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Chapter 1

Introduction to the Advanced RNA-Seq
plugin

The Advanced RNA-Seq plugin provides new tools for statistical analysis and exploratory visual-
ization of RNA-Seq data.

The plugin adds four new tools to the RNA-Seq Analysis folder (see figure 1.1).

Figure 1.1: The Toolbox with the advanced RNA-Seq tools

The PCA for RNA-Seq tool provides 2D Principal Component Analysis with support for metadata
visualization.

The Differential Expression for RNA-Seq tool is a new multi-factorial statistical analysis tool
based on a negative binomial model. It uses a generalized linear model approach influenced by
the multi-factorial EdgeR method [Robinson et al., 2010]. This tool produces a new kind of result,
the statistical comparison track, which can be visualized at specific genomic locations together
with other track types. The statistical comparison track also offers a volcano plot view.

The Create Heat Map tool shows a two dimensional heat map of expression values. Each column
corresponds to one sample, while each row corresponds to a feature (a gene or a transcript).
The samples and features are both clustered hierarchically.

The Create Venn Diagram tool shows the differentially expressed genes shared between
statistical comparison tracks. The genes or transcripts considered to be differentially expressed
can be controlled by setting appropriate p-value and fold change thresholds.

The Create Expression Browser tool allows expression values for several samples to be
compared, together with annotations and statistical comparison tracks.

5



CHAPTER 1. INTRODUCTION TO THE ADVANCED RNA-SEQ PLUGIN 6

All of the new tools are designed for, and will only work on, RNA-Seq data (Expression tracks
or the new statistical comparison tracks). They also make use of the new, unified metadata
framework.

1.1 Input data and normalization
The Advanced RNA-Seq plugin requires RNA-Seq input data in the form of Expression Tracks. There
is no support for microarray data or the Experiment objects used by the classic Transcriptomics
Analysis tools.

Expression Tracks can be created using the RNA-Seq Analysis tool with a choice of possible
expression values:

• RPKM This is the expression value measured in RPKM [Mortazavi et al., 2008]: RPKM =
total exon reads

mapped reads(millions)×exon length (KB) .

• TPM Transcripts Per Million This is computed as RPKM·106∑
RPKM , where the sum is over the RPKM

values of all genes/transcripts (see http://bioinformatics.oxfordjournals.
org/content/26/4/493.long

• Total counts This is all the reads that are mapped to this gene - both reads that map
uniquely to the gene or its transcripts and reads that matched to more positions in the
reference which were assigned to this gene.

• Unique counts This is the number of reads that match uniquely to the gene or its transcripts.

The choice of expression value only affects how Expression Tracks are visualized in the track
view. The results from the Advanced RNA-Seq plugin are not affected by this choice, as the most
appropriate expression value is automatically selected for the analysis being performed. For
detection of differential expression this is the ‘Total counts’ value, and for the other tools this is
a normalized and transformed version of the ‘Total counts’ as described below.

1.1.1 Normalization

Since the sequencing depth might differ between samples, a per-sample library size normalization
must be performed before samples can be compared. In contrast to the classic Transcriptomics
Analysis tools, this normalization is automatically applied by the tools.

All of the tools in the Advanced RNA-Seq plugin use the TMM (trimmed mean of M values)
normalization method [Robinson and Oshlack, 2010] to calculate effective libraries sizes, which
are then used as part of the per-sample normalization. TMM normalization is the normalization
used in EdgeR [Robinson et al., 2010].

TMM normalization adjusts library sizes based on the assumption that most genes are not
differentially expressed. Therefore, it is important not to make subsets of the count data before
doing statistical analysis or visualization, as this can lead to differences being normalized away.

For the expression visualization tools (Create Heat Map and PCA for RNA-Seq) additional filtering
and normalization are performed:

http://bioinformatics.oxfordjournals.org/content/26/4/493.long
http://bioinformatics.oxfordjournals.org/content/26/4/493.long
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• ’log CPM’ (Counts per Million) values are calculated for each gene. The CPM calculation
uses the effective library sizes as calculated by the TMM normalization.

• After this first normalization, a second one is performed across samples for each gene: the
counts for each gene are mean centered, and scaled to unit variance.

• Genes or transcripts with zero expression across all samples or invalid values (NaN or +/-
Infinity) are removed.

1.1.2 Metadata

The new statistical analysis and visualization tools make extensive use of the metadata system.
For example, metadata are required when defining the experimental design in the Differential
Expression for RNA-Seq tool, and can be used to add extra layers of insight in the Create Heat
Map and PCA for RNA-Seq tools.

To get the most out of these tools we recommend that all input expression tracks have associated
metadata, as shown in figure 1.2. For information about how to use and setup metadata,
please see http://clcsupport.com/clcgenomicsworkbench/current/index.php?
manual=Metadata.html

Figure 1.2: An example of expression tracks with associated metadata.

