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RNA-Seq analysis with four tissues and six timepoints

Introduction

The purpose of this tutorial is to illustrate how to analyze RNA-Seq data for multiple groups of
samples and timepoints using CLC Genomics Workbench. We focus on the following types of
analysis:

Import and set up of data.

Investigate outliers and structure in the data using a PCA plot and heat map.

Identify differentially expressed genes and visualize them using a Venn diagram and heat
map.

Cluster differentially expressed genes according to the expression pattern across the
timepoints.

Detailed investigation of expression patterns of genes of interest.

Data used in this tutorial

This tutorial uses the data set from "An Examination of Dynamic Gene Expression Changes in
the Mouse Brain During Pregnancy and the Postpartum Period" by Ray et al 2016 (GSE70732,
doi:10.1534/g3.115.020982). The authors investigated developmental transformation of
the female brain during pregnancy, parturition and postpartum, looking at four regions (cerebellum,
hippocampus, hypothalamus and neocortex). The experimental setup included six timepoints
corresponding to the following developmental stages:

o Virgin: Female mouse - unmated.
e PC14 and PC16: Dam - 14 and 16 days post-conception, respectively.
e PP1, PP3 and PP10: Dam - 1, 3, and 10 days postpartum, respectively.

Two or 3 samples were collected from each brain region at each stage, yielding a total of 71
samples.

We provide gene expression data for this tutorial, generated with single-end RNA-Seq reads
downloaded from SRA and then analyzed using RNA-Seq Analysis using a mouse reference
genome. Descriptive information about each sample is provided in a metadata table.


https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE70732
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4704721/pdf/221.pdf
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=RNA_Seq_Analysis.html
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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.

General tips

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

e Within wizards you can use the Reset button to change settings to their default values.
e Colors in plots can be changed by clicking the colored rectangles found in the Side Panel.
e Columns in tables can be hidden by unticking their name in the Side Panel.

e 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.

e Most of the tools of CLC Genomics Workbench require multiple inputs. When many data
elements need to be selected, as it is the case in this tutorial, 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.

e Many data elements produced by CLC Genomics Workbench tools have multiple views,
indicated as icons in the lower left corner in the open files in the View Area. Clicking
on one of the view icons while pressing Ctrl (Cmd 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.


https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Side_Panel.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Side_Panel.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
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Import gene expressions and metadata

We start by downloading and importing the tutorial data.

1. Download the data archive containing gene expression data for each sample and a
metadata table containing descriptive information about each sample.

2. Start the QIAGEN CLC Genomics Workbench.
3. Import the downloaded archive using Standard Import.

(a) Start Standard Import from the top toolbar:
Import (%) | Standard Import (%)

(b) Locate the archive using the Add files button and select Automatic import (figure 1).

M Import *

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

Location | File system

2. Choosefilestoimport | .1 424 files and folders (1)

3. Save in folder CH\RMA time series data.zip

Add folders Add files Remove

* Options
@Automaticimpor‘t
O Force import as type: ACE files [.ace]
O Force import as external file(s)

Help Reset Previous Finish Cancel

Figure 1: Standard Import configured to automatically import the zipped data.

(c) Save the files in a folder of your choice.

The data needed for this tutorial is now imported: 71 gene expression tracks and the metadata
table. Each track is associated with the corresponding row in the metadata table. See
Associating data elements with metadata for information about how to create such
associations.

The tools of CLC Genomics Workbench produce deterministic results, but changing the inputs
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.

Investigate outliers and structure in the data

In this section, we create a PCA plot and a heat map, which we use to visually inspect the full
data set, to help identify any outliers among the samples and any interesting structure in the
data.

PCA plot

Using PCA for RNA-Seq, we will first produce a PCA plot.


https://resources.qiagenbioinformatics.com/testdata/RNA%20time%20series%20data.zip
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Standard_import.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Associating_data_elements_with_metadata.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Navigation_Area.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=PCA_RNA_Seq.html
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1. Start PCA for RNA-Seq by going to:

Tools | RNA-Seq and Small RNA Analysis (=) | Expression Plots (Ha) | PCA for RNA-Seq

(=D

2. Select the 71 gene expression tracks and choose to save the result in a folder named

Plots.

