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Advanced RNA-Seq analysis with upload to IPA

The purpose of this tutorial is to illustrate how workflows can be used to easily run RNA-Seq
and downstream analyses for multiple samples and multiple groups of samples. In addition,
it demonstrates the collaborative power of CLC Genomics Workbench and Ingenuity Pathway
Analysis (IPA) for the analysis and interpretation of RNA-Seq expression data.

Prerequisites
For this tutorial, you must be working with CLC Genomics Workbench 20.0 or higher.

To use workflows that include upload to IPA, you must have the Ingenuity Pathway Analysis
plugin installed. Installing plugins is described in the CLC Genomics Workbench manual.
In addition, you must have access to IPA services. You can request a free trial by clicking on
Request a trial.

General tips
e Within wizard windows you can use the Reset button to change settings to their default
values.

e You can access the in-built manual by clicking on Help buttons or by selecting the "Help"
option under the "Help" menu.

Download and import the data

The data we will analyze in this tutorial was sourced from the PRINA328591 study, which
included 12 mRNA profiles of Dengue virus 2 and mock infected cells at 24 and 36 hours post
infection. To allow the tutorial to be completed in a reasonable amount of time, only a subset of
the reads that map to chromosome 17 are used here.

The zip file distributed for use with this tutorial contains:

A subset of the reads from the 12 samples described above.

A metadata table.

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

e Four workflows:

1. RNA-Seq and IPA analysis workflow

2. RNA-Seq and IPA advanced analysis workflow
3. RNA-Seq analysis workflow

4. RNA-Seq analysis advanced workflow

The rest of this tutorial refers to worklows that include uploading results to IPA. If you do not
have access to IPA, then please use the third and fourth workflows listed above instead of the
ones named in the instructions.


http://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Install.html
https://www.qiagenbioinformatics.com/products/ingenuity-pathway-analysis/
https://www.ebi.ac.uk/ena/browser/view/PRJNA328591
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To download and import the tutorial data:

1. Download the following zip file: RNA_Seq TIPA_Dengue.zip.

2. Start up the CLC Genomics Workbench.

3. Import the data by clicking on the Import (E%) button and selecting Standard Import (5%) .

Choose the zip file, leave the import type set to Automatic and save the imported data in
your Navigation Area.

You can alternatively drag-and-drop the zip file into the Navigation Area.

Once the import is completed, you should see the folders and data elements in the
Navigation Area as shown in figure 1.

£ & RNA_Seq_IPA_Dengue
=[5 reads
m Samples

SRR3872514

RR3372515

RR3372516

= SRR3872517

RR3372518

RR3372519

RR3372520

RR3372521

RR3372522

RR3372523

RR3372524

= SRR3872525

reference

- #¥% Homo sapiens (hg38) chr17 sequence

$‘E Homo sapiens (hg38) chr17_Gene
-?'ﬁ Homo sapiens (hg38) chr17_mRNA

- B, RMA-5eq and IPA analysis workflow

- B, RMA-5eq and IPA advanced analysis workflow

By, RMA-5eq anal ysis workflow

-8, RNA-5eq advanced analysis workflow

Figure 1: The Navigation Area after the tutorial data has been imported.

4. Associate the metadata rows with the imported reads. To do this,
Open the "Samples" metadata table found in the "reads" folder.
Click on Associate Data... | Associate Data Automatically....
Right-click on the "reads" folder and choose Add folder contents (figure 2).

Keep clicking on Next in each wizard step, leaving the default settings. On the final step,
click on Finish.

E Associate Data with Metadata X
Select data elements (not folders)
1. Select data elements (not .
folders) Navigation Area Selected elements (13)
Q| <enter search term > = RR3872514
2. Setdstarole 5 [ RNA_Seq_IPA_Dengue - RR3872515
3. Association Dot 5 DR 3872516
. \SS0G300N ons
4 % Add folder contents \R3872517
4 \R3872518
ety E; Add folder contents (recursively)  |p3g72519
RR3372516 a ||[E RR3s72sa
RR3372517 SRR3872521
= SRR3872518 RR3872522
RR3372519 RR3872523
RR.3372520 RR3872524
SRR.3872521 w SRR3872525
Help Reset Previous Next Finish Cancel

Figure 2: The elements have been added using the option "Add folder contents”".

