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Abstract

Venn diagrams are widely used tools for graphical depiction of the unions, intersections and distinctions among multiple
datasets, and a large number of programs have been developed to generate Venn diagrams for applications in various
research areas. However, a comprehensive review comparing these tools has not been previously performed. In this review,
we collect Venn diagram generators (i.e. tools for visualizing the relationships of input lists within a Venn diagram) and
Venn diagram application tools (i.e. tools for analyzing the relationships between biological data and visualizing them in a
Venn diagram) to compare their functional capacity as follows: ability to generate high-quality diagrams; maximum
datasets handled by each program; input data formats; output diagram styles and image output formats. We also evaluate
the picture beautification parameters of the Venn diagram generators in terms of the graphical layout and briefly describe
the functional characteristics of the most popular Venn diagram application tools. Finally, we discuss the challenges in
improving Venn diagram application tools and provide a perspective on Venn diagram applications in bioinformatics. Our
aim is to assist users in selecting suitable tools for analyzing and visualizing user-defined datasets.
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Background

Massive amounts of data are frequently generated with tech-
nology improvement, which leads to increasingly complex data
relationships. Understanding the relationships between differ-
ent datasets is vitally important for data analysis, and the use of
suitable visualization methods is especially important for clar-
ifying established relationships. One of the simplest and most
effective ways to illustrate these relationships is by generating
a Venn diagram, which was first proposed in 1880 by John Venn
[1]. A typical Venn diagram uses overlapping circles to illustrate
the intersections, differences and unions between datasets. For
example, one of the most basic Venn diagrams has three circles
[2,3] and is used to visualize the overlaps between three datasets
(Figure 1). Intersections between sets are represented in the
overlapping portions of the circles, differences are shown in the

non-overlapping portions of the circles and unions are repre-
sented by the data in both or all three circles.

In bioinformatics, Venn diagrams enable researchers to
quickly observe the information between experiments, condi-
tions and groups to explore the relationships between datasets
[4-8]. With the advancement of sequencing technology, such as
genomics, transcriptomics and proteomics have been widely
used in enormous biological studies to unearth core gene sets.
After obtaining the gene list from different omics, Venn diagrams
are often used to display the shared or unique genes among
these gene lists [9-11]. To collect the most widely used Venn
diagram tools to date, we used ‘Venn diagram’ as the keyword
to search in the Google Scholar engine, and a total of 149 000
results were retrieved as of 23rd November 2020. More than
75% of these results are related to biology based on the search
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Figure 1. Typical Venn diagram. It consists of three regular circles, each of which
represents a dataset. This diagram was drawn using PowerPoint.

using the keyword ‘Venn diagram biology’. To date, many tools
have been developed to utilize different styles of Venn diagrams,
such as jvenn [12], VennDiagram [13], VennPainter [14] and
UpSetR [15]. Additionally, some application tools have been
developed to show or analyze biological data based on the Venn
diagrams. For example, NetVenn [16] uses network diagrams and
Venn diagrams to visualize the network relationships of shared
genes between different gene lists. OrthoVenn [17] analyzes
orthologous genes between different genomes and displays
them with a Venn diagram.

Venn diagrams have brought great convenience to some sci-
entists in diverse fields. For example, the classic Venn diagrams
were used to visualize the orthologous clusters of the four plants
and seven animals [18-19], as well as to visualize the overlap-
ping genes from the differential expressed genes (DEGs) of the
transcriptome with four samples [20]. Area-proportional Venn
diagrams (Euler diagram) can show the size relationships among
datasets. Gerbracht et al. [21] used the diagram to display the
intersection genes and set relationships between four DEGs
lists. To elucidate the intersections and unions between many
datasets, Bailey et al. [22] used the matrix-based diagram tool
UpSetR [15] to plot highlights the intersections in 10 samples. In
addition, some Venn diagram application tools are not inferior.
For instance, the OrthoVenn [17] tool was used to identify shared
and unique gene clusters of four insects in a Venn diagram [23].
Zhang et al. [24] utilized the application tool VennPlex [25] to
visualize the difference, upregulated and downregulated genes
in a Venn diagram. Overall, the Venn diagram is not only used
to visualize the intersections and unions of several target lists
but also to analyze, filter and visualize complex biological data.
These findings clearly show that the Venn diagram has immea-
surable application prospects in bioinformatics. Hence, selecting
the optimal tool is important for users.

Several previous studies compared the types of Venn dia-
grams, but they did not indicate which tool has the best perfor-
mance for drawing graphics with different layouts. The ‘perfor-
mance’ represents the ability to generate high-quality pictures,
the maximum number of datasets processed, the parameters
of picture beautification, etc. For instance, Chapman et al. [26]
compared and evaluated the running time and error rate of four
diagram types, including Venn diagrams, Euler diagrams with
shading, Euler diagrams without shading and linear diagrams,
and they clarified that linear diagrams represented using paral-
lel horizontal line segments and line overlaps represented using

intersections are most effective for representing sets. Alsal-
lakh et al. [27] summarized some Venn diagram outputs and
provided guidance for choosing appropriate graphic types for
different visualization requirements. However, a comprehensive
comparison of Venn diagram generators and their application
tools in bioinformatics is lacking. Here, we reviewed the most
widely used Venn diagram generators as well as Venn diagram
related application tools by comparing the performance of these
generators and the functional characteristics of each applica-
tion tool in bioinformatics. We selected several Venn diagram
generator tools that performed relatively well in all aspects and
reviewed the prospects for future development directions of the
generators and application tools. Our aim is to provide guidance
to readers in choosing optimal Venn diagram application tools
for particular research needs.