3. Open the resulting PCA plot.

4. Configure the labels and legends from the Metadata tab in the Side Panel (figure 2):
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Figure 2: PCA plot shows the samples cluster into groups defined by the brain region.

e Under "Metadata", set "Symbol color" and "Symbol shape" to "Brain Region" from

the drop-down menus.

e Under "Label text", choose "Hide names" in the drop-down menu.

As it can be seen in figure 2, each of the brain regions clusters together. There are no outliers.
We therefore will use all the samples in the downstream analyses.

Heat map

Using Create Feature Level Heat Map for RNA-Seqg, we will produce a heat map of
gene expressions for the genes with the most varied expression levels, that is, the genes with

highest coefficients of variation (the ratio of the standard deviation to the mean).

1. Start Create Feature Level Heat Map for RNA-Seq by going to:

Tools | RNA-Seq and Small RNA Analysis (=) | Expression Plots (=) |
Create Feature Level Heat Map for RNA-Seq (<)


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=Create_Feature_Level_Heat_Map_RNA_Seq.html
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2. Select the 71 gene expression tracks as input.
3. Keep the default values in the "Distances" wizard step.

4. In the "Feature filters" wizard step, specify 50 for the "Fixed number of features". Keep the
default values for the remaining options (figure 3).

P Create Feature Level Heat Map for RNA-Seq X

Feature filters
1. Choose where to run Filter settings
2. Select at least 2 Filter settings | Fixed number of features
expression samples

Fixed number of features
3. Distances

Mumber of features 50
4. Feature filters Minimum counts in at least one sample 10
5. Resuit handling

Filter features by statistics

Statistical comparison e

Minimum absolute fold change [1.5

P-value
FDR p-value
Bonferroni
Threshaold 0.05
Specify features
Feature track 1
Feature names
Help Reset Previous Finish Cancel

Figure 3: Set the "Fixed number of features" value to 50 in the "Feature filters" wizard of "Create
Feature Level Heat Map for RNA-Seq".

5. Choose to save the results to the Plots folder.

6. Open the resulting heat map.

In the following steps, we use settings inthe side Panel to group, sort and label samples
in the heat map. We first group the samples based on brain region, and afterwards, we
group them based on both brain region and stage.

7. To group the samples by brain region (figure 4):

e Under "Samples", untick "Show names above" and choose "Brain Region" from the
the "Order by" drop-down menu.

e Under "Features", untick "Show names left".

e Under "Metadata", choose "Brain Region" in the "Metadata layer #1" drop-down
menu.

e Drag and drop the brain regions listed under "Metadata layer #1" such that they are
in the following order: Cerebellum, Hippocampus, Neocortex and Hypothalamus.

This ordering results in the genes with high expression (red) lying along the diagonal,
which can make interpretation easier.


https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=_heat_map_view.html
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'*E Feature Level Heat Map for RN... *

|» Heat Map Settings
Heat map ]
Samples =
|:| Show names above
|:| Show names below
[ show colors legend above
Show colors legend below
Show tree above
D Show tree below

Tree size: Tiny ~

Crder by:| Brain Region ~
Features O
Text format [}
Metadata =
b Legend font settings
~ Metadata Layers
* Metadata layer #1
Erain Region ~
Showlegend Show layer names

Layer thickness |

I:‘ Cerebellum
I:‘ Hippocampus
. Neocortex
. Hypothalamus
Brain Region
(Metadata layer #1)
* Metadata layer #2
Cerebellum Hippocampus Meocortex Hypothalamus
|:| |:| . . Hide this layer ~
E [y & — —— + = |~ O Help View Settings...

Figure 4: Heat map showing the 50 genes with the highest coefficients of variation. Samples are
grouped by brain region, and brain regions are sorted such that genes with high expression are
placed along the diagonal.

e To have the updated view settings applied each time this heat map is opened:
(a) Click on the View Settings... button in the bottom, right corner.

(b) Click Save View Settings....

(c) Provide a View settings name.

(d) Select Save for this element only, and click OK.