1.2 PCA for RNA-Seq
Principal Component Analysis makes it possible to project a high-dimensional dataset (where the
number of dimensions equals the number of genes or transcripts) onto two or three dimensions.
This helps in identifying outlying samples for quality control, and gives a feeling for the principal
causes of variation in a dataset. The analysis proceeds by transforming a large set of variables
(in this case, the counts for each individual gene or transcript) to a smaller set of orthogonal
principal components. The first principal component specifies the direction with the largest
variability in the data, the second component is the direction with the second largest variation,
and so on.

http://clcsupport.com/clcgenomicsworkbench/current/index.php?manual=Metadata.html
http://clcsupport.com/clcgenomicsworkbench/current/index.php?manual=Metadata.html
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To start the analysis:

Toolbox | Transcriptomics Analysis ( )| RNA-Seq Analysis | PCA for RNA-Seq ( )

Select a number of expression tracks ( ) and click Next.

1.2.1 Principal component analysis plot (2D)

The default view is a two-dimensional principal component plot as shown in figure 1.3.

Figure 1.3: A principal component plot.

The plot shows the projection of the samples onto the two-dimensional space spanned by the
first and second principal components of the covariance matrix. The expression levels used as
input are normalized log CPM values, see section 1.1.

The view settings can be adjusted using the Side Panel. Under Graph preferences, you can
adjust the general properties of the plot.

• Lock axes This will always show the axes even though the plot is zoomed to a detailed
level.

• Frame Shows a frame around the graph.

• Tick type Determines whether tick lines should be shown outside or inside the frame.

• Tick lines at Choosing Major ticks will show a grid behind the graph.

• Horizontal axis range Sets the range of the horizontal axis (x axis). Enter a value in Min
and Max, and press Enter. This will update the view. If you wait a few seconds without
pressing Enter, the view will also be updated.
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• Vertical axis range Sets the range of the vertical axis (y axis). Enter a value in Min and
Max, and press Enter. This will update the view. If you wait a few seconds without pressing
Enter, the view will also be updated.

• y = 0 axis Draws a line where y = 0 with options for adjusting the line appearance.

Below the general preferences, you find the Dot properties:

• Drop down menu In this you select the expression tracks to which following choices apply.

• Dot type Allows you to choose between different dot types.

• Dot color Click the color box to select a color.

• Show name This will show a label with the name of the sample next to the dot.

Note that the Dot properties may be overridden when the Metadata options are used to control
the visual appearance (see below).

The Principal Components group determines which two principal components are used in the 2D
plot. By default, the first principal component is shown for the X axis and the second principal
component is shown for the Y axis. The value after the principal component identifier (for example
"PC1 (72.5 %)") displays the amount of variance explained by this particular principal component.

The Metadata group allows metadata associated with the Expression tracks to be visualized in
a number of ways:

• Symbol color Colors are assigned based on a categorical factor in the metadata table.

• Symbol shape Shape is assigned based on a categorical factor in the metadata table.

• Label text Dots are labeled according to the values in a given metadata column.

• Legend font settings contains options to adjust the display of labels.

The graph and axes titles can be edited simply by clicking them with the mouse. These
changes will be saved when you Save ( ) the graph - whereas the changes in the Side
Panel need to be saved explicitly (http://clcsupport.com/clcgenomicsworkbench/
current/index.php?manual=Saving_removing_applying_saved_settings.html).

1.2.2 Principal component analysis plot (3D)

The principal component plot may also be displayed in 3D. The 3D view is accessible through the
view buttons at the bottom of the panel.

Notice that the 3D PCA rendering feature requires a graphics card capable of supporting
OpenGL 2.0. Please make sure the latest driver for the graphics card is installed. Indirect
rendering (such as x11 forwarding through ssh), remote desktop connection/VNC, and
running in virtual machines is not supported.

http://clcsupport.com/clcgenomicsworkbench/current/index.php?manual=Saving_removing_applying_saved_settings.html
http://clcsupport.com/clcgenomicsworkbench/current/index.php?manual=Saving_removing_applying_saved_settings.html
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Figure 1.4: A principal component 3D plot.

The 3D view may be rotated by dragging on the view with the left mouse button pressed. It
is possible to pan the view by dragging with the right mouse button pressed. Zooming can be
done either using the mouse scroll wheel, or by dragging with both left and right mouse button
pressed. It is also possible to center and zoom to a sample simply by clicking on it. Clicking
outside any sample (or clicking with the right mouse button) restores the zoom and centering.

The Side Panel offers a number of options to change the appearance of the 3D principal
component plot:

The View settings group makes it possible to toggle the coordinate system on and off, and adjust
the text and background color. It is also possible to enable Fog, which dims distant objects in
order to improve the depth perception.