Venn diagram generators
Collection of Venn diagram generators

Based on our investigation, 32 Venn diagram generators were
collected for the following section (Tables 1-5). To compare their
performance, we present tools that can draw multiple layouts
separately in each section and use test data drawn from par-
tially modified RainBio mammary datasets [28]. Some of these
generators were excluded from using the above dataset, for
example, eulerGlyphs [29], BranchingSets [30] and Bubble Sets
[31], because they do not support user-defined datasets. We
also excluded the AggreSet [32] tool due to incompatibility with
our dataset. In terms of graphical layouts, these Venn diagram
generators were categorized into six groups (Figure 2):

(1) Classic Venn diagrams, which have smooth curves that form
regular or symmetrical diagrams [14];

(2) Edwards Venn diagrams, which consist of rounded squares,
circles and ‘cogwheel’ curves [33];

(3) Euler diagrams, which use circles or ellipses of different
sizes to show the relationship between sets [34];

(4) Venn and Euler diagram variants, which include irregular or
polygonal graphics [27, 28];

(5) Aggregation or matrix-based diagrams, which are com-
posed of matrixes or graphics and arranged side by side
[27] and

(6) Other technical diagrams, which include linear, node-link
and overlay diagrams [31, 35, 36].

In general, 14 of the 32 tools supported > 2 layouts, and most
generators were designed to be used in a single application
environment, either web platforms, the R environment, localized
interfaces, the command line (Windows and Linux) or JavaScript.
However, three of them (nVenn [37], Intervene [38] and euler-
APE [39]) supported more than two environments. In addition,
most of the Venn diagram tools could support 2-6 datasets,
while aggregation and matrix-based technology tools were more
suitable for > 6 datasets.

Classic Venn diagrams

Classic Venn diagrams are mainly composed of regular circles
or ellipses that compare the compositions of several datasets.
Table 1 shows 16 of the 32 tools that can draw classic Venn
diagrams: 9 are based on web platforms, 5 are based on the R
and 2 are localized interface tools. In the following sections, we
present the tools based on their working environment.
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Table 1. Basic features of 16 tools used to generate classic Venn diagrams

Tools Application Sets Input data format Output Key parameters Text output Reference
image
format
jvenn Web 2-5 Uploaded lists, PNG, SVG Diagram color, font Ccsv [12]
pasted values size and family
VennDiagramWeb Web 2-5 Uploaded lists PNG, SVG, Diagram color, font ~ TXT [40]
TIFF size, border style,
width and color
InteractiVenn Web 2-5 Uploaded lists, PNG, SVG Diagram color, font TXT [41]
pasted values size and opacity
Intervene Web 2-4 Uploaded lists PNG, SVG, Label size, font size,  Online table [38]
PDF, TIFF border width, type
and color
EVenn Web 2-6 Uploaded lists, PNG, SVG Diagram color, font CSsv http://www.ehbio.co
pasted values size and family m/test/venn/#/
Multiple List Web 2-4 Uploaded lists, PNG, SVG Diagram color TXT http://www.molbio
Comparator pasted values tools.com/listcompa
re.html
Calculate and draw ~ Web 2-5 Uploaded lists, PNG, SVG No TXT http://bioinformati
custom Venn pasted values cs.psb.ugent.be/we
diagrams btools/Venn/
Pangloss Venn Web 2-3 Pasted values No No Online table http://www.pangloss.
diagram generator com/seidel/Protoco
Is/venn.cgi
Venny Web 2-4 Pasted values No Font size and family, No https://biocinfogp.cnb.
label size and family, csic.es/tools/venny/
border width and
percentage
VennDiagram R 2-5 Lists TIFF Diagram color, font R text [13]
size and family, label
size and family,
border width and
style
Vennerable R 2-4 Lists R graphics  No R text R package
eVenn R 2-4 Lists PNG, SVG Diagram color and TXT R package
font size
venn R 2-7 Lists R graphics  Diagram color, font R text R package
size and opacity
colorfulVennPlot R 2-4 Lists R graphics  Diagram color R text R package
VennPainter Localized  2-5 Uploaded lists SVG Diagram color and TXT [14]
interface load color palette
VennDIS Localized  2-5 Uploaded lists, PNG, SVG, Diagram color, font TXT [42]
interface pasted values, table BMP, JPG size, family and

rotation, border color,
style and size

The user-friendly interfaces of web tools enable users to
obtain high-quality pictures through interactive real-time selec-
tion of parameters online. Among the nine web tools we listed
(Table 1), InteractiVenn [41], jvenn [12], EVenn and VennDia-
gramWeb [40] have comprehensive parameters to beautify the
pictures (Table 1) for the 2-5 datasets. All of them support user-
defined lists as input by which users can obtain high-quality
images for publication by modifying the diagram color and label
font with just a few mouse clicks and generate figures in vec-
tor or bitmap format. Moreover, jvenn [12] uses a classic Venn
diagram and histogram to display datasets (Figure 3A). EVenn is
consistent with the jvenn diagram, and InteractiVenn [41] can
merge the subsets of different datasets (Figure 3B). Furthermore,
Intervene [38], Calculate and draw custom Venn diagrams also
support 2-5 datasets, and Intervene (Supplementary Figure S1A)
cannot customize the diagram color while Calculate and draw

custom Venn diagrams (Supplementary Figure S1B) does not
have adjustable parameters for modifying pictures. Although
Multiple List Comparator (Figure 3E) and Venny (Figure 3F) sup-
port 24 datasets with ellipses, Multiple List Comparator cannot
modify label attributes, and Venny does not support output
vector diagrams.