5. Select all the rows in the metadata table, and click on Find Associated Data.
This shows if all rows are associated correctly with the corresponding reads (figure 3).


http://resources.qiagenbioinformatics.com/testdata/RNA_Seq_IPA_Dengue.zip
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Al

Rows: 12 Metadata Filter

Run Accession Infected With Time Point

>

W

& set Up Table... v Manage Dat... Ej" Find Assodia.. Bz Associate Da... & additional Fil...

[Find data elements associated with the selected rows. lj
=

Rows: 12 Metadat... Filter to Selection... Filter

Run Accession Role Type Mame Path

SRR3872514 Sample data = SRR3872514 CLC_Data/RNA_Seq_IPA_Denguefreads
SRR3872515 Sample data = SRR3872515 CLC_Data/RNA_Seq_IPA_Denguefreads
SRR3872516 Sample data = SRR3872516 CLC_Data/RNA_Seq_IPA_Denguefreads
SRR3872517 Sample data SRR3872517 CLC_Data/RNA_Seq_IPA_Denguefreads
SRR3872518 Sample data SRR3872518 CLC_Data/RNA_Seq_IPA_Denguefreads
SRR 3872519 Sample data SRR 3872519 CLC_Data/RNA_Seq_IPA_Denguefreads
SRR 3872520 Sample data SRR 3872520 CLC_Data/RNA_Seq_IPA_Denguefreads
SRR3872521 Sample data SRR3872521 CLC_Data/RNA_Seq_IPA_Denguefreads
SRR3872522 Sample data SRR3872522 CLC_Data/RNA_Seq_IPA_Denguefreads
SRR 3872523 Sample data = SRR 3872523 CLC_Data/RNA_Seq_IPA_Denguefreads
SRR3872524 Sample data = SRR3872524 CLC_Data/RNA_Seq_IPA_Denguefreads
SRR 3872525 Sample data = SRR 3872525 CLC_Data/RNA_Seq_IPA_Denguefreads

Figure 3: The reads have been successfully associated with the metadata.

Running the RNA-Seq analysis and uploading to IPA

The "RNA-Seq and IPA analysis workflow", provided with the tutorial data, shown in figure 4, will
be used for the analysis.

In this workflow, the first steps Trim Reads, RNA-Seq Analysis and Combine Reports Per Sample
are run once for each sample provided for that workflow run. Results from the RNA-Seq Analysis
and Combine Reports Per Sample steps are then collected. These collected results are passed to
the downstream steps, which are run just once. The downstream steps are where the expression
results are further processed and reports for all the samples are combined into a single report.

The ability to run parts of a workflow a different number of times is achieved using the control flow
elements, Iterate and Collect and Distribute. This is described further in the CLC Genomics
Workbench manual.

Additionally, we launch the workflow in Batch mode to run the workflow twice, once for each time
point post infection. We will use metadata to define the batch units.

To run the workflow:

1. Open the "RNA-Seq and IPA analysis workflow" by double clicking on its name in the
Navigation Area.

2. Start the workflow by clicking on the Run ([>») button near the bottom, on the right hand
side.
You will now step through the workflow wizard to specify input data and configure options
before launching the workflow to run.

3. Specify the data to be analyzed by right-click on the "reads" folder and choosing the Add
folder contents menu option.
Check the "Batch" option below the data selection area (figure 5).


https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Running_part_workflow_multiple_times.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Running_part_workflow_multiple_times.html
http://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Running_workflows_in_batch_mode.html
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Sequences | Trim adapter lst

iZ) Trim Reads

Trimmed Sequences

Trimmed (broken pairs) | Discarded Sequences | Report

Reads | ‘ Gene track ‘ mRNA tradk | Spike-in controls

¥= RNA-5eq Analysis

Gene Expression Track | Reads Track | Transaipt Expression Tradk | Unmapped Reads | Fusion Track | Report

Reports

5] combine Reports per Sample

Transaipt Expression Track {/RNA-Seq Outputi{1})

Report
Output Output
Expression Data Expression Tracks Expression Dsta | Statistical comparsen | Festure frack Reports
{4 Differential Expression for RNA-Seq PCA for RNA-Seq £8 Create Heat Map for RNA-Seq [E] Combine Reports across Samples
Statistical Camparisan Tracks | Statistical Comparisen Tables PCA Plot Heat Map Report

Statistical Comparisons

Pathway Analysis

Statistical Comparisan Tracks (/Expression Analysis/{

PCA Plot (/Expression Analyss41}) Hest Map (/Expressicn Analysis/{1) Report (IRMA-Seq Output/{1})

Figure 4: A view of the "RNA-Seq and IPA analysis workflow".

