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Introduction

The purpose of this tutorial is to illustrate how to harness the collaborative power of CLC Genomics
Workbench and QIAGEN Ingenuity Pathway Analysis (IPA) for RNA-Seq data analysis
and interpretation. We focus on the following:

e Import data.

o Analyze RNA-Seq data and identify differentially expressed genes using a template
workflow.

e Interpret the results.

e Upload the results to IPA for biological interpretation.

Data used in this tutorial

This tutorial uses data from "The Dengue Virus NS5 Protein Intrudes in the Cellular Spliceosome
and Modulates Splicing" by Maio et al 2016 (GSE84285,do1:10.1371/journal .ppat.1005841).
The authors investigated transcriptional profiles of Dengue virus 2-infected cells.

The experimental setup included A549 human cells, either infected with mock or with Dengue
virus 2, collected at two time points post infection (24 hours and 36 hours). Three replicates
were collected at each time point, resulting in a total of 12 samples.

To complete the tutorial in a reasonable amount of time, only a subset of the reads mapping to
chromosome 17 are used here. The data distributed for use with this tutorial contains:

e Fastq files containing reads from the 12 samples described above.

An Excel file containing metadata for the samples.

A reference sequence track for chromosome 17 of the human hg38 genome and corre-
sponding gene, mRNA, and CDS tracks.

A gene ontology table.

A modified workflow for advanced RNA-Seq analysis including optional automatic upload to
IPA.

Prerequisites

For this tutorial, you must be working with CLC Genomics Workbench 25.0 or higher. Note that
versions higher than 25.0 may produce slightly different results than those shown here.

For uploading to IPA, you must have access to IPA and have the Biomedical Genomics Analysis
plugin installed. You can request a free IPA trial by clicking on Request a trial. Installing
plugins is described in the CLC Genomics Workbench manual.


https://digitalinsights.qiagen.com/products-overview/discovery-insights-portfolio/analysis-and-visualization/qiagen-ipa/
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Template_workflows.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Template_workflows.html
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE84285
https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1005841
https://digitalinsights.qiagen.com/products-overview/discovery-insights-portfolio/analysis-and-visualization/qiagen-ipa/
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Install.html
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General tips

Throughout this tutorial, we provide links to relevant manual pages, which we recommend
exploring for additional details.

Tools and workflows can be found in the Toolbox, but it is often easier to launch them
using Quick Launch (ﬁ), found in the top toolbar (shortcut Ctrl+Shift+T or 3 +Shift+T
on Mac). Quick Launch displays the full Toolbox path, making it easy to identify the location
of the tool or workflow if needed.

The in-built manual can be accessed by clicking the Help button on wizards or by selecting
the Help option under the Help menu.

Within wizards, the Reset button can be used to change settings to their default values.
Colors and gradients in plots can be changed by clicking on them in the Side Panel.
Columns in tables can be hidden by unchecking their name in the Side Panel.

Columns in tables can be used to sort the rows, by successively clicking on the column
name until the desired order (indicated by an arrow next to the column name) is achieved.

Most of the tools of CLC Genomics Workbench require multiple inputs. When many data
elements need to be selected, all elements located under a folder can be added by using
the options Add folder contents or Add folder contents (recursively) found in the right-click
menu.

Many data elements produced by CLC Genomics Workbench tools have multiple views,
indicated as icons in the lower left corner of elements opened in the View Area. Clicking
on one of the view icons while pressing the Ctrl (3§ on Mac) key will open in split view
such that both views are visible at the same time. Often, if viewing a table and a graphical
representation in split view, selecting entries in the table will highlight them in the graphical
representation. The order of the views can be changed using drag and drop, see Arrange
views in View Area.

Data can be imported prior to starting a workflow, or it can often be imported on the fly
when the workflow is launched.


https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Toolbox_panel.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Running_tools.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Side_Panel.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Table_view_settings_column_ordering.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Working_with_tables.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=View_Area.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Arrange_views_in_View_Area.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Arrange_views_in_View_Area.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Launching_workflows_individually_in_batches.html
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Import the data

We start by downloading and importing the tutorial data.

1. Download the tutorial data and unzip it.
2. Start the CLC Genomics Workbench.
3. Import the tutorial data:

(a) Launch Standard Import (%) using Quick Launch (£7).

(b) Locate the tutorial data using the Add folders button and select Automatic import
(figure 1).

B Import X

Choose which files should be imported
1. Choose where to run

Location | File system

2. Choose files to import | ¢\ 404 files and folders (1)

3. Save in folder C:\RMASeq DGE analysis

Add folders Add files Remove

* Options
(@) Automaticimport
O Force import as type: | Table in tab separated format [.tsv)
O Force import as external file(s)

Help Reset Previous Mext Finish Cancel

Figure 1: Standard Import configured to import the tutorial data.

