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RNA-Seq with Ingenuity Pathway Analysis

This tutorial will demonstrate the collaborative power of the Biomedical Genomics Workbench
RNA-Seq tools and the Ingenuity Pathway Analysis plugin to analyze and interpret RNA-Seq
expression data.

Prerequisites For this tutorial, you must be working with the Biomedical Genomics Work-
bench 4.0 or higher and have installed the Ingenuity Pathway Analysis plugin. How to install
plugins is described here: http://resources.giagenbioinformatics.com/manuals/
biomedicalgenomicsworkbench/current/index.php?manual=Installing_plugins.
html, as well as in each plugin manual.

In addition, you must have secured access to Ingenuity Pathway Analysis services. A free
trial account for Ingenuity Pathway Analysis can be created using this link: http://www.
ingenuity.com/products/ipa/try—-ipa-for-free. Please note that setting up an
account can take 1-4 business days.

Download and import data

This tutorial will use RNA-Seq data for 4 tumor/normal tissue pairs. To allow the completion of
the tutorial in a reasonable amount of time, we have reduced the reads to only 5% of the original
dataset, selecting them so they map only to chromosome 20.

The data set includes:

e A subset of the reads from 4 paired samples.
e An Excel spreadsheet that contains the metadata for each tumor/normal pair.

e Three reference sequence for the human hg38 genome, as well as genes and mRNA
reference tracks for chromosome 20.

Go through the following steps to download and import the data into the Workbench.

1. Download the sample data from our website: http://resources.giagenbioinformatics.

com/testdata/RNA_Seq IPA20.zip and unzip the file on your local machine.

2. In Biomedical Genomics Workbench, import the reads via the toolbar: File | Import (E%) |
Standard Import ([Ei,). Choose the file called "Reads" and the three references. Leave the
import type set to Automatic and save the imported data in a new folder you can create in
your Navigation Area (called for example RNA-Seq tutorial).

3. Import the metadata table via the toolbar: File | Import (E}) | Import Metadata (EB).

4. A wizard opens. In the first window, select the spreadsheet with the sample information.
The contents of the Excel spreadsheet populates the table situated at the bottom of the
dialog (figure 1). Click Next.

5. Click on the Navigation button next to "Location of data", and find the folder containing
the imported reads. Right-click the name of the folder and select "Add folder contents
recursively" (figure 2). Click OK. You can see that the data association is successful


http://resources.qiagenbioinformatics.com/manuals/biomedicalgenomicsworkbench/current/index.php?manual=Installing_plugins.html
http://resources.qiagenbioinformatics.com/manuals/biomedicalgenomicsworkbench/current/index.php?manual=Installing_plugins.html
http://resources.qiagenbioinformatics.com/manuals/biomedicalgenomicsworkbench/current/index.php?manual=Installing_plugins.html
http://www.ingenuity.com/products/ipa/try-ipa-for-free
http://www.ingenuity.com/products/ipa/try-ipa-for-free
http://resources.qiagenbioinformatics.com/testdata/RNA_Seq_IPA20.zip
http://resources.qiagenbioinformatics.com/testdata/RNA_Seq_IPA20.zip
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rm Import Metadata ﬁﬂ

Selection of metadata to import

1. Select spreadsheet

Spreadsheet with metadata
C:\Users\cmaterna'Desktop\IPA\additional information about the reads. xlsx ﬁ
Metadata preview

Sample ID Patient ID Type
23N 23 Mormal
23T 23 [Tumaor
26N 26 Mormal
26T 26 [Tumaor
| 27 Mormal
27T 27 [Tumor
45N 45 Mormal
4aT 43 Tumar

A

Figure 1: In the Import Metadata wizard, select the spreadsheet with the sample information.

rm Import Metadata @1

Association setup
1. Select spreadsheet

Optional step. Data can be assodated later instead using the Assodate Data tools available from within the
2. Associate with data | Metadata Table Editor,
Data to associate

Location of data i= Selected & elements. ﬁ

Matching scheme
(@) Exact - data element names must match a key exactly to be assodated

() Partial - data elements with names partially matching a key will be assodated

Data assodation preview

8 data elements were selected for assodation with 8 metadata rows. 3 data elements will have metadata
assodations added.