With the "Batch" option enabled, a warning text appears indicating that the workflow design
itself will lead to at least part of the workflow being run multiple times with subsets of
the inputs. This warning is to help us decide if we also intend to run the whole workflow
multiple times using subsets of inputs. Here, this is indeed our intention.

Click Next.

H RNA-5eq and IPA analysis workflow x

Select sequencing data

=

Choose where to run
(@) Select from Navigation Area
2. Select Reads

(O select files for import:  THlumina ~
3. Configure batching
Navigation Area Selected elements (12)
4. Batch overiew Q- | <enter search term > - i= SRR3872514 "
5. Trim Reads = &

6. RNA-Seg Analysis

~

Differential Expression
for RNA-Seg

8. Pathway Analysis

i= SRR3372522
iS SRR3872523
§. Result handling IS SRRIBT2524
— & =" SpDIxTICIC e
10. Save focation for new
elemenis Batch ﬂ The workflow already creates batch units for this input. Another layer of batch
Help Reset Previous Mext Finish Cancel

Figure 5: The "Batch" box is checked and a warning is displayed in the wizard.

In this tutorial, we imported the reads prior to launching the workflow. When analyzing your
own data, you may prefer to use "Select files for import" to import data on the fly.


http://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Configuring_input_output_elements.html
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4. Configure how the workflow will run using the provided metadata table (figure 6).

RNA-5eq and IPA analysis workflow X
Configure batching
1. Choose where to run
2, SelectReads
3. Configure batching Define batch units
Use organization of input data
4. Baich overview
(®) Use metadata
= B Select metadata
6. RNd-Seq Analysis [ samples P> s
i " i
7. Differential Expression Workflow- evel batching
for RNA-Seq Define batch units using metadata column Time Point ~
Iterate
8. PathwayAnalysis e
Define batch units using metadata column Run Accession ~
9. Resw'fhanding
10. Save location for new
elements
Help Reset Previous Cancel

Figure 6: The workflow execution is configured using the "Samples" metadata table.

Click on the (i) button at the right hand side of the "Selected metadata" field.
Choose the "Samples" metadata table.
Click on OK.

In the "Workflow-level batching" area, click on the down arrow and select the option "Time
Point".

This specifies that we wish to run the workflow once for each value in that column of the
"Samples" metadata. Here, there are 2 values in that column, so the workflow will be run
twice. One time, the input data elements associated with metadata table rows containing
"24 hours post infection" will be used. The next time, the input data elements associated
with metadata table rows with "36 hours post infection" are used.

In the "lterate" area, click on the down arrow and select the option "Run Accession".

This specifies that during each workflow run, the data elements with the same value in
the "Run Accession" column will be treated as part of a single sample. For this workflow,
this means that such data elements will be analyzed together in the Trim Reads, RNA-Seq
Analysis and Combine Reports Per Sample steps.

Click on Next.

In this tutorial, we imported the metadata prior to launching the workflow. When an-
alyzing your own data, it may be more convenient to use an excel format file
containing metadata when launching workflows.

. Review the organization of the input data in the Batch overview step (figure 7).

If the organization of the input data is not as expected, batch unit configuration can be
adjusted in the previous step by clicking on Previous.

Click on Next.

. Leave the Trim Reads settings at their default values.

Click on Next.

