

Both Strands

Partial

Aminoacids (aa)

v

< Back Next > | Cancel

Figure 2: Augustus Configuration 1 Page

8.4.2.3 Configuration 2 Wizard Page

Module Genome Analysis

The eukaryotic gene finding can be executeConfiguration 2 Wizard Paged 'ab initio', using only DNA-seq
data, or using 'hints' obtained from the RNAseq alignment in order to increase the truthfulness of the

predicted genes.

* RNAseq alignment file: The file containing the alignments in BAM format. This file is the output of
every RNAseq aligner program as TopHat, BWA or STAR. To be able to locate hints in the alignment
file, it must not be filtered by any parameter, that means that it must be the same file that you obtain
from the aligner. For this reason, the alignment files from Ensembl are not suitable for retrieving hints

as they are filtered and processed.

* Qmap threshold: This parameter allows filtering the aligned reads that will be used to create the
intron 'hints'. The Qmap corresponds to the mapping quality in a range from 0 to 60 and it is calculated
as: Meaning that a Qmap of 50, corresponds to a mapping error of 5 x 105. Default: 50.

¢ Minimum read alignment: Specify the minimum length of the read that must map to the reference
genome at the beginning of the intron. If this value is too small, it can lead the program to detect an
intron derived from a miss-alignment (figure 4(see page 141)).
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& Note: This value has 0 as minimum and the maximum depends on your reads length. Default:

11.

¢ Minimum intron length: Sets the minimum intron length (figure 4(see page 141)). Default: 32.

¢ Minimum exon length: Sets the minimum exon length (figure 4(see page 141)). Default: 300.

< Depth coverage: Sets the number of reads that must be aligned at a position to consider it as a
consistent exon. Default: 20.
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Configuration 2

Select the GeneFinding method (2]

(*) 'Ab initio"

By using Hiden Markov Models we are able to build probabilistic models to predict the positions and
composition of genes from DNA data.

) with RNA-seq data

By adding introns as 'hints' from RNA-seq based alignments to the mathemathicals models, we canincrease
the accuracy of the gene prediction.

RNA-seq alignment file (.bam) |Browse.. @
[choose file |

Qmap threshold 30 l:' Q
Minimum read alignment |ll l:' Q
Minimum intron length 32 l:' Q
Minimum exon length 300 l:' Q
Depth coverage |2D l:' e

Version Details:
- Augustus 3.2.2

Please Cite:

- Hoff K. and Stanke M. (2013). WebAUGUSTUS--a web service for training AUGUSTUS and predicting m
genes in eukaryotes. Nudleic acids research, 41(Web Server issue), W123-8.

| Default | | < Back || Next > | | Cancel | ﬁ

Figure 3: Augustus Configuration 2 Page
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Exon ; Intron ; Exon

| | Reference genome

L |t J
T T

Minimum read Minimum intron
alignment length

Figure 4: The concept of minimum read alignment and minimum intron length

8.4.3 Results

Two result tables will automatically be opened:

* Sequence table:
Here you can see the traditional OmicsBox table showing the sequence name corresponding to the
fasta ID line plus a gene identification, and the sequence length.

A Note: These sequences can be on nucleotides or in amino acids, depending on the wizard
selection.

¢ GFF3 table columns:

¢ Sequence: The name of the source sequence that belongs to this feature.

» Source: The name of the program that has predicted this feature, in this case, "Augustus’.

» Type: The type of the feature, that can be “gene’, ' mRNA', "CDS', “gene', “Start', “stop’, ‘gene’

» Start: The coordinate of the start codon.

¢ End: The coordinate of the stop codon.

« Score: The score assigned to the feature, except the exons.

 Strand: The strand of the feature, where a “+' means that the feature is forward oriented and *-'
backwards.

» Phase: The correct frame to translate this feature, the values can be "0', "1' or “2'. A gene “set'
of features can have variant phase values, due to a frame shift in an intron.

 Attributes: Here we can see all the attributes assigned to each feature. The attributes are "ID'
that assigns an id to each feature, “parent' present on the CDS and exon features, and
provides information about the feature to which it belongs (refereeing to the sequence by his
ID).

The resulting GFF3 can be inspected by using the Genome Browser. To display a GFF entry right click on it
and select the Show in the Genome Browser option (figure 5(see page 142)). For more information about this
feature visit the Genome Browser(see page 23).
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.@@@@@@@

functional transcript general
workflows analysis analysls omils genumi:s tools

& *Table: susscrofach_gff 52 l

= SeqlD | = Source | = Type
gi|347618111|ref[INW_00353418... AUGUSTUS cDs
gi|347618437|ref|[NW_00360924... AUGUSTUS mMRNA
gi|347618346|ref|[NW_00360931... _AUGUSTUS _mRNA

qi|347618749]ref|NW_00360898... AUGUSTUS D
0i[347618256|ref|NW_00360938... |AUGUSTUS
gi|347618458]ref|NW_00360922... |AUGUSTUS @ Extract Selection to New Tab 0
gi[347618334|ref|NW_00360932... AUGUSTUS |
qi|347618481|ref|NW_00360920... AUGUSTUS

gi|347618118|ref[NW_00360949... AUGUSTUS

—  Copy Selection to Clipboard (tabular format) .
—{  Copy Content of Column: Source to Clipboard 3

gi|347618121|ref|[NW_00360948... |AUGUSTUS Create ID List of Column: Source
gi[347618160|ref|NW_00360946... |AUGUSTUS | Create ID-Value-List of: Source and: dl
gi|347618650|ref|NW_00360906... AUGUSTUS |@ create category Chart of Column: Source and: 3
g9i|347618706|ref[NW_00360902... |AUGUSTUS @) Create Distribution Chart of Column: Source L
gi|347618204|ref|NW_00360942... |AUGUSTUS [mRNA
gi|347618763|ref|NW_00353388... |AUGUSTUS cDs

Figure 5: How to open the Genome Browser

A Result Viewer is also opened to display some the number and name of sequences per spitted file, the
average number of exons, the minimum, maximum and average gene length, and the number of genes per
strand (figure 6(see page 143)).

biobam 143

BIOINFORMATICS SOLUTIONS



OmicsBox Documentation Module Genome Analysis

(H:] Eukaryotic Gene Finding (citrus_sinensisCH1) 22 1

[N

Eukaryotic Gene Finding Results

Narme: citrus_sinensisCH1

Dataset Overview

» Number of sequences: 18
e Gene search based on Arabidopsis thallana as closest related species
« GeneFinding method: With RNA-seq data

Results

Input Sequences Found Genes

Name Length Exons Genes* Genes per Strand +/-* Length Min/Max** Avg Length** Average hint support
gi|566709331|ref|NW_006256920.1| 729,459 | 5.167 60 31/29 542 /14,009 4,288.067 9.593
gi|566709342|ref|NW_006256917.1| 2,004,689 5.197 173 84 /89 383/21,295 3,951.266 7.520
gi|566709277|ref|NW_006256928.1| 1,153,015 5.786 131 73/58 400/ 23,325 3,360.031 17.372
gi|566709289|ref|NW_006256926.1| 3,206,144 7.396 326 166/ 160 352/ 35,564 4,298.797 19.420
gi|566709327|ref|NW_006256921.1| 584,319 | 3.906 53 27126 562 /11,756 3,515.660 6.658
gi|566709368|ref|NW_006256912.1| 196,955 5.611 18 7411 566 /17,112 4,015.944 11.994
gi|566709335|ref|NW_006256919.1| 69,724 2.667 B 5/1 1,439 /3,245 2,244,833 6.417
gi|566709322|ref|NW_006256922.1| 1,116,813 3.709 127 55/72 450/ 11,646 3.042.567 3.710
gi|566709272|ref|[NW_006256929.1| 2,526,410 7.025 325 183/142 519/23,199 3,498.400 23.198
gi|566709347|ref|NW_006256916.1] 1,434,663 5 126 60/ 66 437 /13,641 3,377.421 9.307
gi|566709301|ref|NW_006256924.1| 540,170 4.967 60 32/28 386/11,138 3,501.600 5.109
gi|566709364|ref|NW_006256913.1] 621,738 5277 65 36/29 451/ 16,057 3,361.385 8.971
gi|566709282|ref|[NW_006256927.1| 2,640,504  6.269 338 160/178 437/19,920 3.677.725 23.597
gi|566709338|ref|NW_006256918.1| 258,822 | 5.417 24 10/ 14 761/11,275 3,802.667 4.825
gi|566709313|ref|NW_006256923.1| 2,668,680 5.286 290 126/ 164 360/ 22,693 3,690.193 10.223
gi|566709360(ref|NW_006256914.1| 1,051,576  4.403 124 58/ 66 468/ 13,019 3,158.694 5.209
gi|566709296|ref|NW_006256925.1| 1,109,915 | 7.419 148 73/75 355/14,572 3,842.750 10.441
0i|566709354|ref|[NW_006256915.1| 6,886,556  5.581 713 3437370 368/ 25,381 3.640.286 13.399
Total 28,800,152  5.338 3,107 1,529/1,578 352 /35,564 3,576.516 10.942

= Isoforms are not taken into account.

=* Length computed from unspliced genes (in nucleatides).

Analysis Parameters

Parameter Value

Input File citrus_sinensisCH1.fa
Closest species Arabidopsis thallana [Plantae - Streptophyta - Magnoliophyta]
Strand Both Strands

Type of gene Partial

Output type Nucleotides (nt)

Gene length threshold 0

In-frame stop codons true

GeneFinding Method With RNA-seq data
Alignment file citrus_sinensisCH1.bam
Qmap threshold 30

Minimum read alignment | 11

Minimum intron length 32
Minimum exen length 300
Depth coverage 20

Figure 6: Result Summary
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9 Module Transcriptomics

Content of this section:

* RNA-Seq de novo Assembly(see page 146)

¢ Completeness Assessment(see page 153)

¢ Predict Coding Regions(see page 159)

¢ RNA-Seq Alignment(see page 163)

+ Gene-level Quantification(see page 172)

¢ Transcript-level Quantification(see page 182)

« Pairwise Differential Expression Analysis(see page 194)

« Pairwise Differential Expression Analysis (Without Replicates)(see page 210)
« Time Course Expression Analysis(see page 220)

Detecting genes that are differentially expressed between conditions is a fundamental part of understanding
the molecular basis of phenotypic variation. To take advantage of the possibilities and address the
challenges posed by this relatively new type of data, OmicsBox offers several tools to analyze RNA-Seq data
and obtain functional insights.

The OmicsBox Transcriptomics module allows you to process RNA-seq data from raw reads down to their
functional analysis in a flexible and intuitive way.

« Quality Control: Use FastQc and Trimmomatic to perform the quality control of your sequencing
samples, to filter reads and remove low-quality bases.

« De novo Assembly: Assemble short reads with Trinity to create a de novo transcriptome without a
reference genome.

* RNA-Seq Alignment: Align RNA-Seq data to your reference genome making use of STAR, an
ultrafast universal RNA-Seq aligner.

« Quantify Expression: Quantify expression at gene or transcript level through HTSeq or RSEM and
with or without a reference genome.

