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Abstract—This work describes a design oriented approach to visualizing uncertainty of RNA secondary structure probabilities. We
address the challenge of finding an intuitive visual representation of encoding uncertainty in RNA secondary structures. We highlight
certain limitations and present three different but not exclusive approaches for tackling this challenge.

1 INTRODUCTION

In molecular biology researchers have to deal with a decreasing cer-
tainty when predicting secondary structures of RNA sequences. Prac-
tical testing is limited, computational methods fill the gap in the data
with predicted and hence uncertain data. Computational biologists
have developed methods to predict the secondary structures (2D fold-
ing views of RNA) from a primary sequence of RNA. The outputs of
this calculation includes the minimum free energy structure (MFE),
the thermodynamically favored and most likely structure, and equilib-
rium base pairing probabilities. These outputs are typically visualized
as a ”dot plot”, where a box on a square grid of nxn (n is the se-
quence’s length) encodes the base pair binding probability in its area
on a logarithmic scale. In addition, the predicted MFE structure is
often represented as a secondary structure graph.

2 BACKGROUND

Dot plots (base pair probability matrices) are a common way for visu-
alizing secondary structure calculations. The squares in the plot area
represent a pair (x,y), while either color, transparency, blur effects or
size of a dot is used to indicate the probability of a base pair [13].
For today, conservation consensus dot plots can even be interactively
controlled to some extent: For example, Sorescu et al. [12] describes
a mechanism to specify a threshold probability for dynamic visual-
ization adaptation. However, dot plot representations for base pair
probabilities are also said to be confusing when complexity rises, and
therefore alternative representations exist too. Base pairings visualiza-
tion can also be found as linear and circular representations. Alberts
et al. [1] introduced so called ”RNAbow” diagrams. Hofacker [6]
described a software package for analyzing secondary structures and
rendering structures as mountain plot and other representations.
When speaking of uncertainty, uncertain data sets may have di-
verse sources, including data acquisition (signal-to-noise ratio), data
mapping (pre-processing and post-processing) and the visualization
method itself. Uncertainty can be described as a composite of differ-
ent concepts, such as errors, accuracy, and subjectivity [4]. Visualizing
uncertainty is a difficult problem in all kinds of scientific domains too
[5, 11, 2, 8]. Potter et al. [10] already identified uncertainty represen-
tations commonly used in visualization and presented a taxonomy of
visualization approaches.
None of the mentioned research already dealt with visually encoding
uncertainty of the complete set of folding possibilities into one single
visualization.
Therefore, we submit this entry to the BioVis 2015 Design Contest [3],
that addresses the challenge of visualizing uncertainty of RNA sec-
ondary structures. In the following, we describe our visual approaches
to the challenge of visualizing uncertainty.
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3 VISUAL APPROACH TO CHALLENGE 1
We address the first contest’s challenge, namely visualizing uncer-
tainty. The problem is defined as follows:

3.1 Problem:
Design an intuitive visual representation of RNA secondary structure
to encode the uncertainty within all the possible base pairing possibil-
ities. The top-right triangle of a dot plot encodes base pairing proba-
bilities and the bottom-left triangle represents the MFE structure. The
RNA sequence of n nucleotides is shown on the edge of the nxn square
grid. The MFE secondary structure is visualized as a graph, where the
color of each nucleotides depicts the strength of base pairing. The
challenge is to design a structural representation that is in line with the
uncertainty.
To deal with this challenge, however, using the right visualization tech-
nique is a question of scaling: An unanswered question remains: What
is the limit of possible base pairing probability matrices that can be
visualized within one single visualization? Since the number ob po-
tential secondary structures is exponential to the rna sequence’s length
n [9]. Therefore, we present the following three different approaches
for (interactive) visual analysis of rna base pair configurations:

3.2 Approach 1:
One possible interactive visualization approach is sketched in Fig. 1:

Fig. 1. Visualizing encoded uncertainty of RNA secondary structure
possibilities as interactive heatmap including detail view

Holzhuter et al. [7] have shown that particularly heat maps can be
dangerous as they can be over-plotted. It is possible, up to a certain
amount, to visualize the ensemble organized in a heatmap. But, as
common to information visualization, there will be the necessity to
integrate interactive exploration features for zoom and filter. We also
sketched such interaction integrations. The slider filter at the bottom
supports viewing only those rectangles that are related to the most
probable configurations but also allows for highlighting the unusual
ones. Different perspectives support the interactive visual analysis ap-
proach. Additional interactions should be taken into account, like a
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slider for filtering specific temperature areas and/or ion concentration
settings and adding a switch for sorting not only by probability but also
other data variables (i.e. number of base pairs, hairpins, free energy).

3.3 Approach 2:

To overcome some of the heatmap’s limitations, another additional or
alternative approach is visualizing the complete set of dot plot repre-
sentations as interactive visual analysis approach making use of the
”Rolodex”-art metaphor (also known from window manager in oper-
ating systems, apple’s time machine or windows exposé), illustrated
in Fig. 2. All possible structures are visualized as matrices one af-
ter another, while the most probable, the MFE, is the first one on top
and behind lay the less probable ones. Interaction allows for toggling
through all the possible structures seamlessly while clicking on upper
right part of the dot plot all secondary structures are shown in a details
view the following manner: All the possible configurations are shown
at once, while the most probable is on top. Below all other configu-
rations are shown but with increased transparency values. The most
likely is therefore 100% opaque, while the less likely ones are more
translucently renderer.
Additionally, Eterna’s animation metaphor can be used: Single bases
and base pairs within the details view can be animated insofar, as the
base pairs movement in pixel per second is related to the structure’s
folding stability and probability.

Fig. 2. Visualizing encoded uncertainty of RNA secondary structure
base pairings by exploring complete set/ensemble at once

3.4 Approach 3:

Last but not least, another possible approach could be visualizing all
possibilities not as box but as part of a network graph, sketched in
Fig. 3. The graph is composed by the complete ensemble of structures
as follows: Each node represents one possible folding structure, each
edge stands for a user defined number x similar base pairs between
two structures, while the whole graph integrates the complete ”pic-
ture”. Thereby, similar base pair areas can be marked with another
color (compare sketched red area in Fig. 3)
The nodes’ transparency (or color/contrast variance) depicts the prob-
ability of the particular structure. The node that stands for the MFE is
highlighted (in darkest contrast or special color) as the root or center of
the graph as the most probable base pairing combination. If the MFE is
not the most probable configuration, the visualization can be adapted
to distinguish between root, as most probable one, and MFE, as a node
somewhere else within the graph highlighted by another color.
According to the dynamic programming algorithm for all subse-
quences (i, j) of a dot plot, the less probable folding possibilities can
be traced back too. Less probable configurations are marked in a
translucent manner: The more like configurations are represented by
nodes with higher opacity while the more unlikely ones are rendered
with less opacity.
Regarding the interaction: By adjusting x certain isles are highlighted,
where the configurations represented by the nodes within an isle are
more similar to each other. Additional network analysis approaches
may further suite the rna analysis process.

Fig. 3. Visualizing encoded uncertainty of RNA secondary structure by
putting focus on the configurations’ related base pairs as network graph

4 MATERIAL AND METHODS

Due to the fact, that the submission should be no more than 2 pages
we include only a few figures into it. We also recommend watching
a short animation, that depicts some details about the three different
visualization approaches and the structural representation that is in line
with the uncertainty: http://youtu.be/PZp5GNpNZX4.

5 TERMS AND CONDITIONS

By submitting this entry, we give the BioVis 2015 organizers permis-
sion to publish it in conference-related materials. Any usage or refer-
ence to any submission will include full credit to its authors.
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