7. Configure the RNA-Seq Analysis options:


http://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Running_workflows_in_batch_mode.html
http://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Running_workflows_in_batch_mode.html
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B RNA-5eq and IPA analysis workflow X
Batch overview
1. Choose where to run
Workflow-level batching Iterate Reads
2. SelectReads {batch units from: Time Point) (batch units fron: Run ion)
SRR3872514 SRR3872514
3. Configure batching SRR3872515 SRR3872515
N h inf SRR3872516 SRR3872516
4. Batch overview 24 hours post infection SRR3372520 SRR3372520
5. Trim Reads SRR3872521 SRR3872521
SRR 3872522 SRR3872522
6. RNA-Seq Analysis SRR3872517 SRR3872517
SRR3872518 SRR3872518
7. Differenbal Expression SRR3872519 SRR3872519
for RNA-Seq 36 hours post infection SRR3872523 SRR3872523
SRR3872524 SRR3872524
8. Pathway Analysis SRR3372525 SRR3872525
9. Resw'thanding
10. Sawelocation for new
elements
Help Reset Previous Finish Cancel

Figure 7: The Batch overview step shows how the data is grouped for the analysis.

Specify the reference data to use so it looks like that shown in figure 8. Use the reference
data provided with the tutorial data for this.

Set the Strand specific option to "Reverse" as a KAPA stranded RNA-Seq kit was used to
generate this data.

Click on Next.

E RMA-5eq and IPA analysis workflow X
h h RMNA-Seq Analysis
L chooe piul Configurable Parameters
2. SelectReads Reference type Genome annotated with genes and transeripts v
3. Configure batching Reference sequence % Homo sapiens (hg38) chr17 sequence B
4, Batch overview Gene track £ |Homo sapiens (hg38) chr17_Gene Bﬁ‘
5. Trim Reads mRNA track :}ﬁ Homo sapiens (hg38) chr17_mRMNA B
Enable handling of spike-in controls | Do not use spike-n controls w
6. RNA-Seq Analysis
Spike-in controls 78
7. Differential Expression
for RNA-Seq Strand specific Reverse ~
8. PatiwayAnalisis » Locked Settings
9. Result handling
10. Sawe focation for new
elements
Help Reset Previous Finish Cancel

Figure 8: RNA-Seq Analysis is configured with the provided references.

8. Configure the Differential Expression for RNA-Seq options to look like those shown in
figure 9). Specifically, set:
o "Test differential expression due to" to the option "Infected With", and
e Set "Control group” to "mock".

Click on Next.

9. Enter your Ingenuity username and password, leaving the remaining Pathway Analysis
options at their default values.
You will not see this step if you are running the "RNA-Seq analysis workflow".

Click on Next.
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B RNA-5eq and IPA analysis workflow X

Differential Expression for RNA-Seq
Configurable Parameters

. Choose where to run

2. SelectReads Test differential expression due to | Infected With L]
3. Configure batching Wihile controlling for {Nothing selected) Ll
4, Batch overview Comparisons Against control group ~
5. Trim Reads Control group mock L]
6. RNA-Seq Analysis » Locked Settings
7. Differential Expression

for RNA-Seq

3

. Pathway Analysis
9. Resw'thanding

10. Sawelocation for new
elements

Help Reset Previous Finish Cancel

Figure 9: Differential expression is tested due to "Infected With", using the "mock" group as control.

10. Check the "Create subfolders per batch unit" and "Create workflow result metadata" boxes
(figure 10). This will create two subfolders for each of the time points post infection, and a
Workflow Result Metadata element with information about the results.

Click on Next.

E RNA-5Seq and IPA analysis workflow hs

Result handling
. Choose where to run Workflow parameters

Preview All Parameters

]

Select Reads

3. Configure batching Result handling
4. Batch overview Open
(®) Save

. Trim Reads
Create subfolders per batch unit

@

. RMNA-Seq Analysis
Create workflow result metadata

~

Differential Expression
for RNA-Seq
Log handling

. Pathway Analysis [Jopenlog

oo

9. Result handling
Workflow execution dev-tools

10. Sawe focation for new
elements Preview Transformed Imports

Help Reset Previous Finish Cancel

Figure 10: "Create subfolders per batch unit" and "Create workflow result metadata" boxes are
checked.

11. Choose the location to save the results (for example a new "results" subfolder).
Click on Finish.

The workflow will now execute. You can monitor the progress of the workflow in the
"Processes" bar (figure 11). It will take some time for this workflow to run to completion.