MName Sample ID Patient ID Type
45T 45T 45 [Tumor
45N 45N 45 MNormal
23N 23N 23 Mormal
23T 23T 23 [Turmor
26M 26N 26 Mormal
26T 26T 26 [Tumor
M 2m 27 Mormal
27T 27T 27 [Tumor

[ Previous ]| Next | Finish

%

Figure 2: In the Import Metadata wizard, select the reads to associate with the metadata.
because the metadata has filled in the columns of the Data association table at the bottom
of the dialog. Click Next.

6. Select the "RNA-Seq tutorial" folder to save the resulting metadata table.

7. Now open the metadata table you just saved (called "Samples" as can be seen in the
upper part of figure 3). Select all rows in the table, and click "Find Associated Data". This
will show that all rows are associated correctly with the corresponding reads.

Once the data has been downloaded and imported, you should see the folder and files in the
Navigation Area as shown in figure 4.
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Rows: 8 Metadata

Sample ID Role Type Name Path

23N Sample = 23N CLC_Data / RMNA / RNA-Seq IPA tutorial [ reads
23T Sample H 23T CLC_Data /RMA / RNA-Seq IPA tutorial [ reads
26M Sample = 26N CLC_Data / RMA / RNA-Seq IPA tutorial [ reads
26T Sample = 26T CLC_Data / RNA / RMNA-Seq IPA tutorial [ reads
| Sample i= M CLC_Data / RMNA / RMA-Seq IPA tutorial / reads
27T Sample = 27T CLC_Data /RNA / RNA-Seq IPA tutorial [ reads
45M Sample = 45M CLC_Data / RNA / RNA-Seq IPA tutorial | reads
45T Sample = 45T CLC_Data / RNA / RNA-Seq IPA tutorial [ reads

’ @ Find in Navigation Area ] l (> show ] [ (_J Refresh ] [ [ Close ]
HE N

Figure 3: In the Metadata table, check that associations between reads and the metadata have
happened successfully.

5 RNASeq IPA tutorial
- reads

L= o7
3% hg35 (chr 20)

-~ Homo_sapiens_ensembl_v85_Genes (chr20)
- Homo_sapiens_ensembl_v85_mRMA (chr20)
-5 Samples

Figure 4: The data set has been imported.
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RNA-Seq quantification step
To map the reads to the reference, we will use the RNA-Seq tool. Go to:

Toolbox | RNA-Seq Analysis | RNA-Seq Analysis (25)

1. In the window called "Select sequencing reads", check the "Batch" box before selecting
the folder containing the imported reads files. Right-click on the folder to choose the option

"Add folder contents" (figure 5).

. 2
[ RNA-Seq Analysis =
Select sequending reads
1. Choose where to run o
Navigation Area Selected elements (8)
2. Select sequencing reads =15 RNA-Seq IPA tutorial » |
[N
=4 [S‘, Add folder contents
i 4 [Eﬂ, Add folder contents (recursively)
. = :]
Q| <enter search term> =
Batch
.

Figure 5: Right-click on the folder to be able to choose the option "Add folder contents”

2. In the next wizard window review the batch unit settings and click Next.

3. Set up the wizard step so that it looks like figure 6. Click Next.

[ RNA-Seq Analysis [ = |
- S Select reference
' e (@ Genome annotated with genes and transcripts
2. Select sequending reads () Genome annotated with genes only
3. Batch overview () One reference sequence per transcript
4, Selectreference
Reference sequence ®% hg38 (chr 20) E‘E
Gene track :Df. Homo_sapiens_ensembl_va5_Genes {chr20) ﬁi‘
mRNA track i}ﬁ Homo_sapiens_ensembl_v85_mRMA (chr20) E‘}
Spike-n controls
(@ Do not use spike-in controls
() Use spike-in controls
Spike-n controls 0
Crems ) [Crer ][ oo
y,

LS

Figure 6: Keep both "Genome annotated with genes and transcripts" and "Do not use spike-in
controls" checked.

4. Use default parameters for the "Mapping options" dialog. You can use the "Set to default”
button (%) if you are not sure whether you have previously changed the parameters for the

tool. Click Next.
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5. In the "Expression level options" dialog, leave all parameters as default.

