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Abstract

Haplotype networks are commonly used for representing associations between sequences, yet there is currently no

straightforward way to create optimal layouts. Automated optimal layouts are particularly useful not only because of the

time-saving element but also because they avoid both human error and human-induced biases in the presentation of fig-

ures. HapStar directly uses the network connection output data generated from Arlequin (or a simple user-generated input
file) and uses a force-directed algorithm to automatically lay out the network for easy visualization. In addition, this pro-
gram is able to use the alternative connections generated by Arlequin to create a minimum spanning tree. HapStar provides

a straightforward user-friendly interface, and publication-ready figures can be exported simply. HapStar is freely available
(under a GPLv3 licence) for download for MacOSX, UNIX and Windows, at http:/fo.am/hapstar.
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Introduction

Haplotype networks are commonly used as a method of
visualizing differences between sequence data. Net-
works often more clearly represent these relationships
than tree-formats, in part because they do not limit the
connections to the linear, bifurcating mode of visualiza-
tion that is used for trees (Posada & Crandall 2001).
Networks also have a major advantage over trees in that
they show the number of base-pair changes between
sequences.

Arlequin is widely used freely available software for
population genetics data analysis (Schneider et al. 2000),
which can be used to identify haplotypes, and output
connection distances between haplotypes. Alternative
possible connections are also listed by Arlequin if the
minimum spanning network option is chosen, although
caution must be applied when using this option as con-
nections are only generated among sampled haplotypes,
without the possibility of inferring a missing haplotype
node of degree three or above. At present, connection
information from Arlequin can be imported into Tree-
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View and visualized in a tree format (Page 1996), but to
the best of our knowledge no software exists to view the
data output as a network. Currently, the most widely
used network software is TCS (Clement et al. 2000),
which generates network connections from sequence
data and shows the network in a viewing window. How-
ever, the networks generated are not always easy to deci-
pher as there is no automatic-layout function and there is
limited space in the viewing browser; haplotypes are fre-
quently stacked on top of each other, and the manual
states that the user will need to manually move them to
achieve a desired layout. Sophisticated software called
‘Network” (Fluxus-Engineering 1999-2009) is available
for developing networks but again has no function for
automatic layout and is very complicated to use, render-
ing it un-accessible to many users. Minspnet is software
that can calculate a minimum spanning network from a
distance matrix (Excoffier & Smouse 1994); however, the
output generated is simply the connections between the
haplotypes.

There is a clear need for a straightforward program to
automatically draw and lay out standard haplotype
networks. As no software is currently available to
adequately draw such networks, many authors draw
these out manually, potentially introducing human error.
Furthermore, by manually drawing networks, an element
of decision making can take place as to how best to lay
out the network; this can lead to figures that artificially
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emphasize aspects of the network (for example artifi-
cially centralizing a certain haplotype within the figure).
The lack of automatic network lay-out is also becoming
increasingly problematic as technology is advancing and
allowing much larger data sets to be produced, and we
are now at the stage where it is becoming unfeasible to
manually lay-out such networks.

Program description

HapStar is written in Python and as such requires the
prior installation of the latest version of Python on the
computer on which it is being used (free to download;
http://python.org/download). HapStar is free to down-
load (under a GPLv3 licence) for MacOSX, UNIX and
Windows, at http://fo.am/hapstar. The download
includes a comprehensive user guide (‘Readme’ file) and
several example input files. HapStar has been developed
to read standard Arlequin output files in the form of con-
nection data, which can be directly copied and pasted
into a whitespace (space or tab), delimited text file. How-
ever, the input file is simple and easy to create (a list of
haplotype pairs plus connection lengths) and so network
connections generated by any other program can also be
used. HapStar can also generate a minimum spanning
tree (a network that connects all haplotypes in a single
graph without cycles) if alternative connections are pro-
vided in the input file. A tick-box option is available to
switch between a standard network and a minimum
spanning tree. Minimum spanning trees are calculated
using Prim’s Algorithm (Prim 1957). If two connection
routes are of equal length, this algorithm will choose arbi-
trarily but consistently which route to keep. Caution
should be applied when using this option, as this will
only produce one possible minimum spanning tree
rather than all potential trees.

HapStar has a single viewing window in which the
input file can be loaded through a ‘Load” button and
standard file viewing system. Several example input files
are provided with the download. Once loaded, the start-
ing network appears in the viewer. Clicking on “Run”
starts the process of optimizing the layout, and the
process can be stopped and started by toggling the ‘Run’
button. The program uses a force directed algorithm, also
known as a spring model, which essentially repels the
disconnected nodes of the branches while attracting the
connected ones until they reach an optimal format (Di
Battista ef al. 1998). The links between nodes are repre-
sented as springs which constrain the node positions; the
model is run for successive iterations, and as it does so
the positions gradually relax into an optimal state given
the lengths of the connections between them. This results
in a better graph for viewing and understanding the
network or tree.

Branch lengths are fixed (within slight flexibility to
allow the force-directed algorithm to function) so that
they are representative of the relative genetic distances.
Black dots along the branches represent a ‘missing haplo-
type’ that was not included in the sample. Occasionally
long branches can overlap, but if the optimization is tem-
porarily stopped, the user is able to adjust such a branch
by dragging it within the viewer — the optimization can
then be re-started from this new position. The radius of
the node circles and the text size can be individually con-
trolled for the whole network to make it easier to view.
Some larger networks can suffer from oscillation of the
nodes when running, but this can be stopped using the
‘Speed’ slider to reduce the amount of force the algorithm
uses. The ‘Speed’ slider is the only user-defined parame-
ter that affects the layout optimization directly — lower
speeds are better for large and complex networks with
many nodes, whilst higher speeds achieve a faster opti-
mization for small or straightforward networks. The
speed can be adjusted while the optimization is running,
and the effect is clearly visible to the user. The longer the
algorithm is left to run, the better the result will be; the
majority of networks will be at a near-optimal layout
within two minutes.

The image can be zoomed in or out with the + and -
buttons, which means that the whole network can be
viewed in the window regardless of how big the network
is, the window itself can also be re-scaled. The radius of
the nodes and the text size within the nodes can be
altered directly. The network image can be dragged
around the viewing screen with the left mouse button if
the user wants to focus on a particular area. Once the
user is happy with the layout, the final image can be
exported as an SVG file (see Fig. 1 for an example net-
work output). If further editing of the image is required,

Fig.1 A network exported directly from HapStar, with no
additional editing. This can be recreated using the ‘example.txt’
test input file provided with the download.
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for example the addition of colour or text, then SVG files
are the most easily manipulated and this can be
performed using software such as InkScape (free
open-source SVG graphics editor; Bah 2007). HapStar
also allows export of the networks in a form (DOT) that
can be read by GraphViz (Gansner & North 2000), an
open-source graph visualization toolkit.
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