(e) Save the heat map (shortcut Ctrl+S or Cmd+S on Mac).

The view settings are now saved and used for this heat map only. See View
settings for the Side Panel for more details.

8. To group the samples by both stage and brain region (figure 5):

e Select "Stage" in the "Order by" and "Metadata layer #1" drop-down menus, and add
the "Brain Region" as a "Metadata layer #2".

e Drag and drop the stages listed under "Metadata layer #1" such that they are in
chronological order: Virgin, PC14, PC16, PP1, PP3 and PP10.

Identify differentially expressed genes

Figures 4 and 5 show that the brain region has a stronger effect on expression patterns
than the developmental stage. To identity the genes differentially expressed in at least one


https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Side_Panel_view_settings.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Side_Panel_view_settings.html
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'*E Feature Level Heat Map for RN... *
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Figure 5: Heat map showing the 50 genes with the highest coefficients of variation. Samples are
grouped by stage and brain region, and stages are sorted to preserve their chronological order.

developmental stage, we use Differential Expression for RNA-Seq, analyzing each
brain region separately.

As seen earlier, data elements can be selected directly in the launch wizard of a tool. However,
elements already selected elsewhere in the CLC Genomics Workbench are preselected as input
in launch wizards. Here, we illustrate this feature by selecting gene expression tracks for
hippocampus samples via their associations to the "All samples in project" CLC Metadata
Table. These preselected elements are then selected for us in the the Differential
Expression for RNA-Seq launch wizard.

1. Open the "All samples in project" metadata table.
2. Right-click on the "Brain Region" column of any row from the hippocampus, choose Table
filters and click on Brain Region = Hippocampus (figure 6).

Only rows where the value in the "Brain Region" column is set to "Hippocampus" are now
shown in the table.

Data originating from hippocampus samples have associations with these rows. To find
these data elements:

3. Select all the rows in the table (shortcut Ctrl+A or Cmd+A on Mac) and click on the Find
Associated Data button.


https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Differential_Expression_RNA_Seq.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Metadata.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Metadata.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Differential_Expression_RNA_Seq.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Differential_Expression_RNA_Seq.html
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10.
11.

12.

FEH All samples in project X

—_| | I» metadata Table settings
Rows: 72 Metadata Filter =+ -
Column width |
Run Accession Brain Region Stage Status Show column O
A Calumn width facenriatinnel |
SRR2096339 Hippocampu Y Table filters > ? Brain Region contains Hippocampus (|
SRR2096340 Hippocampu . o
SRR2096341 Hippocampu Create New Metadata Table... Y Brain Region doesn't contain Hippocampus
ST prpocampu Fe:| Associate Data with Row.. ' Brain Region = Hippocampus N
SRR2096343 Hippocampu
SRR2096344 Hippocampu §= Add Entries... Y erain Region # Hippocampus
SRR2096345 Hippocampu _ . ) .
T —_— Hippocampu %3 Duplicate Entry ? Brain Region starts with Hippocampus
SRR2096347 Hippocampu 4% pgi Entry...
SRR2096348 Hippocampu
SRR2036349 Hippocampu =% Delete Row(s)
SRR2096350 Hippocampu .
SRR2096351 Hippocampu [tz B
SRR2096352 Hypothalam| Edit ¥
SRR2096353 Hypothalam|
SRR2096354 Hypothalam| View ¥
SRR2096355 Hypothalam|
- Tools >
SRR2096356 Hypothalam| "
7 Workflows ¥
# Edi.. IO Fin...
Select Tab »
E E\{ . = | Help View Settings...
Show View »
1 row selected

Figure 6: Filtering the table using the "Table filters" options.

In the resulting table, sort the samples by "Run Accession" by clicking on the column
header.

. Select the sorted samples (figure 7).

. Start Differential Expression for RNA-Seq by going to:

Tools | RNA-Seq and Small RNA Analysis (=) | Differential Expression (fi) |
Differential Expression for RNA-Seq ()

. The gene expression tracks for hippocampus samples, selected earlier, are preselected for

use when launching the tool.
In the "Configure normalization method" wizard step, keep the default settings.

