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Abstract
Analysis of the spatial structure of proteins including
folding processes is a challenge for modern bioinformatics.
Due to limited experimental access to folding processes,
computer simulations are a standard approach. Since realistic continuous (all-atom) simulations are far too expensive, lattice based protein folding simulations are a common coarse-graining. In this paper, we present a visualization tool for lattice based protein folding simulations. The
system is based on Shneiderman’s mantra ”Overview ﬁrst,
zoom and ﬁlter, details on demand” and uses a collection
of information visualization techniques including multiple
views, focus+context and table lenses which have been tailored towards our data. We demonstrate the potential of
information visualization techniques for providing insight
into such simulations.
Keywords— Information visualization, multiple views,
overview+detail, design guidelines, focus+context.

1

Introduction

One of the longstanding unsolved computational problems in bioscience is the folding of biopolymers i.e. the
transition of the molecule from an inactive denatured structure to the fully functional three-dimensional structure. It
is well known that a protein folds into its native threedimensional structure spontaneously under certain physiological conditions. During this process the chemical information stored in the amino acid sequence is translated into
a scaffold of non-covalent interactions which stabilizes the
three-dimensional structure. Mutations in the protein sequence may cause severe changes of the three-dimensional
structure which in turn has a crucial impact onto the function of the protein.
To gain deeper insight into the generic properties of the
protein folding process coarse-grained models like the lattice protein model are of particular interest since they open
up a feasible route in terms of computational resources to
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study this important problem. Understanding the sequence
to structure map of proteins would open up new horizons in
ﬁelds like drug design or nanotechnology and may give detailed insights into the mechanisms of protein related diseases such as Alzheimer, BSE and Parkinson.
A common approach to coarse grained protein models
is to reduce the number of possible interactions between
chemically different amino acid by lumping the 20 amino
acids together into two classes, a hydrophilic (H) and a polar (P) one. The rational behind this clustering of the amino
acids into two types comes from the observation that the
core of natural globular proteins is predominantly formed
by amino acids which can be classiﬁed chemically as hydrophobic, while the residues composing the surface, the
part of the protein that comes into close contact with the
surrounding solvent, are almost exclusively polar ones.
The HP-type-models introduced by Dill and Lau [10]
use this simpliﬁcation and measure energy contributions
only between adjacent amino acids. To simplify the calculation of the neighborhood these type of model discretizes
space to a particular lattice where amino acids are allowed
to occupy lattice sites only.
Although these models are not applicable for predicting
the native structure for real proteins, they give insight into
general properties of protein folding. Berger and Leighton
[3] have shown that even with these simpliﬁcations protein
folding on the HP-model is NP-complete, illustrating the
complex nature of the problem.
We here present an information visualization tool that
supports the analysis and exploration of huge data sets and
leads to a basic understanding of these simulations. We
will use concepts like multiple views, overview+detail and
focus+context to prove how these techniques can amplify
cognition and solve visualization tasks.

2

Related Work

Many visualization tools are designed according to
Shneiderman’s mantra ”Overview ﬁrst, zoom and ﬁlter,

details on demand.” [15]. The problems related to large
data sets and visualization with limited display size are
well known and addressed in a series of works (see [5] for
an overview). Several concepts exist how to preserve an
overview while exploring focused samples out of a huge
data set. One concept that is used in Seesoft [6] and many
other applications (see [14, 9, 4]) is to show a detail view
for selected data samples separated from a visual overview
of the whole content. For example, Seesoft visualizes program code presenting an overview of the whole ﬁle where
the lines are presented by simple lines and uses a detail
view for a snippet to show in a readable manner.
Other methods give an overview and details in just one
view using distortions [8, 12, 13]. These techniques are
called focus plus context visualizations and allow users
to view selected data samples in additional detail without
requiring a second window. For example, the Document
Lens application [13] visualizes all pages of a document.
The pages are laid out in rows around a focal area and the
user can zoom in on pages to make them readable using a
rectangular area, and pan to branch other pages into focus.
The pages not in focus are distorted to ﬁt the area outside
of the rectangular area. In other works [8, 12], a degree of
interest function is used to map screen space to each data
sample. The remaining samples share the rest of the screen
space. Therefore, the result is a distorted representation
according to the degree of interest. A taxonomy of such
distortion-oriented presentation techniques is given by Apperley [1].
For multiple views of the selected data samples, there
are several guidelines presented for design decisions addressing the layout and coordination mechanisms by Baldonado [2]. A taxonomy of linking techniques and coordination of multiple views is given by Shneiderman [16].