 Differential Expression Analysis: Detect differentially expressed genes between experimental
conditions or over time with well-known and versatile statistical packages like NOISeq, edgeR or
masSigPro. Rich visualizations help to interpret results.

« Enrichment Analysis: By combining differential expression results with functional annotations,
enrichment analysis allows to identify over and underrepresented biological functions.

©.®, 0,

transcript meta general
omics genomics tools

® Assembly '
RNA-Seq Alignment
Create Count Table

Figure 1: Transcriptomics menu

Transcriptomic Analysis use case: https://www.biobam.com/drug-response-transcriptomics/.
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Transcriptomic Example Dataset: Download”®.

9.1 RNA-Seq de novo Assembly

Content of this page:

¢ [ntroduction(see page 146)

¢ Run RNA-Seq de novo Assembly(see page 146)
* Input(see page 147)
¢ Configuration(see page 147)
* Output(see page 149)

¢ Results(see page 150)

9.1.1 Introduction

De novo transcriptome assembly is one of the most frequent analyses performed in bioinformatics and it
consists of reconstructing the transcriptome from RNA sequencing data, assembling short nucleotide

sequences into longer ones without the use of a reference genome. This functionality is based on Trinity’!, a
well-known de novo sequence assembler software developed at the Broad Institute and the Hebrew
University of Jerusalem.

Trinity combines three independent software modules applied sequentially to process large volumes of RNA-
seq reads. Trinity partitions the sequence data into many individual de Bruijn graphs, each representing the
transcriptional complexity at a given gene or locus, and then processes each graph independently to extract
full-length splicing isoforms and to tease apart transcripts derived from paralogous genes.

Please, cite Trinity as:

Grabherr MG, Haas BJ, Yassour M, Levin JZ, Thompson DA, Amit I, Adiconis X, Fan L, Raychowdhury R,
Zeng Q, Chen Z, Mauceli E, Hacohen N, Gnirke A, Rhind N, di Palma F, Birren BW, Nusbaum C, Lindblad-
Toh K, Friedman N, Regev A (2011). "Full-length transcriptome assembly from RNA-Seq data without a
reference genome." Nature Biotechnology, 29(7):644-52.72

9.1.2 Run RNA-Seq de novo Assembly

This functionality can be found under Transcriptomics — Assembly —. RNA-Seq De novo Assembly. The
wizard allows to select files and set the parameters (Figure 173, Figure 27* and Figure 37°).

70 https://resources.biobam.com/omicsbox/example_data/Transcriptomics.zip

71 https://github.com/trinityrnaseqg/trinityrnaseq/wiki

72 https://www.ncbi.nIm.nih.gov/pubmed/21572440

73 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598278202#RNA-SeqdenovoAssembly-figurel
74 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598278202#RNA-SeqdenovoAssembly-figure2
75 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598278202#RNA-SeqdenovoAssembly-figure3
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9.1.2.1 Input

« Sequencing Data: Choose the type of data to be preprocessed: single-end or paired-end reads. Note
that if paired-end is selected, two files per sample are required.

< Input Reads: Provide the files containing sequencing reads. These files are assumed to be in FASTQ
format.
< Paired-end configuration: In the case of paired-end reads, the pattern to distinguish upstream files
from downstream files is required. The provided patterns are searched right before the extension, and
the start of the name should be the same for both files of each sample.
e Upstream Files Pattern: Establish the pattern to recognize upstream FASTQ files.
< Downstream Files Pattern: Establish the pattern to recognize downstream FASTQ files.

& For example, if the upstream file is named SRR037717_1.fastq and the downstream

one SRR037717_2.fastq, you should establish " 1" as the upstream pattern and "_2"
as the downstream pattern.

RMNA-Seq De Novo Assembly
Input

The RNA-seq de novo Assembly task consists of reconstructing the transcriptome from RNA
sequencing data, assembling short nucleotide sequences into longer ones without the use of a
reference genome. This functionality is based on Trinity, a De Bruijn assembler software.

Sequencing Data Paired-End Reads > @

Input Reads Add Files || Select Folder @

/home/biobam/OmicsBoxWorkspace/Transcriptomics/SRR937558_1.fastq.gz
/home/biobam/OmicsBoxWorkspace/Transcriptomics/SRR937558_2.fastq.gz
/home/biobam/OmicsBoxWorkspace/Transcriptomics/SRR937564_1.fastg.gz
/home/biobam/OmicsBoxWorkspace/Transcriptomics/SRR937564_2.fastq.gz

Paired-End Configuration

Define the pattern to distinguish upstream files from downstream files. The pattern is searched
right before the file extension, and the rest of the name should be the same for both files of each

Upstream Files Pattern 1 0

Downstream Files Pattern 2 9

Default Ba Next = Cancel

Figure 1: Input Data Page

9.1.2.2 Configuration

« K-mer Size: The term k-mer refers to all possible subsequences of the given length that are
contained in a read. In sequence assembly, k-mers are used during the construction of De Bruijn
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graphs. The choice of the k-mer size has different effects on the sequence assembly, so it is advisable
to try different values and check the results to choose the best one. Trinity suggests using a k-mer
size of 25 (default value). The maximum value allowed is 32.

« Strand Specificity: This option defines the strandedness of the RNA-seq reads:

* Non-Strand Specific: This refers to non-strand-specific protocols.

« Strand Specific Forward: For single-end data, the single read is in the sense (forward)
orientation. In the case of paired-end data, the first read of fragment pair is sequenced as
sense (forward), and the second is in the antisense strand (reverse).

« Strand Specific Reverse: For single-end data, the single read is in the antisense (reverse)
orientation. In the case of paired-end data, the first read of fragment pair is sequenced as anti-
sense (reverse), and the second read is in the sense strand (forward). Typical of the dUTP/
UDG sequencing method.

¢ Minimum Contig Length: Minimum assembled contig length to report. Trinity uses 200 bp as default
value.

« Assess the Read Content: To assess the read composition of the assembly, input RNA-Seq reads
are aligned to the transcriptome assembly using Bowtie2. Reads that map to the assembled transcript
are captured and counted, including the properly paired and those that are not. Check this option to
obtain the read representation charts and table.

& Note that it is an expensive operation, so the process will take more time.

« Construct Super Transcripts: SuperTranscripts provide a gene-like view of the transcriptional
complexity of a gene. A SuperTranscript is constructed by collapsing unique and common sequence
regions among splicing isoforms into a single linear sequence.

* Minimizing Falsely Fused Transcripts: If the transcriptome RNA-seq data under study are derived
from a gene-dense compact genome, fusion transcripts can be minimized. This option is only
available for paired-end data. In compact fungal genomes, it is highly recommended.

& Note that it is an expensive operation, so avoid using it unless necessary.

« Pair Distance: Maximum length expected between fragment pairs (500 nucleotides by default).
Reads outside this distance are treated as single-end.
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9.1.2.3 Output

Configuration

K-mer Size
Strand Specificity
Minimum Contig Length

Assess the Read Content

Construct Super Transcripts

Paired-End Configuration
Minimizing Falsely
Fused Transcripts

Pairs Distance

Default

RMNA-Seq De Novo Assembly

25

Non Strand Specific

AL

200

500

< Back Next =

Cancel

Figure 2: Configuration Page

L

0 ©® © ©

)

Module Transcriptomics

* Transcript to Gene Mapping: Select a location to place the transcript to the gene mapping file. Itis a
tab-delimited file with the information to map from transcript (isoform) identifiers to gene identifiers. It
could be used in downstream analysis such as the Transcript-level Quantification.

biobam
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RMNA-Seq De Novo Assembly

Output

Transcript to Gene Mapping File Browse... @

/home/biobam/OmicsBoxWorkspace/Transcriptomics/transcript_to_gene_map.txt

Version Details:

Trinity 2.8.4

Please Cite:

- Grabherr MG et al. (2011). Ful-length transcriptome assembly from RNA-Seq data without a [Yad
reference genome. Nature biotechnology, 29(7), 644-52.

- Langmead B. and Salzberg SL. (2012). Fast gapped-read alignment with Bowtie 2. Nature [Yad

methods, 9(4), 357-9.

Default < Back Cancel Run

Figure 3: Output Data Page

9.1.3 Results

When the RNA-seq de novo assembly completes, it creates a sequence table containing the assembled

transcripts sequences (Figure 475). Trinity groups transcripts into clusters based on shared sequence
content. Such a transcript cluster can be considered as a 'gene’.

76 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598278202#RNA-SeqdenovoAssembly-figure4
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v OmicsBox 1.0.34 ——

File View Help

®. 9. 6. 6. & 06 06 0 o
i mm U R R ey S & ——
@ *Table: Assembled Transcripts x‘ 2ua7a0f24374 A1 O O E = B
=[] nr| = Tags = Seqname = Description = Length | = #Hits = evalue| = simm..|= #60 = Enzyme Codes = Enzyme Names = InterPro 1Ds. = InterPra GO D = InterPro GO Names
1 TRINITY_DN720_c0_gL i1 | 1037 °
2 TRINITY_DN705_c0_g1 i4 471
3 TRINITY_DN705_c0_g1 i5 665
4 TRINITY_DN705_c0_g1_i6 438
5 TRINITY_DN705_c0_g1_i2 933
6 TRINITY_DN714_c0_g1_i4 437
7 TRINITY_DN714_c0_g1_il 1764
8 TRINITY_DN714_c0_g1_i2 1252
9 TRINITY_DN790_c0_g1_il 1135
10 TRINITY_DN790_c0_g2_il 1797
11 TRINITY_DN790_c0_g3 il 1802
12 TRINITY_DN729_c0_g1 il 554
13 TRINITY_DN729_c0_g1 i2 549
14 TRINITY_DN729_c0_g1 i3 670
15 TRINITY_DN736_c0_g1 il 464
16 TRINITY_DN736_c0_g1 i2 294
17 TRINITY_DN736_c0_g1 i3 521
18 TRINITY_DN748_c0_g1 il 1993
19 TRINITY_DN748_c0_g1 i2 1976
20 TRINITY_DN789_c0_g1 il 2544
21 TRINITY_DN766_c0_g4_i1 289
22 TRINITY_DN766_c0_g5_il 1182
23 TRINITY_DN766_c0_g5_i2 1941
@ Progress| @ File Manager| © [© naseqoe b = = B |[@ welcome Message @ *Chart: Read Representation [ssembled Transaipts] | @ *Chart: Relative Read Representation [Assembled Transcrit..| @) RNA-Seq De Novo Assembly (Triniy outpu) 3 = =09
100% RNA-Seq De Novo Assembly: done [53m]
® x RNA-Seq De Novo Assembly Results
Name: Trinity output
Input: Sequencing Data
Atotal of 3 libraries have been processed.
File Name Sample Name Format Sequencing
SRRO37568_1.fastq.qz, SRRI37568 2.fasta.gz  SRR937568 gz Paired-End
SRRO37558_1.fastq.gz, SRR937558 2.fasta.gz  SRR937558 gz Paired-End
SRRO37564_L fastq.gz, SRRI37564 2.fasta.gz  SRRO37564 gz Paired-End

GO Version: Mar 192013

Figure 4: Sequence table project containing the sequences of the assembled transcripts

This information is encoded in the Trinity FASTA accession. An example FASTA entry for one of the
transcripts is formatted like so:

* Isoform 1: TRINITY_DN869 c0_g1_il
* Isoform 2: TRINITY_DN869 c0_g1_i2

The accession encodes the Trinity 'gene' and 'isoform' information. In the example above, the accession
"TRINITY_DN869 c0_g1 il'indicates Trinity read cluster TRINITY_DN869 c0, gene 'gl’, and isoform 'i1'
and 'i2'. Because a given run of trinity involves many clusters of reads, each of which are assembled
separately, and because the 'gene' numbering is unique within a given processed read cluster, the 'gene’
identifier should be considered an aggregate of the read cluster and corresponding gene identifier, which in
this case would be 'TRINITY_DN869_c0_g1'.