In the "Experimental design and comparisons" wizard step, select the "All samples in
project" metadata table, choose "Stage" in "Test differential expression due to", and
select "Across groups (ANOVA-like)" under "Comparisons" (figure 8).

Keep the default values for the remaining options.

Choose to save the results in a folder named DE. Create a subfolder to hold results for
each brain region.

Rename the results to reflect the brain region (e.g., "Hippocampus across all stages")
by right-clicking on the results in the Navigation Area and using the Rename option
(shortcut F2).

These element names are used in plots generated in downstream analysis.


https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Navigation_Area.html
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Figure 7: Selecting data elements based on information in a CLC Metadata Table.

13. Repeat steps 2-12 for the three remaining brain regions, cerebellum, hypothalamus and

neocortex.

You should now have four statistical comparison tracks, one for each brain region, where
differential expression was tested across all developmental stages.

Investigating the differential

expression results

We will use a Venn diagram to find genes that are differentially expressed in all brain regions, in
at least one developmental stage.

1. Start Create Venn Diagram for RNA-Seq by going to:

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

2. Select the four statistical comparison tracks generated in the previous section (figure 9).

3. Choose to save the result in the Plots folder.
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P Differential Expression for RMA-5eq *

Experimental design and comparisons
1. Choose where to run . y
Experimental design

2, Select atleast 2 Metadata table E All samples in project ﬁ
expression samples

Test differential expression due to |Stage L]
3. Configure normalization While controlling for (Mothing selected) L]
method
4. Experimental design and Comparisons
[COMMasE=ers (®) Across groups (ANOVA-ike)
5. Configure fitening and (O All group pairs
outhers

O Against control group
6. Result handling

Control group |{Mothing selected) L]
Help Reset Previous Finish Cancel

Figure 8: Differential expression will be tested across groups based on developmental stage.

P Create Venn Diagram for RNA-Seq *

Select at least two statistical comparisons
1. Choose where to run

Mavigation Area Selected elements (4)
2. Select at least two Q- | <enter search term> = A5, Cerebellum across all stages
statistical isons _E Cerebellum ~ A5, Hippocampus across all stages
3 reit ol . AG, Cerebellum across all stages A, Hypothalamus across all stages
' o Hippocampus > A5, Meocortex across all stages
A5, Hippocampus across all stages
> Hypothalamus &
; “ A5, Hypothalamus across &l stages
= E Neocortex
- A5, Neocortex across all stages v
£ >
[ Batch
Help Reset Previous Finish Cancel

Figure 9: Creating a Venn diagram using the four statistical comparison tracks.

4. Open the resulting Venn diagram.

5. Set the "Min. absolute fold change" in the Side Panel to 1.

The plot now shows that 40 genes are differentially expressed in all four brain regions
(figure 10).

6. To investigate these 40 genes, open the Table view in a split view by clicking on the table
icon (E&) at the bottom of the view while pressing Ctrl (Cmd on Mac) key.

7. In the Venn diagram, click on the intersection of all four brain regions.
These 40 genes are now highlighted in the table.

8. To see just the highlighted rows in the table, click on Filter to Selection and choose Filter
to selected rows (figure 10).

9. Select all 40 genes (shortcut Ctrl+A or Cmd+A on Mac).
10. Click on Copy Gene Names to Clipboard.

11. Paste the gene names to a text file to easily recover them later.

We will use these 40 genes multiple times in this tutorial.


https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Create_Venn_Diagram_RNA_Seq.html