3

Protein Folding Simulation

In this section we will brieﬂy describe the underlying data. A protein is composed of unbranched chains
of amino acids connected by chemical bonds. There are
20 different possible amino acids occurring in arbitrary
number and sequence in different proteins. For biological processes, the spatial arrangement of this chain is of
equal importance as the chain itself since the spatial structure crucially determines the function of the protein. The
process of building or changing the spatial structure is
called protein folding. It is triggered by the free energy
associated with each structure. A stable structure has a
lower energy than all other structures that can be built by
changes due to thermal movement of the atoms in the molecule. Unfortunately, realistic simulations using all atoms
are far too expensive. A common coarse-graining method
are lattice-based protein folding simulations. In the HPmodel [10], amino acids are modeled as points sitting on
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a lattice and the bonds as edges combining neighboring
points. All amino acids are divided into two classes, a hydrophobic and a hydrophilic class since this distinction has
the strongest effect on the structure. The structure is described by a self-avoiding walk of the chain on the lattice
and the folding is modeled with a small set of basic transformations of these walks.
The Pinfold program, based on the algorithm presented in [7], is a rejection-less Monte Carlo method to
simulate the kinetic folding of lattice heteropolymers as
a homogeneous, continuous-time Markov chain using the
simpliﬁed HP-model [10]. Structures are represented as
strings of letters which correspond to relative moves on the
lattice. A variety of standard lattices are available in two
and three dimensions. The objective is to analyze the folding kinetics by means of exploring the energy landscape
at elementary step resolution. Here, elementary steps,
describing the transformation between different structures
correspond to pivot moves [17] (see Figure 1).

Figure 1: Transformation from one structure into another
by a pivot move (rotation around the red bead).
Within the Pinfold framework, pivot moves are particularly easy to implement, since they correspond to an
exchange by one letter to another one (point mutation) in
the relative move string. This coarse-graining is suitable
to simulate the kinetics of protein folding. Starting from a
given structure, Pinfold calculates an ensemble of folding trajectories, which are time series of structural changes
together with their energies (see Figure 2). From these, important characteristics and patterns of the folding process
can be extracted using the visualization tool presented here
which are otherwise hard to ﬁnd. Since a stochastic method
is used, thousands of simulations must be analyzed to get
statistically signiﬁcant results.

Figure 2: Sample trajectory of Pinfold with amino acid
chain (in HP-Model), start structure and table with
structures, free energy and elapsed time

Figure 3: The overview after loading the data

4

The Task

The output of Pinfold contains several thousand simulations and several hundred thousands of simulations
steps. These data sets are impossible to explore without
a visualization tool. Our task was to provide a tool that
allows to analyze the data and emphasize relationships in
the simulations. The hope is to uncover regularities which
help to understand the folding process. Another aspect is
to ﬁnd heuristics to stop simulations that would take too
long to ﬁnd a stop structure.

5

Overview Visualization

For the design of our visualization tool, we follow
the frequently quoted mantra by Ben Shneiderman [15]
”Overview ﬁrst, zoom and ﬁlter, details on demand.” After
the user has loaded the data we show an overview for a
better orientation. We use several views with global information over the simulations (see Figure 3). The view
(A) shows the date of the simulation, the name of the protein, the protein sequence, the start structure and the stop
stucture. View (B) displays the parameters chosen for the
simulations (e.g. the used lattice, energy model, number
of simulations, time, etc. ). In view (C) we show the population chart. This curve shows how many simulations out
of all simulations found the stop structure at a time. The
shape of the curve is interesting for the global behavior
of the simulations and can give some hints of metastable
structures that can occur in the folding from the start structure to the stop structure. The two views at the bottom of
Figure 3 show the distribution of speciﬁc energy values (D)
respectively certain structures (E). They allow to recognize
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structures or energy values which appear very often and
therefore could be interesting.

5.1

Filtering and Zooming

The next step according to Shneiderman’s mantra is to
provide the possibility to pick out some simulations for a
comparison or a more detailed exploration. Thus, we provide two views (see Figure 3 (F)-(G)) in which the user can
search for signiﬁcant features. The ﬁrst view (F) is a normal data table. Simulations are shown in rows and columns
display some characteristics (e.g. number of steps, duration, an indicator if the stop structure was found, energy
minimum and energy maximum). The second view (G)
is an energy map in which the energy of every simulation
step of every simulation is represented by a color. Blue colors indicate low energies and red colors indicate high energies. The simulations are sorted by their duration. Since
we are dealing with more than ten thousand simulation
steps and more than thousand simulations using scrolling
and zooming to discover this map would be very inappropriate. Therefore, we use a focus+context technique that is
based on the table lens by Rao [12]. This technique is useful to display an overview and details of the focus in just
one view. Like Rao we’re using two degrees of interest
functions, one for a horizontal focus and one for a vertical
focus. This method allows us to compare different simulations and different simulation steps at a glance (see Figure
4).

Figure 5: The multiple views

to a signiﬁcant ﬂickering if the energies differ a lot.