If the Construct Super Transcript option was checked, two additional outputs will be generated:

e SuperTranscripts in FASTA format.
« Transcript structure annotation in GFF format.

Furthermore, a result page will show a summary of the RNA-seq de novo assembly results (Figure 577). It
contains the following information:

* Details of input FASTQ files.

« Results overview that informs about the number of total transcripts and genes detected, the
percentage of GC and the total assembled bases.

« Statistics based on the lengths of the assembled transcriptome contigs. The conventional Nx length
statistic means that at least x% of the assembled transcript nucleotides are found in contigs that are at

77 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598278202#RNA-SeqdenovoAssembly-figure5
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least of Nx length. For example, the N50 means that at least half of all assembled bases are in
transcript contigs of at least the N50 length value.
* The RNA-Seq Read Representation, that allows assessing the read composition of the assembly. It
shows the number of reads that map to the assembled transcripts, including the properly paired and

those that are not (details below).

= OmicsBox 1.0.34 - + X
File View Help
.. v @ v v v v v v v Start typing to search actions.
enome functional genome transcript meta general
start workflows rowser analysis analysis omics genomics tools
= = g

(@@ wWelcome Message ‘@ *Chart: Read Representation [Assembled Transcripts] ‘@ *Chart: Relative Read Representation [Assembled Transcript.. | G RNA-Seq De Novo Assembly (Trinity output) 5% X

TR

RNA-Seq De Novo Assembly Results

MName: Trinity output

Input: Sequencing Data

A total of 3 libraries have been processed.

File Name Sample Name Format Sequencing
SRR937568_1.fastq.gz, SRRI37568_2.fasta.qz SRR937568 9z Paired-End
SRR937558_1.fastq.gz, SRR937558 2 fastq.gz SRR937558 gz Paired-End
SRR937564_1.fastq.gz, SRR937564 2 fastq.qz SRR937564 gz Paired-End

Results Overview

e Total transcripts: 24,374

« Total genes: 19,637

s Percent GC: 43.84

« Total assembled bases (all transcripts): 17,828,404

« Total assembled bases (longest isoform per gene): 13,584,735

Statistics
Contig length Stats based on all transcripts Stats based on the longest isoform per gene
N10 2377 2241
N20 1,816 1,706
N30 1,459 1371
N40 1,198 1127

GO Version: Mar 19 2019

Figure 5: Summary report

Finally, two charts showing the read representation of the assembly are generated (Figure 6’8 and Figure
779). These charts display the number of reads of each input file sorted by different categories (the second
chart represents the same information in percentages). Bowtie2 is used to align the reads to the
transcriptome and then the number of the single-end reads or proper pairs and improper or orphan read

alignments are counted.

78 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598278202#RNA-SeqdenovoAssembly-figure6
79 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598278202#RNA-SeqdenovoAssembly-figure7
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Figure 6: Read Representation Chart
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Figure 7: Read Representation (%) Chart

9.2 Completeness Assessment

Content of this page:

* Introduction(see page 153)
e Run Completeness Assessment(see page 153)

* Results(see page 153)
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9.2.1 Introduction

The Completeness Assessment functionality provides quantitative measures for the assessment of
transcriptome assembly completeness, based on evolutionarily-informed expectations of gene content from
Benchmarking Universal Single-Copy Orthologs® (BUSCO) selected from OrthoDB8?.

The Benchmarking Universal Single-Copy Orthologs are ideal for such quantifications of completeness, as
the expectations for these genes to be found in a genome/transcriptome in single-copy are evolutionarily
strong.

The application offers predefined BUSCO sets for six major phylogenetic clades. Sampling hundreds of
genomes, orthologous groups with single-copy orthologs in >90% of species were selected. Importantly, this
threshold accommodates the fact that even well-conserved genes can be lost in some lineages, as well as
allowing for incomplete gene annotations and rare gene duplications.

Please cite BUSCO and OrthoDB as:

Simao FA., Waterhouse RM., loannidis P., Kriventseva EV. and Zdobnov EM. (2015). BUSCO: assessing
genome assembly and annotation completeness with single-copy orthologs. Bioinformatics (Oxford,
England), 31(19), 3210-2.82

Kriventseva EV., Kuznetsov D., Tegenfeldt F., Manni M., Dias R., Simao FA. and Zdobnov EM. (2019).
OrthoDB v10: sampling the diversity of animal, plant, fungal, protist, bacterial and viral genomes for
evolutionary and functional annotations of orthologs. Nucleic acids research, 47(D1), D807-D811.83

9.2.2 Run Completeness Assessment

This functionality can be found under Transcriptomics — Assembly —. Completeness Assessment. The
wizard allows to select input files and adjust analysis parameters (Figure 1(see page 154)).

< Lineage: Choose the appropriate lineage-specific profile to classify matches, depending on the
species to be assessed. Genes that make up the BUSCO sets for each major lineage are selected
from orthologous groups with genes present as single-copy orthologs in at least 90% of species (Table
1(see page 154)).

* Mode: Set the assessment mode according to the type of sequences to be analyzed.

« Transcriptome: nucleotide sequences (e.g. transcriptome de novo assembly).
« Proteome: Protein amino acid sequences.

« Blast e-Value: The statistical significance threshold for reporting matches against a sequence
database. If the statistical significance of alignment is greater than the e-Value threshold, this hit will
not be reported. Lower e-Value thresholds are more stringent, leading to fewer results. Increasing the
threshold shows less stringent matches. The default e-Value used by BUSCO is 1e-03.

80 https://busco.ezlab.org/

81 https://www.orthodb.org/

82 https://www.ncbi.nlm.nih.gov/pubmed/26059717
83 https://www.ncbi.nlm.nih.gov/pubmed/30395283
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Bacteria

Bacteria
Proteobacteria
Rhizobiales
Betaproteobacteria
Gammaproteobacteria
Enterobacteriales
Delta+ epsilon proteobacteria
Actinobacteria
Cyanobacteria
Firmicutes

Clostridia
Lactobacillales
Bacillales
Bacteroidetes
Spirochaetes

Tenericutes
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Eukaryota

Eukaryota
Fungi
Dicrosporidia
Dikarya
Ascomycota
Pezizomycotina
Eurotiomycetes

Sordariomyceta

Saccharomyceta

Saccharomycetales

Basidiomycota
Metazoa
Nematoda

Arthropoda

Insecta
Endopterygota
Hymenoptera
Vertebrata
Actinopterygii
Tetrapoda
Aves

Mammalia

Euarchontoglires

Laurasiatheria
Embryophyta

Protists

Aveolata stramenophiles

Table 1: Lineages
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9.2.3 Results

(=) Completeness Assessment (assembled_transcripts) O X

Configuration

BUSCO assessments (Benchmarking Universal Single-Copy Orthologs) provides
guantitative measures for the assessment of transcriptome assembly completeness,
based on evolutionarily-informed expectations of gene content from near-universal
single-copy orthologs selected from OrthoDBE.

Lineage Bacteria odb9 v| (2]
Mode Transcriptome v | @
Blast e-value 1.0E-3 v @
Please Cite:

- Simao FA, Waterhouse RM., loannidis P., Kriventseva EV. and Zdobnov EM. (Lo

(2015). BUSCO: assessing genome assembly and annotation completeness with
single-copy orthologs. Bioinformatics (Oxford, England), 31(19), 3210-2.

- Kriventseva EV., Kuznetsov D., Tegenfeldt F.,, Manni M., Dias R., Simao FA. and [
Zdobnov EM. (2019). OrthoDB v10: sampling the diversity of animal, plant, fungal,
protist, bacterial and viral genomes for evolutionary and functional annotations

of orthologs. Nucleic acids research, 47(D1), D807-D811.

Version Details:

- BUSCO 3.1.0
- OrthoDB v10

Figure 1: Configuration Wizard Page

Module Transcriptomics

Once finished, a new tab is opened containing the results of the completeness assessment procedure (Figur
e 2(see page 157)). Each row corresponds to a BUSCO from the lineage database selected, and columns show
the following information:

« BUSCO ID: Name of the BUSCO.

The results are simplified into categories of Complete and single-copy, Complete and duplicated,

Sequence ID: Name of the transcript/protein sequence matching the BUSCO.
Score: Score of the alignment.

Length: Length of the transcript/protein sequence matching the BUSCO.

Tag: Result category.

Fragmented, or Missing BUSCOs:

« Complete (single and duplicated): The BUSCO matches have scored within the expected range of

scores and within the expected range of length alignments to the BUSCO profile.

biobam
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* Fragmented: The BUSCO matches have scored within the range of scores but not within the range of
length alignments to the BUSCO profile. For transcriptomes or annotated gene sets, this indicates
incomplete transcripts or gene models.

* Missing: There were either no significant matches at all, or the BUSCO matches scored below the
range of scores for the BUSCO profile. For transcriptomes or annotated gene sets this indicates that
these orthologous are indeed missing or the transcripts or gene models are so incomplete/fragmented
that they could not even meet the criteria to be considered as fragmented.

& OmicsBox 1.1.291 - m] X
File View Help
A @ A ge b fun(r%wal A @ ~ @ = @ - @ A Start typing to search actions... |
start workflows rowser analysis %ﬁgﬁfsﬂﬁ traur’]glccrsm gewmts gfung‘rsal

= | @ Table: assembled_transcripts[@ *BUSCO: Completeness Assessment Results (assembled_transcr.. 1,996 of 1,996 OE= ==
g Nr = Tags = BUSCOID = Sequence ID = Score = Length [ 4 g
@ 1978 EOGO91HOARY TRINITY_DN14455_c0_g1.i1 | 164.9 76 )
S | 1979 EOGO091HOATF TRINITY_DN21505_¢5_g3_i1 | 157.8 78

1980 |EEIGEd EOG091HOAUJ TRINITY_DN18840_c0 g1_i4 1185 75

1981 EOGO091HOAYQ TRINITY_DN24416 c2 g2 i3 1134 103

1982 EOGO091HOAYQ TRINITY_DN24416_c2 g2 i4 | 114.2 93

1983 EOG091HOAZL TRINITY_DN24452 ¢5 g1.i2  |137.4 70

1984 EOGO91HOAZT TRINITY_DN22330 c2 g8 i1  |157.3 84

1985 EOGO091HOB1C TRINITY_DN19696_c0 g1.i1 | 156.1 105

1986 EOG091HOB4K TRINITY_DN21558 c1 g7.i1  |161.6 92

1987 COMPLETE EOG091HOB5N TRINITY_DN15464_c0_g1_.i1 658 38

1988 EOGO091HOBSY TRINITY_DN23491_c0_g2_i1 1183 61

1989 EOGO091HOBSY TRINITY_DN23491_c0_g2_i2 1181 61

1990 EOGO091HOBSY TRINITY_DN23491_c0_g2_i3 1183 61

1991 EOG091HOB6S TRINITY_DN18359_c0_g1.i1  |196.2 294

1992 COMPLETE EOGO091HOB7O TRINITY_DN22696_c0_g3_i1  |175.1 88

1993 EOGO91HOBAA TRINITY_DN22841_c1_g2_i1 1129 57

1994 EOGO91HOBAA TRINITY_DN22841_c1_g2_i2 1159 57

1995 |EIGEd EOGO091HOBC8 TRINITY_DN21403 ¢4 g1.i3 | 151.1 102

1996 |EEIGEd EOG091HOBOS TRINITY_DN24837 c1 g1.i1 1187 50 -
GO Version: Jul 12019

Figure 2: BUSCO Project

A result page will show a summary of the "Completeness Assessment" results (Figure 3(see page 157)). This
page provides a quick evaluation of the results and provides ID lists containing BUSCO or transcript/protein
identifiers assigned to the different categories. The result summary can be generated via Side Panel

- Completeness Assessment Report.