The Principal Components group determines which principal components are used in the 3D
plot. The value after the principal component identifier (for example "PC 1 (72.5 %)") displays
the amount of variance explained by this particular principal component.

The Metadata group allows metadata associated with the Expression tracks to be visualized
using color or as text:

• Symbol color Colors are assigned based on a categorical factor in the metadata table.

• Label text Samples are labeled according to the values in a given metadata column. If
’Show names’ is selected, the samples will be labeled according to their name (as shown
in the Navigation Area).



CHAPTER 1. INTRODUCTION TO THE ADVANCED RNA-SEQ PLUGIN 11

To save the current view as an image, press the Graphics button in the Workbench toolbar. Next,
select the location where you wish to save the image, select file format (PNG, JPEG, or TIFF), and
provide a name, if you wish to use another name than the default name.

It is possible to save the current view settings (including camera settings) using the Side Panel
view settings options, see http://clcsupport.com/clcgenomicsworkbench/current/
index.php?manual=Saving_removing_applying_saved_settings.html.

1.3 Differential Expression for RNA-Seq
The Differential Expression for RNA-Seq tool performs a statistical differential expression test for
a set of Expression Tracks. The statistical analysis is described in more detail in section 1.3.1.

To run the Differential Expression for RNA-Seq analysis:

Toolbox | Transcriptomics Analysis ( )| RNA-Seq Analysis | Differential Expression
for RNA-Seq

Select a number of Expression tracks ( ) and click Next.

Figure 1.5: Setting up the experimental design and comparisons

This will display the wizard shown in figure 1.5.

In the Experimental design panel, a Metadata table must be selected that describes the factors
and groups for all the samples.

• Metadata table The metadata table describing the factors for the selected Expression
tracks.

• Test differential expression due to Specify the one factor differential expression is tested
for.

• While controlling for Specify confounding factors, i.e., factors that are not of primary
interest, but may affect gene expression.

The Comparisons panel determines the number and type of statistical comparison tracks output
by the tool (see section 1.3.2 for more details).

http://clcsupport.com/clcgenomicsworkbench/current/index.php?manual=Saving_removing_applying_saved_settings.html
http://clcsupport.com/clcgenomicsworkbench/current/index.php?manual=Saving_removing_applying_saved_settings.html
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How many replicates do I need? The Differential Expression for RNA-Seq tool is capable
of running without replicates, but this is not recommended and the results should be
treated with caution. In general it is desirable to have as many biological replicates
as possible -- typically at least 3. Replication is important in that it allows the ‘within
group’ variation to be accurately estimated for a gene. In the absence of replication,
the Differential Expression for RNA-Seq tool assumes that genes with similar average
expression levels have similar variability.

Technical or biological replicates? [Auer and Doerge, 2010] illustrates the impor-
tance of biological replicates with the example of an alien visiting Earth. The alien wishes
to know if men are taller than women. It abducts one man and one woman, and measures
their heights several times i.e. performs several technical replicates. However, in the
absence of biological replicates, the alien would erroneously conclude that women are
taller than men if this was the case in the two abducted individuals.

1.3.1 The statistical model

Each gene is modeled by a separate Generalized Linear Model (GLM). The use of the GLM
formalism allows us to fit curves to expression values without assuming that the error on the
values is normally distributed. Similarly to EdgeR and DESeq, we assume that the read counts
follow a Negative Binomial distribution.

The Negative Binomial distribution can be understood as a ‘Gamma-Poisson’ mixture distribution
i.e. the distribution resulting from a mixture of Poisson distributions, where the Poisson parameter
λ is itself Gamma-distributed. In an RNA-Seq context, this Gamma distribution is controlled by
the dispersion parameter, such that the Negative Binomial distribution reduces to a Poisson
distribution when the dispersion is zero.

Fitting a GLM to expression data

It is easiest to understand how the GLM model works through an example. Imagine an experiment
looking at the effect of two drug treatments while controlling for the gender of a patient:

• Test differential expression due to Treatment with three groups: drugA, drugB, placebo

• While controlling for Gender with groups: Male, Female

In an abuse of mathematical notation, the underlying GLM for each gene looks like

log yi = (placebo and Male) + drugA + drugB + Female + constanti (1.1)

where yi is the expression level for the gene in sample i; the combined term (placebo and Male)
describes an arbitrarily chosen baseline expression level (of males being given a placebo); and
the other terms drugA, drugB and Female are numbers describing the effect of each group
with respect to this baseline. The constanti accounts for differences in the library size between
samples. For example, if a patient is male and given a placebo we predict the expression level
to be
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log yi = (placebo and Male) + constanti.

If instead he had been given drug B, we would predict the expression level yi to be augmented
with the drugB coefficient, resulting in

log yi = (placebo and Male) + drugB + constanti.