Processes | Toolbox | Favorites
7 RNA-Seq and IPA anal ysis workflow, batch '24 hours post infection’ (Executing RNA-Seg A... 14% &
—

;:n. Workflow Batch Process: RNA-Seq and IPA analysis workflow (0/2) 0% =

Figure 11: The "Workflow Batch Process" indicates how many batches have been completed.


http://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Workflow_Result_Metadata_tables.html
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Results interpretation

Results from the analyses carried out by the workflow will be placed in the "results folder", as
shown in figure 12.

£ 5 RNA_Seq_IPA_Dengue
B reads
B reference
i+ m RNA-Seq and IPA analysis workflow
i m RNA-Seq and IPA advanced analysis workflow
i+ m RNA-Seq analysis workflow
-2 RNA-Seq advanced analysis workflow
-5 results
+ 24 hours post infection batch
5 38 hours postinfection batch
: [ [ RNA-Seq Qutput
= E Expression Analysis
; + [ pca for RNA-Seq
Heat Map for RNA-Seq
, Dengue virus 2 vs, mock SRR.3872517 (GE)
[ workflow Result Metadata

Figure 12: Results from the analysis are saved into folders, visible in the Navigation Area.

The statistical comparisons were automatically uploaded to IPA as part of the workflow run. You
will receive an email when the IPA analysis is complete.

The results from each batch unit are saved into a subfolder, named after the data grouping
indicated in the "Batch overview" (figure 7). Within each of these folders, there are subfolders
for particular types of result data:

o "RNA-Seq Output" contains the outputs of RNA-Seq Analysis and the combined report,

e "Expressions Analysis" contains the differential expression, PCA plot and heat map.

Asingle Workflow Result Metadata table is generated for the workflow run, and is saved
within the "results" folder. This can be particularly 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 reports found in the "RNA-Seq Output” folders.

The combined report summarizes information from the samples in that batch unit. It can be
used to quickly review the results of the trimming and RNA-Seq analyses. In this report, samples
highlighted in yellow are outliers, making it easy to spot any problematic samples.

PCA plot
Open one of the "PCA for RNA-Seq" plots found in the "Expression Analysis" folders.

The PCA plot is colored by "Infected With". Note that you can:

e change the display settings in the "Metadata" side panel section,

e click-and-drag to move the legend for optimal visibility.

We can see that, as expected, the samples cluster by the infection type (figure 13).

You can also visualize the plot in 3D by clicking on the (k=) icon (figure 13). You can click-and-drag
to change the orientation of the axis.


http://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Workflow_outputs_workflow_result_metadata_tables.html
http://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Combine_Reports.html
http://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=PCA_RNA_Seq.html
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=1 Help Save View...

Figure 13: Top: The PCA plot when samples are colored by infection type. Bottom: The 3D view of

the same PCA plot. Label text is hidden in both views.

Heat map

Open one of the "Heat Map for RNA-Seq" plots found in the "Expression Analysis" folders.

The hierarchical clustering algorithm is pre-configured in the workflow to select the
25 "most interesting" transcripts in the heat map, based on the coefficient of variation (relative
standard deviation). The samples are also clustered on the horizontal axis, by unsupervised

clustering.

To see that the samples cluster by the infection type, add "Infected With" as a metadata layer in

the "Metadata" side panel section (figure 14).

| — I R

Infected With
(Metadata layer #1)

[ Dengue virus 2

Wl mock

; JlF]

=02 04 06 08 1 16 18 2041

e - —7— +=m

|» HeatMap Settings
Metadata
¥ Legend font settings
« Metadata Lavers
+ Metadata layer #1
Infected With

show legend

v
Show layer names

Layer thickness I

Dengue virus 2

mock

+ Metadata layer #2
Hide this layer

w

=0 Help Save View

Figure 14: The "Metadata" side panel section options for heat maps. The names of the samples (in
the "Samples" section) and features (in the "Features" section) are hidden for increased visibility.


http://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Create_Heat_Map_RNA_Seq.html
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Statistical comparison

Open one of the "Dengue virus 2 vs. mock" comparisons: it will automatically display the table
view () of the track.

We will first investigate the volcano plot of the results.
Click on the volcano plot icon (#%g) at the bottom of the view to open this plot.