Furthermore, the Completeness Assessment Summary chart (Figure 4(see page 157)) shows the percentage of
lineage-specific BUSCOs assigned to each category. The pie chart can be generated via Side Panel
- Completeness Assessment Summary.

biobam 157

BIOINFORMATICS SOLUTIONS



OmicsBox Documentation Module Transcriptomics

=) O X

i Completeness Assessment Report (Completeness Asses... &2 Ia

BUSCO Configuration

« The lineage dataset is: metazoa_odh9
o Creation date: 2016-02-13
o Number of species: &
o Number of BUSCOs: 982

+ BUSCO was run in mode: Transcriptome

BUSCO Results

91.34% of the BUSCO groups have complete gene reprentation (single-copy or
duplicated), while 5.3% are only partially recovered, and 3.36% are missing.

BUSCO Notation BUSCOs Sequences

Complete Single-copy 280/ 28.51% 2807 0.1%
Complete Duplicated 617/ 62.83% 1,629/ 0.56%
Fragmented 52/53% 52/0.02%

Figure 3: Completeness Assessment Report

Completeness Assessment Summary [Completeness Assessment Results (assembled_transcripts)]
Missing: (33 / 3%) —
Fragmented: (52 / 5%)~ \

Complete Single-copy: (280 /
29%)

Complete Duplicated: (617 / v

63%)

Complete Single-copy © Complete Duplicated ® Fragmented ® Missing

Figure 4: Completeness Assessment Summary Chart

Finally, the Extract Original Sequences utility (side bar) allows to extract sequences from the original
project based on its analysis status (Figure 5(see page 158)). For this, the original project containing the
sequences that were assessed should be provided.
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&) Extract Original Sequences (Completeness Assessment R... O X

Configuration

Extract sequences from the original project based on its analysis status.

Original Sequences Browse.. @

U| Select a .box project |

Green [] Complete Single-copy (2]

Blue [] Complete Duplicated e

Orange [ Fragmented e

Red [ Missing (2]
Default Run Cancel

Figure 5: Extract Original Sequences

9.3 Predict Coding Regions

Content of this page:

« Introduction(see page 159)
* Run Predict Coding Regions(see page 160)
* Results(see page 161)

9.3.1 Introduction

The Predict Coding Regions functionality detects candidate coding regions within transcript sequences, such

as those generated by de novo RNA-Seq transcript assembly. It is based on TransDecoder®, a pipeline that
recognizes likely coding sequences based on the following criteria:

« A minimum length open reading frame (ORF) is found in a transcript sequence.

¢ Alog-likelihood score is computed and it should be > 0.

« The above coding score is higher when the ORF is scored in the 1st reading frame as compared to
scores in the other 2 forward reading frames.

 If a candidate ORF is found fully encapsulated by the coordinates of another candidate ORF, the
longer one is reported. However, a single transcript can report multiple ORFs (allowing for operons,
chimeras, etc).

84 https://github.com/TransDecoder/TransDecoder/wiki
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« A Position-Specific Scoring Matrix (PSSM) is built, trained and used to refine the start codon
prediction.
* The putative peptide has a match to a Pfam domain above the noise cut-off score (optional).

Please cite TransDecoder as:

« Haas BJ et al. (2013). De novo transcript sequence reconstruction from RNA-seq using the Trinity

platform for reference generation and analysis. Nature protocols, 8(8), 1494-512.85
« TransDecoder 5.5.0. Haas, BJ. and Papanicolaou, A. 2019. https://github.com/TransDecoder/
TransDecoder/wiki.

9.3.2 Run Predict Coding Regions

This functionality can be found under Transcriptomics — Assembly - Predict Coding Regions. The
wizard allows to select input files and adjust analysis parameters (Figure 1).

« Genetic Code: Select the genetic code of the organism under study. The available genetic codes are:

Universal Mitochondrial Invertebrates
Acetabularia Mitochondrial Protozoan

Candida Mitochondrial Pterobranchia

Ciliate Mitochondrial Scenedesmus obliquus
Dasycladacean Mitochondrial Thraustochytrium
Euplotid Mitochondrial Trematode

Hexamita Mitochondrial Vertebrates
Mesodinium Mitochondrial Yeast

Mitochondrial Ascidian Pachysolen tannophilus

Mitochondrial Chlorophycean  Peritrich

Mitochondrial Echinoderm SR1 Gracilibacteria

Mitochondrial Flatworm Tetrahymena

¢ Minimum Protein Length: Minimum protein length to retain coding regions.

85 https://www.ncbi.nlm.nih.gov/pubmed/23845962
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« Strand Specific: Only the top strand option is analyzed.

* Provide Gene-Transcript relation: Provide a tab-delimited file with information to map from transcript
(isoform) IDs to gene IDs. Each line should be of the form: Gene ID[tab]Transcript ID.

« Pfam Search: Identify ORFs with homology to known proteins via Pfam searches. Searching PFAM
allows to identify common protein domains, that are included as ORF retention criteria. Note that this
option will significantly increase the execution time.

* Retain Long Orfs Mode: Select the retain long ORFs strategi. The dynamic mode, sets range
according to 1% FDR in random sequence of same GC content. Under the strict mode, all ORFs
found that are equal or longer to the Retain Long ORFs Length are kept, even if no other evidence
marks it as coding.

* Retain Long Orfs Length: Select the minimum length to retain ORFs under the strict mode.

« Single Best Only: Retain only the single best ORF per transcript (prioritized by homology, then ORF
length).

* No Refine Starts: By default, the predict coding regions strategy identifies potential start codons for 5’
partial ORFs using a PWM (position weight matrix). Check this option to deactivate this process.

* Top Longest ORF for Training: Top longest ORFs to train Markov Model (hexamer stats). The
default value is 500. Note, 10X this value are first selected for removing redundancies, and then this
value of longest ORFs are selected from the non-redundant set.

(=} Predict Coding Regions (ExampleSequences) CRES

Configuration 1

TransDecoder identifies candidate coding regions within transcript sequences, such as those
10vo RNA-Seq transcri sembly.

Step 1: Extract the Long ORFs

Genetic Code Universal |

Minimum Protein Length 100 B

Provide Gene-Transcript Relation

Homology Search

ORFs can be scanned for homology to known proteins to further maximize sensitivity.

Pfam Search (>]

Step 2: Predict the Likely Coding Regions

Retain Long Orfs Mode Dynamic

No Refine Starts

o
2]
Single Best Only )
o
2]

Top Longest ORFs for Training  [500 B

Please Cite:

- Haas BJ et al. (2013). De novo transcript sequence reconstruction from RNA-seq using the
Trinity platform for refere and analysis. Nature protocols, 8(8), 1494-512

- Haas, B). and Papanicol TransDecoder 5.5.0. Retrieved 2019, from https:// [
github.com/TransDecoder/TransDecoder/wiki.

&

Version Details
- TransDecoder 5.5.0
- HMMER 3.2.1

- PFAM 32

Default cancel | (EE
Figure 1: Configuration Wizard Page

9.3.3 Results

Once finished, results are returned in three projects:

« Protein sequences: A sequence table that contains peptide sequences for the final candidate ORFs.

« CDS sequences: A sequence table that contains nucleotide sequences for coding regions of the final
candidate ORFs.

« ORFs Coordinates: A GFF project that contains positions within the target transcripts of the final
selected ORFs.
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Note that in both sequence projects, CDSs and proteins, the description field contains details about the
predicted ORF. This description includes:

* The protein identifier composed of the original transcripts along with ‘|m.(number)'.
* The type attribute indicates whether the protein is:
* Complete: Contains a start and a stop codon.
« 5' partial: It is missing a start codon and presumably part of the N-terminus.
« 3' partial: It is missing the stop codon and presumably part of the C-terminus.
 Internal: It is both 5" and 3' partial.
* Anindicator (+) or (-) to indicate in which strand the coding region was found, along with the
coordinates of the ORF in that transcript sequence.

In addition, a result page will show a summary of the "Predict Coding Regions" results (Figure 2). This page
provides a quick evaluation of the results and provides ID lists containing transcript identifiers assigned to the
different categories.

(@)} CEl
(P Predict Coding Regions Results (s_cerevisiae) 22 O

Predict Coding Regions Results

Input Data

Project name Mumber of Sequences

5 cersvisiae 10,426

TransDecoder Results

ORF Type Sequences

Complete | 4,719

5 Partial 709
3 Partial 530
Internal 735

Longest ORF per gene:

Figure 2: Predict Coding Regions Report

Furthermore, the Predict Coding Regions Summary chart (Figure 3) shows the percentage of ORFs that
have been predicted as Complete, 5' Partial, 3' Partial and Internal.
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Predict Coding Regions Summary [s_cerevisiae]

Internal: {735/ 11%)

\

3' Partial: (530 / 8%)

5' Partial: (709 / 11%)

Complete: (4,719 / 71%)

Complete © 5' Partial » 3' Partial » Internal
Figure 3: Predict Coding Regions Summary

9.4 RNA-Seq Alignment

Content of this page:

¢ [ntroduction(see page 163)

¢ Run RNA-Seq Alignment(see page 163)
* Input(see page 163)
¢ Configuration(see page 163)
* QOutput(see page 163)

¢ Results(see page 163)

9.4.1 Introduction

Read alignment is a common process applied to high-throughput sequencing data, being one of the first
stages required for many different types of analysis. In the RNA-Seq scenario, this process is used to
guantify gene expression. The goal of the read alignment is to map short sequencing reads efficiently to a
large reference genome to identify the 'correct' genomic loci from which the read originated whilst taking into
account errors in the sequence reads. The RNA-Seq Alignment functionality of OmicsBox is based on
STAR® (Spliced Transcript Alignment to a Reference).