(c) In the next step, select a suitable location in the Navigation Area to save the
imported data and click on Finish.

Since the tutorial data contains fastq files, a dialog will open (figure 2). Click on Yes.
We will import these files separately in the next step. The imported data will be saved
to a "RNASeq DGE analysis" folder in the selected location.

B Special data *
p

The file SRR3872514_R1.fastg seems to contain high-throughput
? sequencing data. This kind of data should be imported using one
- of the specialized import actions.

Skip this file and all files like it?

Figure 2: A dialog opens when attempting to import fastq files with Standard Import.

4. Import the tutorial fastq files:

(a) Launch the Import with Metadata (EZ) template workflow using Quick Launch
(£7)-

(b) Inthe first wizard step, "Select Workflow Input”, the inputs must be specified (figure 3).
Set "Select files for on-the-fly import" to lllumina.

Click on the Browse button to the right of "Select files" and navigate to the tutorial
data. Select the 24 fastq files located in the "Samples" subfolder.


https://resources.qiagenbioinformatics.com/testdata/RNASeq-DGE-analysis.zip
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Running_tools.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Navigation_Area.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Import_with_Metadata.html
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B Import with Metadata X

Select object for Qutputs
1. Choose where to run

Select from Mavigation Area
2. Select Workflow Input

@ Select files for on-the-fly import: | lllumina ~
3. Configure batching
Select files 13872519_R2.fastqg, SRR3872520_R1.fastq, SR Browse
4, Result handling
Discard read names |:|
5. Save location for new . .
Discard quality scores
elements quality L]
Paired reads
Read orientation Forward Reverse ~
Minimum distance 1
Maximum distance 1,000
Remove failed reads
Quality scores MCEl/Sanger or lllumina Pipeline 1.8 and later ~
MiSeq de-multiplexing |:|
Trim reads
Join reads from different lanes |:|
Custom read structure |:|
Structure definition R1,R2
[ Bateh
Help Reset Previous Mext Finish Cancel

Figure 3: Import with Metadata configured to import the tutorial fastq files.

(c) In the next step, "Configure batching", choose the Use metadata option (figure 4).

Click on the () button to the right of "Select metadata", navigate to the tutorial data,
and select the "Samples.xIsx" file located in the "Samples" subfolder.

Under "lterate", set "Define batch units using metadata column” to Run Accession.

B import with Metadata X

Configure batching

. Choaose where to run
Define batch units

[

- atied Workilow nput O Use organization of input data

3. Configure batching (®) Use metadata
4, Batch overview Select metadata
C\RMASeq DGE analysis\SamplesiSamples.xlsx E
5. Resuit handiing
Iterate
6. Save location for new Define batch units using metadata column Run Accession
elements
Help Reset Previous Finish Cancel

Figure 4: Import with Metadata configured to use the "Samples.xlIsx" file for batching.

(d) The next step, "Batch overview", shows that 12 batch units are being imported,
corresponding to the 12 samples (figure 5).

If the organization is not as expected, clicking on Previous returns to the "Configure
batching" step where options can be adjusted.

(e) In the next step, "Result handling", choose Save.
Ensure that Create workflow result metadata is checked. This will create a Workflow
Result Metadata table with information about the results.

(f) In the final step, choose to save the fastq files in the "Samples" subfolder of "RNASeq
DGE analysis" in the Navigation Area.
Click on Finish.


https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Workflow_Result_Metadata_tables.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Workflow_Result_Metadata_tables.html
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B Import with Metadata

Batch overview
1. Choose where to run

2, Select Workflow Input (batch units frl:;l?t:un Accession) Workdlow Input

3. Configure batching SRR3ET2514 éﬁiigizlijg:iﬂ

4. Batch overview SRR3872515 -

5. Resutt handing SRR3872516 isodsd o

P e
SRR3872518 SRR 16,2 fartq
SRR3872519 e
SRR3872520 ShR2872220 2 ortq
sR3672521 -
sR3E72522 isodiseeaioin
sRR3a72523 e
sRR3g72524 ShRosT2e24 2 ot
sRR3a72525 ey

Only use elements containing:

Exclude elements containing:

Help Previous Finish

Figure 5: The Batch overview shows how the selected files are grouped in batch units.

Once the import is completed,
(figure 6).

the folders and data elements are visible in the Navigation Area

The tools of CLC Genomics Workbench produce deterministic results, but changing the input
order can lead to slightly different results. In this tutorial, the inputs are sorted alphabetically.
This can be achieved by using the "Sort Folder" option from the right-click menu on folders in the

Navigation Area.