This dataset is small and has very few significant transcripts under FDR-correction, therefore the
volcano plot is not very dense. We can improve the visibility in this particular case by changing
the settings in the "Values" side panel section (figure 15).

e Choose "P-value" in the "P-value type" drop down menu.

e Change the "Lower limit on p-values" to 1E-b.

You can select transcripts by simply clicking on the point representing them. This will turn those
points red and their names will be displayed next to the point.

|» Volcano Plot Settings
Volcano Plot Horizontal axs range A
Min 8.5
FRARHER 31 DDX42_9 CCL5_1
5— : - — . = . - .
LAP2B1_3 Max 9.2
.TRIM25_2 . REBTI_3
4 — SJUP_2 . Vertical axis range
@ ; Min 0.1
2
237 Max 5.5
&
2
S 23 - ::'-': Dot properties O
g . . s
b, - Text format O
- 1]
! i values =
P-value bype
D_‘ LN LA L N B B E s B Sy B B B B B B B B S P-value ~
8 -6 -4 -2 0 2 4 g g ] Label selected points
lag, fold change "
Lower limit on p-values: 1E-5
v
. & -t——+E =D Help Save View

Figure 15: Volcano plot and the corresponding side panel options.

Transcripts selected in one view are also selected in other views. For example, rows in the
table corresponding to points selected in the volcano plot will also be selected, as will the
corresponding positions in the track view. Using this functionality, points of relevance can be
highlighted in graphical views, like the volcano plot, by filtering for particular characteristics in
the table and then selecting the visible table rows.

For example, to show only points in the volcano plot representing samples with an FDR value
less than 0.05 and a fold change greater than 1.5:
1. Open the table view by clicking on the () at the bottom of the window.

2. Click on (=) next to the Filter button. If you cannot see the Filter button, expand the width
of your viewing area.

3. Select

e FDR p-value in the first field,
e abs value < in the second field,
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o type 0.05 in the third field.
4. Add a new filtering criterion by clicking on (ER).
5. Select

o Fold change in the first field,
e abs value > in the second field,
e type 1.5 in the third field.

6. Click Filter.

7. Select all remaining rows in the table.

8. Go to the volcano plot view (%g).

9. The selected transcripts are now highlighted in red and have their names displayed.

10. Axes ranges can be altered in the "Graph preferences" side panel section (figure 15).

You can read more about statistical comparisons in the CLC Genomics Workbench manual.

Finally, you can launch IPA to look for genes and associated pathways that are differentially
expressed between the Dengue virus 2 and mock infected cells.

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

Comparison across time points

We ran the workflow in batch mode with two batch units, one for each time point post infection.
This leads to a rather limited view of the data where the two time points cannot be compared.

Venn diagram
Make sure you do not close the statistical comparison from before.

We will first create a Venn diagram from the two statistical comparisons to see the overlap
between the differentially expressed genes at the two time points:

1. Go to:

Toolbox | RNA-Seq and Small RNA Analysis (-=) | Differential Expression (i) | Create
Venn Diagram for RNA-Seq (%))

Choose the two "Dengue virus 2 vs. mock" comparisons as input.

Click on Next.

Choose to "Open" the result.

o k& W N

Click on Finish.


http://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Differential_Expression_RNA_Seq.html
http://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Create_Venn_Diagram_RNA_Seq.html
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Figure 16: From top to bottom: Statistical comparison, Venn diagram, and selection from the
diagram. The same transcripts are selected in all views.

The diagram shows how many transcripts were detected to be differentially expressed in the two
comparisons.

Select Transcripts in Other Views allows you to do synchronized selections between expression
tracks, statistical comparison tracks, and the table view of Venn diagrams (figure 16):
1. Select the middle intersection with the transcripts that were differentially expressed in both
comparisons.

2. Go to the table view (EE).

3. The same transcripts will still be selected in the table. It can be hard to find them.

Click on Create from selection to open a new table in split view with the selected transcripts.