STAR is a fast RNA-Seq read mapper, with support for splice-junction and fusion read detection, and it was
designed to align non-contiguous sequences directly to a reference genome. STAR aligns reads by finding
maximal mappable prefix hits between reads (or read pairs) and the genome, using a suffix array index
strategy. Different parts of a read can be mapped to different genomic positions, corresponding to splicing or

86 https://github.com/alexdobin/STAR
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RNA-fusions. If genomic annotations are provided, the genome index includes known splice-junctions from
annotated gene models, allowing for sensitive detection of spliced reads.

The binary nature of the suffix array search results in a favorable logarithmic scaling for the search time with
the reference genome length. Since this approach has high memory requirements, it is executed in the
Omics Cloud, which provides a high-performance computing environment, allowing fast alignments even
against large genomes.

Please cite STAR as:

Dobin A, Davis CA, Schlesinger F, et al (2012). "STAR: ultrafast universal RNA-seq aligner.” Bioinformatics,
29(1):15-21.87

9.4.2 Run RNA-Seq Alignment

This functionality can be found under Transcriptomics -~ RNA-Seq Alignment. The wizard allows to select
input files and adjust analysis parameters (Figure 188, Figure 28° and Figure 3%).

9.4.2.1 Input

« Sequencing Data: Choose single-end or paired-end reads. Note that if the paired-end option is
selected, two files per sample are required.
« Input Reads: Provide the files containing RNA sequencing reads. These files are assumed to be in
FASTQ format or compressed FASTQ format (.gz).
< Paired-end configuration: In case of paired-end reads, a pattern to distinguish upstream files from
downstream files is required. The provided patterns are searched in the filenames right before the
extension. The beginning of the filenames should be the same for both files of each sample.
« Upstream Files Pattern: Establish the pattern to recognize upstream FASTQ files.
« Downstream Files Pattern: Establish the pattern to recognize downstream FASTQ files.

& For example, if the upstream file is SRR037717_1.fastq and the downstream
SRR037717_2.fastq, " 1" should be established as the upstream pattern and "_2" as
the downstream pattern.

+ Genome Sequences: Specify a FASTA file that contains the genome reference sequences. Multiple
reference sequences, e.g. chromosomes or scaffolds, can be provided. It is strongly recommended to
include major chromosomes as well as un-placed and un-localized scaffolds since a substantial
number of reads may map to these scaffolds (e.g. ribosomal RNA). These reads would be reported as
unmapped if the scaffolds are not included, or may be aligned to wrong loci on the chromosomes. On
the other hand, patches and alternative haplotypes should not be included in the genome.

87 https://www.ncbi.nlm.nih.gov/pubmed/23104886

88 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=618856449#RNA-SegAlignment-figurel
89 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=618856449#RNA-SegAlignment-figure2
90 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=618856449#RNA-SeqgAlignment-figure3
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RMNA-Seq Alignment
Input

STAR is a fast RNA-Seq read mapper, with support for splice-junction and fusion read detection, and
it was designed to align non-contiguous sequences directly to a reference genome. STAR aligns
reads by finding maximal mappable prefix hits between reads (or read pairs) and the genome,
using a suffix array index strategy.

Sequencing Data Paired-End Reads >~ @

Input Reads Add Files || Select Folder | @

/home/biobam/OmicsBoxWorkspace/69_S85_L001_R1_001.fastg.gz
/home/biobam/OmicsBoxWorkspace/69_S85_L001_R2_001.fastq.gz
/home/biobam/OmicsBoxWorkspace/72_S86_L001_R1_001.fastq.gz
/home/biobam/OmicsBoxWorkspace/72_586_L001_R2_001.fastq.gz

Paired-End Configuration

Define the pattern to distinguish upstream files from downstream files. The pattern is searched
right before the file extension, and the rest of the name should be the same for both files of each

Upstream Files Pattern Rl (7]

Downstream Files Pattern _R2 6

Reference Genome
Genome Sequences Browse... @

/home/biobam/OmicsBoxWorkspace/c_elegans.fasta

Default Ba Next > Cancel

Figure 1: Input Data Page

9.4.2.2 Configuration

* Provide annotations: This option allows providing a file with annotated genes and transcripts in GTF/
GFF format (GTF is recommended). The aligner will extract splice junctions from this file and use
them to improve the accuracy of the alignment. While this is optional, using annotations is highly
recommended. Chromosome names in the GTF annotation file have to match chromosome names in
the FASTA genome sequences file.

« Annotation File: Select the file containing the annotated genes and transcripts in GTF/GFF
format.

* Overhang: Establish the length of the genomic sequence around the annotated junction to be
used in constructing the splice junctions database. This length should be equal to the length of
the read -1. For instance, for 100 bp paired-end reads, the ideal value is 99. In case of reads
with varying length, the ideal value is the maximum read length -1.

» 2-pass Mapping: This option allows a most sensitive novel junction discovery. The aligner algorithm
is executed first to collect the junctions. These junctions are used for a second pass mapping.

« Sort by Coordinate: The aligner will output BAM files sorted by coordinates.
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¢ Minimum Intron Length: Specify the minimum intron size. A genomic gap is considered intron if its
length is equal to or greater than the given value. Otherwise, it is considered a deletion.

¢ Maximum Intron Length: Specify the maximum intron size.

¢ Maximum Number of Mismatches: Set the maximum number of mismatches allowed per read or
read pair.

¢ Maximum Number of Multiple Alignments: Establish the maximum number of multiple alignments
allowed per read. If exceeded, the read is considered unmapped.

* Include Chimeric Alignments: This option allows to include the chimeric alignments together with
normal alignments in the main BAM file. The format of chimeric alignments follows the latest SAM/
BAM specifications.

« Maximum Distance Between Mates: Specify the maximum genomic distance between two mate
pairs.

RMNA-Seq Alignment

Configuration

Annotations

Provide Annotations I (7]
Fi o

-9

2-pass Mapping O (7]
Sort by Coordinate (v Q
Min. Intron Length 20 : (7]
Max. Intron Length 1000000 : (7]
Max. # of Mismatches 999 : 6
Max. # of Multiple Alignments 20 : (2]
Include Chimeric Alignments o (7]
Max. Distance Between Mates 1000000 : 6

Default < Back Next > Cancel

Figure 2: Configuration Data Page
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9.4.2.3 Output

e Save Splice Junctions: Save high confidence collapsed splice junctions in tab-delimited format. Note
that STAR defines the junction start/end as intronic bases. Files will be named as
sample_name.Sj.out.tab, and will be placed in the "Alignment Files" destination folder.

« Save Unmapped Reads: Save unmapped and partially mapped. Files will be named as
sample_name_Unmapped.fastq.gz, and will be placed in the "Alignment Files" destination folder.

< Alignment Files: Select a folder to save the output BAM files. Take into account that one BAM file will
be generated for each input FASTQ sample, so make sure there is enough disk space to store them.

RNA-Seq Alignment
Output

(1) The folder already exists and possible existing file(s) will be overwritten.

Save Splice Junctions + (7]
Save Unmapped Reads (v (7]
Alignment Files Browse... @

/home/biobam/OmicsBoxWorkspace

Version Details:
STAR 2.7.1a

Please Cite:

Dobin A., Davis CA., Schlesinger F., Drenkow |., Zaleski C., Jha S., Batut P, Chaisson M. and
Gingeras TR. (2013). STAR: ultrafast universal RNA-seq aligner. Bioinformatics (Oxford, England),
29(1), 15-21.

Default < Back Next = Cancel Run

Figure 3: Output Data Page

9.4.3 Results

The main outputs are the BAM files (Figure 4(see page 169)). A BAM file (*.bam) is a compressed binary
version (BGZF format) of a SAM file that is used to represent aligned sequences. SAM is a TAB-delimited
text format consisting of a header section and an alignment section. Header lines start with ‘@’, while

biobam 167

BIOINFORMATICS SOLUTIONS



OmicsBox Documentation Module Transcriptomics

alignment lines do not. Each alignment line has 11 mandatory fields for essential alignment information such
as the mapping position, and a variable number of optional fields for flexible or aligner specific information:

1.

2.

8.
9.
10.
11.

QNAME: Query template (read) name. In a SAM file, a read may occupy multiple alignment lines,
when its alignment is chimeric or when multiple mappings are given.
FLAG: SAM flags summarize many properties of reads, represented by flag bits, into a single number:
* Read is paired.
* Read is mapped in a proper pair.
* Read is unmapped.
* Mate is unmapped.
* Read reverse strand.
» Mate reverse strand.
* Read is from the first pair.
* Read is from the second pair.
« Alignment isn't primary.
* Read fails platform/vendor quality checks.
* Read is PCR or optical duplicate.
RNAME: Reference sequence name. If @SQ header lines are present, RNAME must be present in
one of the SQ-SN tag.
POS: 1-based leftmost mapping position of the first CIGAR operation. The first base in a reference
sequence has coordinate 1.
MAPQ: Mapping quality. It equals —10 log10 Pr{mapping position is wrong}, rounded to the nearest
integer. A value 255 indicates that the mapping quality is not available.
CIGAR: A string describing how the read aligns with the reference. It consists of one or more
components. Each component comprises an operator and the number of bases which the operator
applies to. Operators are:
« M: Align match.
* |: Insertion to the reference.
* D: Deletion from the reference.
« N: Skipped region from the reference.
S: Soft clipping.
¢ H: Hard clipping.
P: Padding (silent deletion from padded reference).
=: Sequence match
« X: Sequence mismatch
RNEXT: Reference sequence name of the primary alignment of the next read in the template. If all
segments are mapped to the same reference, the unsigned observed template length equals the
number of bases from the leftmost mapped base to the rightmost mapped base.
PNEXT: a 1-based position of the primary alignment of the next read in the template.
TLEN: Signed observed template length.
SEQ: Segment sequence.
QUAL: ASCII of base QUALIty plus 33 (same as the quality string in the Sanger FASTQ format).

In addition to these 11 obligatory fields, optional fields may be included. All optional fields follow the
TAG:TYPE:VALUE format where TAG is a two-character string.

For more information about the SAM format, visit the SAM Format Specification Page®?.

/\ You can check the meaning of a FLAG number using the SAM Flag Translator®.

91 https://samtools.github.io/hts-specs/SAMv1.pdf
92 https://broadinstitute.github.io/picard/explain-flags.html
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- + X
@® File Manager X l = 0
~ +3

B results

[Z] SRR3666079.bam (75 ME)
[Z] SRR3666079_5).out.tab (11 KB)
SRR3666079_Unmapped.fastq.gz (49 KB)

Figure 4: Output Directory

In addition to the BAM files, splice junctions and unmapped reads are generated if the corresponding options
were checked.

Splice junctions are stored in tab-delimited format. The columns have the following meaning:

1.
2. The first base of the intron (1-based).
3.

4. Strand:

7.
8.
9.

Chromosome.
The last base of the intron (1-based).

a. 0: undefined.

b. 1:+.

c. 2:-.

Intron motif:

a. 0: non-canonical.

b. 1. GT/AG.

c. 2: CT/AC.

d. 3: GC/AG.

e. 4: CT/GC.

f. 5: AT/AC.

g. 6: GT/AT.

Annotation:

a. 0: unannotated.

b. 1: annotated (only if splice junctions database is used)
The number of unique mapping reads crossing the junction.
The number of multi-mapping reads crossing the junction.
Maximum spliced alignment overhang.