RNA-Seq analysis with four tissues and six timepoints 12
Tutorial
Q) Venn Diagram X
~ |P Venn Diagram 5ettings
Hippocampus across all stages (544) Hypothalamun across all stages (454) Layout (]
Data =
Hippocampus across all stages
303 208 I [tSppocame =
I:l Hypothalamun across all stages
50 = 29 I:l Neocortex across all stages
l:l Cerebellum accross all stages
621 = o 1104 —
Min. absolute fold change
32 54 I 1=
Meocortex across all stages (917) i : Cerebellum accross all stages (1374) =
a5 Max, p-value
FDR p-value -
0.05 15
5 | 4.
ﬂ o t?@ = Help View Settings...
B venn Diagram >
- - - —| | I» Table Settings
Rows: 40 /36,333 WVenn diagram table Filter to Selection... Filter -
Column width o~
R Cerebellum accross all stages | Hippotampus across all stages | Hypothalamun across all stages | Neocortex across all stages Common columns [}
Fold change | FDR p-value| Fold change FDR p-value Fold change FDR p-value Fold change | FDR p-v.. Statistical comparisons [}
Abca? -1.23 0.04 -1.42 0.03 -1.37 0.02 1.32 2.27E-3 i RO —
Acotl -1.58 6.23E-6 -1.33 0.01 -1.69 T.21E-7 -1.69 4.43E-6
Alas2 -3.26 1.21E-5 413 8.89E4 -4.75 719E-5 -3.50 0.01 DMEXQWUP mean
Agp4 157 0.00 125 5.52E-3 -1.68 0.00 133 461ES [ Log: fold change
Banp 1.61 1.61E-6 1.36 0.04 1.43 3.71E4 1.53 2.26E-4
Btg2 1.43 3.27E3 1.75 1.35E-8 1.62 1.9363 571 0.00 eI GEREC
Cirbp -1.50 3.10E-8 -1.44 1.85E-6 -1.43 1.05E-7 -1.50 1.78E-9 [ P-value
Cryab 132 0.02 -1.50 8.48E-10 -1.28 0.03 -1.37  2.59E-10 e :
Dbp 223 45212 1.55 4.49E-3 179 6.46E-10 162 1.57E4 CREDE
Egrd 1.70 T.34E-4 214 0.00 230 1.40E-6 281  B845E-11 [] Bonferroni
5 41 ¥
Fos 7.68 0.00 4.85 0.00 4.03 6.21E-10 533 3.75E-11 Select All
Create from selection Select Genes in Other Views Copy Gene Names to Clipboard Deselect Al v
@ E [ =0 Help View Settings...

Figure 10: Top: Venn diagram showing the overlap of genes identified as differentially expressed in
each brain region. The intersection of all regions, containing 40 genes, is selected. Bottom: Table
view of the Venn diagram, filtered to show just the rows for only those 40 genes.

12. Start Create Feature Level Heat Map for RNA-Seq by going to:

Tools | RNA-Seq and Small RNA Analysis (=) | Expression Plots (=) |
Create Feature Level Heat Map for RNA-Seq (<)

13.
14.

15.
16.
17.
18.

19.

Select the 71 gene expression tracks as input.

In the "Feature filters" wizard step, set "Filter settings" to "Specify features" and paste the

copied gene names to the "Feature names" text field. This will create a heat map for the
40 selected genes from the Venn diagram.

Open the heat map.

Choose to save the result in the Plots folder.

the "Order by" drop-down menu.

Rename the resulting plot to "Heat Map for expression across all stages".

Under "Samples”, untick "Show names above" and choose "Active metadata layers" from

Under "Metadata", choose "Brain Region" and "Stage" for layers #1 and #2. Reorder the
brain regions and stages as shown in figure 11.
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Figure 11: A heat map of the expression values for the 40 genes differentially expressed in at least
one developmental stage in all four brain regions.

20. In the side Panel, under "Heat map", click on the gradient and choose a gradient that
starts at blue, goes through white and ends with red. Adjust the ranges of the gradient to

-3.5 and 3.6, using the slider above the gradient.

These settings allow us to easily spot the over- and under-expressed genes. The chosen
gradient has white for O values and the heat map normalizes gene expression such that

the average expression is O.

Figure 11 shows that the differentially expressed genes do not have the same expression pattern
in all brain regions. For example, the first group of genes at the top of the heat map have high
expression in cerebellum, but low expression in the other brain regions, while the last group of
genes at the bottom of the heat map have high expression in hippocampus and necortex.


https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Side_Panel.html
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Cluster differentially expressed genes in all brain regions

We are interested in identifying clusters that contain genes with expression patterns that are
more similar to each other than they are to genes in other clusters.