Among the R packages, VennDiagram [13] supports 2-5
datasets and has many parameters that allow users to customize
the diagrams (Figure 3C), such as the font size, label style,
border style and size, diagram color and rotation. However,
eVenn, venn and colorfulVennPlot do not allow the modification
of these parameters to generate high-quality pictures. eVenn
uses circles to display up to 4 datasets (Figure 3G), venn
can process up to seven samples at present (Figure 3H) and
colorfulVennPlot can draw colorful Venn diagrams with up to 4
datasets (Supplementary Figure S1D).
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Table 2. Basic features of eight tools used to generate Edwards’ Venn diagrams

Tools Application Sets Input data format Output Key parameters Text output Reference
image
format
jvenn Web 2-6 Uploaded lists, PNG, SVG Font size and family CSV [12]
pasted values and border color
InteractiVenn Web 6 Uploaded lists, PNG, SVG Diagram color, font  TXT [41]
pasted values size and opacity
Calculate and draw Web 2-6 Uploaded lists, PNG, SVG No TXT http://bioinformati
custom Venn pasted values cs.psb.ugent.be/we
diagrams btools/Venn/
Intervene Web 2-5 Uploaded lists PNG, SVG, Label size, font size, Online table [38]
PDF, TIFF border width, type
and color
EVenn Web 2-6 Uploaded lists, PNG, SVG Font size and family CSV http://www.ehbio.co
pasted values and border color m/test/venn/#/
Vennerable R 2-9 Lists R graphics  No R text R package
Vennture Localized 2-6 Lists PPT, EMF No No [46]
interface
VennPainter Localized 2-6 Uploaded lists SVG Diagram color, TXT [14]
interface loadable color palette

Table 3. Basic features of eight tools used to generate Euler diagrams

Tools Application  Sets Input data Output Key parameters Text output  Reference
format image
format
VennDiagramWeb Web 2-3 Uploaded PNG, SVG, Diagram color, font TXT [40]
lists TIFF size, border style,
width and color
EVenn Web 2-6 Uploaded PDF Diagram color, font No http://www.ehbio.co
lists, pasted size, label size, m/test/venn/#/
values legend position and
border style
VennDiagram R 2-3 Lists TIFF Diagram color, font R text [13]
size and family, label
size and family,
border width and
style
Vennerable R 2-3 Lists R graphics No R text R package
eulerr R 2-6 Values R graphics Diagram color and No R package
area-proportional
venneuler R 2-4 Values R graphics Diagram color No R package
Venn Diagram Plotter Localized 2-3 Pasted PNG, SVG, Diagram colors, area  No https://omics.pnl.go
interface values BMP size and rotation v/software/venn-dia
gram-plotter
VennDIS Localized 2-3 Uploaded PNG, SVG, Diagram color, font TXT [42]
interface lists, pasted  BMP, JPG size, family and
values, rotation, border
tables color, style and size

In the localized interface tools, both VennDIS [42] and Ven-
nPainter [14] can produce high-quality pictures for 2-5 datasets.
VennDIS has more customizable parameters than VennPainter
for beautifying the picture. For example, VennDIS can modify the
background color, font size, style and rotation, border style and
size (Figure 3D, Table 1).

Classic Venn diagrams are frequently used to visualize the
shared and unique genes between 2-5 datasets. To elucidate
the shared and unique homologous genes, Jarvis et al. [43] used
InteractiVenn [41] to visualize the shared and unique ortholo-
gous gene clusters between four highly nutritious crops. The

jvenn [12] was used to visualize the shared and unique gene
families among four metazoans [44]. Furthermore, Melo et al. [45]
also identified the shared and unique proteins from five cancer
exosomes with a Venn diagram by VennDiagram [13].

Edwards’ Venn diagrams

Edwards’ Venn diagrams were first proposed by Edwards [33]
and are produced by projecting a circular Venn diagram [46] or a
three-dimensional ball onto a spherical surface (Supplementary
Figure S2A), which are consisted of rounded squares, circles
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Table 4. Basic features of 10 tools used to generate Venn and Euler diagram variants

Tools Application  Sets Input data Output Key parameters Text output Reference
format image
format
jvenn Web 6 Uploaded PNG, SVG Diagram color, font ~ CSV [12]
lists, pasted size and family
values
Intervene Web 2-5 Uploaded PNG, SVG, Label size, font size, Online table [38]
lists PDF, TIFF border width, type
and color
Pangloss Venn Web 4 Pasted No No Online table http://www.pangloss.
diagram generator values com/seidel/Protoco
Is/venn.cgi
EVenn Web >12 Pasted PDF Diagram color and No http://www.ehbio.co
values transparency m/test/venn/#/
Vennerable R 2-4 Lists R graphics No R text R package
VennPainter Localized 5-8 Uploaded SVG Diagram color and TXT [14]
interface lists loadable color palette
nVenn Web 2-6 Pasted PNG, SVG Diagram color, font ~ Online table [37]
values size and border
width
R Lists R graphics Diagram color, R text
opacity and border
width
Command Lists SVG No TXT
line
(Windows)
eulerAPE Localized 2-3 Uploaded PNG, SVG Area-proportional others [39]
interface lists, Pasted
values
eulerForce Localized 2-5 Pasted PNG Force-directed layout No [51]
interface values
eulerGlyphs Localized 2-3 No PNG Area-proportional No [29]
interface and glyph
representations

and ‘cogwheel’ curves (Supplementary Figure S2B and 2C), and
helps users to further visualize the overlaps between datasets.
To date, the Edwards’ Venn diagram has been integrated into
multiple tools. For instance, InteractiVenn [41], jvenn [12], EVenn
and VennPainter [14] can generate publication-quality Edwards’
Venn diagrams (Table 2); and InteractiVenn, jvenn and EVenn
maintain the same interactive capabilities as those used for
classic Venn diagrams. In terms of the graphical interface, Inter-
actiVenn [41] can only display Edwards’ Venn diagrams for 6
datasets and supports changing the color of different areas
(Figure 4A), while jvenn (Figure 4B) [12] and EVenn (with graph
the same as jvenn) can change the color of the borders. The
localized interface tool VennPainter can draw an Edwards’ Venn
diagrams of 2-6 datasets with filled area colors (Table 2 and
Figure 4C), although it cannot change the label style or font size.
In addition, Calculate and draw custom Venn diagrams (Supple-
mentary Figure S3A) and Vennture ([46]; Supplementary Figure
S3D) can display Edwards’ Venn diagrams for up to 6 datasets,
although their graphics cannot be modified interactively. Inter-
vene [38] can display ‘battle’ (Supplementary Figure S3B) and
‘common’ (Supplementary Figure S3C) Edwards’ Venn diagrams
with up to 5 datasets, as well as customizable label and font
attributes, but the color of the filled area cannot be modified.
The R package Vennerable can display the largest number of
datasets at 9 using the ‘battle’ Edwards’ diagram (Figure 4D);
it has deficiencies in terms of custom parameter settings and
visualization of intersections and unions.

