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Venn diagrams are graphical representations of the relationships among multiple sets of
objects and are often used to illustrate similarities and differences amongst genomic and
proteomic datasets. All currently existing tools for producing Venn diagrams evince one of
two traits; they require expertise in specific statistical software packages (such as R), or lack
the flexibility required to produce publication-quality figures. We describe a simple tool that
addresses both shortcomings, Venn Diagram Interactive Software (VennDIS), a JavaFX-
based solution for producing highly customizable, publication-quality Venn and Euler
diagrams of up to 5 sets. The strengths of VennDIS are its simple graphical user interface and
its large array of customization options, including the ability to modify attributes such as
font, style and position of the labels, background color, size of the circle/ellipse and outline
color. It is platform independent and provides real-time visualization of figure modifications.
The created figures can be saved as XML files for future modification or exported as high-

resolution images for direct use in publications.
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Venn diagrams [1] are used extensively in proteomics and genomics to visualize intersections
and complements across multiple experiments or datasets. Euler diagrams are an alternative
way to display relationships amongst biological data, where empty intersections and
complements are not displayed and subsets are positioned inside the superset. Currently
existing software packages or online tools can be broadly divided into two categories. First,
there are R-based tools such as the VennDiagram [2], gplots, limma [3-5], gplots:venn [6] and

venneuler [7] packages. These tools provide broad capabilities, but require users with
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knowledge of the R programming language [8]. A number of web-based tools have also been
developed, including VENNY [9], BioVenn [10] VennMaster [11], Google chart [12],
GeneVenn [13], Venn Diagram Plotter [14] and eulerAPE [15]. These are user-friendlier, but
have limited customization options to produce publication quality figures (see Supplemental
Table 1 for a detailed comparison). We introduce a new software package, VennDIS (Venn
Diagram Interactive Software), which produces highly customizable, publication quality

Venn and Euler figures with a simple and intuitive graphical user interface.

VennDIS is a platform-independent open source software written in Java, using the JavaFX
software platform, which is included within the standard JDK 1.8 and JRE 1.8 bundles (Java

Runtime Environment; http://www.oracle.com/technetwork/java/). Java was chosen as it is

open-source; enabling developers to design, create and deploy rich client applications that
can be deployed across a wide variety of operating systems such as Windows, Mac OS X and
Linux. VennDIS is simple to install and easy to use. The interface was designed to create
intuitive access to a wide range of customization features, such as background color and
transparency, font size and style, circle/ellipse size and border color, style and weight.
Parameter modifications are instantly presented in the diagram preview panel. In the case of
2-way Venn and Euler diagrams the circle size and the overlap is area proportional (i.e. size
of the circles and overlap are calculated proportional to the input list). Following
visualization of each diagram users have the option to manually change the circle size and
overlap to enhance visualization of diagrams with largely different circle sizes. For 3-way
Venn and Euler diagrams the graphics are size-proportional but not overlap-proportional. As
described above, the user can manually change circle sizes. For more complex 4- and 5-way
Venn diagrams the ellipse size is kept constant. VennDIS supports several types of data input,

such as simple lists, excel style tables, and pre-calculated values for overlaps and differences.
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Since VennDIS was created with proteomics data in mind, MaxQuant output tables [16] can
be uploaded and the appropriate columns selected for graphical display. Based on the user
input, VennDIS analyzes the data and instantaneously offers the user suitable diagram
options. Created diagrams can be saved in XML format for future modification, exported as
high-resolution bitmap images in a variety of formats (i.e. SVG, PNG, JPG or BMP). The
current version of VennDIS supports four different types of Venn diagrams shown in Figure
1A and a total of 58 Euler diagrams, of which 12 are shown on Figure 1B. Initiating
VennDIS takes users to the main window, which contains a toolbar (top left corner). Here,
users can start the creation of a new diagram, open a previously saved diagram or save and
export generated Venn or Euler diagrams. On the right hand side of the start window a “help
button” displays a brief step-by-step user guide of the main software functions (see
Supplemental Document 1 for more details). By clicking on the “new” Venn or Euler
diagram button, a data input window will appear. Currently VennDIS supports three different
ways to import data, which can be selected from a right-hand menu in the input window by
selecting the desired icon (Figure 2A-C). The default input for VennDIS is “Lists” (Figure
2A). This method enables user to submit lists of various identifiers for one or more datasets
by copying and pasting the respective identifiers into the individual dataset boxes. The
identifiers are matched and appropriate diagram options are displayed as icons on the lower
left-hand corner. Individual datasets can either be named at this stage or later in the main
diagram interface. Another type of data input are “Tables”, where tab delimited text files can
be uploaded or copy/pasted from the clipboard, selected through a tab at the top left-hand
corner of the input window. One specific proteomics centric option that we have implemented
is the direct import of MaxQuant tables, followed by the selection of specific columns for
graphical display (Figure 2B). Imported tables are considered binary data and any value