We assume that the expression levels yi follow a Negative Binomial distribution. This distribution
has a free parameter, the dispersion. The greater the dispersion, the greater the variation in
expression levels for a gene.

The most likely values of the dispersion and coefficients, drugA, drugB and Female, are
determined simultaneously by fitting the GLM to the data. To see why this simultaneous fitting is
necessary, imagine an experiment where we observe counts {3,10,4} for Males and {30,20,8} for
Females. The most natural fit is for the coefficient Female to have a two-fold change and for the
dispersion to be small, but an alternative fit has no fold change and a larger dispersion. Under
this second fit the variation in the counts is greater, and it is just by chance that all three Female
values are larger than all three Male values.

Refining the estimate of dispersion

Much research has gone into refining the dispersion estimates of GLM fits. One important
observation is that the GLM dispersion for a gene is often too low, because it is a sample
dispersion rather than a population dispersion. We correct for this using the Cox-Reid adjusted
likelihood, as in the multi-factorial EdgeR method [Robinson et al., 2010]. 1

A second observation that can be used to improve the dispersion estimate, is that genes with
the same average expression often have similar dispersions. To make use of this observation,
we follow [Robinson et al., 2010] in estimating genewise dispersions from a linear combination
of the likelihood for the gene of interest and neighboring genes with similar average expression
levels. The weighting in this combination depends on the number of samples in an experiment,
such that the neighbors have most weight when there are no replicates, and little effect when
the number of replicates is high.

Statistical testing

The final GLM fit and dispersion estimate allows us to calculate the total likelihood of the model
given the data, and the uncertainty on each fitted coefficient. The two statistical tests each make
use of one of these values.

Wald test Tests whether a given coefficient is non-zero. This test is used in the All group pairs
and Against control group comparisons. For example, to test whether there is a difference
between patients treated with a placebo, and those treated with drugB, we would use the
Wald test to determine if the drugB coefficient is non-zero.

1To understand the purpose of the correction, it may help to consider the analogous situation of calculation of the
variance of normally distributed measurements. One approach would be to calculate 1

n

∑
(xi − x)2, but this is the

sample variance and often too low. A commonly used correction for the population variance is: 1
n−1

∑
(xi − x)2.
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Likelihood Ratio test Fits two GLMs, one with the given coefficients and one without. The more
important the coefficients are, the greater the ratio of the likelihoods of the two models.
This test is used in the Across groups (ANOVA-like) comparison. If we wanted to test
whether either drug had an effect, we would compare the likelihoods of the GLM described
in equation 1.1 with those in the reduced GLM log yi = (Male) + Female + constanti.

1.3.2 Output of the Differential Expression for RNA-Seq tool

The Differential Expression for RNA-Seq tool produces different numbers and types of statistical
comparison tracks depending on the settings of the Comparisons panel. Depending on the
choice either a Wald test or a Likelihood Ratio test is used. For example, assume that we test a
factor called ‘Tissue’ with three groups: skin, liver, brain.

• Across groups (ANOVA-like) This mode tests for the effect of a factor across all groups.

– Outputs produced: "Due to Tissue"

– Test used: Likelihood ratio test

– Fold change reports: The maximum pairwise fold change between any two of the three
tissue types.

– Max of group means reports: The maximum of the average group RPKM values among
any of the tissue types for a gene.

• All group pairs tests for differences between all pairs of groups in a factor.

– Outputs produced: "skin vs. liver", "skin vs. brain", "liver vs. brain"

– Test used: Wald test

– Fold change reports: The fold change in the defined order between the named pair of
tissue types.

– Max of group means reports: The maximum of the average group RPKM values between
the two named tissue types.

• Against control group This mode tests for differences between all the groups in a factor
and the named reference group. In this example the reference group is skin.

– Outputs produced: "liver vs. skin", "brain vs. skin"

– Test used: Wald test

– Fold change reports: The fold change in the defined order between the named pair of
tissue types.

– Max of group means reports: The maximum of the average group RPKM values between
the two named tissue types.

Note: Fold changes are calculated from the GLM, which corrects for differences in library size
between the samples and the effects of confounding factors. It is therefore not possible to derive
these fold changes from the original counts by simple algebraic calculations.
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1.3.3 Statistical comparison tracks

The Differential Expression for RNA-Seq tool will output one or more statistical comparison tracks.

An example of a statistical comparison track is shown in figure 1.6. Statistical comparison
tracks make it possible to show differential expression data alongside other kinds of tracks in a
genomic context.

Figure 1.6: Statistical comparison track view.

