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COllaborative Management Platform for detection and Analyses
of (Re-) emerging and foodborne outbreaks in Europe

Deliverable Description

Development and release of a new software tool, SpreaD3, for phylogeographic analysis, epidemiological
investigations and rapid risk assessment.

Model-based phylogenetic reconstructions increasingly consider spatial or phenotypic traits in conjunction with
sequence data to study evolutionary processes. Alongside parameter estimation, visualization of ancestral
reconstructions represents an integral part of these analyses. Here, we present a complete overhaul of the
spatial phylogenetic reconstruction of evolutionary dynamics software, now called SpreaD3 to emphasize the
use of data-driven documents, as an analysis and visualization package that primarily complements Bayesian
inference in BEAST. The integration of JavaScript D3 libraries offers novel interactive web-based visualization
capacities that are not restricted to spatial traits and extend to any discrete or continuously valued trait for any
organism of interest.

The full publication (Annex 2) and software are accessible at:
https://academic.oup.com/mbe/article/33/8/2167/2579258/SpreaD3-Interactive-Visualization-of

Figure. lllustrations of D3 visualizations in SpreaD3. ( a ) Different stages of phylogeographic history of Ebola
virus spread in western Africa under a discrete diffusion model. Tree branches are colored according to their
parental locations, and circular polygon area is proportional to the number of tree lineages maintaining that
location. ( b ) Antigenic drift dynamics of the influenza H3N2 inferred using a continuous diffusion model.
Polygons surrounding branches denote 50%, 75%, and 95% highest posterior density intervals, giving a glimpse
into the uncertainty of the inference.
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Annex I. Accessing the software

Compiled, runnable packages targeting all major platforms along with a tutorial and supplementary data are
hosted at http://rega.kuleuven.be/cev/ecv/software/SpreaD3. SpreaD3 is licensed under the GNU Lesser GPL and
its source code is freely available from its repository: https://github.com/phylogeography/SpreaD3.
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Annex II. SpreaD3: Interactive Visualization of
Spatiotemporal History and Trait Evolutionary Processes
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SpreaD3: Interactive Visualization of Spatiotemporal History
and Trait Evolutionary Processes

d,>** Andrew Rambaut,>® and

Filip Bielejec,”' Guy Baele," Bram Vrancken," Marc A. Suchar
Philippe Lemey'

'Department of Microbiology and Immunology, KU Leuven - University of Leuven, Rega Institute, Leuven, Belgium
’Department of Biomathematics, David Geffen School of Medicine, University of California, Los Angeles
>Department of Human Genetics, David Geffen School of Medicine, University of California, Los Angeles
“Department of Biostatistics, School of Public Health, University of California, Los Angeles

*Institute of Evolutionary Biology, University of Edinburgh, Ashworth Laboratories, Edinburgh, United Kingdom

®Centre for Immunity, Infection and Evolution, University of Edinburgh, Edinburgh, United Kingdom

*Corresponding author: E-mail: filip.bielejec@rega.kuleuven.be.
Associate editor: Sergei Kosakovsky Pond

Abstract

Model-based phylogenetic reconstructions increasingly consider spatial or phenotypic traits in conjunction with se-
quence data to study evolutionary processes. Alongside parameter estimation, visualization of ancestral reconstructions
represents an integral part of these analyses. Here, we present a complete overhaul of the spatial phylogenetic recon-
struction of evolutionary dynamics software, now called SpreaD3 to emphasize the use of data-driven documents, as an
analysis and visualization package that primarily complements Bayesian inference in BEAST (http://beast.bio.ed.ac.uk,
last accessed 9 May 2016). The integration of JavaScript D3 libraries (www.d3.org, last accessed 9 May 2016) offers novel
interactive web-based visualization capacities that are not restricted to spatial traits and extend to any discrete or
continuously valued trait for any organism of interest.

Key words: SpreaD3, SPREAD, BEAST, phylogenetics, phylogeography, Bayesian inference, visualization, Java,

JavaScript, D3, Google Earth, KML, software, JSON, GeoJSON.