=2

&

RNASeq DGE analysis
5 Advanced workflow
ga Advanced RMNA-Seq and Differential Gene Expression Analysis
= References
-~ %% Homo sapiens (hg38) chr17 sequence
-SE Homo sapiens (hg38) chr17_CDS
-%E Homo sapiens (hg38) chr17_Gene
~%7& Homo sapiens (hg38) chr17_mRNA

-BE go_association_goslim_20131027_chr17
= Samples
-fEH Samples
- Workflow Result Metadata
-5 SRR3872514 (paired)
5RR3872515 (paired)
SRR3872516 (paired)
SRR3872517 (paired)
SRR3872518 (paired)
SRR3872519 (paired)
SRR3872520 (paired)
5RR3872521 (paired)
SRR3872522 (paired)
SRR3872523 (paired)
5RR3872524 (paired)
SRR3872525 (paired)

Figure 6: The "RNASeq DGE analysis" folder in the Navigation Area after importing the tutorial data.
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Analyze the data

We will now use the RNA-Seq and Differential Gene Expression Analysis template
workflow to analyze the tutorial data. If you run this workflow on your own data, please note
that template workflows are provided as example workflows and may need to be customized
to meet the specific requirements of your data. Specifically, for the RNA-Seq and Differential
Gene Expression Analysis workflow, be aware that it does not contain trimming, and you should
therefore ensure that your reads are trimmed beforehand, e.g., by using the Prepare Raw
Data template workflow.

To see the content of the RNA-Seq and Differential Gene Expression Analysis workflow, locate
the workflow in the Toolbox:

Workflows | Template Workflows | Basic Workflow Designs (i5z) | RNA-Seq and
Differential Gene Expression Analysis (ﬁ,)

right-click on its name and choose Open Copy of Workflow.

To run the workflow:

1. Launch the workflow using Quick Launch (ﬁ').

2. In the first wizard step, "Select Trimmed Reads", specify the data to be analyzed by
selecting the 12 samples in the "Samples" folder (figure 7). Make sure to check the Batch
option below the data selection area.

B RNA-Seq and Differential Gene Expression Analysis x

Select input for Trimmed Reads
1. Choose where to run

@ Select from Mavigation Area
2. Select Timmed Reads
O Select files for on-the-fly import:  CLC Format

3. Select Reference sequence

Navigation Area | Reference Data Selected elements (12)
gRSelechiGenes Q- | <enter search term> = i SRR3872514 (paired)
5. Slct i -~ 3 CLC Data | 2 SRR3872516 (paieec
. e e Sl
R i % E:;:—‘;T::es SRR3872519 (paired)

SRR3872520 [paired)
SRR3872521 [paired)
SRR3872522 (paired)

Workflow Result Metada

8. Configure batching

9, RMNA-Seg Analysis > SRR3872523 [paired)
5RR3872524 [paired)
10. Differential Expression a = SRR3872525 (paired)

for RNA-Seq
11. Result handiing

12. Save location for new
elements

v
< >

Batch l] The workflow already creates batch units for this input, Another layer of batching will be added.

Help Reset Previous Finish Cancel

Figure 7: All 12 samples are used as input. The batch option must be checked, leading to an info
text appearing.

An info text appears, indicating that the workflow already creates one layer of batch units
and that checking the Batch option will create another layer of batching. This is precisely our


https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=RNA_Seq_Differential_Gene_Expression_Analysis_workflow.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Prepare_Raw_Data.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Prepare_Raw_Data.html
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intention, since we want to run the entire workflow using the 24 hour time point samples
and then again using the 36 hour time point samples.

. In the next five steps, select the Reference sequence, Genes, mRNA, CDS, and Gene

ontology elements to use from the "References" folder in the Navigation Area.

. In the next step, "Configure batching", define the batch units using the metadata table

created previously in step 4e (figure 8).

P RNA-Seq and Differential Gene Expression Analysis X
4. Select Genes * | Configure batching

Define batch units
5. Select mRMN&A Use organization of input data

T (® Use metadata

Select metadata

T SRS CREET) [ workflow Result Metadata et
8. Configure batching ‘Workflow-level batching
Define batch units using metadata column | Time Point ~
9. Batch overview
Iterate
10. RNA-Seq Analysis w | |Define batch units using metadata column| Run Accession v
< >

Help Reset Previous Finish Cancel

Figure 8: The "Workflow Result Metadata" table is used to set up batching.

Click on the (i) button at the right-hand side of "Select metadata" and choose the
"Workflow Result Metadata" table from the "Samples" folder.

Under "Workflow-level batching", set "Define batch units using metadata column" to Time
Point. This sets the workflow to run twice, once for each value in the Time Point metadata
column ("24 hours post infection" and "36 hours post infection"), using input reads
associated with metadata rows that have the corresponding value in this column.