The track layout of the statistical comparison track can be customized as follows:

• Data aggregation Allows you to specify whether the information in the track should be
shown in detail or whether you wish to aggregate data. By aggregating data you decrease
the detail level, but increase the speed of the data display process, which is of particular
interest when working with big data sets. The threshold (in bp) for when data should be
aggregated can be specified with the drop-down box. The threshold describes the unit (or
"bucket") size in base pairs, above which the data will start being aggregated. The bucket
size depends on the track length and the zoom level. Hence, a data aggregation threshold
with a low value will only show details when zoomed in, whereas a high value means that
you can see details even when zoomed out. Please note that when using the high values,
it will take longer time to display the data on the screen.

• Bar plot color Selects the color of aggregated data.

• Labels Determines where the gene name should be shown.

• Annotation value The value that is graphically shown in detail view:

– Max group means For each group in the statistical comparison, the average RPKM is
calculated. This value is the maximum of the average RPKM’s.

– Log2 fold change The logarithmic fold change.
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– Fold change The (signed) fold change. Genes/transcripts that are not observed in any
sample have undefined fold changes and are reported as NaN (not a number).

– P-value Standard p-value. Genes/transcripts that are not observed in any sample have
undefined p-values and are reported as NaN (not a number).

– FDR p-value The false discovery rate corrected p-value.

– Bonferroni The Bonferroni corrected p-value.

• Annotation color Determines how the annotation value is mapped onto a color.

The expression track table view has three button.

• The "Create track from Selection" will create a Track using selected rows.

• The "Select Genes in Other Views" button finds and selects the currently selected genes
and transcripts in all other open expression track table views.

• The "Copy Gene Names to Clipboard" button copies the currently selected gene names to
the clipboard.

1.3.4 The volcano plot

Statistical comparison tracks also offer a volcano plot view.

An example of a volcano plot is shown in figure 1.7.

Figure 1.7: Volcano plot.

The volcano plot shows the relationship between the p-values of a statistical test and the fold
changes among the samples. The log2 fold changes are plotted on the x-axis, and the − log10
p-values are plotted on the y-axis. Features of interest are typically those in the upper left and
right hand corners of the volcano plot, as these have large fold changes (lie far from x = 0) and



CHAPTER 1. INTRODUCTION TO THE ADVANCED RNA-SEQ PLUGIN 17

are statistically significant (have large y-values). It is possible to change the type of p-value from
the side panel (see below).

The view settings can be adjusted using the Side Panel. Under Graph preferences, you can
adjust the general properties of the volcano plot

• Lock axes This will always show the axes even though the plot is zoomed to a detailed
level.

• Frame Shows a frame around the graph.

• Show legends Shows the data legends.

• Tick type Determine whether tick lines should be shown outside or inside the frame.

– Outside

– Inside

• Tick lines at Choosing Major ticks will show a grid behind the graph.

– None

– Major ticks

• Horizontal axis range Sets the range of the horizontal axis (x axis). Enter a value in Min
and Max, and press Enter. This will update the view. If you wait a few seconds without
pressing Enter, the view will also be updated.

• Vertical axis range Sets the range of the vertical axis (y axis). Enter a value in Min and
Max, and press Enter. This will update the view. If you wait a few seconds without pressing
Enter, the view will also be updated.

Below the general preferences, you find the Dot properties and Text format, where you can
adjust the coloring and appearance of the dots and text.

At the bottom are options for choosing which values to display:

• P-value type Selects which type of p-value to use.

• Label selected points Chooses whether selected points should be labeled.

Note that if you wish to use the same settings next time you open a volcano plot, you need to save
the settings of the Side Panel (see http://clcsupport.com/clcgenomicsworkbench/
current/index.php?manual=Saving_removing_applying_saved_settings.html).

1.4 Create Heat Map for RNA-Seq
The Create Heat Map tool shows a two dimensional heat map of expression values. Each column
corresponds to one sample, and each row corresponds to a feature (a gene or a transcript). The
samples and features are both hierarchically clustered.

http://clcsupport.com/clcgenomicsworkbench/current/index.php?manual=Saving_removing_applying_saved_settings.html
http://clcsupport.com/clcgenomicsworkbench/current/index.php?manual=Saving_removing_applying_saved_settings.html
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1.4.1 Clustering of features and samples

The hierarchical clustering clusters features by the similarity of their expression profiles over the
set of samples. It clusters samples by the similarity of expression patterns over their features.

Each clustering has a tree structure that is generated by

1. Letting each feature or sample be a cluster.

2. Calculating pairwise distances between all clusters.

3. Joining the two closest clusters into one new cluster.

4. Iterating 2-3 until there is only one cluster left (which contains all the features or samples).

The tree is drawn so that the distances between clusters are reflected by the lengths of the
branches in the tree.

To create a heat map:

Toolbox | Transcriptomics Analysis ( )| RNA-Seq Analysis | Create Heat Map for
RNA-Seq ( )

Select at least two expression tracks ( ) and click Next.