4. Click on Select Transcripts in Other Views to highlight the transcripts in the opened
statistical comparison.

5. You can arrange the windows in different split views.


http://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Arrange_views_in_View_Area.html
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PCA and heat map across time points

We can create additional PCA plots and heat maps from all 12 expression tracks:

1. Go to:
Toolbox | RNA-Seq and Small RNA Analysis (~=) | Expression Plots (Ha#) | PCA for RNA-Seq
()

2. Rightclick on the "results" folder and choose Add folder contents (recursively) to add all
12 expression tracks.

Click on Next.
Choose to "Open" the result.

Click on Finish.

o o & W

In the "Metadata" side panel selection, set

e "Symbol color" to "Time Point",
e "Symbol shape" to "Infected With".

The samples still cluster by the infection type, and for the Dengue virus 2 infected cells, the
samples also cluster by the time point post infection. This is consistent with a hypothesis
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 17).
Infected With |¥ Principal Component Plot Settings
(Node shape) Principal component scatter plot w Symbol color o
® Dengue virus 2 Time Point ~
+ mock Show legend
40
3 3 24 hours post infection
= 30
=l 3
~ 20 = 36 hours post infection
g 3
5 10
E . + w Symbol shape
g 04 Infected With -
B E ' W
£ 40 L Show legend
E -
o -
20 = Dot ~ | Dengue virus 2
- .
Time Point
(Node color) Plus | mock
® 24 hours postinfection [T T 1|D L e |D T 1|U T 2|D T 3‘0 —TTT 4'0 T SIU
36 hours post infection ) Principal companent 1 (12.5%) w Label text
Hide names ~
W
J-'-— ] t} =+ |=0 Help Save View...

Figure 17: The PCA plot when samples are colored by "Time Point" and shape is by "Infected With".
Sample names have been hidden.

To create a heat map,

1. Go to:

Toolbox | RNA-Seq and Small RNA Analysis (=) | Expression Plots (Ha) | Create Heat
Map for RNA-Seq ()
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2. Right-click on the "results" folder and choose Add folder contents (recursively) to add all
12 expression tracks.

Leave the default settings in the "Set clustering" wizard.
Click on Next.

Leave the default settings in the "Set filtering" wizard.
Click on Next.

Choose to "Open" the result.

Click on Finish.

© ©®© N o 0o & O

In the "Metadata" side panel section, set

e "Metadata layer #1" to "Infected With",
e "Metadata layer #2" to "Time Point".

The samples cluster just as for the PCA plot. Even though when inspecting the colors it looks as
the mock infected cells cluster by the time point post infection, the hierarchical clustering shown
as a tree above indicates that the two time points do not form distinct clusters.

|» Heat Map Settings

« Metadata layer #1 ~
Infected With ~
Show legend Show |ayer names

Layer thickness I

mock

Dengue virus 2

+ Metadata layer #2

Time Point ~

show legend show layer names
Layer thickness I
Time Point | Infected With
(Metadata layer #2) < 04 08 12 16 2 24 28 3775 (Metadata layer #1) L
36 hours post infection
I8 35 nours post infection B mock
|| 24 hours post infection B Cenoue virus 2
24 hours postinfection
v
Iy § & — ——t—= +EFH =0 Help Save View...

Figure 18: The heat map when the "Infected With" and "Time Point" are added as metadata layers.
The names of the samples and features are hidden to increase visibility.
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Automating and further customizing the analysis

We can further automate the analysis with just a few additions to the workflow used earlier. We
provide the "RNA-Seq and IPA advanced analysis workflow" as an illustration of how this can be
done. It is based on the "RNA-Seq and IPA analysis workflow", with a key addition being a new
layer of Iterate and Collect and Distribute elements.

Open the "RNA-Seq and IPA advanced analysis workflow" by double clicking on its name in the
Navigation Area.

The names of the control flow elements, as shown in figure 19, give an indication of their role in
the workflow:

e Names ending in "over Accession" refer to running analysis steps on, and collecting results
for each sample, where we are defining samples based on their accession.

e Names ending in "over Time Points" refer to running analysis steps on, and collecting
results for each group of samples, where here each group represents a particular time point
post infection.