Under "lterate", set "Define batch units using metadata column™ to Run Accession. This
defines the iteration block, here corresponding to the sample, for each workflow run:
input reads that are associated with metadata rows that have the same value in the Run
Accession metadata column. Input reads forming an iteration block are analyzed together
in the tools downstream of Iterate and upstream of Collect and Distribute.

. The next step, "Batch overview", shows the organization of the input reads (figure 9).

If the organization is not as expected, clicking on Previous returns to the "Configure
batching" step where options can be adjusted.

. In the next step, "RNA-Seq Analysis", keep the default settings.

. In the next step, "Differential Expression for RNA-Seq", set the following op-

tions (figure 10):

e "Test differential expression due to" to Infected With.
e "Comparisons" to Against control group.
e "Control group" to mock.

This specifies that we want to test differential expression between samples with different
"Infected With" values, using samples labeled "mock" as the control group for comparison.


https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Iterate_Collect_Distribute_elements.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=RNA_Seq_Analysis.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Differential_Expression_RNA_Seq.html
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.. ] RMA-5eq and Differential Gene Expression Analysis *
4, Select Genes # | Batch overview
5, Select mRMA Workflow-level batching terate B
(batch units from: Time Point) (batch units from: Run Accession) Trimmed Reads
6. Select CDS SRR3872514 SRR3872514 (paired)
SRR3872515 SRR3872515 (paired)
7. Select Gene ontology . . SRR3872516 SRR3872516 (paired)
_ _ 24 hours post infection SRR3ET2520 SRR3872520 [paired)
& EETITRE e SRR3872521 SRR3872521 [paired)
9. Batch overview SRR3872522 SRR3872522 (paired)
SRR3872517 SRR3872517 (paired)
10. RNA-Seg Analysis SRR3872518 SRR3872513 (paired)
i i SRR3872519 SRR387251% (paired)
11, Differential Expression 36 hours post infection SRR3872523 SRR3872523 [paired)
for RNA-Seq SRR3872524 SRR3872524 [paired)
SRR3872525 SRR3872525 [paired)
12, Result handling
X Only use elements containing:
13. Save location for new
elements ¥ | Exclude elements containing:
€ >
Help Reset Previous Mext Finish Cancel

Figure 9: The Batch overview shows how the input reads are grouped in batch units.

[} RMA-5eq and Differential Gene Expression Analysis *
7. Select Gene ontology # | Differential Expression for RNA-5eq
Configurable Parameters
8. Configure batching
Metadata table is defined by Configure batching
9. Batch overview Test differential expression due to |Infected With dp
10. RMA-Seq Analysis ‘While controlling for [Mothing selected) o
11, Differential Expression Comparisons Against contral group ~
for RNA-Seq Control group mock L]
12, Result handling w
< > ] Locked Settings
Help Reset Previous Finish Cancel

Figure 10: Differential expression is tested due to "Infected With", using the "mock" group as
control.

8. In the next step, "Result handling", check the Create subfolders per batch unit and Create
workflow result metadata options. This will create two subfolders for each of the time
points, and a Workflow Result Metadata table.

9. In the last step, make a new subfolder in "RNASeq DGE analysis" called "Results" and
choose to save the workflow results there.

Click on Finish.

The workflow will now execute. The progress can be monitored under the Processes tab
in the Toolbox (figure 11). It will take some time for the workflow to run to completion.

Toolbox -
Processes | Tools | Workflows = Favorites

% RMA-Seq and Differential Gene Expression Analysis, batch "36 hours post infection’ [Executing RMA-Seq Analysis) 6% @
—

§> RMA-Seq and Differential Gene Expression Analysis, batch '24 hours post infection® [Done) 100% =

%Workﬂow Batch Process: RNA-Seq and Differential Gene Expression Analysis (1/2) 50% =

Figure 11: The "Processes" tab indicates how far the workflow execution has progressed.


https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Processes_tab_Status_bar.html
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Interpret the results
Results from the workflow are placed in the "Results" folder (figure 12).

=+ RNASeq DGE analysis
+-£3 Advanced workflow
+-£5 References
+ﬁ Samples
=-£% Results
+ﬁ 24 hours post infection batch
-E 36 hours post infection batch
=5 QC & Reports
£3 Gene Expression Tracks
. Combined report
E Expression Analysis
: Feature Level Heat Map for RNA-Seq
PCA for RNA-Seq
i Dengue virus 2 vs, mock
@ Venn Diagram
B Expression Browser
B Dengue virus 2 vs. mock (GO enrichment analysis)
i Genome Browser View
----- = Workflow Result Metadata

Figure 12: The "Results" folder in the Navigation Area.