Edwards’ Venn diagrams are also used to visualize the inter-
sections and unions between 2-6 samples. For instance, the
Edwards’ Venn diagrams in the Vennture [46] software was used
to visualize the shared and unique miRNAs of the six differ-
entially expressed lists [47]. Georgiadis et al. [48] used the Ven-
nPainter [14] tool-generated Edwards’ Venn diagram to illus-
trate the overlapping CpG sites between six DNA methylation
samples.

Euler diagrams

Euler diagrams use circles or ellipses of different scales or sizes
to clarify relationships between sets, such as inclusions, exclu-
sions and intersections [34]. In addition to drawing classic Venn
diagrams, VennDiagramWeb [40], VennDIS [42], VennDiagram
[13] and EVenn also draw Euler diagrams. The output picture
can be configured with customizable parameters, including the
diagram color, font size, labels, border style, width, color, etc.
(Table 3). VennDiagramWeb [40] and EVenn can show accurate
proportional relations regardless of the presence of intersections
(Figure 5A, Supplementary Figure S4A) between sets. VennDia-
gram [13] is similar to VennDiagramWeb [40], while VennDIS [42]
cannot display the sizes proportionally (Figure 5B). Furthermore,
EVenn and Eulerr use ellipses (Figure 5C) and circles (Figure 5D)
to produce Euler diagrams with up to 6 datasets, although the
accurate proportions cannot be displayed. Vennerable (Supple-
mentary Figure S4B), venneuler (Supplementary Figure S4C) and
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Table 5. Basic features of 11 tools used to generate aggregate, matrix and others diagrams

Tools Application  Sets Input data Output Key parameters Text output  Reference
format image
format
RainBio Web 2-15 Uploaded No Displays the size of main Online table  [28]
lists intersections and similarities
between sets and
interactions
AggreSet Web >50 Uploaded No Selection, filtering, No [32]
lists comparison and analysis of
set relations
Multiple List Web >50 Uploaded PNG, SVG Paired heatmap (infinite), TXT http://www.molbio
Comparator lists, pasted diagram color and labels tools.com/listcompa
values re.html
UpSet Web 2-30 Uploaded No Aggregation by degrees, sets, No [54]
lists deviation and overlaps,
diagram color and other
settings
EVenn Web >6 Pasted PDF (UpSet), Network has nodes font, No http://www.ehbio.co
values SVG edges smooth and physics m/test/venn/#/
(Network) repulsion parameters
SuperExactTestR >7 Lists R graphics Statistical distributions and R text [55]
exact probability, sort and
color settings
Intervene Web 2-30 Uploaded PNG, SVG, Diagram color, plot width and Online table  [38]
lists PDF, TIFF height, point size and label
size
UpSetR R 2-30 Lists, values R graphics Shows intersections of sets No [15]
with bar chart statistics, sort,
color and other
BranchingSets Web 2-10 No No Node contraction and JavaScript [30]
expansion and color
modification
Linear Web >7 Pasted SVG Background using Gray bar Web https://www.cs ke
Diagram values chart or line style nt.ac.uk/people/sta
Generator ff/pjr/linear/index.
html
Bubble Sets ~ Web No No No Intersect using bubble JavaScript [31]

diagram

Venn Diagram Plotter (Supplementary Figure S4D) can also dis-
play Euler diagrams of up to 3 datasets, but they have almost
no customizable parameters for beautifying images in real-time
(Table 3).

Euler diagrams are popular because of their ability to show
proportional relationships, while they demonstrate accuracy for
2-3 datasets. For example, Barcena et al. [49] used the Ven-
nDiagram [13] package to generate proportional Euler diagrams
to visualize the shared chip peaks between two methyltrans-
ferases. The shared and host-specific microbiome of the rhizo-
sphere and root were also discovered and visualized using the
Euler diagrams [50] in the VennDIS tool [42].

Venn and Euler diagram variants

Several tools are available that produce irregular diagrams and
variants of the Venn/Euler diagrams (Table 4), and they can
process more datasets than tools that display classic Venn dia-
grams and Euler diagrams. The nVenn [37] is available in a
web platform, the R and Linux environments, which can draw
quasiproportional Euler diagrams of up to 6 datasets. One thing
to be note is: the term ‘quasiproportional’ was described by

literature Pérez-Silva et al. [37] (nVenn). The nVenn inserts dif-
ferent sizes of circles in each subset area to represent the pro-
portional relationships between 6 datasets (Figure 6A), which
picture the size of each sub area in a clearer way as compared
with EVenn (Figure 5C) and eulerr (Figure 5D). The disadvantage
is that nVenn [37] runs slower than VennPainter [14] and jvenn
[12]. In addition, the VennPainter can display a new nested Venn
diagram with 5-8 sets (Figure 6B) and provide text output results
for up to 31 datasets. The jvenn uses triangles and histograms
to display 6 datasets (Figure 6C) and has a user-friendly inter-
face. In addition to displaying pictures similar to jvenn [12],
EVenn can also depict flower plots (Figure 6D). Intervene [38] and
venerable provide a variety of Venn and Euler layouts, such as
squares (Figure 6D), triangles (Figure 6E) and ChowRuskey dia-
grams (Figure 6F), although they have few customizable param-
eters (Table 4). Moreover, eulerGlyphs [29] treats the set ele-
ments as points and places them into a graph (Figure 6H), but
eulerGlyphs does not support user-defined data.