The unmapped files contain the unmapped reads and partially mapped reads (i.e. mapped only one mate of
a paired-end read). These reads are stored following the FASTQ specification. Note that if paired-end data
were provided, two unmapped files are expected for each sample, one containing upstream unmapped reads
and the other containing downstream unmapped reads.

Finally, a report and a chart are generated with complementary information. The report shows a summary of
the RNA-Seq Alignment results (Figure 5(see page 169)). This page contains information about the reference

169
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genome sequences, the input FASTQ files, and a results overview. The last section is divided into four
subsections: unique reads, multi-mapping reads, chimeric reads, and unmapped reads.

The bar chart (Figure 6(see page 170)) shows the number of reads of each input file sorted by different
categories, according to how the read was aligned to the reference sequence:

* Unique reads: Reads that have been assigned once to a location of the reference sequence.

« Multi-mapping reads: Reads that have been assign to more than one location of the reference
sequence.

« Chimeric reads: Reads that have been aligned to two distinct portions of the reference sequence.

* Unmapped Reads: Reads that have not been assigned to any reference transcript.

Finally, the Genome Browser(see page 23) allows you to visualize genomic coordinates (GFF/GTF) in a side-
scrolling way. Several tracks can be added to the browser, the currently supported tracks are VCF, DNA
Fasta and BAM. The BAM track shows the reads of a BAM file and if the sequence track is active, it will also
highlight the differences between the read sequence and the sequence track.

biobam 170

BIOINFORMATICS SOLUTIONS



OmicsBox Documentation Module Transcriptomics

Alignment Results

Input 1: Reference Genome Sequences

1 sequences have been recovered from the fasta file 'GCF_000006845.1_ASME84v1_genomic.fna’.

Sequences Min Length Max Length Avg Length Total Length
1| 2153922 2153922 2,153,822 2,153,922
Input 2: FASTQ Files

File Name Sample Name Format Sequencing Total Reads Average Read Length
6070 fastq.gz 9 gz Single-End 5,375,600 77
SRR3666080.fastq.gz | SRR3BE60B0 gz Single-End 5,363,304 77
6081.fastq.gz 1 gz Single-End 3,927,370 78
182 fastq gz gz Single-End 5,414 337 76
)83 fastq.gz gz Single-End 3,981,289 77
SRRI666084.fastq.gz | SRRIGE60E4 gz Single-End 4,457,795 78
)85 fastq.gz gz Single-End 4,890,791 77
186 fastq.gz gz Single-End 4,380,778 78
)87 fasiq gz 92 Single-End 4,713 266 78
)88 astq.gz gz Single-End 5,041,402 77
SRRIGE6089.fastq.gz | SRRIGEG0SS gz Single-End 4,021,898 77
SRR3666090.fastq.gz | SRRIEEE090 gz Single-End 4,250,723 78

Results Overview

Unique Reads

Uniquely  Average Number Numbe of Number of = MNumber of Numberof MNumber of Mismatch Deletion Deletion Insertion Insertion

Sample Mapped Mapped of annotated splices: splices: splices: splices: Non-  Rate per Rate per Average Rate per Average
Reads Length  Splices  spliced GT/AG GCIAG ATIAC canonical Base (%)  Base(%) Length  Base(%)  Length
3,973,781

SRR3666083 109.811% 77.68 351 o 294 22 0 35 0.19 0 105 o 112
5,361,323

SRR3666079 169.733% 77.49 549 0 455 44 0 50 0.18 0 1.04 0 1.09
5,352,186

SRR3E66080 1909.793% 77.43 606 o 528 36 1 41 0.19 o 1.05 o 113
3920433

SRR3666081 1 69.823% 78.29 458 ] 389 45 ] 24 018 0 1.04 ] 11
5,397,184

SRR3666082 159.683% 76.3 563 0 484 44 1 34 0.21 0 1.04 0 1.09
4,449 997

SRR3666084 199.825% 78.16 565 o 463 Al 0 31 0.18 0 1.05 o 1.09
4874812

SRR3666085 109.673% 77.32 607 o 521 52 1 33 02 0 1.04 o 1.1

srRassanas | 4380.988

Figure 5: Summary Report
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Alignments per Category

Read Alignments
1,000,000 2,000,000 3,000,000 4,000,000 5,000,000

SRR3666083

SRR3666079

SRR3666080

SRR3666081

SRR3666082

SRR366608B3

Samples

SRR36GE086
SRR36GE6087
SRR3666088
SRR36GE6089

0
|
|
|
|
|

SRR3666084 |
|
|
|
|
|

SRR3666090 |

| Unique Reads [ Multi-mapping Reads @ Chimeric Reads BUnmapped Reads

Figure 6: Alignments per Category Chart
9.5 Gene-level Quantification

Content of this page:

Introduction(see page 172)

¢ Run Create Count Table(see page 172)
* Input(see page 172)
¢ Configuration(see page 172)

¢ Results(see page 172)

Charts and Statistics(see page 172)

9.5.1 Introduction

The "Create Count Table" tool is designed to estimate gene expression from RNA-sequencing experiments.
This tool expects files with aligned sequencing reads in SAM/BAM format and a GTF/GFF file with
coordinates of genomic features. It counts how many reads map to each feature of interest (e.g. genes,
exons...). A Count Table is obtained that can be used to perform a differential expression analysis within
OmicsBox.
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Only reads mapping unambiguously to a single genomic feature are considered. On the other hand, reads
aligned to more than one position or overlapping with more than one feature are discarded. This is
convenient because if there are two or more genes that overlap or have some sequence similarity but they
have different expression levels, counting common reads for all of them could provide inaccurate results. If
paired-end data is provided fragments (read-pairs) instead of single reads are counted.

This module is based on the popular HTSeq package®3. Please cite HTSeq as:
Anders S, Pyl PT and Huber W (2014). "HTSeq — A Python framework to work with high-throughput
sequencing data." Bioinformatics, 31(2), 166-9.

v OmicsBox 1.0 ——

File View Help
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start workiows  Browser Mabsk  Sayse  oma’ genomcs  Ctook
& | @ *count Table: count marix 52 | 1,989011,989 [F] [ [ = O |[@® *Chare pistribution of Counts count matrix] 32 | EIEGEE G
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o
D|2 neows o 0 0 0 0 0 0 0 0 0 o 0 100,000 l i i E i i E i E E E i Fotsze  [20]3]
©|3 Nnsows o 0 0 0 0 0 0 o 0 o 0 o N FontStle [Bold =
4 NG02147 10739 (12549 13773 10792 (9982 16354 (10792 10883 15801 10515 (11365 15621 ¥ 10,000 T
is Layor
5 |NG0O2148 19869 (22103 21444 18157 17355 (26714 (18769 (19690 28233 19720 21004 26182 5
3 Font Size [14]3]
6 |NGO1298 742 629 371 668 437 394 706 581 490 678 533 401 : 1,000 =
7 NGO2145 1323 (1538 2044 1138 1044 2277 1604 1331 2593 1337 879 2247 s E| EI E| . Foncse [Bod - |
8 |NGO1299 1988 (1201 774 1743 1080 (967 1723 1093 945 1933 886 880 % Ticks Layout
9 NGO2146 5618 6626 7270 5048 5200 9080 5677 6344 9003 5699 6895 8209 g Font size [12[¢]
10 NG02143 4763 5241 1248 6162 2805 1022 3338 2784 1554 4071 3553 1232 10 : } ; ; ; : ; ; Fontstyle |Plain
11 |NGO1297 705 650 322 747 459 419 743 556 470 682 561 427 H 8 o E T ° E - 8 H ° ﬁ e
12 NGO2144 4314 5535 3738 4117 3082 4668 4635 5062 5418 4581 6345 4662 o ¢ © © o o © © o ©o o o o seimge (B
13 |NG01294 164 307 267 165 180 286 282 278 287 228 190 318 2 2 3 8 2 2 B 8 & e 2 8 PNGImage A
14 |NGO2141 (3812 3452 2007 3545 2472 1889 2876 2191 2030 3217 1650 1855 8 8 8 € € e & & €8 8 & £ PoFDocument B
15 |NGO1295 12557 (6761 2133 11526 5572 2733 11231 6249 2859 12792 5930 2569 2 2 2 2 2 g 2 g2 g g2 2 2 )
& & & & & § & & & & & ¢ DamasTex B}
16 NGO1292 (318 219 120 321 165 113 278 (187 138 (336 146 129 ¢oow W m e W s s e w3
17_NG02140 361 203 1an  3aa  psa s 305 7sa 12 aay  l300  |1es samples
@ #statistics Viewer: Library Size per Sample [count_matrix] 33 = O ||@ welcome Message | @ *statistics iewer: Library Size per Sample [count matrs] 52 =0
Library Size per Sample [count_matrix] 1> Hide Toolbar Library Size per Sample [count_matrix] b Hide Toolbar

000,000 " a 1 4,000,000 & a N
750,000 it 750,000 Amit
500,000 Show Others 3500,000

250,000 250,000

2000000 Number of Bins \ 2000000 Number of Bins \
, 2700 Sort | Descending , 2700 Sort | Descending
£ 2500000 £ 2500000
5 2250000 $ 2250000
H i [l | samples o [l [samples
$ 2000000 u 2000000 u
3 1750000 Plot % 1750000
& 1300000 W 1500000 _
1,250,000 C 1,250,000 =
1,000,000 1,000,000
750000 y 750000 U
500000 500,000
250000 Title Layout 0000 Title Layout

mowsie [0

Read Count:

"

E\E
=

R . - rnesze [ R s
P A T A A A S £ & ——— S £ &£ £ FF 0 F 8 S £ & -
A A A g & 4 - A A A A g & 4 -

& & & 4 £ &4 Fonestyle [Bod # &£ &4 g & 4 Fonestle [Bad
LA A A S A & B & B A 4 § b FA A A A B B A A ¢ f &£ & § -

P P
Samples Samples
roese (13 rowsie 1]
W Samples W Samples

GO Version: Mar 132019

Figure 1: Create Count Table Interface

9.5.2 Run Create Count Table

This functionality can be found under Transcriptomics — Create Count Table - Gene Level
Quantification. The wizard allows to select input files and adjust analysis parameters (figure 2°* and figure
395)_

9.5.2.1 Input

» Alignment Files: Select files containing the sequencing alignment data. It must be in the "Sequence
Alignment/Map" format (SAM) or in its compressed format (BAM).

93 http://htseq.readthedocs.io/en/release_0.9.1/
94 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598114455#Gene-levelQuantification-figure2
95 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598114455#Gene-levelQuantification-figure3
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* Annotation File: Select the file containing the list of genomic features in GFF/GTF format. GFF
objects from OmicsBox are accepted too.

A The GFF/GTF must belong to the same genome as the one used for the alignments.

- Create Count Table (BAM + GFF) + X

Input

The gene-level quantification tool aggregates raw counts of mapped reads (SAM/BAM files) using a gene
feature format file (GTF/GFF) containing the genome coordinates of exons and genes. This approach discards
multiple aligned reads. It runs locally.