The results from each batch unit are saved in a separate subfolder, named after the batch
units indicated in the "Batch overview" (figure 9). Within each of these folders are a Combined
report, @ Genome Browser View, and the following subfolders:

e QC & Reports: Contains a QC Report and an RNA-Seq Report for each of the samples.
e Gene Expression Tracks: Contains a gene expression track for each of the samples.

e Expression Analysis: Contains, among other elements, differential expression
analysis results,aPCA plot,anda feature level heat map.

Additionally, a single Workflow Result Metadata table is generated. This can be partic-
ularly useful for finding all the output elements of a workflow when there are many batch runs
involving many outputs.

Combined report
Open one of the Combined reports ([=]).

The report summarizes information from the samples in that batch unit. It can be used to quickly
review the results of 0C for Sequencing Reads and RNA-Seq Analysis.

Samples identified as potentially problematic are listed in the Summary section and highlighted in
the remaining sections in yellow or red. Here, the report shows that the "Strand specific setting"
might have been set incorrectly (figure 13). This is indeed the case, since the workflow was run
with "Strand specific setting" set to "Both" although the tutorial data was actually generated
using a KAPA stranded RNA-Seq library kit. ldeally, the workflow should be re-run, setting the
"Strand specific" option to Reverse in step 6. However, we will proceed with the current results,
as the incorrect setting does not significantly impact the outcome here.


https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Combine_Reports_output.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Combine_Reports_output.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Track_lists.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=QC_Sequencing_Reads.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=RNA_Seq_report.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=RNA_Seq_result_handling.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Output_Differential_Expression_tools.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Output_Differential_Expression_tools.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Principal_component_analysis_plot_2D.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=_heat_map_view.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Workflow_Result_Metadata_tables.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=QC_Sequencing_Reads.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=RNA_Seq_Analysis.html
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1.2 Problems

Sample name
36 hours postinfection-SRR3872517
36 hours postinfection-SRR3872518
36 hours postinfection-SRR3872519
36 hours postinfection-SRR3872523
36 hours postinfection-SRR3872524
36 hours postinfection-SRR3872525

3.4 Strand specificity

The table is based on 6 samples.

Sample name
36 hours postinfection-SRR3872517
36 hours postinfection-S8RR3872518
36 hours postinfection-SRR3872519
36 hours postinfection-SRR3872523
36 hours postinfection-8RR3872524
36 hours postinfection-SRR3872525
Minimum
Median
Maximum
Mean

Standard deviation

Summary item(s)
Strand specific setling
Strand specific setting
Strand specific sefting
Strand specific sefting
Strand specific setting

Strand specific setting

Strand specific setting Forward reads mapped (%)
Both

Both

Both

379
3.67
367
328
333
3.35
328
351
379
351
022

Strand specificity
Strand specificity
Strand specificity
Strand specificity
Strand specificity
Strand specificity

Reverse reads mapped (%)
96.21
96.33
96.33
96.72
96.67
96.65
96.21
96.49
96.72
96.49

022

Section

Ignored reads (wrong strand) (%)

o o o o o o

0.00
0.00
0.00
0.00
0.00

Strand specific setting: =90% of reads were mapped in the same arientation. Consider re-running the tool with a strand specific setting ("Forward™/Reverse”).

Figure 13: The "Problems" section of a Combined report showing that the wrong "Strand specific
setting" might have been used. Clicking on the blue "Strand specificity" text navigates to section
3.4 where the "Strand specific setting" can be inspected further.

PCA plot and heat map

The PCA plots and heat maps provide a visual overview, helping to identify outliers among the
samples and any interesting patterns in the data.

Open one of the PCA for RNA-Seq ([::)) plots (figure 14), found in the "Expression Analysis"

Principal component scatter plot

L]
SRR3872519 (paired) GE Track

[ ]
SRR3872517 (paired) GE Track @
SRR3872518 (paired) GE Track

folders.

PCA for RNA-Seq X

25 | Infected With

E (Node color)

20 o .
_ 1 @ Dengue virus 2
§ 15 E ® maock
o ]
S 03
I= .
@ _ ®
= . CRR3872E2
R - “Pe
g ]
2 0 ® mrra7
= 3 752
2 J
E -5 _: ¢ SRR3BT72
o = T

-10

-15

3 T T | T T T
-20

E+rBED N

-10 ] 10 20
Principal component 1 {38.4%)

He - —— +& |- D

Graph preferences
Dot properties
Principal components
X axis
¥ axis
Metadata
* Symbol color
Infected With
Show legend

|> Principal Component Plot Settings

O
O

PC1 (38.4%) ~
PC2 (18.5%) ~

Dengue virus 2

. maock

F Symbol shape
F Label text
F Legend font settings

Help

View Settings...

Figure 14: PCA plot from the 36 hour post infection batch with samples colored by infection type.
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The plot is colored by "Infected With". The legend can be moved by clicking and dragging, and the
view settings can be adjusted using the Side Panel. Note that the plot can also be visualized
in 3D by clicking on the (.L-) icon.