The quasiproportional Euler diagram and the nested Venn
diagram were used to show multiple datasets. To name a few,
the nVenn [37] tool was used to visualize the overlapping
DEGs in a quasiproportional Euler diagram across the five
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Figure 2. Thirty-two tools that can draw Venn diagrams with different layouts. The numbers in parentheses represent the number of tools that can draw the
corresponding layouts, and the intersections represent tools that can draw multiple layouts. Intervene and EVenn appear more than twice in the picture due to the
inability to further simplify the layout. The diagram was drawn using PowerPoint.
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Figure 3. Classic Venn diagrams. The names of the tool used to create the diagram are listed at the bottom of the panels (similarly for the remaining images). (A-D)
are classic Venn diagrams with 5 datasets; (E-G) are classic Venn diagrams with 4 datasets and (H) is a classic Venn diagram with 7 datasets.

samples (four mutant neurons and one patient brain) in humans, genes were shared in two mutant neurons [52]. Tong et al.
and it revealed that a substantial number of downregulated [53] used the VennPainter [14] tool to visualize the shard and
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Figure 4. Edwards’ Venn diagrams. (A-C) Edwards’ Venn diagrams with 6 datasets; (D) ‘Battle’ Edwards’ Venn diagrams with 9 datasets.
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Figure 5. Euler diagrams. (A) proportional Euler diagram without intersections; (B) Euler diagrams without intersections; (C and D) elliptical and circular Euler diagrams,
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Figure 6. Venn and Euler diagram variants. (A) Quasiproportional Euler diagram with 6 datasets in nVennR (R version of nVenn); (B) nested Venn diagrams with 8
datasets; (C) triangular Venn diagrams with 6 datasets; (D) flower plot with 8 datasets; (E) square diagram with 4 datasets; (F) triangular diagram with 3 datasets; (G)
ChowRuskey diagrams with 4 datasets and (H) set element-based Venn diagram (each point represents an element).

unique gene families among eight species with a nested Venn
diagram.

Aggregate or matrix-based diagrams

Although Venn and Euler diagrams are the most popular visu-
alization methods, the development of ‘omics’ data has led to
visualization requirements that Venn and Euler diagrams cannot

meet, such as presenting the intersection between dozens of
datasets or more. Aggregate and matrix diagrams can be used
to compare large numbers of datasets (Table 5). The R pack-
age UpSetR [15] is one of the most widely used tools (google
scholar citations: >600 by 27 February 2021) for visualizing a
large number of datasets, and it has a concise and simplified
interface. Furthermore, UpSetR can optimize the picture to use
multiple parameters and mark intersections of interest using
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Figure 7. Aggregate and matrix-based diagrams. (A and B) UpSet diagrams with 6 datasets; (C) proportional rainbow boxes with 6 datasets; (D) multiple-set intersections
and statistical circle diagrams with 6 datasets; and (E, F) pairwise comparison diagrams with multiple datasets.

special symbols or colors (Figure 7A). One thing to note is that
UpSetR [15] also has a JavaScript version. The web tools UpSet
[54], RainBio [28], EVenn, AggreSet [32] and Multiple List Com-
parator can display multiple datasets and allow users to view the
intersection interactively. UpSet (Figure 7B), EVenn and RainBio
(Figure 7C) are able to show the intersections up to 30, 30 and
15 datasets, respectively. EVenn is similar to UpSetR [15]. Aggre-
Set (Figure 7E) and Multiple List Comparator (Figure 7F) perform
pairwise comparisons between paired datasets. However, only
EVenn can generate vector graphics. Moreover, several tools
are based on aggregation and matrix techniques. For instance,
SuperExactTest (Figure 7D) [55] uses a multilayer circular or two-
dimensional matrix to display multiple datasets, and it provides
the statistical calculations for multiple-set intersections. Power-
Set [56] visualizes the intersection of different sets and displays
them in treemaps. Radial Sets [57] analyzes overlapping patterns
between datasets using Chord diagrams. ConSet [58] uses a
permutation matrix to display relationships among multiple sets
and compares 2-3 sets with Fan diagrams.

Taken together, the UpsetR [15] plot is the most popular
for displaying multiple datasets compared with other aggre-
gate or matrix-based tools. For example, the shared and unique
marker genes from five endothelial cell samples were found
using UpSetR [15] plot [60]. The eight experiment groups were
plotted in a UpSetR [15] plot to uncover the common RNA-
binding proteins [61]. Ellrott et al. [62] displayed the shared and
unique Variant counts of 16 samples using the UpSetR [15] plot.

Other technical diagrams

To provide a comprehensive evaluation of dataset visualization
techniques, we also tested some other technical diagram tools,
such as linear, node-link and overlay diagrams (Table 5). Linear
Diagram Generator [59] can display user data by generating a
linear diagram composed of line segments when the user enters
a list of intersection and union values (Figure 8A). However,
the Linear Diagram Generator only has a simple web version

at present. EVenn can display the relationship between the
different elements of datasets in a node-link diagram (Figure 8B),
and it can modify the node color and smooth edges, among
other actions. To explore the relationships between the genes
of different networks or pathways, BranchingSets [30], Bubble
Sets [31] and BiSet [63] were designed to view the relationship
between elements based on Node-link or Overlay technology.
BranchingSets adopts node-link diagrams to show the intersec-
tions between different pathways, and genes from the same
pathway are displayed in the same color. Nodes with over-
lapping colors indicate that the genes are involved in multi-
ple pathways (Figure 8C). Bubble (Figure 8D) and kelp diagrams
[64, 65] are other options to show the relationships between
sets.