Using Create K-medoids Clustering for RNA-Seq, we will analyze the 40 genes iden-
tified earlier as being differentially expressed in at least one stage in all four brain regions. The
aim is to identify clusters of the genes with similar expression patterns across the developmental
stages. We will order the samples chronologically, i.e. early developmental stages -> late
developmental stages, to help when interpreting the results in terms of expression across time.

A key output of this tool is a Sankey plot, providing an intuitive and interactive view of the
clustering and flow of gene expression patterns across brain regions and developmental stages.
1. Copy the names of the 40 differentially expressed genes from step 11 on page 11.

2. Start Create K-medoids Clustering for RNA-Seq by going to:

Tools | RNA-Seq and Small RNA Analysis () | Expression Plots () |
Create K-medoids Clustering for RNA-Seq (==

3. Select the 71 gene expression tracks as input.

P Create K-medoids Clustering for RNA-Seq X
Clusters
1. Choose where to run
Clusters
2. Select at least 2 Mumber of clusters |9
expression samples
3. Clusters Metadata
Metadata table E All samples in project 9]
4, Feature fiiters
P Select: Order groups >
5. Resuit handiing Repeat clustering
Perform a separate clustering for each |Brain Region L] Available Selected
Virgin
Sample groupin PC14
ple grouping o nere *
Group samples by | Stage il
Order groups Selected 6 elements. dh | PP3 1| W
PP10
Help Reset Previous Mext Finish Cancel

Figure 12: Creating 9 K-medoids clusters for each brain region, where samples are grouped by
Stage. The order of the developmental stages is shown to the right. The blue arrows to the right
can be used to reorder the time points.

4. Inthe "Clusters" wizard step, set the "Number of clusters" to 9 and configure the remaining
options as shown in figure 12. In the "Sample grouping" section, click on (=) to the right
of "Order groups" and order the stages to preserve their chronological order (Virgin, PC14,
PC16, PP1, PP3, PP10).

5. In the "Feature filters" wizard step, set "Filter settings" to "Specify features" and paste the
40 gene names into the "Feature names" text field.

6. Choose to save the result in the Plots folder.


https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Create_K_medoids_Clustering_RNA_Seq.html
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7. When opening the result, a split view is shown with a Sankey plot at the top and a line

graph at the bottom (figure 13).

8. In the side Panel under "Grouping", click the (dk) button next to "Show stacks for:"
and use the blue arrow buttons to reorder the brain regions, as shown in figure 13.
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Meocortex
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Coloring

Genes =
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Select All
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Figure 13: Top: Sankey plot showing 9 clusters for each of the four brain regions, and the flow of
genes through the clusters. Each cluster shows a line graph with the general trend for the gene
expression as a function of the six developmental stages. Bottom: The leftmost top cluster line
graph plot.

The Sankey plot (figure 13) shows the 9 identified clusters for each of the brain regions and
how many genes they share. A general trend for the gene expression as a function of stage is
shown for each cluster as a line graph. Hover the mouse cursor over a cluster to reveal a tooltip
containing the names of the genes in that cluster.

The line graph shows gene expressions across the developmental stages. A single cluster
(figure 13) or two clusters (figure 14) can be specified in the Side Panel. When two clusters
are specified, only genes common to both clusters are displayed. The expression values from the
first cluster are shown as solid lines, values from the second cluster are shown as dotted lines.


https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Viewing_result_k_medoids_clustering.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Viewing_result_k_medoids_clustering.html
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Figure 14: Top: Fos, Perl, Sikl, Gh and Prl are highlighted in the Sankey plot. The colored lines
indicate the clusters the genes are located in for the different brain regions. When the lines are
overlapping, as they do on the left side of the plot for Fos, Perl, Sikl and throughout the plot for
Gh and Prl, only the color of the last gene, here red and orange, is visible. The line graphs on
the clusters now also show the expression of the selected genes, in addition to the general trend.
Hippocampus cluster 9 and neocortex cluster 6 are selected. Flows opacity has been decreased to
more easily trace the genes. Bottom: Gh, Prl and Hspalb are found in both hippocampus cluster
9 and neocortex cluster 6. As Gh and Prl are highlighted in the Sankey plot, their lines are thicker
and they appear in bold in the Side Panel. The line graph shows their expression in hippocampus
cluster 9 as solid lines and neocortex cluster 6.