6. Save the results in a subfolder called RNA-Seq analysis.

After starting the tool, you can use the progress bar to see how it is progressing (figure 7).

$= pNA-Seq Analysis, batch '45T (Done) 100 % =

-Z-'_E Batch Process: RMA-Seq Analysis (8/8) 100 % &=

Figure 7: A process called "Batch Process" indicates how many batches have been completed,
while the one called "RNA-Seq Analysis" shows the analysis progress of a particular batch unit.

From expression tracks to Ingenuity Pathway Analysis

When the mapping is completed, we will use the "Analyze Expression Data and Upload Compar-
isons to IPA" workflow (figure 8) to analyze the results.

/ Expression Tracks T
/ {&4 Differential Expression for RHA-Seq T
tatist

e
Expression Tracks ‘ Statistical comparison | Feature frack

8 Create Heat Map for RNA-Seq

PCA for RNA-Seq

Heat Map Venn Diagram FCA Plot

|
/

Figure 8: The workflow results in two folders containing the results for each family.

@, Create Venn Diagram for RNA-Seq I Statistical Comparisons

1. We will use the metadata table to quickly find the tracks to analyze using this ready-to-use
workflow (figure 9).

e Open (or re-open if you had left the tab "Samples" opened in the View Area of the
workbench) the metadata table, and select all rows.

e Click Find Associated Data.

e Click the "Role" column title twice to sort the elements by title, and select the 8 rows
of "Transcript expression”. Alternatively, you can enter "Transcript expression” in the
Filter box, which will keep only the 8 rows containing transcript-level expression tracks.

e Rightclick the selected rows. Choose Toolbox | Ready-to-use-workflows | Whole
Transcriptome Sequencing | Analyze Expression Data and Upload Comparisons to
IPA to start the workflow (figure 9).

2. A wizard window opens for the workflow. Click Next again to accept the selected tracks.
Note that even if you start the workflow from the Toolbox, the tracks selected in the
metadata table will also be automatically used as input.
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— 1 | |» Metadata Table Settings
+ Filtes ~
‘ Rowsid  Metedata [ ] = ot =
#7 Launch Ctrl+Shift-T
Sample ID Patient ID Automatic
Custom Solutions L4 =
¢ Ready-to-Use Workflows il Preparing Raw Data 3
% Genome Browser ' QIASeq Panel Analysis 3
Quality Control Whole Genome Sequencing 3
1. Select all Metadata rows Preparing Raw Data Whole Exome Sequencing e
F’E‘ Resequencing Analysis Targeted Amplicon Sequencin L3 ]
773 q ] D g P q g
2> Analyze expression data and upload comparisons ta IPA... Whole Transcriptome Sequencing * ]
- . H
2. Click find Associated data 2 | Human
% Mouse

[ & SetUp Table... H # Manage Data... ” i Find Assod [ Rat

[ Ingenuity Pathway Analysis

| Rows: 40 [Ereres 3. Click twice on "Role™ i wb  Identify Candidate Variants

m  Identify Candidate Genes

——
Sample ID Role = Type Name (&) RNA-Seq Analysis
B {= Microarray and Small RMA Analysis
;‘E # Helper Tools
W Table filters L| @ Cloning and Restriction Sites
% Remove Association(s)... Sanger Sequencing
File 1@ Epigenol
5. Right-click on the selected elements and make your
" . ’
4. Select all "Transcript D B workflo way through the Toolbox to the relevant workflow.
expression” elements View !
260 T Toolbox ¥5 Legacy Tools v
Sh 4
5 Findin Nat _ S | Refiesh [ Close
BE -0 15

8rows selected

Figure 9: Starting a workflow from the metadata table.

3. Set the parameters as shown in figure 10. This will result in an analysis of Tumor vs.
Normal samples, while controlling for Patient ID. This means that a "paired" statistical test
will be carried out. When finished, click Next.