Evolutionary reconstructions that integrate various sources of
information alongside sequence data are becoming increas-
ingly widespread in statistical phylogenetics. Phylogenetic dif-
fusion processes have been proposed to model the evolution
of both discrete and continuous traits without the need to
assume that the tree is known without error (Ronquist 2004;
Sanmartin et al. 2008; Lemey et al. 2009, 2010). For instance,
both MrBayes (Ronquist et al. 2012) and BEAST (Drummond
et al. 2012) offer the capacity to simultaneously infer se-
quence and trait evolutionary processes, with the latter fo-
cusing entirely on time-calibrated phylogenies. These
approaches have traditionally focused on spatial traits (e.g,
in the context of phylogeography or biogeography), and the
ability to infer spatiotemporal history has become particularly
popular in infectious disease research. Although trait evolu-
tion can be readily visualized by mapping characters to phy-
logenetic nodes, spatial phylogenetic processes are visualized
most explicitly by projecting trees in geographic space. This
motivated the development of the SPREAD software (Bielejec
et al. 2011), which was mostly used as a tool to convert a
summary tree or posterior set of trees with BEAST annota-
tions to Keyhole Markup Language (KML) for visualization
and animation of spatial diffusion through time in virtual
globe software such as Google Earth. Here we present
SpreaD3, an entirely new implementation of this software

that mainly serves two purposes: To enable modern and in-
teractive web-based visualization and to generalize this to any
phylogenetic trait history of interest.

Apart from a graphical user interface to set up the web-
based visualization, we also provide a command line interface
for easy scripting purposes. A typical SpreaD3 analysis pro-
ceeds in two steps: The first step consists in parsing and
analyzing the BEAST output in order to create a data file
conforming to Java Script Object Notation (JSON) format.
As with the previous version of the software, SpreaD3 can
process a summary tree, typically a “maximum clade credi-
bility tree,” with either discrete (fig. 1a) or continuous trait
annotations, a posterior distribution of trees with continuous
trait annotations, or a log file containing a posterior distribu-
tion of rate indicators from a Bayesian stochastic search var-
iable selection procedure. All the styling and display choices
are delegated to the second rendering step, which avoids the
need to reprocess the estimates when only a single element of
the visualization needs to be modified.

This rendering step maintains support for KML output,
but SpreaD3 is now also equipped with the capacity to create
in-browser visualizations facilitated by the data-driven
documents (D3; Bostock et al. 2011) JavaScript (JS) libraries.
During the rendering step, a background geographic map in
GeoJSON format (www.geojson.org) can be loaded, on which

© The Author 2016. Published by Oxford University Press on behalf of the Society for Molecular Biology and Evolution.
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Fic. 1. Examples of D3 visualizations in SpreaD3. (a) Different stages of phylogeographic history of Ebola virus spread in western Africa under a
discrete diffusion model. Tree branches are colored according to their parental locations, and circular polygon area is proportional to the number
of tree lineages maintaining that location. (b) Antigenic drift dynamics of the influenza H3N2 inferred using a continuous diffusion model.
Polygons surrounding branches denote 50%, 75%, and 95% highest posterior density intervals, giving a glimpse into the uncertainty of the

inference.

phylogeographic estimates can be overlaid (fig. 1a). However,
SpreaD3 can project trees in any arbitrary space, which allows
for example producing two-dimensional plots of influenza
antigenic evolution based on Bayesian multidimensional scal-
ing estimates (Bedford et al. 2014) (fig. 1b). Such plots
accommodate both mean estimates in continuous space as
well as their uncertainty. Using the same generic visualization
approach, any one-dimensional phenotypic trait evolving on
a tree can also be plotted as a function of time (for an ex-
ample, we refer to our online tutorial: http://regakuleuven.
be/cev/ecv/software/SpreaD3, last accessed 9 May 2016).
JSON files created by different analyses can also be merged
into a single visualization, allowing to combine any estimates
of interest.

SpreaD3 employs a set of JS scripts for D3 rendering and
creates a webpage in a user-specified location; the software
seamlessly integrates with the default browser by automati-
cally loading the visualization upon creation. In the browser,
the user has interactive control over different visualization
components based on the grammar of graphics (Wilkinson
2005; Wickham 2010). Visualization settings can be based on
the attributes associated with each component and color
choices are provided by ColorBrewer palettes (Harrower

and Brewer 2003). The temporal dimension can be controlled
by a time slider, and tree projections over time can be ani-
mated, paused, fast-forwarded, or re-winded. The in-browser
visualization encoded in a stand-alone HTML document can
be readily embedded in webpages, blogs, or social media and
can be viewed on mobile devices. We also envisage these
becoming interactive figures in online journals. Expert users
can further fine-tune visualizations using the built-in JS con-
sole in modern browsers.

Compiled, runnable packages targeting all major platforms
along with a tutorial and supplementary data are hosted at
http://rega.kuleuven.be/cev/ecv/software/SpreaD3, last
accessed 9 May 2016. SpreaD3 is licensed under the GNU
Lesser GPL and its source code is freely available from its
repository: https://github.com/phylogeography/SpreaD3, last
accessed 9 May 2016.
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