Alignment Files |Add Files || Select Folder | @)

/home/biobam/sample3.bam
/home/biobam/sample2.bam

/home/biobam/sample1.bam

Annotation File | Browse...| 6

| thome/bioba m/gtfexamplecontigs.gtf

Default | < Back Next > | Cancel |

Figure 2: Input Page

9.5.2.2 Configuration

« Quantification Level: Choose the feature type (3rd column in GFF/GTF file, "Type" column in GFF
object) for which expression will be quantified (e.g. gene, exon...). Features coordinates (range of
positions) will be extracted from annotation using the provided value and all features of other types
are ignored.

* NamelGroup By: Specify the attribute type (9th column in GFF/GTF file, "Attr" columns in GFF
object) to be used as feature ID. The feature ID is used to identify counts in the output Count Table.
Attribute types tagged with "*" (e.g. *gene_name) are not present in all features of the selected type
and only those containing it will be extracted. Several GFF lines with the same feature ID will be
considered as parts of the same feature. Figure 4% illustrates how "Quantification Level" and "Name/
Group By" parameters work.

« Strand Specificity: Indicate how the strand is taken into account.
« Non-Strand Specific: A read is considered overlapping with a feature regardless of the strand in
which the read has been mapped.
« Strand Specific Forward: For single-end reads, the read has to be mapped to the same strand
as the feature to be counted. For paired-end reads, the first read on the pair must be mapped
to the same strand as the feature and the second read on the opposite strand.

96 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598114455#Gene-levelQuantification-figure4
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» Strand Specific Reverse: For single-end reads, the read has to be mapped to the opposite
strand of the feature to be counted. For paired-end reads, the first read on the pair must be
mapped to the opposite strand of the feature and the second read on the same strand.

* Overlap Mode: Modes to handle reads overlapping more than one feature. Consider that for each
position in the read, a set of all features overlapping is defined. If the resulting set for a read (or read
pair) contains precisely one feature, the read is counted for this feature. If it contains more than one
feature, the read is counted as "ambiguous” (and not counted for any features), and if it is empty, the
read is counted as "no feature". The three overlap modes join these sets as follows (figure 5%7
illustrates the effect of these three modes):

* Union: The union of all sets.

* Intersection Strict: The intersection of all sets.

* Intersection Non-Empty: The intersection of all non-empty sets.

* Minimum Mapping Quality: Set a filter to discard all reads with alignment quality (MAPQ) lower than
the given minimum value.

v Create Count Table (BAM + GFF) + X
Configuration
GFF options
Quantification Level | €Ds = (7]
Name/Group By | *gene_name = 6
Strand Specificity | Strand Specific Forward = (7]
Overlap Mode | Union =
Minimum Mapping Quality 10 3| (7]
Version Details:
-HT5eq0.9.0
Please Cite:
- Anders 5., Pyl PT. and Huber W. (2015). HTSeg—a Python framework to work with high-throughput e
sequencing data. Bioinformatics (Oxford, England), 31(2), 166-9.
| Default || <Back | ext | Cancel | ; Run ;

Figure 3: Configuration Page

97 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598114455#Gene-levelQuantification-figure5
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gene=Gene_1

ID=mRNAL, transcript_id=mRNA_1;
Parent=Genel; gene_id=Gene_1

ID=exonl; exon_id=exon_1,;
Parent=mRNAL; gene_id=Gene_1

ID=exon2; exon_id=exon_2;
Parent=mRNAL; gene_id=Gene_1

gene1

Figure 4: Example of a simple GFF and usage of "Quantification Level" and "Name/Group By" parameters

biobam

BIOINFORMATICS SOLUTIONS

176



OmicsBox Documentation Module Transcriptomics

CASE UNION INTERSECTI INTERSECTI
ON STRICT ON NON
EMPTY
Read Gene 1 Gene 1 Gene 1
Gene 1
{Gene 1}
Read Gene 1 No Feature Gene 1
Gene 1 |
élGene 1}3 {
Read Gene 1 No Feature Gene 1
Gene 1 ] Gene 1
{Gene 1); 0 i{Gene 1)-
Read Read Gene 1 Gene 1 Gene 1
Gene 1 ] Gene 1
|{Gene 1}§ E{Gene 1}'5
Read Ambiguous Gene 1 Gene 1
Gene 1 |
{Gene 1}}{Gene 1, Gene 2):;
Read Ambiguous Ambiguous Ambi

Gene 1

{Gene 1, Gene 2}:

Figure 5: Scheme of overlap modes
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9.5.3 Results

Once the analysis has been finished, a new tab containing the resulting Count Table is opened (figure 6%).
Rows correspond to genomic features and columns to samples (one by analyzed file). Counts represent the

total number of reads aligned to each genomic feature. Results can be saved as a Count Table object.

Module Transcriptomics

File View Help
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24 NGO_t30 o o o 3 o o 3 o o 0 o o

25 NGO_B31 10815 16020 6782 20264 10088 11239 5517 6955 12086 9512 14908 11447

26 NGO_t32 127 102 42 201 80 10 13 7 39 105 75 10

27 NGO_t33 48 67 35 141 34 37 2 33 30 50 69 s0

28 NG02138 78 s8 39 7n 26 50 69 33 19 7n a1 18

29 NGO_49 o 0 0 0 0 0 0 0 o 0 0 o

30 NG02139 2915 3320 4180 2837 2361 4864 2800 2674 4995 2767 2761 4854

31 NGO1289 542 105 39 536 7 54 454 7 66 518 93 ag

32 NGO2136 12 13 3 16 9 2 8 9 1 20 15 3

33 NGO2137 154 120 7 152 7 88 144 106 87 148 108 79

34 NGO1287 173 141 61 199 91 97 156 104 103 166 105 86

35 NGO2134 17396 18995 18158 18710 14200 16341 15848 14230 18887 16167 13800 18616

36 NGO1288 395 302 190 408 249 222 363 280 244 378 249 21

GO Version: Mar 192019

Figure 6: Count Table

Furthermore, a result page will show a summary of the "Create Count Table" results (figure 7%°). In this page

information about the extraction of genomic features from GFF, alignment files and obtained results are

provided. The result summary can be generated via Side Panel - Result Summary and it can be exported
as pdf.

98 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598114455#Gene-levelQuantification-figure6
99 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598114455#Gene-levelQuantification-figure7
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¥ Gene-level Quantification (new_count_table) 22

Reference sequence Nr of genomic features Length {bp)
4l|59800473|ref|NC_002946.2| 1,986 2,153,922
Total 1,986 2,153,922

Input 2: Alignment Files

Atotal of 12 alignment files have been processed.

File Name

Sample Name Format Program Sequencing

SRR3666090.bam  SRR3666090 bam bwa (0.7.12-r1039)  Single-End
SRR3666081.bam SRR3666081 bam bwa (0.7.12-r1039)  Single-End
SRR3666080.bam  SRR3666080 bam bwa (0.7.12-r1039)  Single-End
SRR3666083.bam SRR3666083 bam bwa (0.7.12-r1039)  Single-End
SRR3666082.bam  SRR3666082 bam bwa (0.7.12-r1039) = Single-End
SRR3666085 bam SRR3666085 bam bwa (0.7.12-r1039)  Single-End
SRR3666084.bam  SRR3666084 bam bwa (0.7.12-r1039)  Single-End
SRR3666087 . bam SRR3666087 bam bwa (0.7.12-r1039]  Single-End
SRR3666086.bam  SRR3666086 bam bwa (0.7.12-r1039) = Single-End
SRR3666089.bam SRR3666089 bam bwa (0.7.12-r1039)  Single-End
SRR3666088.bam  SRR3666088 bam bwa (0.7.12-r1039)  Single-End
SRR3666079.bam SRR3666079 bam bwa (0.7.12-r1039)  Single-End

Results Overview

Sample

SRR3666090
SRR3666081
SRR366G080
SRR3666083
SRR3666082
SRR3666085
SRR3666084
SRR3666087
SRR3666086
SRR366G089
SRR3666088
SRR3666079

Warnings:

+ 68 features (3.424%) for which no aligned reads was detected in any of the samples ({7} ). Features with low counts provide little evidence for differential expression so they should be

Not Uni

5
H
9

Feature Ne Feature
2,855,717 f 67.18%
2,524,846 [ 64.29%
4,043,395 f75.39%
2,993,323/ 75.18%
3,903,927 f72.10%
3,578,201 f73.16%
2,878,474 [ 64.57%
3,113,279 f 66.05%
3,323,973 /75.72%
3,157,142 [ 78.50%
3,671,310/ 72.82%
3,884,212 [ 72.26%

£

filtered out to improwve further analysis.

Figure 7: Result Summary

9.5.4 Charts and Statistics

Different statistical charts of the obtained results can be generated. These provide additional information

Quality Not Aligned Total Records

4,250,723
3,927,370
5,363,304
3,981,289
5,414,337
4,890,791
4,457,795
4,713,266
4,389,778
4,021,998
5,041,402
5,375,690

about the process of quantifying expression, as well as a quality assessment of the resulting counts. All
these charts can be found under the Side Panel of the Count Table viewer.

« Library Size per Sample: Bar chart showing the number of read counts aligned to genomic features

contained in each sample (figure 8a

100) )

 Distribution of Counts: Box plot that allows seeing how counts are distributed within each sample for

all the features (figure 8b'%%). Features with 0 counts in all samples will be discarded for this chart.
The binary logarithm of raw counts is represented.

100 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598114455#Gene-levelQuantification-figure8a

101 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598114455#Gene-levelQuantification-figure8b
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« Counts per Category: Bar chart showing the number of reads of each input file sorted by different
categories (figure 8c19?). This chart and the next one are only available for count tables created by the
"Create Count Table" tool within OmicsBox.

Feature: The sum of all reads that have been assigned to any features.

No Feature: Reads which could not be assigned to any feature (the resulting set for the read is
empty as mentioned above).

Ambiguous: Reads which have been assigned to more than one feature (the resulting set for
the read has more than one feature). These reads are not counted for any feature.

Alignment Not Unique: Reads with more than one reported alignment. These reads are
identified from the NH optional SAM field tag. If the program that was used to obtain alignments
does not set this field, multiple aligned reads will be counted multiple time.

Low Alignment Quality: Reads which were skipped due to the "Minimum Mapping Quality" filter
set on the main wizard page.

Not Aligned: Reads in the SAM/BAM file without alignment.

« Counts per Category (%): The same chart as explained below in percentages (figure 8d03).

/\ Last two charts are only available for count tables created by the "Create Count Table" tool within
OmicsBox.