This will display the wizard shown in figure 1.8. The hierarchical clustering algorithm requires
that you specify a distance measure and a cluster linkage. The distance measure is used to
specify how distances between two features or samples should be calculated. The cluster linkage
specifies how the distance between two clusters, each consisting of a number of features or
samples, should be calculated.

Figure 1.8: Parameters for Create Heat Map.

There are three kinds of Distance measures:
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• Euclidean distance The ordinary distance between two points - the length of the segment
connecting them. If u = (u1, u2, . . . , un) and v = (v1, v2, . . . , vn), then the Euclidean
distance between u and v is

|u− v| =

√√√√ n∑
i=1

(ui − vi)2.

• Manhattan distance The Manhattan distance between two points is the distance measured
along axes at right angles. If u = (u1, u2, . . . , un) and v = (v1, v2, . . . , vn), then the
Manhattan distance between u and v is

|u− v| =
n∑

i=1

|ui − vi|.

• 1 - Pearson correlation The Pearson correlation coefficient between two elements x =
(x1, x2, ..., xn) and y = (y1, y2, ..., yn) is defined as

r =
1

n− 1

n∑
i=1

(
xi − x
sx

)(
yi − y
sy

)

where x/y is the average of values in x/y and sx/sy is the sample standard deviation of
these values. It takes a value ∈ [−1, 1]. Highly correlated elements have a high absolute
value of the Pearson correlation, and elements whose values are un-informative about each
other have Pearson correlation 0. Using 1 − |Pearsoncorrelation| as distance measure
means that elements that are highly correlated will have a short distance between them,
and elements that have low correlation will be more distant from each other.

The possible cluster linkages are:

• Single linkage The distance between two clusters is computed as the distance between
the two closest elements in the two clusters.

• Average linkage The distance between two clusters is computed as the average distance
between objects from the first cluster and objects from the second cluster. The averaging
is performed over all pairs (x, y), where x is an object from the first cluster and y is an
object from the second cluster.

• Complete linkage The distance between two clusters is computed as the maximal object-
to-object distance d(xi, yj), where xi comes from the first cluster, and yj comes from the
second cluster. In other words, the distance between two clusters is computed as the
distance between the two farthest objects in the two clusters.

After having selected the distance measure, click Next to set up the feature filtering options as
shown in figure 1.9.

Genomes usually contain too many features to allow for a meaningful visualization of all genes or
transcripts. Clustering hundreds of thousands of features is also very time consuming. Therefore
it is recommend to reduce the number of features before clustering and visualization.

There are several different Filter settings to filter genes or transcripts:



CHAPTER 1. INTRODUCTION TO THE ADVANCED RNA-SEQ PLUGIN 20

Figure 1.9: Feature filtering for Create Heat Map.

• No filtering Keeps all features.

• Fixed number of features

– Fixed number of features The given number of features with the highest coefficient of
variation (the ratio of the standard deviation to the mean) are kept.

– Minimum counts in at least one sample Only features with more than this number of
counts in at least one sample will be taken into account. Notice that the counts are
raw, un-normalized values.

• Filter by statistics Keeps features that are differentially expressed according to the
specified cut-offs.

– Statistical comparison A single statistical comparison track output by the Differential
Expression for RNA-Seq tool.

– Minimum absolute fold change Only features with a higher absolute fold change are
kept.

– Threshold Only features with a lower p-value are kept. It is possible to select which
type of p-value to use.

• Specify features Keeps a set of features, as specified by either a feature track or by plain
text.

– Feature track Any genes or transcripts defined in the feature track will be kept.

– Keep these features A plain text list of feature names. Any white-space characters,
and ",", and ";" are accepted as separators.
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Figure 1.10: The 2D heat map.

1.4.2 The heat map view

After the tool completes, a heat map like the one shown in (figure 1.10) is produced. In the heat
map each row corresponds to a feature and each column to a sample. The color in the i’th row
and j’th column reflects the expression level of feature i in sample j (the color scale can be set
in the side panel). The expression values used are normalized log CPM values, see section 1.1.

There are a number of options to change the appearance of the heat map. At the top of the Side
Panel, you find the Heat map group (see figure 1.10).

• Lock width to window When you zoom in the heat map, you will per default only zoom in
on the vertical level. This is because the width of the heat map is locked to the window. If
you uncheck this option, you will zoom both vertically and horizontally. Since you normally
have more features than samples, it is useful to lock the width since you then have all the
samples in view all the time.

• Lock height to window This is the corresponding option for the height. Note that if you
check both options, you will not be able to zoom at all, since both the width and the height
are fixed.

• Lock headers and footers This will ensure that you are always able to see the sample and
feature names and the trees when you zoom in.