Venn diagram application tools
Collection of Venn diagram application tools

Venn diagram application tools have been used in numerous
biological fields. To understand the development trends of these
application tools, we collected a total of 13 tools. Table 6 lists
their application platforms, data input formats, supported maxi-
mum datasets, output formats and functions. Nine of these tools
use a web platform interface, while the remaining ones use a
local interface. According to the functional features, we divided
these tools into five categories. In the following sections, we
compare and visualize the tools in each category.

(1) Gene networks that compare and analyze network relation-
ships between sets, e.g. NetVenn [16], DiVenn [66], Venn-
diaNet [67] and Netsets.js [68];

(2) Setvisualization and database linking to view information,
e.g. OrthoVenn2 [69], GeneVenn [70] and BioVenn [71];

(3) Software output file visualization that input the results data
from certain software and display overlapping and nonover-
lapping elements within the Venn diagram, e.g. VennMaster
[72], VennPlex [25], VennBLAST [73] and BedSect [74];
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LineSets EVenn

BranchingSets Bubble Sets

Figure 8. Linear, node-link and overlay diagrams. (A) Linear diagram with 6 datasets, where sets are arranged in parallel and areas of overlapping lines represent
intersections; (B) network diagram with 3 datasets, where the three tiny lightblue nodes represent Sets A, B and C, respectively (labeled as SetA, SetB and SetC), the
biggest darkgreen nodes in the middle represent the shared intersections between 3 sets (labeled as SetAnSetBNSetC), the top nodes of the three sectors represent
the unique elements of each set (labeled as Unique SetA, Unique SetB and Unique SetC), and the remaining nodes represent the intersections between every 2 sets
(labeled as SetAnSetB, SetAnSetC and SetBNSetC); (C) node-link pathway diagram with 5 datasets, where the nodes connected by the same color represent a pathway,
the overlap of lines or nodes represent intersections and (D) bubble diagram with 2 sets, the diagram mainly displays the spatial relationship between datasets, where

bubbles connected by the same color represent a dataset.

(4) Microbiome analysis tools that discover and visualize core
microbiomes, e.g. MetaCoMET [75];
(5) Other tools, e.g. DynaVenn [76] and some toolkits [77, 78].

The network relationships between genes are crucial for
understanding gene functions [89]. Accordingly, they are impor-
tant for mining shared and unique networks or genes from
multiple gene lists. Here, we investigated four web tools that
have Venn diagram functions for analyzing gene network rela-
tionships. In NetVenn [16], gene lists can be uploaded or pasted
into the corresponding area as input for up to 4 sets, then the
gene network relationship of each list is analyzed from the men-
tha database [79] (the database archives protein interaction net-
works for many species, such as human, mouse and Arabidop-
sis), and overlapping or non-overlapping elements are displayed
in a Venn diagram while gene interactions are displayed in a
network diagram (Figure 9A). NetVenn also has a user-friendly
interaction, such as highlighting genes in a subset and viewing
the Gene Ontology (GO) terms for genes by clicking the mouse
[16]. As such, JavaScript framework Netsets.js [68] can also dis-
play gene network relationships using the Venn and network
diagrams, which enables a link to the web for use or connection
to the Cytoscape application by Netsets-Cyapp. Particularly, the
tool takes interaction lists as inputs and displays them in jvenn
[12] and the interaction network diagram (Figure 9D) for up to 6
datasets. Venn-diaNet [67] supports up to three gene lists and
displays genes as points in the Venn diagram (Figure 9B), and it
allows users to zoom in to view the relationships of the gene
network and screen core genes by ranking. DiVenn [66] takes the
DEGs of the transcriptome as input files, displays relationships
in a network interaction diagram for up to 8 datasets, and allows
users to interactively visualize gene pathways and ontologies
with an online table (Figure 9C).

To view the usage of these tools, we searched some cases to
clarify their functions. For instance, NetVenn [16] was used to
compare the autophagy networks in human [80]. The DiVenn [66]
tool was used to visualize the DEGs from the six different stages
of wheat in a node-link network [81], which was also used to
plot the protein genes identified by mass spectrometry from two
stress conditions in a node-link network plot [82].

Set visualization and database linking
to view information

Exploring the relationships among different sets of genes and
linking them to databases has been along-term research interest

[17]. Numerous tools have been developed to compare different
sets of genes. For instance, OrthoVenn2 [69], GeneVenn [70] and
BioVenn [71] can visualize the intersections and unions of gene
datasets when inputting multiple gene sequences or lists and
provide annotation information online for each gene or links
to biological databases for viewing. In addition, OrthoVenn2 can
analyze orthologous clusters for up to 12 protein sequence lists
and displays shared or unique orthologous clusters via jvenn
([12]; 2-6 datasets) or ClusterVenn-based (2-8 datasets) diagrams
(Figure 10A; [69]). Furthermore, it also provides online informa-
tion or links for querying the GO enrichment results of each
cluster. BioVenn (Figure 10B) and GeneVenn (Supplementary Fig-
ure S5A) display the overlaps and nonoverlaps of gene lists
in area-proportional and classic Venn diagrams. GeneVenn can
provide gene information by linking to NCBI's Entrez Nucleotide
database [70], and BioVenn is able to query the biological infor-
mation of identifiers by linking them to public databases when
lists contain Affymetrix and EntrezGene identifiers [71].