Figure 4: The energy map with focused simulations and
steps

5.2

Figure 6: The 3d viewer

Detail Views

After the user has chosen some simulations either in the
data table or in the energy map he can invoke more detailed
views that show different aspects of the data (see Figure 5).
This technique is often called multiple view technique. We
followed the guidelines of Baldonado [2] for the design of
multiple views. Because we are dealing with 3D structures
we have a 3d viewer that shows the structures (see Figure
6). In this viewer different color mappings are possible.
For example, one color mapping shows the amino acids
according to the used energy model (HP/HPNX). Another
one uses a mapping that emphasizes contact changes by
highlighting amino acids that formed a new contact (green)
or a lost contact (red). Another representation shows the
pivot point of the last transformation. The background of
the 3d viewer is colored according to the energy of the
structure so that a fast browsing through a simulation leads
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Also of special interest to biologists is the curve of
the energy in a simulation. Thus, a chart viewer showing the energy curves of selected simulations is very helpful to compare simulations according to energies of single steps. We are using a overview+detail technique where
two views are used. One view shows the complete energy
curve which is down sampled due to limit screen space.
The other view shows the curve in more detail for a snippet of the simulation. The snippet is indicated by a red
rectangle in the overview (see Figure 7).
Another very interesting aspect besides the energies are
the contacts or positions of the amino acids in the structure.
Therefore, a matrix viewer addresses the relationships between several amino acids (see Figure 8).

Figure 7: The energy curves (red rectangle shows snippet)

other and hence emphasizes parts that are very volatile. To
compare selected simulations based on the structures, we
provide a structure browser (see Figure 9). The structures
are shown in a string representation in which every character stands for a relative move on the lattice. So the structures are described like a path description. We allow different representations of these strings. The ﬁrst one shows
the structure as strings with different colors for the relative
moves and the second shows small colored bars for a relative move. The idea is to see patterns easier due to the
coloring. These patterns can highlight parts of the structures that don’t change very often and therefore seem to be
important to lead into a low energy. It is also possible to
align two simulations by a Needleman-Wunsch algorithm
[11] to compare them and analyze their similarities.
All our detail views are linked by navigational linking
so that picking out and clicking at one structure is passed
to all the other views and vice versa. So the 3d structure,
the belonging matrix and the position in the energy curve
is updated. The linking makes it easy to emphasize the relationships between the different aspects of a protein structure (e.g. looking at the structure of a interesting matrix or
point in the energy curves).
Figure 8: The matrix browser
This viewer shows different matrices depending on the
structure, e.g. a contact matrix indicating bondings between amino acids. In this matrix, contact patterns appearing very frequently stick out and indicate parts of the structure that are signiﬁcant in a simulation. Another choice
is the difference matrix between two adjacent simulation
steps. The idea is that large changes in the contact matrices can be found easily. It is also possible to look at the
positions of the amino acids in a distance matrix emphasizing patterns in their spatial relationships. The last matrix
that can be used to analyze the simulation steps is the variance of the distance matrix. This matrix provides hints at
parts of the structure that are stable in the positions to each
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6

Results

The ﬁrst result gained with our tool was the detection of
implementation errors in the simulation program causing
inconsistent data. The ﬁrst mistake was an error in the implementation of the face centered cubic lattice in which different letters for relative moves described the same structure. The second error caused simulations to terminate after just one simulation step was calculated.
The typical user scenario seems to be the following pattern. After a study of the overview (Figure 3) especially
the population chart (Figure 3(C)) and energy map (Figure
3(G)), the user looks for salient simulations with signiﬁcant energy patterns in the energy map. Using the table
lens technique and checking the color coding (Figure 4),
such salient simulations attract the user’s interest. The im-

Figure 9: The structure browser

mediate response is a look at the energies curves (Figure
7) and an activation of the 3D viewer (Figure 6). Since
the three-dimensional lattices are not all very intuitive, the
chemists and biologist in our team use the 3D viewer intensively to study the pivot moves and try to get an impression
of the changes. Due to the linked view concept, it is simple
to select high energy jumps in the simulation and to get an
immediate visible response of its structural meaning. After some time, the structure browser and the contact matrix
viewer (Figure 8) are used to get more structural information about the folding process. The intensive study of simulations is repeated quite often and has already provided
understanding of the simulated folding processes. We have
found common patterns in the contact matrices indicating
stable parts in the structure using the matrix browser. The
program is currently used to study more simulations runs
and we expect deeper biological results in the future.

[3] Bonnie Berger and Frank Thomson Leighton. Protein folding in
the hydrophobic-hydrophilic(HP) model is NP-complete. Journal
of Computational Biology, 5(1):27–40, 1998.

Conclusions

[9] Jamey Graham. The reader’s helper: A personalized document
reading environment. In CHI, pages 481–488, 1999.

We implemented a tool based on state of the art visualization techniques to support access to the Pinfold
output. It was shown that Shneiderman’s mantra is a
good guide for this kind of data. By implementing a focus+context technique to support ﬁltering of large data
sets, we guide the user to explore signiﬁcant simulations.
The revealing of relationships between spatial structures,
energies and patterns in simple matrices by the application of multiple views was also shown. The success of
our program so far is the revealing of simulation errors,
the access to the Pinfold output and the concentration
on signiﬁcant simulations. We are currently, in collaboration with the University of Vienna, waiting for biological
results based on our program.
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