We can see that the samples cluster by infection type (mock or Dengue virus 2), as expected. One
of the "Dengue virus 2" samples (SRR3872519) is positioned farther from the other two "Dengue
virus 2" samples, suggesting it may be an outlier. However, proper outlier detection requires
more than three samples, and we will therefore proceed with our analysis without removing the
sample.

Open one of the Feature Level Heat Map for RNA-Seq (<) plots (figure 15), found in the
"Expression Analysis" folders.

The vertical axis of the plot shows the 25 "most interesting" features (genes), i.e. those with the
largest variance in expression value across the samples. The horizontal axis shows unsupervised
clustering of the samples based on these genes. The legend can be moved by clicking and
dragging, and the view settings can be adjusted using the Side Panel. To visualize that the
samples cluster by infection type, add Infected With as a metadata layer in the "Metadata"
palette.

"E Feature Level Heat Map for RN... X
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)
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|:| Dengue virus 2

. mock
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Hide this layer ~
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10|52 3

Figure 15: Heat map from the 36 hour post infection batch with the "Infected With" metadata layer.

Interestingly, the heat map shows that samples SRR3872519 and SRR3872517 cluster together,
contradicting what we observed in the PCA plot. This may be due to the fact that the heat map
clustering is based on only 25 genes, whereas the PCA plot is based on all genes.


https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Principal_component_analysis_plot_2D.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Principal_component_analysis_plot_3D.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=_heat_map_view.html
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Statistical comparison

Results from the differential expression analysis can be used to identify genes with significant
changes in expression, providing insights into biological differences between groups of samples.

Open one of the Dengue virus 2 vs. mock (A5, statistical comparison tracks, found in the
"Expression Analysis" folders. The table view (EE2) is shown by default.

We will first investigate the volcano plot. Click on the (%) icon at the bottom of the view to open
this plot. Improve the visibility by adjusting settings in the Side Panel (figure 16):

1. In the "Volcano plot" palette, set "P-value type" to P-value.

2. In the "Thresholds" palette, check the Fade low fold change points and Fade high p-value
points options.

3. In the "Dot properties" palette, click-and-drag the bar for adjusting the dot transparency.

Gene names for points of interest can be viewed by hovering over them, which displays a tooltip
with the name, or by clicking, which selects the point and shows the name. Alternatively, select
multiple points by holding Ctrl (38 ) and clicking the points, or clicking and dragging to create a
lasso selection.
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Figure 16: Volcano plot from the 36 hour post infection batch. Gene names are displayed for points
with absolute log2 fold change >2 and FDR p-value <0.01. Points with low fold changes or high
p-values are faded.
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Comparison across time points

The results we have produced so far offer a rather limited view of the data, where the 24 and 36
hour time points cannot be compared. We will now create such a comparison.

Venn diagram across time points

First, we will create a Venn diagram of the statistical comparison tracks from the 24 and 36 hour
time points, in order to compare differentially expressed genes between them.

1. Rename the two statistical comparison tracks to "Dengue virus 2 vs. mock (24 hours)" and
"Dengue virus 2 vs. mock (36 hours)" by right-clicking on them in the Navigation Area and
selecting Rename or by pressing F2. This is necessary because Create Venn Diagram for
RNA-Seq does not accept two input elements with the same name.

2. Launch Create Venn Diagram for RNA-Seq (®) using Quick Launch (i?)

e

3. In the next step, "Select at least two statistical comparisons”, select the two renamed
statistical comparison tracks as input.

4. In the next step, "Result handling", select Save.
5. In the last step, choose to save the results in the "Results"” folder and click on Finish.
The resulting Venn diagram shows how many genes are differentially expressed in the two

statistical comparisons, and how many of these overlap. To further investigate the overlapping
genes:

1. Select the intersection in the Venn diagram by clicking on it (figure 17).

2. Go to the table view (EE8) of the Venn diagram. The same genes will still be selected in the
table. It may be hard to find them among all the genes, though.

3. To show only the selected genes, click on Filter to Selection at the top of the table and
choose Filter to selected rows (figure 17).

PCA plot and heat map across time points

Next, we will create a PCA plot and a heat map based on all expression tracks from both the 24
and 36 hour time point to see how the samples cluster across time points.

To create the PCA plot across time points:

1. Launch PCA for RNA-Seq ([LZ]) using Quick Launch (£7).

2. In the next step, "Select at least 2 expression samples”, right-click on the "Results" folder
and choose Add folder contents (recursively) to add all 12 expression tracks.