For these tools, OrthoVenn2 [69] was frequently used to iden-
tify orthologous clusters between species, while GeneVenn [70]
and BioVenn [71] were mainly used to visualize the intersec-
tions between several datasets. For example, Kim et al. [83] and
Rodrigues et al. [84] used OrthoVenn2 [69] to visualize the distri-
bution of orthologous genes among five Streptomyces venezuelae
strains and six Candida spp. related species, respectively. Gen-
eVenn [70] was used to display the shared and unique genes
between several gene sets [85, 86]. In addition, the proportional
Venn diagrams of BioVenn [71] were also used to display the
intersections and unions between samples [87, 88].

Software output file visualization

To obtain shared or unique identifiers from multiple datasets,
basic programming skills are required to extract identifiers from
the output files of certain software tools. The local interface tools
VennMaster [72], VennPlex [25] and VennBLAST [73] can visu-
alize the data from the output of software programs or multi-
omics analysis. VennMaster is integrated into the GoMiner [90]
application, which has the ability to display an area-proportional
Euler diagram to represent GO categories with flagged genes
(Figure 11A;[72]). VennPlex assesses DEGs lists from multi-omics
analysis and displays their relationships through a Venn dia-
gram (Figure 11B; [25]). VennBLAST is allowed to extract the
output of blast alignments [91] and display it in a Venn diagram
format (Figure 11C; [73]). The web tool BedSect [74] takes a bed
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Tools Application Input Sets Output Function Reference Category
NetVenn Web Uploaded/pasted 24 SVG,PNG, Uses 2-4 gene lists as input to display [16] Gene networks
gene lists PDF a Venn diagram, predicts the

interaction network of each gene list,

combines Venn diagrams to highlight

overlapping genes and provides gene

annotations
DiVenn Web Uploaded gene 2-8 SVG, PNG Accepts up- and downregulation [66]

lists

Venn-diaNet Web Uploaded gene 2-3 TXT

lists

NetSets.js JavaScript Pasted gene lists  2-6 SVG, PNG
TXT
OrthoVenn2  Web, Protein sequences 2-12 SVG, PNG

Command
line (Linux)

GeneVenn Web Uploaded/pasted  2-3 No

gene lists

BioVenn Web Uploaded/pasted  2-3 SVG, PNG
gene lists
VennMaster Localized GO result files >6 SVG, JPG
interface
VennPlex Localized Uploaded gene 2-4 BMP, JPG,
interface lists PNG, GIF

VennBLAST  Localized Blast result files 2-3 TXT

interface
BedSect Web Bed files >6 PNG, PDF,
TXT
MetaCoMET Web Biom files 2-6 SVG, PNG,
PDF

DynaVenn Web Uploaded gene 2-3 SVG

lists

information of gene lists and displays

them in a network diagram

Accepts multiple gene lists to predict  [67]

the interaction network, displays it in

a Venn diagram and can select seed

genes based on scores from subsets

Support input of 2-6 interaction lists  [68]

and displays overlaps within a Venn

diagram and interaction relationships

within a network diagram

The online version supports the input [69] Set

of genome sequences of 2-12 species, visualization
uses jvenn or clustervenn to display and database
orthologous genes between them and linking to view
provides gene GO enrichment information
information

Supports display 2-3 gene lists in a [70]
Venn diagram, and the elements of

each subset can be linked to NCBI to

query biological information

Supports a 2-3-sample [71]
area-proportional Venn diagram, and

the elements of each subset can be

linked to public databases to query
biological information

Visualizes GO analysis results in an [72]
area-proportional Euler diagram

Accepts 2-4 gene lists with the up- [25]
and downregulation information and
displays them in a Venn diagram
Visualizes 2-3 blast results in a Venn  [73]
diagram

Compares multiple bed files and [74]
displays subsets with an UpSet

diagram or correlation heatmap

Supports input BIOM format files and  [75]
displays the shared core microbiome

of 2-6 samples in a Venn diagram
Compares 2-3 gene lists with [76] Others
dynamic Venn diagrams and

computes the p-value for the

overlapping elements

Software
output file
visualization

Microbiome
analysis

file as input and displays the results with an UpSet diagram
or correlation heatmap (Supplementary Figure S5B). Although
these tools support the input of data in unique formats, chal-
lenges remain, such as a lack of customizable picture attributes
and user-friendly interactions for localization interface tools.
Identification of the overlaps of output results of some types
of software is convenient for using existing tools. VennMaster
[72] was used to display significant DEGs in different GO cate-
gories [92], as well as to plot the overlapping parts in a propor-
tional Venn diagram [93]. Additionally, the tblastx alignments of

top hit sequences from the comparison of Cancer borealis and
Homarus transcriptomes were obtained [94] by VennBLAST [73].

Microbiome analysis

Identifying core microbiomes from multiple experimental con-
ditions helps researchers further understand microbial envi-
ronments and functions [95, 96]. The operational taxonomic
unit (OTU) is a taxonomic unit that distinguishes microbiome
groups, and some software tools can store OTUs under multiple
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Figure 10. ClusterVenn and area-proportional Venn diagrams. (A) ClusterVenn diagram with protein sequences of eight genomes. (B) Area-proportional Venn diagram
with 3 datasets.

experimental conditions as a common format file (Biological studies to visualize core microbiomes [10, 100, 102]. MetaCoMET
Observation Matrix Data, BIOM) for downstream microbiome [75] takes a BIOM file as input and enables the discovery and
analysis [97-99]. Venn diagrams have been used in multiple visualization of the core microbiomes while providing a user-
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Figure 11. Area-proportional Euler and Venn diagrams. (A) Area-proportional Euler diagram with six GO categories; (B) Venn diagram with four DEGs lists, in which the
three numbers in each subset represent up, contra and downregulated genes from top to bottom; and (C) Venn diagram with 3 blast alignment datasets.

friendly and interactive graphical interface for analyzing each
subset defined by the union or disjunction of groups within the
Venn diagram (Supplementary Figure S5C).