• Colors The expression levels are visualized using a gradient color scheme, where the
right side color is used for high expression levels and the left side color is used for low
expression levels. You can change the coloring by clicking the box, and you can change the
relative coloring of the values by dragging the two knobs on the white slider above.

Below you find the Samples and Features groups. They contain options to show names, color
legends, and trees above or below the heat map. The tree options also control the Tree size,
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including the option of showing the full tree, no matter how much space it will use.

The Metadata group makes it possible to visualize metadata associated with the Expression
tracks:

• Legend font settings adjusts the label settings.

• Metadata layers Adds a color bar to the hierarchical sample tree, colored according to the
value of a chosen metadata table column.

1.5 Create Expression Browser
The Create Expression Browser tool makes it possible to inspect gene and transcript expression
level counts and statistics for many samples at the same time.

To run the tool:

Toolbox | Transcriptomics Analysis ( )| RNA-Seq Analysis | Create Expression
Browser

Select a number of expression tracks ( ), either Gene level (GE) or Transcript level Expression
(TE) tracks but not a combination of both, and click Next (see figure 1.11).

Figure 1.11: Select expression tracks, either GE or TE.

In the second wizard dialog (see figure 1.12), you can decide to add one or more statistical
comparisons or an annotation source.

Figure 1.12: It is optional to provide statistical comparisons and annotation resources.

Statistical comparisons are generated by the tool ‘Differential Expression for RNA-Seq’. You can
only choose a comparison that was generated by the same kind of expression tracks as the
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ones you selected in the previous step. This means that when you want to create an expression
browser for GE expression levels, you can only input in the second optional step a statistical
comparison generated using GE tracks as well.

Annotation resources can be obtained from different sources:

• In the majority of cases, annotations are obtained from Gene Ontology consortium at
http://geneontology.org/page/download-annotations. Download the *.gz file
of your choice from the website on to your computer, and import it in the workbench using
the Standard Import tool.

• You may have your own annotation data in a spreadsheet. Learn how to import such files
here. http://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/
current/index.php?manual=Generic_expression_annotation_data_file_formats.
html.

• Annotations can be generated by the "Blast2GO PRO" plugin. See http://www.clcbio.
com/clc-plugin/blast2go-pro/ for more information.

• Some annotations for human, mouse and rat are also bundled together with Reference
Data Sets provided in Biomedical Genomics Workbench.

1.5.1 The expression browser

An Expression Browser is shown in figure 1.13.

Figure 1.13: Expression browser table when no statistical comparison or annotations resources
were provided.

Each row represents a gene or a transcript, defined by its name, the chromosome and the region
where it is located, as well as an identifier linking to the relevant online database.

The expression values for each sample - or aggregation of samples - can be given by total counts,
RPKM, TPM or CPM (Counts Per Million). These measurements differ from each other in two key
ways:

1. RPKM and TPM measure the number of transcripts whereas total counts and CPM measure
the number of reads. The distinction is important because in an RNA-Seq experiment, more
reads are typically sequenced from longer transcripts than from shorter ones.

http://geneontology.org/page/download-annotations
http://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Generic_expression_annotation_data_file_formats.html
http://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Generic_expression_annotation_data_file_formats.html
http://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Generic_expression_annotation_data_file_formats.html
http://www.clcbio.com/clc-plugin/blast2go-pro/
http://www.clcbio.com/clc-plugin/blast2go-pro/
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2. RPKM, TPM and CPM are normalized for sequencing-depth so their values are comparable
between samples. Total counts is not normalized, so values are not comparable between
samples.

How do I get the normalized counts used to calculate fold changes? The CPM
expression values are most comparable to the results of the Differential Expression for
RNA-Seq tool. However, normalized counts are not used to calculate fold changes; instead
the Differential Expression for RNA-Seq tool works by fitting a statistical model (which
accounts for differences in sequencing-depth) to raw counts. It is therefore not possible
to derive these fold changes from the CPM values by simple algebraic calculations.

It is possible to display the values for individual samples, or for groups of samples as defined
by the metadata. Using the drop down menus in the "Grouping" section of the right-hand side
setting panel, you can choose to group samples according to up to three metadata layers as
shown in figure 1.13.

When individual samples are aggregated, an additional "summary statistic" column can be
displayed to give either the mean, the minimum, or the maximum expression value for each group
of samples. The table in figure 1.13 shows the mean of the expression values for the first group
layer that was selected.

If one or more statistical comparisons are provided, extra columns can be displayed in the
table using the "Statistical comparison" section of the Settings panel (figure 1.14). The
columns correspond to the different statistical values generated by the "Differential Expression
for RNA-seq" as detailed in section 1.3.3.

Figure 1.14: Expression browser table when a statistical comparison is present.