3. In the next step, "Result handling", select Save.

4. In the last step, choose to save the results in the "Results"” folder and click on Finish.


https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Create_Venn_Diagram_RNA_Seq.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=PCA_RNA_Seq.html
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Figure 17: Top: Venn diagram. Bottom: Table view of the same diagram, showing only the selected
genes. Note that some columns have been unchecked in the Side Panel and are therefore not
visible.

To visualize if the samples cluster across time points, configure the following options in the
"Metadata" Side Panel palette of the resulting PCA plot:

1. Set "Symbol color" to Time Point.

2. Set "Symbol shape" to Infected With.

3. Above "Label text", click on "Dengue virus 2" to set the symbol shape for these samples,
and choose Dot. Repeat for "mock" and set the symbol shape to Plus.

4. Under "Label text", select Hide names.

The samples cluster most strongly by infection type, which can be seen on the X-axis where the
first principal component is displayed. Furthermore, the Dengue virus 2-infected cells cluster by
time point, indicating that the expression profiles of Dengue virus 2-infected cells continued to
differentiate as time progressed, whereas the expression profiles of mock-infected cells were
more constant over time (figure 18).

To create the heat map across time points:

1. Launch Create Feature Level Heat Map for RNA-Seq (g#) using Quick Launch

(&)


https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Create_Feature_Level_Heat_Map_RNA_Seq.html
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Figure 18: PCA plot showing the samples, with color determined by "Time Point" and shape
determined by "Infected With". Label text has been hidden.

2. In the next step, "Select at least 2 expression samples”, right-click on the "Results" folder
and choose Add folder contents (recursively) to add all 12 expression tracks.

3. In the next two steps, "Distances" and "Feature filters", keep the default settings.
4. In the next step, "Result handling", select Save.

5. In the last step, choose to save the results in the "Results" folder and click on Finish.

To visualize if the samples cluster across time points, configure the following options in the Side
Panel of the resulting heat map:

1. In the "Samples" palette, uncheck Show names above.

2. In the "Metadata" palette, set "Metadata layer #1" to Infected With and "Metadata layer
#2" to Time Point.

The samples cluster by infection type, similarly to the PCA plot. Here, both the mock-infected and
Dengue virus 2-infected cells additionally cluster by time point, in contrast to what we observed
in the PCA plot. Again this discrepancy may be explained by the fact that the heat map clustering
is based on only 25 genes, whereas the PCA plot is based on all genes (figure 19).

Upload to IPA

For biological interpretation of the differentially expressed genes, statistical comparisons can
be uploaded to IPA using the Upload to IPA (;,E?) tool. Recall from Prerequisites that this
requires access to IPA and the Biomedical Genomics Analysis plugin to be installed.


https://digitalinsights.qiagen.com/products-overview/discovery-insights-portfolio/analysis-and-visualization/qiagen-ipa/
https://resources.qiagenbioinformatics.com/manuals/biomedicalgenomicsanalysis/current/index.php?manual=Upload_IPA.html
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Figure 19: Heat map with the sample names hidden and "Infected With" and "Time Point" metadata

layers added.

The statistical comparison tracks generated above contain all genes. Before uploading the results
to IPA, we use the Filter on Custom Criteria (ﬁ) tool to extract only the differentially

expressed genes:

1. Launch Filter on Custom Criteria (ﬁ) using Quick Launch (ﬁ).

2. In the next step, "Select track, Statistical comparison table, miRNA Seed Table, IsomiR
Table, Sequence List.", select the "Dengue virus 2 vs. mock (24 hours)" and "Dengue virus
2 vs. mock (36 hours)" statistical comparison tracks from the "Results" folder.

Check the Batch option.

3. In the next step, "Batch overview", review the organization of the input data.

4. In the next step, "Filter Criteria", click on Load Attributes. Add the following criteria by
clicking on Add and configuring the "Attribute", "Comparison", and "Value" of each criterion

(figure 20):

e Max group mean >= 10.0.
e P-value <= 0.05.
e Fold change abs value >= 1.0.


https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Filter_on_Custom_Criteria.html
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Figure 20: Filter on Custom Criteria configured to extract differentially expressed genes.

5. In the next step, "Result handling", choose Save in input folder.
Click on Finish.

When the tool has finished running, filtered versions of the statistical comparison tracks will be
available in the "Results" folder.

To upload the results to IPA:

1. Launch Upload to IPA (3% using Quick Launch (£7).

2. In the next step, "Select statistical comparisons”, select the "Dengue virus 2 vs. mock (24
hours, filtered)" and "Dengue virus 2 vs. mock (36 hours, filtered)" statistical comparison
tracks from the "Results" folder.

3. In the next step, "Upload to IPA", click on "Log in" and log in to your IPA account.

4. In the next step, "Configuration", keep the default settings and click on Finish.

You will receive an email when the IPA analysis is complete.

Remember that we are only analyzing genes present on chromosome 17 in this tutorial. [PA
requires whole genome analysis to output a comprehensive picture.