-
m Analyze Expression Data and Uplead Comparisons to IPA ﬁ

Differential Expression for RNA-Seq

1. Choose where to run
Metadata table [ samples 'sl
2. Selectinputfor
Workflow Input Test differential expression due to | Type Ll
3. Differential Expression While controlling for Patient ID o
for RMA-Seq r
i Comparisons Against control group -
Control group Mormal L

Finish Cancel

Figure 10: Set the parameters for the "Differential Expression for RNA-Seq" window.
4. In the "Pathway analysis" step, enter your Ingenuity username and password, and use
default parameters for the rest of the options as shown in figure 11.

5. In the "Result handling" window, choose the location to save the results (for example a
new subfolder you can call "IPA"), and click Finish. The workflow will now execute.
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s Analyze Expression Data and Upload Comparisons to IPA [ > |
Pathway Analysis

1. Choose where to run
Ingenuity username (email address) |xxxxxx@xxxxxx.xxx |

2. Selectinput for X

Workflow Input Ingenuity password | PP |

Project name |Prc]ect 113 |

3. Differential Expression

for RNA-Seq Analysis type |Upload and analyse Y] |

4. Pathway Analysis Ignore features with mean expression values below |1U.U |
P-value type |Star1dard Y] |
Upload rows with value <= |0.05 |
Fold change type |Fo|d change Y] |
Upload rows with absolute value == |1.0 |
Analysis cutoff [10.0 |
P-value type |Standard v |
Analysis cutoff |0.05 |
Automatically calculate fold change cutoff when uploading observations [
Target number of analysis features | 3,000 |
Fold change type |Fo|d change W |
Analysis cutoff |15 |

LA

Figure 11: Enter your Ingenuity username and password and set the parameters for the "Pathway
analysis" window.
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Results visualization and interpretation

When the workflow is completed, several new objects are created (figure 12) and the results are
also uploaded to IPA (you will get an email).

Mavigation Area 4]

b B O

= CLC_Data
: [5 RNA-Seq tutorial

G‘ Venn Diagram

Lol

#-{5 CLC_References

Figure 12: The results as seen in your Navigation Area.

For the moment we will focus on the results present in the Navigation Area.

PCA plot Open the PCA plot by double-clicking on "PCA for RNA-Seq" in the Navigation Area. The
plot is first colored by Patient ID. We can see that the points are rather scattered without any clear
clustering. Change the coloring scheme to "Type" in the side panel option: Metadata | Symbol
color | Type. Now we can see that the samples cluster along the first principal component by
Type (figure 13). This is consistent with a hypothesis that there is a difference in gene expression
between tumor and normal samples.

PC 2 (19.1%

BCA(TTT%) @sNIE T pC 1 (23.7 %) X231 (TE;

237 TE)

Figure 13: The PCA plot when samples are colored by Type. Click on the 3D icon in the lower left
corner to see the plot in 3D as on the left hand side of this figure.

Heat map Next, open the Heat Map for RNA-Seq from the Navigation Area. The hierarchical
clustering algorithm is pre-configured in the Ready-to-Use 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, in unsupervised clustering.

We expect the samples to cluster by Type. To see if this is the case, add "Type" as a metadata
layer in the Metadata Layer side-panel (figure 14). Now we can see that the samples cluster by
tumor vs. normal, as we expected. Note that you can click-and-drag to move the heat map legend
for optimal visibility.
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L b Heat Map Settings
I—“=I[—_I_\ /—‘/=|,—_‘_\ Heatmap _
y y y y y u T = Clustering: Sample and feature dustering

27N (TE} 23N (TE} 26N (TE} 45N (TE} 23T (TE) 45T (TE) 26T (TE) 27T (TE) Data: Normalized expression values

Type

Distance: Eucidean distance
_CE'FEJ Linkage: Complete linkage
SLPI_1
- 7] Lock width to window
TGM3_1
Lock height to window
ENAAQUJ ] a
| NARZO_4 Lockheaders and footers
Colors
WFDC12_1
FANB3D_3
-2.311 2.384
PI3_1
Samples O
GNAS_34
Features (]
ATPSE_1 Text format (]
Ll ATPSE_3 . =
CST3_3 » Legend font settings
ROMO1_1 ~ Metadata Layers
ROMO1_2 ~ Metadata layer #1
BPIFB1_2 Type =
{ WFDC2Z_1 Show legend Show layer names
| cTSZ_1 Layer thickness It
TGM2_2
EKIFSEJ Mormal
HNF4A_4

Tumor

~ Metadata layer #2
Hide this layer -

=0 04 08 12 16 2 2384

Type
(Metadata layer #1)

W vormal [l Tumor

Figure 14: The Metadata side panel options for Heat Maps.