If an annotation database is provided, extra columns can be displayed in the table using the
"Annotation" section of the Settings panel (figure 1.15). Which columns are available depends
on the annotation file used. When using a GO annotation file, the GO biological process column
will list for each gene or transcript one or several biological processes. Click on the process
name to open the corresponding page on the Consortium for Gene Ontology webpage. It is also
possible to access additional online information by clicking on the the PMID, RefSeq, HGNC or
UniProt accession number when available.

Select the genes of interest and use the button present at the bottom of the table to highlight the
genes in other views (volcano plot for instance) or to copy the genes of interest to a clipboard.

1.6 Create Venn Diagram for RNA-Seq
The Create Venn Diagram tool makes it possible to compare the overlap of differentially
expressed genes or transcripts in two or more statistical comparison tracks. The genes
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Figure 1.15: Expression browser table when a GO annotation file is present.

considered to be differentially expressed can be controlled by setting appropriate p-value and
fold change thresholds.

To create the Venn diagram:

Toolbox | Transcriptomics Analysis ( )| RNA-Seq Analysis | Create Venn Diagram

Select a number of statistical comparison tracks ( ) and click Next (see figure 1.16).

Figure 1.16: The resulting Venn diagram.

In the Side Panel to the right, it is possible to adjust the Venn Diagram settings. Under Layout,
you can adjust the general properties of the plot.

• Label circles Toggles the names of the statistical comparison tracks.

• Show counts Toggles the display of gene or transcript counts.
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• Area-proportional Venn Diagram When drawn as a Standard Venn Diagram, circles are
drawn with fixed positions and identical size. When drawn in the default Venn Diagram
mode, sizes and positions of the circles are adjusted in proportion to the number of
overlapping features.

The Data side panel group makes it possible to choose the differentially expressed genes or
features of interest. The set of statistical comparisons to be compared can be selected using
the drop down combo boxes at the top of the group. It is possible to customize the color of a
given statistical comparison using the color picker next to the drop down combo box.

• Minimum absolute fold change Only genes or transcripts with an absolute fold change
higher than the specified threshold are taken into account.

• Maximum P-value Only genes or transcripts with a p-value less then the specified threshold
will be taken into account. It is possible to select which p-value measure to use.

Finally, the Text format group makes it possible to adjust the settings for the count and statistical
comparison labels.

1.6.1 Venn diagram table view

It is possible to inspect the p-values and fold changes for each gene or transcript individually in
the Venn diagram table view (see figure 1.17).

Figure 1.17: The Venn diagram table view.

Clicking a circle segment in the Venn Diagram plot will select the genes or transcript in the table
view. It is also possible to create a subset list of genes or transcripts using the Create from
selection.
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In the Side Panel to the right it is possible to adjust the Table settings. It is possible to adjust
the column layout, and select which columns should be included in the table.



Chapter 2

Installation of the Advanced RNA-Seq
plugin

Plugins are installed using the plugin manager. In order to install plugins on Windows, the
Workbench must be run in administrator mode: Right-click the program shortcut and choose "Run
as Administrator". Then follow the procedure described below.

Help in the Menu Bar | Plugins... ( )

or Plugins ( ) in the Toolbar

The plugin manager has two tabs at the top:

• Manage Plugins. This is an overview of plugins that are installed.

• Download Plugins. This is an overview of available plugins on CLC bio’s server.

To install a plugin, click the Download Plugins tab. This will display an overview of the plugins
that are available for download and installation (see figure 2.1).

Clicking a plugin will display additional information at the right side of the dialog. This will also
display a button: Download and Install.

Click the Advanced RNA-Seq plugin and press Download and Install. A dialog displaying progress
is now shown, and the plugin is downloaded and installed.

If the Advanced RNA-Seq plugin is not shown on the server, and you have it on your computer
(for example if you have downloaded it from our website), you can install it by clicking the Install
from File button at the bottom of the dialog. This will open a dialog where you can browse for the
plugin. The plugin file should be a file of the type ".cpa".

When you close the dialog, you will be asked whether you wish to restart the CLC Workbench.
The plugin will not be ready for use until you have restarted.

28
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Figure 2.1: The plugins that are available for download.



Chapter 3

Uninstall

Plugins are uninstalled using the plugin manager:

Help in the Menu Bar | Plugins... ( )

or Plugins ( ) in the Toolbar

This will open the dialog shown in figure 3.1.

Figure 3.1: The plugin manager with plugins installed.

The installed plugins are shown in this dialog. To uninstall:

Click the Advanced RNA-Seq plugin | Uninstall

30
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If you do not wish to completely uninstall the plugin but you don’t want it to be used next time
you start the Workbench, click the Disable button.

When you close the dialog, you will be asked whether you wish to restart the workbench. The
plugin will not be uninstalled until the workbench is restarted.
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