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Volcano and other analytical plots (e.g., correlation plots, upset plots, and heatmaps) serve as important
data visualization methods for transcriptomic and proteomic analyses. Customizable generation of these
plots is fundamentally important for a better understanding of dysregulated expression data and is there-
fore instrumental for the ensuing pathway analysis and biomarker identification. Here, we present an R-
based Shiny application, termed ggVolcanoR, to allow for customizable generation and visualization of
volcano plots, correlation plots, upset plots, and heatmaps for differential expression datasets, via a
user-friendly interactive interface in both local executable version and web-based application without
requiring programming expertise. Compared to currently existing packages, ggVolcanoR offers more
practical options to optimize the generation of publication-quality volcano and other analytical plots
for analyzing and comparing dysregulated genes/proteins across multiple differential expression data-
sets. In addition, ggVolcanoR provides an option to download the customized list of the filtered dysreg-
ulated expression data, which can be directly used as input for downstream pathway analysis. The source
code of ggVolcanoR is available at https://github.com/KerryAM-R/ggVolcanoR and the webserver of
ggVolcanoR 1.0 has been deployed and is freely available for academic purposes at https://ggvolcanor.
erc.monash.edu/.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of Research Network of Computational and
Structural Biotechnology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Investigation of gene expression perturbations plays a critical
role in understanding complex diseases [1–4]. With the improved
accessibility, transcriptomic and proteomic techniques have been
widely applied in biomedical studies to advance molecular profil-
ing in a variety of disease samples. These experiments conse-
quently generate a large volume of data describing dysregulated
genes and proteins [5–8]. Visualizing data from differential expres-
sion datasets can be challenging, due to their complexity. In addi-
tion, comparing differential expression datasets, for example,
proteomic and transcriptomic data, serves as an important
approach to identify critical functions and pathways [5,9–13].
Conventionally, these transcriptomic and proteomic datasets are
usually presented as scatter plots, commonly known as volcano
plots. To facilitate such analysis, there have been a number of tools
developed for processing transcriptomic and multi-omic datasets,
however limitations exist. Some tools lack fully functional web-
servers or need to be manually setup (e.g., EnhancedVolcano
[14], ShinyOmics [15], and WIlsON [16]), which restricts their
use. While VolcaNoseR [17] has many customizable features in
the R shiny format, it lacks multiple dataset comparisons. In addi-
tion, EnhancedVolcano [14] is specific to RNA-seq data that can be
processed by the ‘DESeq20 R package [18]. Therefore, there is an
urgent need to create a computational tool with the following
important features: (1) easy-to-use for non-coders, (2) fully func-
tional webserver, (3) highly customizable analytical plots, (4)
straightforward comparison of two or more datasets utilizing
either correlation analysis and/or heatmap/upset plots, and (5)
not be restricted to a certain differential expression pipeline.
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Here we present our Shiny app, termed ‘ggVolcanoR’, for
publication-quality figure generation utilizing transcriptomic and
proteomic datasets for non-coders. In comparison to currently
well-established tools for analyzing differential expression and
omic datasets [19–23], ggVolcanoR specifically focuses on facilitat-
ing the generation of highly customizable and publication-ready
plots and the comparison of multiple transcriptomic and/or pro-
teomic differential expression datasets. The plot generation can
be customized with a variety of user-parameter guided features
including the selection of font, image quality, and labels. Addition-
ally, there is an interactive table with links provided by ggVolcanoR
to well-established third-party biological databases for the
gene/protein mapping in uploaded datasets. We anticipate that
ggVolcanoR can facilitate the visualization and comparison of
differential expression datasets (i.e. transcriptomic and pro-
teomic), thereby informing the discovery of potential biomarkers
in complex diseases.
2. Material and methods