Automation and further customization of the analysis

We can automate the analysis presented here by adding a few workflow elements to a copy of
the template workflow used previously. See the manual for general information about
editing workflows. The tutorial data contains such an edited workflow copy, "Advanced RNA-Seq
and Differential Gene Expression Analysis". The key change is the addition of a new layer of
Iterate and Collect and Distribute control flow elements, as well as the Upload to IPA element
preceded by a Fork element.

Open the imported workflow by double clicking on its name in the "Advanced workflow" folder
(figure 6).

The names of the new control flow elements give an indication of their role (figure 21):


https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Template_workflows.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Template_workflows.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Creating_editing_workflows.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Fork.html
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Figure 21: Overview of the "Advanced RNA-Seq and Differential Gene Expression Analysis" workflow.

e Names ending in "over Accessions" refer to running analysis steps on, and collecting
results for, each sample, based on their "Run Accession" value.

e Names ending in "over Time Points" refer to running analysis steps on, and collecting

results for, each group of samples, where each group represents a particular time point.

This workflow design allows joint analysis of results from multiple groups of samples in down-
stream steps of the same workflow. For example:

¢ We create a Venn diagram using the results from both analyzed time points.

e We create a single PCA plot and a single heat map for the full data set. Previously, we had
to create separate PCA plots and heat maps for each time point.

Feel free to launch the "Advanced RNA-Seq and Differential Gene Expression Analysis" workflow
if you wish to. Launching the workflow is very much like launching the "RNA-Seq and Differential
Gene Expression Analysis" template workflow, as we did in step 1, except that:

e A new wizard step, "Specify workflow path" is present where you can choose whether to
upload results to IPA. Only choose "Yes" if you have access to IPA.
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e In the "Select Trimmed Reads" step, do not check the Batch option.

Checking the Batch option was needed to run the "RNA-Seq and Differential Gene Expression
Analysis" template once per time point, but in the "Advanced RNA-Seq and Differential Gene
Expression Analysis" workflow, the additional layer of Iterate and Collect and Distribute
elements leads to the appropriate sections of the workflow being run once per time point.

e In the "Configure batching" step:

— Under "lterate over Time Points" set "Define batch units using metadata column" to
Time Point.

— Under "Iterate over Accessions" set "Define batch units using metadata column” to
Run Accession.

o If you selected "Yes" in the "Specify workflow path" step, a new "Upload to IPA" step is
available. Click on "Log in" and log in to your IPA account.

The resulting Venn diagram, PCA plot, heat map, and statistical comparisons include all 12
samples: Dengue virus 2- and mock-infected samples, from 24 and 36 hour post infection time
points.

If you chose to upload to IPA, the statistical comparisons are automatically uploaded as part of
the workflow run. You will receive an email when the IPA analysis is complete.

Analyze the full data set

If you wish to analyze the full data set, the data can be downloaded from SRA directly in CLC
Genomics Workbench (figure 22):

&Z sRA Search %
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Rows: 12 Add search parameter t? Start search #
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2 SRR3872515 SRX1934564 SRPO78309 SR$1556842 1,854 27575636 Study accession
3 SRR3872516 SRX1934565 SRPO78309 SR51556843 3,787| 27575636 sample accession
4 SRR3872517 SRX1934566 SRPO78309 SR51556844 2,497 27575636 [] scientific name
5 SRR3872518 SRX1934567 SRPO78309 SR$1556845 2,479 27575636
6 SRR3872519 SRX1934568 SRP073309 SRS1556846 1,461 27575636 Download size (ME)
7 SRR3872520 SRX193456% SRPO78309 SR51556847 2,714 27575636 [ Paired
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10 SRR3872523 SRX1934572 SRPO78309 SR51556850 2,271 27575636
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[] insert deviation
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Figure 22: SRA search results for project PRINA328591.

1. Launch Search for Reads in SRA (§Z) using Quick Launch (£7).
2. Enter "PRIJNA328591" in the search field.

3. Click on Start search (f;?) or press Enter.
4

. Select all 12 experiments (shortcut Ctrl+A or 3 +A on Mac).


https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Search_Reads_in_SRA.html
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5. Click on Download Reads and Metadata (%31_=) near the bottom, on the left-hand side. A
wizard will open.
(@) Inthe "Import Options" and "Edit Paired End Settings" steps, keep the default settings.
(b) In the next step, "Result handling", select Save.

(c) In the last step, choose to save the results in a suitable location in the Navigation
Area.

Click on Finish.

The downloaded metadata contains the "Run Accession", "Infected With", and "Time Point"
columns needed to run the analysis.

Note that the tutorial data was down-sampled to approximately 3%. The full data takes
considerably more time to analyze.
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