Statistical comparison The statistical comparison track "Tumor vs. Normal" is the result of the
statistical analysis that was carried out by the workflow. Open the "Tumor vs. Normal" item: it
will automatically display the table view of the track.

We will first investigate the volcano plot of the results: click the volcano plot icon (%) at the
bottom of the table (highlighted in red in figure 15). This demonstration dataset has very few
reads and very few significant transcripts under FDR-correction, therefore the volcano plot is not
very dense. To improve visibility in this particular case, choose "P-value" in the "P-value type"
drop down menu in the side panel. You can select any "interesting" transcripts by simply clicking
the point representing them. This will turn those points red and their names will be displayed
next to the point.

B samples X | die PCA for RNA-S=q X | o Heatiap for .. X | & Tumor vs. Normal
Volcana Plot =
14
13
12 Outside v
13 o v
103 i 27
= 15
ERrE Vertical o
2 i 0.0
ES 7 [ 148
< 6
Dot properties -
53
. : . B Dot type Pont =
= o - L N Dot [ |
. : L N S L Text format =]
B Vahues =
23 -value type
P-value v
1 [¥]Lzbel selectad points
0 T T
-10 8 10
JEEey el -—— +5 |

Figure 15: Volcano plot and the corresponding side panel options.
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Note that any transcripts you have selected in the volcano plot are also selected in the table. It
also works the other way round, so a selection you make in the table will also be selected in the
volcano plot. The fact that table and plot are linked allows us to highlight the transcripts in the
plots by filtering them in the table.

e Go back to the table view and click on the arrow next to the "Filter" button at the top of the
table to open up the advanced filter box.

Select FDR p-value in the first field, abs value < in the second, and type 0.05 in the third.

Add a new filtering criterion by clicking on the green + button.

As you did for the first filter, select Fold change, abs value >, and type 1.5.

Click on the button "Filter".

Select all remaining rows in the table and look at the volcano plot to see the transcripts
you have highlighted in red.

Note that some transcripts are too close to the borders of the plot to have their name correctly
displayed. To fix this, you can increase the plot size by editing the axes ranges in the side panel
section called "Graph preferences".
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Advanced batching by patient

Sometimes it can be useful to compare Tumor vs. Normal results on a patient-specific basis. For
this, we can execute in batch mode a modified version of the Ready-to-Use workflow to do the
analysis.

1. First reorganize the RNA-seq analysis folder by moving all (TE) results file in a subfolder
called "Transcript Expression".

2. To edit the "Analyze Expression Data and Upload Comparisons to IPA" workflow, first select
and then right-click the workflow name in the Toolbox Ready-to-use-workflows | Whole
Transcriptome Sequencing | Analyze Expression Data and Upload Comparisons to IPA.
Choose "Open copy of workflow".

3. Select the "Create Heat Map for RNA-Seq" tool together with its output, and remove it by
pressing Delete on your keyboard. Similarly, remove the "PCA for RNA-Seq" tool and its
output, as well as the "Venn diagram" tool and its output.

4. The workflow only has one input. As we would like to compare Tumor samples versus Normal
samples, add a second input, by right-clicking "Expression tracks" and selecting "Connect
to workflow input". Rename the input elements to "Tumor" and "Normal", respectively.

5. The finished workflow should look like in (figure 16).

Expression Tracks

ﬁf: Differential Expression for RNA-Seq

Statistical Comparisons

// “‘\

Statistical Comparisons

4 Statistical Comparisons

Pathway Analysis

Figure 16: Workflow after editing, ready to batch.

6. Save the workflow in the RNA-Seq tutorial folder in the Navigation Area.

7. To run in batch, the workflow needs to be installed in the Toolbox of your workbench. After
saving the workflow in the Navigation Area, The Installation button becomes active, and
by clicking on it you will activate a wizard. Enter the requested information and in the next
window, choose to "Install the workflow on your local computer”. It will now appear in the
folder "Workflows" of the Toolbox.

