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Abstract 9 

The first step of many population genetic studies is the simple visualization of allele frequencies 10 

on a landscape. This basic data exploration can be challenging without proprietary software, and the 11 

manual plotting of data is cumbersome and unfeasible at large sample sizes. I present an open source, 12 

web based program that plots any kind of frequency or count data as pie charts in Google Maps (Google 13 

Inc., Mountain View, CA). Pie polygons are then exportable to Google Earth (Google Inc., Mountain View, 14 

CA), a free Geographic Information Systems (GIS) platform. Import of genetic data into Google Earth 15 

allows phylogeographers access to a wealth of spatial information layers integral to forming hypotheses 16 

and understanding patterns in the data. 17 
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Introduction 18 

Studies of glacial refugia, migration corridors, and population demographic histories often rely 19 

on the spatial distribution of genetic variation. The starting point of many of these analyses is the spatial 20 

visualization of allele frequencies on the landscape (e.g. Hird & Sullivan 2009; McLachlan et al. 2005; Tsai 21 

& Manos 2010). This simple form of phylogeographic analysis is surprisingly cumbersome without 22 

proprietary software packages such as ArcGIS (ESRI Inc., Redlands, CA), and maps are often created by 23 

positioning pie charts by hand using computer graphics software. This manual procedure becomes 24 

unfeasible with larger datasets and greatly limits data exploration. To facilitate visualization and 25 

exploration of spatial genetic data, I present an open-source program that plots genetic frequency 26 

information as pie charts rendered in freely available Google Maps (Google Inc., Mountain View, CA) and 27 

Google Earth (Google Inc., Mountain View, CA). Furthermore, this program can plot not only haplotype 28 

information, but any frequency data with a geographic component – with potential applications to 29 

mapping phenotypic data, epidemiological uses, and even plotting spatial data in the social or political 30 

sciences. 31 

Program overview 32 

The program PhyloGeoViz draws pie charts showing the frequency of alleles (or each category) at 33 

each locality. The size of each chart is proportional to the number of samples in that population. Pie 34 

charts are geo-located and rendered via Google Maps, and the generated visualization can be exported 35 

as a KML file compatible with Google Earth. Data are inputted via a web form and plotted using random 36 

colors in Google Maps. Users can then manipulate a number of display characteristics including polygon 37 

colors, outlines, and sizes to create their figures. In the case of collisions or overlapping pies, individual 38 
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charts can be repositioned through a drag and drop interface. PhyloGeoViz works in Firefox v.3.6.8 39 

(Mozilla, Mountain View, CA) and has limited functionality in other browsers.  40 

PhyloGeoViz can visualize many types of data 41 

Most commonly, PhyloGeoViz users are interested in exploring the distribution of genetic data 42 

on a landscape. This data can consist of sequenced markers, such as chloroplast DNA (cpDNA), 43 

mitochondrial DNA (mtDNA), or low copy nuclear genes. For example, McLachlan et al. sequenced 44 

cpDNA of the American beech tree, Fagus grandifolia, to locate glacial refugia (2005). Because of the 45 

restricted distributions of several haplotypes to north-central regions (Fig 1A; yellow and orange 46 

haplotypes), the authors argued for the existence of a refuge at mid-latitudes (McLachlan et al. 2005).  47 

In addition to sequence information, PhyloGeoViz can plot genetic data based on length 48 

variation, such as microsatellites or amplified fragment length polymorphisms (AFLP’s). Allelic 49 

distributions can be plotted locus by locus, or than can be summarized across loci. Numerous summary 50 

methods have been developed including assignment tests (Corander & Marttinen 2006; Pritchard et al. 51 

2000) or a variety of summary statistics (e.g. allelic richness, amount of endemism, etc.). These data can 52 

be used to understand post-glacial history, levels of introgression, etc. For example, plotted in Fig 1B are 53 

the results of a hybrid zone analysis between two red-tailed chipmunk subspecies (Tamias ruficaudus 54 

simulans and T. r. ruficaudus) (Hird & Sullivan 2009).  An admixture analysis based on 10 nuclear 55 

microsatellite loci found 3 genotypic clusters.  The purple cluster corresponds with the morphological 56 

subspecies T. r. simulans, while the yellow cluster matches individuals that are morphologically T. r. 57 

ruficaudus (Hird & Sullivan 2009). The green cluster defines the hybrid zone; these individuals were 58 

morphologically similar to T. r. simulans but carry T. r. ruficaudus mtDNA, and at nuclear loci their 59 

genotypes form a differentiated and distinct cluster (Hird & Sullivan 2009). By spatially plotting this data, 60 
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the authors were able to confirm strong nuclear differentiation across the Lochsa River hybrid zone 61 

which led to further analyses of hybridization rates and divergence times between the subspecies (Hird & 62 