The clusters can be selected directly from the Sankey plot or through the options in the Side
Panel:

e Clicking clusters in the Sankey plot selects them. Press the Ctrl (Cmd on Mac) key while
clicking the clusters to select two clusters from two different brain regions.

e Under "Cluster" in the side Panel, choose the brain region and the cluster to be shown
in the plot. Tick "Compare to:" to add a second cluster to the plot.


https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Viewing_result_k_medoids_clustering.html
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It can often be useful to highlight specific genes in the plot and see in which clusters they are
present (figure 14):

1. In the Side Panel under "Genes", start typing the desired gene name in the "Select
genes to trace in plot" text field.

A list of genes matching the text appears below.

2. Double click on the desired gene.
The gene is now selected and highlighted in the plot.

3. Repeat the steps to add more genes to the selection.

To more easily see the location of the selected genes, the opacity of the flows can be
reduced under "Coloring" in the Side Panel.

Further notes about the Fos, Perl, Sik1l, Gh and Prl genes
In this tutorial, all these five genes are identified as differentially expressed in all brain regions.

Fos, Perl and Sik1 are clustered together for three of the four brain regions, where they show
similar expression patterns across the developmental stages (figure 14). In neocortex, Perl
belongs to neocrotex cluster 5, while Fos and Sik1 belong to neocortex cluster 8. Clusters 5 and
8 exhibit similar expression trends and this could indicate that only 8 clusters instead of 9 are
needed for neocortex.

Gh (Growth hormone) and Prl (Prolactin) cluster together in all brain regions. The clusters Gh
and Prl are part of contain genes for which the expression increases after the mice give birth
(figure 14).

In the original paper, the authors performed a differential expression analysis for all brain
regions and clustered the differentially expressed genes. They identified Fos, Perl and Sik1,
but not Gh and Prl. Fos, Perl and Sik1 are all part of the same cluster (figure 5 in the paper).
The authors discuss the importance of these Gh and Prl in postpartum and that they have been
identified in previous studies.

Further investigation of gene expression patterns
In this section, we explore expression levels of particular genes in more detail.

Using Create Expression Browser, we will create an expression browser that can generate
a variety of bar charts. This helps exploring the expression level in more details and better
understand the results of the differential analysis and clustering.

1. Start Create Expression Browser by going to:
Tools | RNA-Seq and Small RNA Analysis (EE) | Create Expression Browser (E‘E)

2. Select the 71 gene expression tracks.

3. In the "Select additional data" wizard, add the four statistical comparison tracks generated
previously (figure 15).


https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Viewing_result_k_medoids_clustering.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Viewing_result_k_medoids_clustering.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4704721/pdf/221.pdf
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Create_Expression_Browser.html
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Figure 15: Creating an expression browser using the four statistical comparison tracks.

4. Choose to save the result in the DE folder.
5. Open the expression browser.

6. To visualize the bar chart together with the table in split view, press the Ctrl (Cmd for Mac)
key and click on the ([l]) button below the displayed table.
No genes are selected at this point.
Let us view the expression for three of the genes discussed in the previous section on
page 17: Fos, Perl and Sik1.

7. Click on the () button to open the advanced filtering options.

8. Filter the table by setting that the "Name" "is in list", write "Fos Perl Sik1" in the text field
and click Filter (figure 16).

9. Select all the rows in the table (shortcut Ctrl+A or Cmd+A on Mac).
The bar chart updates to show the three genes.

10. In the bar chart Side Panel, under "Groups", select "Stage".
The bar chart now shows each sample as a bar, and samples are grouped according to the
developmental stage.

11. In the bar chart Side Panel under "Grouping", click "Collapse groups" to represent each
group by one bar.

This makes it easier to see that the genes have the same expression pattern across the
developmental stages (figure 16).

Statistical significance

When statistical comparison tracks containing pair-wise comparisons are used as input to the
Create Expression Browser tool, the bar chart can highlight which comparisons are significant.