8. Select and right-click the name of the newly installed workflow and choose to "Run in batch
mode" (figure 17).

9. In the "Import Metadata" wizard,

e You are first asked to specify a metadata table as an Excel spreadsheet. Select the
same Excel spreadsheet that you selected when importing the metadata table.
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EE‘ \":fo;kﬂo'n's

Run...

Run in Batch Mode...

Figure 17: Right-click on the name of the workflow to choose the "Run in Batch Mode" option.

S

H iz
£g CLC Server
ﬁ, Legacy Tools

[ select folder(s)

Selected elements (1)

B3 TE

Mavigation Area

L.2¥ 45T R1 001 sampled (GE) ~
= 45T_R1 001 sampled RNA-Seq (Reads)
[®] 457_R1_001 sampled RNA-Seq report

¥E 45N R1 001 sampled (TE)

< |

m 2

Q- | <enter search term>

[I»

=R=
22 45T R1_001 sampled (TE) E

Figure 18: Select the subfolder in which you rearrange the transcript expression files.

e Next, select the subfolder that contains all transcript tracks to use in the analysis
(figure 18).
e Finally, select "Partial" matching.

e The table should indicate that a correct match could be found with green marks next
to the Sample IDs. Click Next.

10. In the "Select grouping parameters and analysis inputs" window, set up the parameters as

in figure 19.
-
m Multi sample execution of Copy of Analyze expression data and upload comparisons to IPA I@
Select grouping parameters and analysis inputs
1. Choose where to run Grouping
2. Import metadata [ Group by |PatientID « |
- - -
3. Select grouping parameters B Type Type =
and analysis inputs

Sample columns
Tumor | Tumar -
Normal |fNarmal P
Data
Sample ID B Patient ID B Type
W 23 23 Mormal
W 23T 23 Tumor
W 28N 26 MNormal
W 26T 25 Tumar
Vv IM 27 Mormal
W 27T 27 Tumor
45N 45 Normal
W 45T 45 Tumar
4 samples ready

Figure 19: Parameters for the "Select grouping parameters and analysis inputs" window.
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11. In the "Differential Expression for RNA-Seq" window, set up the parameters for the
algorithms that will be run as shown in figure 20.

Multi sample execution of Tumor vs normal batching workflow
Differential Expression for RNA-Seq

. Choose where to run
Metadata table E Samples Eﬁ
2. Import metadata
Test differential expression due to | Type L
3. Select grouping
parameters and analysis While controlling for (Mothing selected) gk
inputs
Comparisons Against control group w
= ?‘;\:f:rNeAn:;xpressmn Control group Mormal Ll
? 5 Previous Next Finish

Cancel

Figure 20: Parameters for the statistical tool.

12. In the next window, use the default parameters for the Pathway Analysis tool and enter your
your Ingenuity username and password.

13. For clarity, choose to save the results into a new folder called "IPA batch".

After you click Finish, the algorithms will start to run. They will run 4 times in total, as four
executions will be carried out for the 4 patients.
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Results of the advanced batching by patient

We will now analyze the results of the advanced batching of the workflow. Each batch unit is
saved in a different subfolder within the "IPA batch folder".

Venn diagram

1. First, rename the output objects by appending the patient ID to the names of the resulting
statistical comparison tracks (figure 21).

-5 1PA batch
-3 23
¢ AR, Tumor vs. Mormal 23
-5 45
¢ AR, Tumor vs. Mormal 45
¥
g
_E 27

o A Tumer vs. Normal

AN

=

Figure 21: Rename the "Tumor vs. Normal" object in each folder by appending the folder name to
it.

2. Next, go to: Toolbox | RNA-Seq analysis | Create Venn Diagram for RNA-Seq. You can also
start this tool by using the Launch button and then beginning to type "venn".

