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This tutorial is the first part of a series of tutorials about RNA-Seq. The aim of the tutorials is
to take you from start to end of an RNA-Seq analysis including mapping of reads, interpreting
results, checking quality and finally doing statistical analysis. Along the way, we will focus on
illustrating the effect of the parameters and choices made during the analysis.

The data used is from a study reported in [Mortazavi et al., 2008]. The data set consists of
RNA-Seq data from three types of Mouse tissue: Brain, Liver and Skeletal muscle. Each of the
tissues has been sampled twice, so there are 6 samples all in all.

Downloading and importing the data

At http://www.clcbio.com/ngsexampledata you find the following data:

Subset of the full data set This file can be imported using the standard import and includes a
subset of the full data set including a region of chromosome 16 for use as a reference.
When running the full data set, we extracted all the reads that matched the genes of this
part of chromosome 16. Download and import this data set (using the normal import) for
use in these tutorials.

Experiments with the full data set Later on, we will work on experiments generated from the full
data set. Download and import this data set (using the normal import) for use in these
tutorials.

Once downloaded and imported, you should have the following folders and data in the Navigation
Area (see figure 1).
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Figure 1: The subset of the full data set has been imported together with the experiments generated
from the full data set.

Running the RNA-Seq analysis

Now, you can start the actual analysis. First step is to transform the list of reads into what we
call an RNA-Seq sample which is basically a list of genes with expression measures. To do this,
go to:
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Toolbox | High-throughput Sequencing ([53) | RNA-Seq Analysis ()

This opens a dialog where you select the sequencing reads from the Brain spike sample, as
shown in figure 2.
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Figure 2: Selecting the Brain spikes sample for RNA-Seq analysis.
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Click Next when the data is listed in the right-hand side of the dialog.

You are now presented with the dialog shown in figure 3.
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Figure 3: Choosing the annotated reference sequence.

Since we are using (part of) the ref-seq annotated mouse genome, choose Use reference with
annotations. Click (Eﬁ) to select the reference sequence NC_000082 subset.

The last part of the dialog concerns parameters for the assembly. Leave these settings at their
default - we will focus on these later on. You can set the parameters to default by clicking the
button (%) at the bottom of the dialog.
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Clicking Next will show the dialog in figure 4.
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Figure 4: Exon discovery.

The choice between Prokaryote and Eukaryote is basically a matter of telling the Workbench
whether you have introns in your reference. In order to select Eukaryote, you need to have
reference sequences with annotations of the type mRNA (this is the way the Workbench expects
exons to be defined). The reference sequence provided with this tutorial includes mRNA
annotations (they are the green annotations), so you select Eukaryote in this wizard.

Below you can specify settings for discovering novel exons. We will investigate this in detail later
on.

Clicking Next will allow you to specify the output options as shown in figure 5.
Uncheck the Create list of unassembled sequences and Make log and click Finish.

The standard output is a table showing mapping statistics on each gene.

Interpreting the brain spikes analysis result
The result of the RNA-Seq analysis is shown in figure 6.

The Expression values column is now based on the RPKM. Change the measure to use Total
exon reads instead by clicking at the bottom of the view (we will go into more details with
expression measures in part Il). Now sort the table on the new expression value by clicking the
column header twice. Find the Ahsg gene (third from the top of the list) and double-click. When
the result is opened, you need to do a few customizations to make the view better suited for
interpretation. In the Contig Settings Side Panel, under Sequence layout, set Compactness
to Compact. Below, under Text format, set the font size to small or tiny. To save these
customizations so that they take effect next time you open a contig, click the Save/Restore
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5 RNA-Seq Analysis

K3

. Select nucleotide reads "
. Setreferences

. Exon discovery

N I

. Result handling Output options

[[] Create list of non-assembled sequences

Expression value | RPEM -~

Result handling

(%) Open
() save

(I I
Log handling
Rl [] Make log

—
puet [ Sroen | [ Ko
Figure 5: Selecting the output of the RNA-Seq analysis.

Settings button (i) at the top of the Side Panel and click Save Settings. Give your settings a
name and make sure the check box to Always apply these settings is checked.

Click Fit Width (E) in the tool bar to zoom out to see the full contig. You should now have a
view similar to figure 7.

You can now see distinct peaks of coverage below the exons which are marked in green. Click
Zoom in (%ZJ) and click-and-drag a rectangle around one of the exons. In this way you can zoom
in to see more details of a particular exon. If you zoom all the way in, you will be able to see the
nucleotide level and the alignment of the reads.

Close the view and you are ready for part Il: Non-specific matches and expression values.
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Figure 6: A subset of a result of an RNA-Seq analysis.
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Figure 7: Opening a contig showing how the reads are assembled. Zoomed out to provide a better

overview.
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