ggVolcanoR is an R-based Shiny application constructed using
various third-party R packages, including tidyverse [24], ggplot2
[25], ggrepel [26], shiny [27], shinyBS [28], gridExtra [29], DT
[30], plyr [31], dplyr [32], and re-shape2 [33], colourpicker [34],
ComplexHeatmap [35] and circlize [36]. Two versions of ‘ggVol-
canoR’ are available for users to run in their local systems and on
our webserver, respectively. The Shiny R platform was deployed
on the webserver to host the web application of ggVolcanoR. The
webserver is managed by the Apache framework as reverse proxy
which prevents the underlying R application from being accessed
directly by the users and secures the webserver with SSL encryp-
tion. The webserver of ggVolcanoR resides on the Nectar (the
National eResearch Collaboration Tools and Resources project) ser-
vice equipped with 4-core CPU and 16 GBs of RAM andmanaged by
the Monash eResearch Centre. To showcase the functionality and
usability of ggVolcanoR, we used the publicly available datasets
by Goncalves et al. [5], which contain both transcriptomic and pro-
teomic results of differential expressed genes and proteins. The
datasets were generated from a triple negative breast cancer
(TNBC) cell line to determine the effect of Interferon c (IFNc) treat-
ment. These datasets are available in our ‘test-data folder’ on
GitHub (i.e., ‘Proteomic data.csv’ as input).
3. Results

3.1. Overall features of ggVolcanoR

Several major types of plots can be generated in a customizable
manner by ggVolcanoR, including volcano plots, correlation plots,
heatmaps, and upset plots. The volcano plot is mainly for single-
group analysis, where only one differential expression dataset (ei-
ther transcriptomics or proteomics) is used. A highly customized
volcano plot and two interactive tables providing the information
of the dataset will be generated. The correlation plot, on the other
hand, is generated to demonstrate the agreement between two dif-
ferential expression datasets (either transcriptomics or pro-
teomics). While the heatmap and upset plot are generated to
compare the log2 fold change (logFC) of two or more differential
expression datasets. For volcano and correlation plots in ggVol-
canoR, the input file is simple to organize, consisting of a list con-
taining gene/transcript/protein IDs, logFC and p-value (Pvalue)
from the differential expression data (either .txt or .csv format).
To generate heatmaps and upset plots, two additional columns,
‘group’ and ‘group.direction’ need to be added. The ‘group’ column
specifies the experimental/condition information (e.g., proteomics
5736
or transcriptomics) and the ‘group.direction’ column specifies the
experimental information and the direction of fold change (e.g.,
‘proteomics.up’). Additionally, for both volcano and correlation
plots, a variety of options are provided in ggVolcanoR for users to
generate publication-quality plots, such as font/color choices, and
adjustable Pvalue and logFC cut-offs. There is also an option for
users to download the pre-set styles with a variety of parameters.
All plots can be exported in PDF or PNG formats with customizable
size and resolution (for PNG only).

3.2. Using ggVolcanoR to generate publication-quality volcano plots

A collection of parameters, such as data selection, font, data
point/label, can be configured using the different panels demon-
strated in Fig. 1A. The outputs in the ‘Volcano plot’ tab are orga-
nized in four subtabs, including ‘Volcano plot’ (Fig. 1B), ‘Volcano
plot (selected colours)’ (Fig. 1C), ‘Table with links’ (Fig. 1D), and
‘Summary table’ (Fig. 1E). There are 5 customizable styles (i.e., ‘de-
fault’, ‘all.datapoints’, ‘up.ID’, ‘down.ID’, and ‘selected.ID’) that will
alter the outputs in both ‘Volcano plot’ and ‘Volcano plot (selected
colours)’ tabs. For example, one might be interested in the top 30
proteins dysregulated after IFNc treatment, as shown in the ‘Vol-
cano plot’ tab (Fig. 1B). ggVolcanoR also allows users to investigate
a selection of IDs of interest by providing ‘selected.ID’. Lastly, users
can color and highlight specific genes of interest under the ‘Vol-
cano plot (selected colours)’ tab using the color palettes provided
(Fig. 1C). Under the ‘Table with links’ tab (Fig. 1D), the collection
of dysregulated genes in the generated volcano plot are listed in
an interactive table with highlighted logFC and Pvalue, together
with the links to third-party gene and protein databases, including
GeneCards [37], the Human Protein Atlas (http://www.proteinat-
las.org) [38] and UniProt [39]. Users can select if their IDs are either
gene symbol, Ensembl [40] IDs or UniProt accessions for linking
purposes. Users can also define if they are investigating a human
or non-human species (limited to UniProt database). The ‘Sum-
mary table’ tab (Fig. 1E) offers the summary statistics regarding
the numbers of down- and up-regulated genes. We have also
added a label function for creating a file for the heatmap/upset
plots. After downloading the ‘Filtered table’, users can upload this
list of significant dysregulated expression IDs to g:Profiler [41] for
pathway analysis.