Library Size per Sample [new_count_table]
4,000,000
3,750,000
3,500,000
3.250.000

3,000,000
2,750,000
2,500,000
2,250,000
2,000,000
1,750,000
1,500,000
1,250,000
1,000,000
750,000
500,000
250,000

o]

Read Counts

(=] — (=] (] ™ uw =t ™~ w (=] o (=]
@ [=+] [<+] [=+] =] oW [=+] oW [=+] w o] [
(=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=]
(o] o o o o o o o o o (] o
w w w w w w w w w w w w
w w w w w w w w w w w w
™ (] ™ (] ™ m ™ m ™ m m m
[ o = o = [ = [ = [ o [
[ o o o o o o o o o o o
w w w w w w w w w w w w
Samples

Figure 8(a): Library Size per Sample

102 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598114455#Gene-levelQuantification-figure8c
103 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598114455#Gene-levelQuantification-figure8d
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Distribution of Counts [new_count_table]
) Q
100,000 E E i i E E

10,000
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o

1,000
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log2(Read Counts)
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oo}l
SRR2666082 nnm:fa“““‘

SRR3666083 nn+444444444.4““44“
SRR3666084 nnfg———u———.————u—u
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Figure 8(b). Distribution of Counts

Counts per Category [new_count_table]

Read Counts
1,000,000 2,000,000 3,000,000 4,000,000 5,000,000
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SRR3666081

SRR3666080
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Figure 8(c): Counts per Category
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Counts per Category (%) [new_count_table]

Read Counts (%)
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Figure 8(d): Counts per Category (%)
9.6 Transcript-level Quantification

Content of this page:

* Run Create Count Table(see page 183)
* Input Data(see page 183)
« Advanced Configuration(see page 186)
¢ Output Data(see page 187)

* Results(see page 187)

+ Charts and Statistics(see page 191)

Introduction

The transcript-level quantification tool is designed for estimating gene and isoform expression levels from
RNA-Seq data. It expects the sequencing reads in FASTQ format (so a prior alignment is not necessary),
and it supports both single-end and paired-end data. In addition, a set of transcript sequences in FASTA
format is required, such as one produced by a de novo transcriptome assembler. Therefore it lacks the
requirement of a reference genome. A Count Table is obtained and it can be used to perform a differential
expression analysis within Blast2GO.

The application is based on RSEM'%4, a software package that quantifies expression from transcriptome
data. This program handles both the alignment of reads against the reference transcript sequences and the
calculation for relative abundances. RSEM uses the Bowtie2 aligner to align reads, with parameters
specifically chosen for RNA-Seq quantification. Since RNA-Seq reads do not always map uniquely to a
single gene or isoform, this method is able to allocate multi-mapping reads among transcripts using an
expectation maximization approach.

104 https://deweylab.github.io/RSEM/
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This feature uses RSEM and Bowtie2. Please cite RSEM and Bowtie2 as:

Module Transcriptomics

« Li B and Dewey CN (2011). "RSEM: accurate transcript quantification from RNA-Seq data with or
without a reference genome." BMC Bioinformatics, 12:323
» Langmead B, Salzberg S (2012). "Fast gapped-read alignment with Bowtie 2." Nature Methods,

9:357-359
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Figure 1: Create Count Table Interface

9.6.1 Run Create Count Table

This functionality can be found under Trasncriptomics - Create Count Table, Transcript-level
Quantification option. The wizard allows to select input files and adjust analysis parameters (figure 219,
figure 3106 and figure 51°7).

9.6.1.1 Input Data

» Sequencing Data: Choose the type of data to be preprocessed: single-end or paired-end reads. Note
that if paired-end is selected, two files per sample are required.
« Input Reads: Provide the files containing sequencing reads. These files are assumed to be in FASTQ

format.

105 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598049050#Transcript-levelQuantification-figure2
106 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598049050#Transcript-levelQuantification-figure3
107 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598049050#Transcript-levelQuantification-figure5
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« Paired-end configuration: In the case of paired-end reads, the pattern to distinguish upstream files
from downstream files is required. The provided patterns are searched right before the extension, and
the start of the name should be the same for both files of each sample.

» Upstream Files Pattern: Establish the pattern to recognize upstream FASTQ files.
« Downstream Files Pattern: Establish the pattern to recognize downstream FASTQ files.

& For example, if the upstream file is named SRR037717_1.fastq and the downstream
one SRR037717_2.fastq, you should establish " 1" as the upstream pattern and "_2"
as the downstream pattern.

* Transcript References: This tool works with a set of transcripts sequences instead of a genome,
such a file could be obtained from a reference genome database or a de novo transcriptome
assembler. A FASTA file containing the sequences of reference transcripts should be provided.

* Gene-level Estimations: This option allows estimating expression both at gene-level and isoform-
level. In this way, the gene's expression estimates are just the sum of its transcripts' expression
estimates, and results will be provided separately. Otherwise, the program assumes that each
transcript provided as a reference sequence is a separated gene.

* Transcript to Gene Map File: Provide a file with information to map from transcript (isoform)
identifiers to gene identifiers. Each line should be of the form: gene id transcript id, with the two
columns separated by a tab character (figure 418),

108 https://biobam.atlassian.net/wiki/pages/resumedraft.action?draftld=598049050#Transcript-levelQuantification-figure4
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- Create Count Table (FastQ + Fasta) + X

Input

The transcript-level quantification tool estimates gene and isoform expression from RNA-Seq reads (FASTQ).
It is based on the RSEM software package, which allocates multi-mapping reads among transcripts using an
expectation maximization approach. This tool requires a set of reference transcript sequences (FASTA), such
as one produced by a de novo transcriptome assembler. It is executed via the BioBam Bioinformatics Cloud
Platform.

Sequencing Data Paired-End Reads - I (7]

Input Reads Add Files || Select Folder| @

/home/biobam/Desktop/screenshots_manual/dataset_create_count_Table/Transcript_Level_Mouse/d:

/home/biobam/Desktop/screenshots_manual/dataset create_count Table/Transcript_Level Mouse/d:
/home/biobam/Desktop/screenshots_manual/dataset_create_count_Table/Transcript_Level_Mouse/d:

/home/biobam/Desktop/screenshots_manual/dataset_create_count_Table/Transcript_Level_Mouse/di

Paired-End Configuration

Define the pattern to distinguish upstream files from downstream files. The pattern is searched right before
the file extension, and the rest of the name should be the same for both files of each sample.

Upstream Files Pattern |,1 | 0

Downstream Files Pattern |_2 | 7]

Reference Transcriptome

Transcript Sequences File Browse...| @

/home/biobam/Desktop/screenshots_manual/dataset_create_count_Table/Transcript_Level Mous efreﬂ|

Gene-level Estimations v [+]

Transcript to Gene Mapping File |Browse... @

/home/biobam/Desktop/screenshots_manual/dataset_create_count_Table/Transcript_Level_Mous efreﬂ|

I Default I I < Back ]- Cancel I | Run

biobam
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Figure 2: Input Data Page

Module Transcriptomics

. mouse_ref_mapping.txt ‘ _
Abrir v || + | _jDocumentos/transcript_quantification/dataset | ©U2r42" bt

Archivo Editar Ver Buscar Herramientas Documentos Ayuda
1 ENSMUSGO0000000001_Gnai3l ENSMUSTE0000800001 Gnai3-0eel
2 ENSMUSGOP0ARREABO3 Pbsn ENSMUSTEEO00008003 Pbsn-001
3 ENSMUSGEE00P0E0803 _Pbsn ENSMUSTOE000114041 Pbsn-002

4 ENSMUSGBBBBBBBBBZB:CU@QS ENSMUSTBBBEBBBBBZB_CdCﬂS -001
5 ENSMUSGOP0ABNOAB28 Cdc45 ENSMUSTO0000096990 Cdc45-003
6 ENSMUSGE0R0P000028_Cdcas ENSMUSTOB000115585_Cdc45-002

7 ENSMUSGEO00P000831_H19 ENSMUSTO0000132294 H19-003
8 ENSMUSGOO0ABAEAB31_H19 ENSMUSTO0000136359 H19-001
9 ENSMUSGOO000000631 H19 ENSMUSTO0000140716 H19-004
10 ENSMUSGREROPOEOE31 _H19 ENSMUSTOE000149974 H19-002
11 ENSMUSGOO000000031_H19 ENSMUSTO0000152754 H19-005

12 ENSMUSGOOBOBBOBB3T Scml2 ENSMUSTO0000819101 Scml2-082
13 ENSMUSGOEO0000BO37 Scml2 ENSMUSTOBE00874802 Scml2-081
14 ENSMUSGOG00000003T_Scml2 ENSMUSTOO000877375 Scml2-083
15 ENSMUSGOBO00BABA3T Scml2 ENSMUSTOOO00887090 Scml2-084
16 ENSMUSGOBO00000037 Scml2 ENSMUSTO0000101113 Scml2-085
17 ENSMUSGOEO00000037 Scml2 ENSMUSTEE800112345 Scml2-201
18 ENSMUSGOBO00BOBA3T Scml2 ENSMUSTO00008124775 Scml2-086

Texto plano v Anchura de la pestafia: 8 = Ln 25, Col 31 - INS

Figure 4: Transcript to gene map file example
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9.6.1.2 Advanced Configuration

< Append Poly(A) Tails: For poly(A) mRNA analysis, the program will append a poly(A) tail sequences
to reference transcripts to allow more accurate read alignment.
« Poly(A) Tails Length: Establish the length of the poly(A) tails to be added.
< Estimate RSPD: This option allows to estimate a read start position distribution (RSPD), which
increases the accuracy of expression estimates. Highly recommended if the protocol produces read
position distributions that are highly 5' or 3' biased. Otherwise, the program will use a uniform RSPD.
< Strand Specificity: This option defines the strandedness of the RNA-Seq reads:
< Non-Strand Specific: Refers to non-strand-specific protocols.
« Strand Specific Forward: Means all (upstream) reads are derived from the forward strand.
« Strand Specific Reverse: Means all (upstream) reads are derived from the reverse strand.

7 Create Count Table (FastQ + Fasta) +

Configuration

Estimate RSPD v (2]

Append Poly(A) Tails (7]

| 7]

Strand Specificity | Strand Specific Forward =) (2]
Fragment Length

o

o

7]

Default | | < Back | Next > | Cancel |

Figure 3: Advanced Configuration Page
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9.6.1.3 Output Data

Module Transcriptomics

< Alignments. Decide if alignments files in bam format are saved and select a location to place them.
These files can be used for downstream analyses.

-

Qutput

Alignments

Generate Alignment Files

Create Count Table (FastQ + Fasta)

Version Details:
-RSEM 1.3.1
- Bowtie2 2343

Please Cite:

- Li B. and Dewey CN. (2011). RSEM: accurate transcript quantification from RNA-Seq data with or without [ae
a reference genome. BMC bioinformatics, 12, 323.

- Langmead B. and Salzberg SL. (2012). Fast gapped-read alignment with Bowtie 2. Noture methods, 9(4), [as
357-9.

| Default | - Mext > | Cancel | Run

Figure 5: Output Data Page

9.6.2 Results

Once the analysis has been finished results will be returned in two different ways, depending on the option
chosen in the "Gene-level Estimations" parameter:

 Isoform-level and gene-level estimations: Two Count Tables are returned. One shows the
expression level of each transcript or isoform (input sequences) and other shows the expression level
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of each gene (figure 61%° and figure 7*%). They have an additional column that shows the gene or
transcript identifiers (respectively) associated to each record.
* Transcript-level estimations only: One Count Table is returned that shows the expression level of
each transcript sequence provided as input (figure 81).
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Figure 6: Count table of isoform-level estimations. The Gene column shows the identifier of the parent gene
of each isoform
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Figure 7: Count table of gene-level estimations. The Isoform column shows the ids of all isoforms associated
with each gene
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