Multiple attempts have shown MetaCoMET [75] has been
widely utilized to discover core microbiomes with a Venn dia-
gram based on input BIOM format data. For example, the core
microbiomes were exposed in Venn diagrams from five experi-
mental sets [103] with the help of MetaCoMET [75]. Toro-Londono
et al. [104] depicted the OTU distribution of the gut microbiota in
the four experimental groups of children using MetaCoMET [75].

Other Venn diagram application tools

In addition to the application tools we described above, we also
retrieved some Venn diagram application tools that function
from other aspects or are integrated into some toolkits. For
example, DynaVenn [76] uses two to three gene lists as an
input to visualize their intersection and compute the p-value
for overlapping elements while displaying dynamic Venn dia-
grams (Supplementary Figure S5D). Moreover, Venn diagrams
have also been integrated into toolkits, such as limma [105],
gplots [106] and TBtools [107], and they are also involved in some
bioinformatics pipelines [77, 78, 99].

Conclusions and future outlook

In this review, we aim to provide guidelines for Venn diagram
generator selection. Generally, more favored generators have a
high capacity for more datasets, allowing for customization and
beautification of the graphics, accepting simple input formats,
supporting high-quality output pictures and assisting user-
friendly interactions. Our review indicated that the web tool
EVenn can draw high-quality graphics with multiple layouts
(classic and Edwards’ Venn, Euler, aggregate and node-link
diagrams), which are supported by multiple parameters. The
InteractiVenn [41], VennDiagram [13] and VennDIS [42] tools
have more comprehensive functions for drawing classic Venn
diagrams with 2-5 datasets. The jvenn [12] and VennPainter
[14] can depict the classic and Edwards’ Venn diagrams with
2-5 and 2-6 datasets, respectively. The VennPainter supports
5-8 datasets with nested Venn diagrams. Among the Euler
diagram tools, nVenn [37] and VennDiagramWeb [40] provide
more accurate displays of set relationships. Among the aggregate
and matrix-based technical diagram tools, UpSetR [15] has more

parameters to optimize the display via simplified and concise
pictures.

Taken together, most of classic and Edwards’ Venn diagrams
are highlighted in the visualization of 5 and 6 datasets,
respectively. The Euler diagrams is outstanding in showing
the proportional relationship of 2-3 datasets. In order to show
more datasets, some recent studies have developed some Venn
and Euler Variant tools that can generate the quasiproportional
Euler diagrams of 6 datasets [37] and the nested Venn diagrams
of 8 datasets [14]. One exception is the matrix diagram tool
UpSetR [15] can process up to 30 datasets. Conversely, there
are also some shortcomings of the Venn diagram generators. For
instance, (i) most of the generators support a few datasets due to
layout difficulties, because there are 2"—1 subsets of n datasets
that need to be laid out; (ii) a substantial number of generators
center on the data, ignoring the potential relationships and other
attributes between the elements of datasets; (iii) an extremely
large number of generators makes it difficult to quickly
observe certain overlaps for 5-6 datasets when interactions are
lacking and (iv) none of the Euler diagram tools can generate
quasiproportional Euler diagrams using circles or ellipses for
more than 3 datasets. Based on the above issues, many potential
challenges remain for developing more comprehensive Venn
diagram tools. Therefore, future development of Venn and Euler
diagram tools is warranted for a larger number of datasets,
such as algebraic construction [108], nested [109], 3D [110] and
multiple graphics cross-diagrams, among others. Furthermore,
user-friendly interactions, aesthetically pleasing graphics and
accurately defined area proportions must be optimized and
expanded. For matrix-based, aggregation and other technology
diagrams, tools with user-friendly interactions and aesthetically
pleasing interfaces must be developed, and more effective
parameters must be customizable to optimize the graphics.

Some Venn diagram application tools support input bio-
logical data with a special format (e.g. gene sequences, and
output result files from some software), as well as performing
the follow-up calculations, filtering and visualization [68, 69, 72,
75], whereas others accept gene lists and calculate the overlaps
between gene sets [16, 67]. However, these tools (e.g. VennMaster
[72], VennPlex [25] and VennBLAST [73]) have single functions
and poor output picture quality. We suggest that future studies
of Venn diagram application tools should be based on a new
perspective that analyzes the intersection between multiple
biological data, especially the original datasets of multiple omics
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directly used as input, and display the core genes in the figure.
The function of an ideal Venn diagram application tool should
include but not be limited to (i) permitting the input of user-
defined multiple omics data; (ii) automatically screening core
genes and visualizing them within a Venn diagram; (iii) combin-
ing the Venn diagram and the network diagram to show a higher
resolution of gene interaction relationships; (iv) integrating Venn
diagrams into various bioinformatics pipelines or platforms and
(v) allowing visualization of the output files from more software
programs and providing user-friendly interactions and aestheti-
cally pleasing interfaces. More importantly, users should be able
to obtain customized and high-quality pictures for publication.

Key Points

® Venn diagram generators and Venn diagram applica-
tion tools play an indelible role in the screening of
core elements between datasets and can effectively
help users further understand and explore potentially
shared characteristics of their data.

We conducted a comprehensive comparison of 32
Venn diagram generators in terms of data input, image
output, layouts, graphical interfaces and functions. In
addition, we compared 13 Venn diagram application
tools in different fields of bioinformatics.

Venn diagram generators are highlighted in terms of
the visualization of intersections and unions between
sets with multiple layouts, and different layouts sup-
port different numbers of datasets. Venn diagram
application tools are also outstanding in visualizing
information from the multiple fields of bioinformat-
ics. We recommend a number of high-performance
tools for user reference in each Venn diagram gener-
ator layout category. We also discuss the challenges
and future directions for Venn diagram generators and
application tools to satisfy the growing demand in the
omics era.

Supplementary Data

Supplementary data are available online at https://academi
c.oup.com/bib.
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