Inputs
Outputs
Inputs
Outputs

Sequences | Trim adapter lst
) Trim Reads
Trimmed Sequences | Trimmed {broken pairs) | Discarded Sequences | Repart
Sequence Reads | Referance sequence | Gene track | mRNA frack ‘ Spike-in controk
= RNA-Seq Analysis
Gene Expression Track | Reads Track | Transcript Expression Track | Unmapped Reads | Fusion Track ‘ Report
Input Reparts
Transeript Expression Track (/RNA-Seq Output{1}) Combine Reports per Sample
Output Report
Expression Data Input
{1 Differential Expression for RNA-Seq
Statistical Comparkan Tracks | Statistical Comparison Tables Output
Input Input Input
Statistical Comparison Tracks [/Expression Analysis/{1} {2})
Cutput Output Qutput
Statistical Comparisens Statistical Compariscns Expression Tracks Data | Statistical | Feature track Reports
@) Create Venn Diagram for RNA-Seq Pathway Analysis PCA for RNA-Seq i Create Heat Map for RNA-Seq Combine Reports across Samples
Venn Diagram Heat Map Report

PCA Flot
Venn Diagram {/Expression Analysis {13} PCA Plot (/Expression Analysis/{1}) Heat Map (/Expressicn Analys {1} Report (/RNA-Seq Output{1})

Figure 19: "RNA-Seq and IPA advanced" workflow.

The new Iterate and Collect and Distribute elements are the ones with "over Time Points" in
their names.
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A key benefit with this workflow design is that we can make use of results from multiple groups
of samples in downstream steps of the same workflow. For example, here:

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

¢ We make a single submission to IPA with the results for both time points.

o 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.

Launching the "RNA-Seq and IPA advanced analysis workflow" is very much like launching the
earlier workflow, except that:

e You should not check the "Batch" box.

Checking the "Batch" box was needed to run the "RNA-Seq and IPA analysis workflow" once
per time point, but in the "RNA-Seq and IPA advanced analysis workflow", the additional
layer of Iterate and Collect and Distribute elements causes the appropriate sections of
the workflow to be run once per time point.

e The iteration over time points needs to be configured in the workflow wizard and involves

referring to the metadata table.

Feel free to launch the "RNA-Seq and IPA advanced analysis workflow" if you wish to.

Analyzing the full data set

If you wish to analyze the full data set, you can download the data from SRA directly in CLC
Genomics Workbench (figure 20):

1.

2
3
4
5

Go to:
Download | Search for Reads in SRA (/&)

. Add PRJNA328591 in the search field.
. Click on Start search ([7).
. Select all 12 experiments.

. Click on on Download Reads and Metadata (’%{:).

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

Note that the tutorial data was down-sampled to approximately 3%. The full data is much larger
and analyzing it will take considerably more time.
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All Fields | |PRINA328551 [ ]
Rows: 12 Add search parameter E? Start search
# Run Accession Experiment Accession Study Accession Download Size (MByt... PubMed

1 SRR3872514 SRX1934563 SRPO78309 2,511 27575636
2  SRR3872515 SRX1934564 SRP078309 1,854 27575636
3 SRR3872516 SRX1934565 SRPO78309 3,787 27575636
4 SRR3872517 SRX1934566 SRP078309 2,497 27575636
5 SRR3872518 SRX1934567 SRPO78309 2,479 27575636
6 SRR3872519 SRX1934568 SRP078309 1,461 27575636
7 | SRR3872520 SRX1934569 SRPO78309 2,714 27575636
8 SRR3872521 SRX1934570 SRP078309 2,439 27575636
9 | SRR3872522 SRX1934571 SRPO78309 2,051 27575636

10 SRR3872523 SRX1934572 SRP078309 2,271 27575636

11 SRR3872524 SRX1934573 SRPO78309 2,637 27575636

12 SRR3872525 SRX1934574 SRPO78309 2613 27575636

4L Download Reads and Metadata Show Metadata for Selection Total number of experiments: 12 more...

B

b Search Parameters Settings

=0

#
Run Accession
Experiment Accession
Study Accession
[[] sample Accession
[ scientific Name
Download Size (MBytes)
[[] Estimated Final Size (MBytes)
[ paired
[[] Read Crientation
[] Average Length
[ Spots
[ Insert Size
[[] Insert Deviation
PubMed
Select All
Deselect All

Help Save View..

Figure 20: The SRA results for project PRINA328591.
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