1. Using steps 1 to 8 on page 8, start Differential Expression for RNA-Seq for neocortex.


https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Side_Panel.html
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Figure 16: Expression Browser with split view. Top: Table with multiple genes selected. Bottom: Bar

chart showing the genes selected in the table. Samples are grouped by developmental stage and
groups are collapsed.

2. In the "Experimental design and comparisons" wizard step, select the "All samples in
project" metadata, choose "Stage" in "Test differential expression due to", set "Compar-
isons" to "Against control group" and choose "Virgin" under "Control group" (figure 17).

P Differential Expression for RMA-5eq *

Experimental design and comparisons
1. Choose where to run

Experimental design
2. Select atleast 2

Metadata table All samples in project /
expression samples = £ 2 ﬁ
Test differential expression due to |Stage L]
3. Configure normalization ; " N
method While controlling for (Nothing selected) L]
4, Experimental design and Comparisons
comparisons
= () Across groups (ANOVA-ike)
5. Configure filtening and All group pairs
s O Allgroup p
@ Against control group
6. Result handling
Control group |Virgin L]
Help Reset Previous Finish Cancel

Figure 17: Differential expression will be tested for developmental stage against Virgin control
group.

3. Keep the default settings for the remaining options.
4. Choose to save the results in the DE / Neocortex folder.

5. Using the same approach (steps 1 to 6 on page 8), start Create Expression Browser for
neocortex.
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6. In the "Select additional data" wizard, add the five results from step 4 to the "Statistical
comparisons”.

7. Choose to save the result in the DE / Neocortex folder.
8. Open the resulting expression browser.

9. To visualize the bar chart together with the table in split view, press the Ctrl (Cmd for Mac)
key and click on the ([lat]) button below the displayed table.

10. Customize the expression browser to show the expression of Gh and Prl (figure 18):

ﬂ Expression Browser x
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Rows: 2 / 36,333 Expr... Filter to Selection... () Match any (@) Matchall 2 =2 <
Column width [}
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Select Genes in Other Views Copy Gene Mames to Clipboard
EE' I =[O Help Save View...
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|» Bar chart Settings
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{5 FORpale < © virgin enes -
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% 150 = - PP3 Grouping =
2 E )
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= . PP1 Groups
5 100 3 - oy
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Figure 18: Expression Browser shows Gh and Prl in neocortex, and statistical significance is marked
on the bar chart.

e Click on the () button to open the advanced filtering options.

o Filter the table by setting that the "Name" "is in list", write "Gh Prl" in the text field
and click Filter.

e In the table view, select the table entries for Gh and Pri while pressing the Ctrl (Cmd
for Mac) key.

e In the bar chart side Panel, under "Groups", select "Stage".

Because the statistical comparison tracks included in the expression browser are pair-wise,
the box chart now highlights the statistically significant comparisons.

Gh and Prl, discussed previously on page 17, increase in expression after the mice gave birth.
Significant changes are observed for PP1 and PP3 in both genes, showing that this expression
increase is indeed significant (figure 18).
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Pathway Analysis

To interpret e.g. differentially expressed genes in their biological context, we recommend
Ingenuity Pathway Analysis (QIAGEN IPA). If you do not have an IPA account, a
free trial can be requested via Trial request. Your IPA account credentials can then be
used to upload the data from CLC Genomics Workbench with the Upload to IPA tool from
the Biomedical Genomics Analysis plugin. Refer to the CLC Genomics Workbench
manual for how to install plugins.



https://digitalinsights.qiagen.com/products-overview/discovery-insights-portfolio/analysis-and-visualization/qiagen-ipa/
https://qiagen.pathfactory.com/trial_request/player-html-12?cmpid=CM_QDI_DISC_IPA-InTRIAL-Resource_0822_website_QDI_IPA&utm_source=IPAWebPage
https://resources.qiagenbioinformatics.com/manuals/biomedicalgenomicsanalysis/current/index.php?manual=Upload_IPA.html
https://resources.qiagenbioinformatics.com/manuals/biomedicalgenomicsanalysis/current/index.php?manual=Introduction.html
http://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Install.html
http://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Install.html
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