3.3. Correlating two differential expression datasets using ggVolcanoR

As technology costs reduce, there is now capacity to obtain
multi-omics datasets from immunopeptidome, proteome and tran-
scriptome sources to interrogate disease complexity. This gener-
ates a need to facilitate comparisons not only of replicated data
sets but also of distinct data types as performed by Goncalves
et al. [5], where proteomic and transcriptomic datasets were com-
pared. The ‘Correlation plot’ tab has the capacity to compare rela-
tionships between the logFC of two differential expression
datasets, e.g., transcriptomic and proteomic datasets (Fig. 2). The
graph features can be modified based on the choices in the side
panel (Fig. 2A) or above the graph (Fig. 2B). Users can choose to
label the most significant IDs based on the logFC or Pvalue of either
dataset. If desired, the linear model regression line with the 95%
confidence interval can be added (Fig. 2B). The ‘Correlation Pearson
statistics’ tab includes the Pearson’s correlation for the overall
dataset as well as the overlap of the significant IDs for the positive
correlation or negative correlation based on the logFC direction
(Fig. 2C). The ‘Correlation table’ (Fig. 2D) displays the combined
two datasets, with the option to export the IDs that are significant
in both datasets. The ‘Bar graph’ (Fig. 2E) demonstrates the logFC
values and users can visualize these values for: ‘all’, ‘up’, ‘down’,
‘same’ or ‘opposite’. There is also capacity to display a user defined
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Fig. 1. Using ggVolcanoR to generate volcano plots. (A) Nine panels for data uploading and parameter configuration; (B) an example of the generated volcano plot using the
dataset by Goncalves et al. [5]; (C) an example demonstrated seven selected genes of interest in the volcano plot; (D) the ‘Table with links’ tab for plotted dysregulated genes;
and (E) the statistical information of different types of genes in the ‘Summary table’ tab.
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list of IDs of interest (type of output: ‘‘own list”; which is uploaded
using selected gene file) regardless of significance threshold. All
‘Bar graph’ features are modifiable at the top of the graph
(Fig. 2E). Here the datasets by Goncalves et al. [5] have been used
5737
to showcase the function of ggVolcanoR for comparing two differ-
ential expression datasets. This analysis identified 6,488 IDs were
common to the proteomic and transcriptomic datasets with a Pear-
son’s correlation of 0.275 (p-value = 1.16e-112).



Fig. 2. Using ggVolcanoR to analyze and compare dysregulated genes and proteins across transcriptomic and proteomic datasets. (A) Eight panels for parameter configuration
to generate the correlation plot; (B) the correlation plot generated using the transcriptomic and proteomic datasets by Goncalves et al. [5]; (C) the statistics of the Pearson’s
correlation; (D) the ‘Correlation table’ tab representing the overlap of the two datasets; and (E) the bar chart illustrating the agreement of gene/protein dysregulation in the
‘Correlation table’ tab across the transcriptomic and proteomic.
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3.4. Comparing multiple differential expression datasets using
heatmaps and upset plots