Sullivan 2009).  63 

Beyond genetic data, PhyloGeoViz can also be used to visualize phenotypic data. PhyloGeoViz 64 

accepts categorical data of any kind, so discrete phenotypes can easily be plotted (e.g. color morphs, 65 

presence or absence characters), and continuous data must first be binned. For example, the wood frog, 66 

Rana sylvatica, has highly variable tail lengths between populations that are possibly due to differences 67 

in canopy cover or the amount of habitat fragmentation (Zellmer 2010). Most populations within more 68 

pristine forest tracts exhibit longer tails, such as in the hilly, lake filled area within the terminal moraine 69 

of southeastern Michigan (Fig 1C). In contrast, populations outside of the moraine in habitats that have 70 

been severely impacted by agricultural fields have smaller tails (Fig 1C).  71 

Because PhyloGeoViz can display pies of different sizes, the program can also be used to plot 72 

single category count information. For example, for epidemiological studies it may be useful to track the 73 

incidence rates of diseases. The pies in PhyloGeoViz can be scaled by incidence rate into three tiers (high, 74 

medium, and low). For instance, case numbers of Lyme disease per 100,000 people are plotted for each 75 

county in New York (Fig 1D), showing a high aggregation of cases in the southeast portion of the state 76 

outside of New York City (NYSDOH Bureau of Communicable Disease Control [Lyme disease]).  77 

In addition to generating pie polygons, PhyloGeoViz can show only flags marking sampling 78 

localities. This provides an easy way to generate a map of sites useful for designing or assessing sampling 79 

schemes.  80 
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Integration with Google Earth: A powerful tool for exploratory analyses 81 

 Through PhyloGeoViz’s ability to export as KML, the user’s genetic or other categorical data can 82 

be viewed within the Geographic Information Systems (GIS) framework of Google Earth. This allows the 83 

user access to the many editing functions of Google Earth as well as the tremendous availability of spatial 84 

information layers. For example, the user can simultaneously plot topography information, political 85 

boundaries, and other GIS map layers alongside the genetic data, which is helpful in forming hypotheses 86 

or exploring patterns in the data. Google Earth has boundary information built-in like political 87 

boundaries, park limits, and road locations. Beyond basic boundary and satellite information, historical 88 

satellite imagery is also available which likely will be of incredible value to conservation biologists 89 

interested in land use change, landscape fragmentation effects, etc. For example, you can follow the 90 

construction of “The World” archipelago in Dubai and the deforestation of the Amazon since 1975 (see 91 

http://www.gearthblog.com/blog/archives/2009/03/google_earth_historical_imagery_upd.html for a 92 

tour). In addition to the free data layers, Google Earth Pro users have access to US human demographic 93 

data, which can be useful for studying human mitigated environmental effects.  94 

 In addition to the data layers accessible within the basic installation of Google Earth, many 95 

agencies and groups have made their data publicly available and viewable on this platform. For example, 96 

the United States Geological Survey (USGS) has made their extensive Elevation Derivatives for National 97 

Application (EDNA) database (http://edna.usgs.gov/watersheds/) available with maps of elevation, land 98 

cover, human population, and hydrology. The GPS Visualizer 99 

(http://www.gpsvisualizer.com/kml_overlay) is also a good resource for high quality satellite images, 100 

simplified map overlays with political boundaries, and topographic maps. Species occurrence data can be 101 

downloaded directly from the Global Biodiversity Information Facility (GBIF) 102 

(http://data.gbif.org/welcome.htm). Furthermore, many user-generated resources are also available. For 103 
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example, Nature mined avian-flu outbreak data, recompiled it and displayed it in Google Earth (Butler 104 

2006a).  105 

 While Google Earth can be an invaluable free GIS tool that can easily display map information 106 

(Butler 2006b), it does not have the computational functionality of other full GIS platforms. For example, 107 

Google Earth is unable to manipulate, project, model, or otherwise extract data from map layers; for 108 

those purposes, I suggest using a more extensive GIS platform like ArcGIS or DIVA-GIS (http://www.diva-109 

gis.org). Scientists should also be cognizant of how to ethically use any virtual globe technology and the 110 

resulting visualizations (Sheppard & Cizek 2009). Because of the appearance of realism and visual appeal 111 

from high-resolution satellite imagery, scientists and lay members of the public can be mislead as to the 112 

accuracy or precision of the actual data and by non-neutral framing of the conclusions (Sheppard & Cizek 113 