within a sample column considers the matching identifier present, while zero or absent values
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consider the identifier not present (Figure 2B). Finally, a value-based data input option is
also available (Figure 2C). Here, users can manually add pre-calculated numerical values for
the intersections and complements of chosen Venn or Euler diagrams. Regardless of the
chosen data input format, the most likely variations of resulting Venn or Euler diagrams are
instantly calculated and displayed as icons on the bottom left-hand corner of the input
window (Figure 2A-C). The diagram option button returns the user to the main window of
VennDIS. Here users have additional customizations options prior to saving or exporting the

diagram as an image.

In the main window, which is shown in Figure 3A, a default version of the selected Venn or
Euler diagram is displayed on the right-hand side. Located on the left-hand side of the main
window are a variety of customization tabs. Through these tabs users can modify a wide
range of diagram properties. Customization options for the B&O (Background and Overlaps)
tab are shown on the left-hand side of the main window (Figure 3A) and include background
color, transparency, font size and style and color of the values displayed in the Venn/Euler
diagrams. Slightly different sets of customization options are available through the “Ellipse”
tabs (Figure 3B). These include size, color, transparency and z-order of ellipses, fill and
stroke, as well as font size, style and color of the labels. After the desired customization is
complete the Venn or Euler diagram can be saved as XML format for future modifications.
Bitmap images of customized diagrams with different user adjustable levels of resolution can
be generated though the “Export” tab in the main dialog window (Figure 3C). After selection
of the required resolution the diagram can be saved in three different image formats (PNG,
JPG or BMP) or as Scalable Vector Graphics (SVG) for future modification in a vector

graphics editor.
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In summary, although a wide array of tools exist that enable users to display the differences
and overlaps of genomics and proteomics data in the form of Venn or Euler diagrams, these
tools require either knowledge of specific programming languages or lack display and/or
customization options [2-7, 9-15]. To overcome these limitations we have developed
VennDIS, a user-friendly program with an intuitive interface. Currently VennDIS supports 62
types of Venn and Euler diagrams (see Supplemental Table 2 for details). VennDIS runs on
most modern operating systems and is open source, enabling developers to add additional
functionalities if required. The tool enables a variety of user-friendly customizations,
including input types and saving options. Importantly, once data has been entered, VennDIS
automatically determines the most suitable Venn or Euler diagrams while automatically
adjusting the ellipse and circle sizes. Real-time feedback on graphical changes is given in the
main diagram window. VennDIS (including the source code) is available for download from

our lab web page (http:/kislingerlab.uhnres.utoronto.ca/projects/VennDIS v1.0.1.zip) and

requires installation of Java Runtime Environment 1.8 or higher, which is freely available

from the Oracle website (http://www.oracle.com/technetwork/java).
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Figure 1. A) Examples of customized two, three, four and five way Venn diagrams. B)
Examples of 12 out of 58 Euler diagrams available in \VennDIS.
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Figure 2. A) Data input in the form of a “list”. B) Data input in the form of a “table” (a
MaxQuant table is shown as example). C) Data input in the form of pre-calculated “values”.
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Figure 3. A) VennDIS main window with customization panel for B&O (Background and
Overlaps) tab on the right and rendered diagram preview on the left. B) Customization panel
for “Ellipse” tabs. C) Export image window for customized diagram.
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