3. In the first wizard window, select the four output tracks you just renamed.

4. Choose to open the result.

After a few seconds, the Venn diagram is displayed in the View Area of your workbench (see
figure 22).

|» venn Diagram Settings
Layout =
Tumaorvs. Normal 45 (226) Label cirdes

Show counts
66 Area-proportional Venn diagram

Data =
I:l ‘Tumor vs. Normal 27« |
] Tumar vs, Narmal 26 -
Min. absolute fold change

126 a6 D L5515
55

75

145~

Max. p-value
[FDR p-value - |

i 0.05[2
Tumorwvs. Mormal 27 (288)  Tumorvs. Normal 26 (269)

Text format i}

Figure 22: An example of Venn Diagram. Results might differ slightly from the ones you see in the
figure.
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The Venn diagram shows how many transcripts were detected to be differentially expressed
in each comparison. Note: only 3 comparisons can be visualized at a time. You can select
which comparisons should be visualized in the side panel. In this example, 76 transcripts were
detected to be differentially expressed in all three comparisons.

Select the middle intersection with the transcripts that were differentially expressed in all
comparisons. With the selection maintained, go to the table view of the Venn diagram. The same
transcripts will still be selected in the table. It can be hard to find them, however you can create
a new selection only containing selected transcripts by clicking the Create from selection button.
This will open a new table in split view. This table contains only the 76 transcripts that were
differentially expressed in all three comparisons for the example above.

If you want to see how these transcripts look in the overall comparison of Tumor vs. Normal
generated before the batch analysis (see figure 23):
e Select all transcripts from the table you "created from selection", and click "Select

Transcript in Other Views".

e Reopen the tab holding original Tumor vs. Normal comparison (with the samples for all
patients) in split table view. The filters set up earlier are still active.

e Click on "Select Transcripts in Other Views" of the "created from selection" table.

EE samples % | b= PCA for RNASeq % | ¢ Heat Map for ... % BB Tumor vs. Nermal X | & Copy of Analy... % | B8 *Copy of Analy... % | BBl = Venn Diagram X
Rows: 94 [ 3,724 Table view: Genome_subset () Matchany @ Matchal =
FDR p-value ~ | |absvalue < - | |0.05 B
Fold change - :abs value > - L5 B
MName Chromoszome Max group mean Logz fold ch... Fold change P-value FDR p-value Bonferroni
-
SALL4_1 20_0..6444167 105.82 3.99 15.91 6.43E-6 6.31E-4 0.02
TSHZI2_5 20_0..64444167 78.77 4,356 -20.55 1.45E-4 9.62E-3 0.54
BCAS1 2 0.0, 6448167 Nﬂ 7.16 143.09 2.30E-9 &.50E-7 8.56E-6 ‘ll
S
Create Track from Selection “Teansaipts in Other Views ][ copy Transcript Mames to Clipboard ]

Only the differentially expressed transcripts found to be common to three
statistical comparisons in the Venn diagram are now selected in the filtered

BB = Venn Diagram ... X multi-samples comparison. you can now look at the Volcano Plot.
Rows: 76 Venn diagram table =
Tumor vs. Normal 23 | Tumor vs. Normal 26
Max group mean | Log: fold ch... ‘ Fald change | P-value | FDR p-value Bonferroni | Max group mean | Logz fold ch... | Fold change | P-value |

-

16 differentially expressed transcripts were found to be common to three
statistical comparisons in the Venn diagram. Create from selection opened that
table in split view. You can now click "Select Transcripts in Other Views". _|

1
Create from selection I Select Transcripts in Other Views || Copy Transcript Names to Clipboard |

m
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Figure 23: Select a subset of transcripts and analyze them in the context of the multi samples
comparison.

You can see that only 34 of the 76 differentially expressed transcripts are predicted to be
significant in the multi-sample analysis. Switching to the Volcano plot view, you can see where
they are located compared to other transcripts.
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For the sake of completeness, we mention that the "Select transcripts in other views" button
will allow you to do synchronized selections between expression tracks, statistical comparison
tracks (including volcano plots), and the table view of Venn diagrams.

Finally, you can also Launch IPA to look for genes and associated pathways that are differentially
expressed between tumor and normal samples. Remember that we are only analyzing genes
present on chromosome 20 in this tutorial, and thus IPA might not output a comprehensive
picture. For more information on IPA, see https://www.giagenbioinformatics.com/
products/ingenuity-pathway—-analysis/.
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