2009). Best practices should include making the underlying datasets available and documenting 114 

assumptions and error rates rigorously.  115 

Other GIS tools of interest to phylogeographers are ZooPhy (Scotch et al. 2010) and 116 

Geophylobuilder (Kidd & Liu 2008). ZooPhy is a more comprehensive phylogeography visualization tool 117 

that takes Genbank sequence information, constructs phylogenies, then geolocates the data to follow 118 

the evolution of zoonotic diseases (Scotch et al. 2010). Geophylobuilder also displays a phylogenetic tree 119 

against a spatial map background but accepts as input a user-defined phylogeny and sampling locality 120 

information (Kidd & Liu 2008). The tree tips are associated with a particular locality or land feature, and 121 

the phylogeny rises along the altitudinal axis. These tools are complementary to the services provided by 122 

PhyloGeoViz. Via PhyloGeoViz, the user can quickly and easily generate a visualization of allelic 123 

information; for more extensive analyses requiring tree-building, etc., users are encouraged to seek out 124 

or develop other tools. 125 

Page 7 of 18 Molecular Ecology Resources

http://www.diva-gis.org/
http://www.diva-gis.org/


For Review
 O

nly

8 

 

Example phylogeographic exploration using PhyloGeoViz and Google Earth 126 

 Data for this example is from Tsai and Manos’ study of the post-glacial migration patterns of the 127 

parasitic plant, Epifagus virginiana (2010). This genetic dataset consists of two cpDNA loci and 9 nuclear 128 

microsatellites. To better understand the overall signal across loci, Tsai and Manos assigned genotypes to 129 

20 cluster groups before visualization in PhyloGeoViz (2010).  130 

Data are input into PhyloGeoViz in a population by category, tab delimited matrix with latitude 131 

and longitude indicated for each locality (see Supporting Information for the Epifagus example input file). 132 

Run times are typically sub-10 seconds for a 100 locality dataset. The produced map (Fig 2A) has many of 133 

the features of standard Google Maps such as road and satellite terrain layers and pan and zoom 134 

capabilities. The map dimensions can be resized to help the user take appropriate screenshots. 135 

In cases where there are too many alleles to visualize effectively (e.g. >20 categories), alleles can 136 

be grouped resulting in a simplified presentation. For instance, if a dataset has 80 haplotypes shared 137 

among populations, it would be difficult to assign 80 visually distinct colors. To address this issue, 138 

PhyloGeoViz allows haplotypes to be optionally grouped into categories that are displayed with the same 139 

color. These groups are user defined and could be based on any factor (e.g. geographic location, 140 

frequency, or genetic relatedness). In this example, the 20 cluster groups of Epifagus genotypes were 141 

treated as “alleles” and assigned 20 unique colors. However, colors were carefully chosen to reflect the 142 

relationship between cluster groups according to a cluster group phenogram (Tsai & Manos 2010). For 143 

example, the light, medium, and dark blue clusters are all closely related while being distantly related to 144 

the magenta cluster.  145 

The georeferenced data from PhyloGeoViz can then be exported to Google Earth. In addition to 146 

the pie polygons, the exported file contains a folder of placemarks that holds locality information. These 147 

placemarks can be viewed with (Fig 2B) or without the pie polygons. The pie polygons are arranged in 148 
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folders according to the user-specified allelic group followed by allele, so that it’s straightforward to 149 

recolor or manipulate all wedges of a group or allele. Also, the file structure can be extensively altered 150 

through Google Earth’s editing functions.  151 

 Now that the data are browseable within Google Earth, users are likely interested in the 152 

relationships between the genetic data and other map layers. For example, in other North American 153 

taxa, rivers such as the Mississippi, Tombigbee, and Apalachicola have appeared to structure genetic 154 

variation (Soltis et al. 2006). Hydrological layers are available via the EDNA database, and large rivers 155 

with >100 m
3
/s flow capacities can be plotted alongside the genetic data (Fig 2C). Upon visual inspection, 156 

the Mississippi river is not a very effective barrier to gene flow, because the pink genotypic cluster 157 

appears on multiple sides of the river. However, the case is less clear when considering the restricted 158 

distributions of the yellow, orange, and red genetic clusters in the Tombigbee and Apalachicola 159 

watersheds. While these visual analyses are not sufficient to reject the hypothesis of riparian barriers in 160 

this system, it does suggest further inquiry would be fruitful. While alone PhyloGeoViz is an incomplete 161 

phylogeographic analysis tool, it allows for easy data exploration and can help the user decide what 162 

further analyses to perform.  It should be used in conjunction with other phylogeographic tools. 163 

 The underlying satellite imagery or other background map layers can also be freely exchanged 164 

via the use of Google Earth overlays. For example, to make a publication-quality figure with a simplified 165 

background map (Fig 2D): 1) download the “US: simple state outlines” overlay from GPS Visualizer, 2) 166 

replace some of the colors in the overlay using a graphics editor, and 3) import the map layer into Google 167 

Earth as a map overlay. Other useful, downloadable overlays are shown as backgrounds in Figs 1 and 2. 168 

Google Earth allows the user to save maps as KML files or as raster images (*.jpg format only). For 169 

smaller images, the free version of Google Earth is sufficient, but to produce high resolution, large figures 170 

an upgraded “Pro” version is necessary.  171 
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Program availability 172 

PhyloGeoViz is available with a sample dataset and user manual at http://phylogeoviz.org. 173 

Source code is accessible at http://code.google.com/p/phylogeoviz/.  174 

PhyloGeoViz is open source with a GNU General Public License. It has been integrated with 175 

GBrowse v.2 (http://search.cpan.org/~lds/GBrowse-2.13/cgi-bin/gbrowse_gmap), a genome browser 176 

(Stein et al. 2002).  177 
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Figure legends 220 

Figure 1: Examples of data plotted using PhyloGeoViz and Google Earth (© 2010 Google). (A) cpDNA 221 

haplotypes of Fagus grandifolia (American beech); redrawn from McLachlan et al. (2005). Colors are 222 

assigned by haplotype group. The background consists of default satellite images © 2010 TerraMetrics, 223 

USDA Farm Service Agency, Cnes/Spot Image, Data SIO, NOAA, U.S. Navy, NGA, GEBCO. (B) Coancestry 224 

coefficients of Tamias ruficaudus (red-tailed chipmunks) show the location of a hybrid zone along the 225 

Lochsa River (L) in Idaho/Montana; redrawn from Hird and Sullivan (2009). Colors correspond with 3 226 

microsatellite clusters. Major streams (>10 m
3
/s) are in dark blue. (C) Tail length varies spatially in Rana 227 

sylvatica (wood frog) in southeastern Michigan (Zellmer 2010). Colors are by quartile; dark blue = largest, 228 

bright red = smallest. Oval shows populations in pristine, unfragmented habitat. (D) Incidence of Lyme 229 

disease in New York state (NYSDOH Bureau of Communicable Disease Control [Lyme disease]). Pie sizes 230 

and colors are scaled by incidence rates per 100,000 people; black, < 3.85; grey, between 3.85 and 20.7; 231 

white, >20.7. Background layers in (B), (C), and (D) are respectively the “Demis USA higher-res relief 232 

map”, “World Landsat colorized”, and “US simple county outlines”, downloadable via GPS Visualizer.  233 

 234 

Figure 2: Example of a multi-locus phylogeographic analysis using PhyloGeoViz of the parasitic plant, 235 

Epifagus virginiana. Data redrawn from Tsai and Manos (2010). (A) Microsatellite clusters visualized in 236 

Google Maps (© 2010 Google, Imagery ©2010 TerraMetrics). (B) Exported data to Google Earth (© 2010 237 

Google) showing population locality flags. (C) The location of major waterways (>100 m
3
/s) shown in 238 

white. The background in (B) and (C) is the “Blue Marble true-color earth” overlay downloaded via GPS 239 

Visualizer. (D) Publication quality PhyloGeoViz figure with user generated background overlay.  240 
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Example of a multi-locus phylogeographic analysis using PhyloGeoViz of the parasitic plant, Epifagus 
virginiana. Data redrawn from Tsai and Manos (2010). (A) Microsatellite clusters visualized in 

Google Maps (© 2010 Google, Imagery ©2010 TerraMetrics). (B) Exported data to Google Earth (© 
2010 Google) showing population locality flags. (C) The location of major waterways (>100 m3/s) 
shown in white. The background in (B) and (C) is the “Blue Marble true-color earth” overlay 

downloaded via GPS Visualizer. (D) Publication quality PhyloGeoViz figure with user generated 
background overlay.  
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shown in white. The background in (B) and (C) is the “Blue Marble true-color earth” overlay 

downloaded via GPS Visualizer. (D) Publication quality PhyloGeoViz figure with user generated 
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