Heatmaps and upset plots can also be generated by ggVolcanoR
to compare dysregulated genes/proteins across multiple datasets
and conditions. The heatmap (Fig. 3A) and upset plots (Fig. 3B)
can compare the logFC of two or more datasets. There is no limit
5738
to the number of groups for the heatmap, but the upset plot is lim-
ited to 31 groups due to the capacity of the package. Users can cre-
ate the file for this section by downloading the filtered file from the
‘Volcano plot’ ?‘summary table’ tab and copying these into one
file. Here we showcase the functionality using Goncalves et al.
[5]. For example, the upset plot has clearly demonstrated that nine
genes/proteins (green rectangle in Fig. 3B) were down regulated



Fig. 3. Using heatmap and upset plot to compare dysregulated genes in both transcriptomic and proteomic datasets. (A) A heatmap by ggVolcanoR demonstrating
dysregulated proteins/genes; and (B) an upset plot showing agreement of dysregulated proteins/genes across the transcriptomic and proteomic datasets.
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both in proteomic and transcriptomic experiments. The results can
also be reflected in the heatmap generated by ggVolcanoR (Fig. 3A).
In contrast, three genes/proteins (red rectangles in Fig. 3B) in total
show inconsistent regulation across proteomic and transcriptomic
experiments.
4. Discussion

ggVolcanoR, an R-based package using the Shiny user interface,
was developed for customizable generation of high-quality volcano
plots, correlation graphs, heatmaps and upset plots using differen-
tial expression datasets. Unlike previous tools [14,17], ggVolcanoR
can perform an in-depth comparison of two datasets via correla-
tion analysis, which is essential for replication comparisons or
comparing two differential expression datasets. Users can also
use individual filters for each dataset, as different cut-offs may
be required (e.g., false discovery rate = 0.1 and q-value = 0.05)
and different logFC values. The ‘Correlation plot’ tab has the capac-
ity to compare relationships between the logFC of two differential
expression datasets, e.g., transcriptomic and/or proteomic datasets
(Fig. 2). Note, it is important that the nomenclature for gene/pro-
tein identifiers is consistent across the compared datasets to avoid
misalignment/duplication of IDs. Furthermore, the volcano and
correlation plots also have the added features of preset customiza-
tion, where users only need to make minimal adjustments or can
upload their own styles for future use. ggVolcanoR also provides
a heatmap and upset plot to compare multiple differential expres-
sion datasets based on the logFC rather than the pre-processed raw
data which was presented in ShinyOmics [15].

In addition to multiple analysis plots, there have been other
improvements to the presentation of the volcano plot. For instance,
users can download both PDF and PNG files of the generated plots.
Users can also select the type of font which may be needed for
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specific journals or publication types. The size, transparency, color,
and shape of the data points (e.g., selected, up-regulated, down-
regulated or non-significant) can be further customized in ggVol-
canoR, which is limited in VolcaNoseR [17]. ggVolcanoR axis labels
give users the freedom to specify the type of p-value test used, such
as FDR for RNA-seq analysis or q-value for proteomics, which can-
not be customized in other tools like OmicLoupe [42]. Unlike other
tools, ggVolcanoR generates a table with links to third party data-
bases for gene mapping, providing additional utility and connectiv-
ity of the analyzed data. One of the limitations is the ‘table with
links’ function may not always match available databases which
could be due to different aliases from our specified databases.
Another advantage of ggVolcanoR is that users are able to down-
load the filtered list based on the user defined filters that can be
used directly for downstream pathway analysis in tools such as
g:Profiler [41] or use this for the heatmap/upset plot sections.

In this paper, we have highlighted how ggVolcanoR, as both a
stand-alone tool and a webserver version, will assist researchers
in the analysis of dysregulated genes and proteins in broad
research areas with minimal training and coding expertise
required to generate informative figures. We anticipate that ggVol-
canoR will serve as a routinely used application for visualizing and
analyzing differential expression omic datasets in laboratories,
thereby contributing to the identification of significant biomarkers.

Availability
The webserver of ggVolcanoR is freely available for academic

purposes at https://ggvolcanor.erc.monash.edu/. The source code
of ggVolcanoR and the testing data used to demonstrate the usabil-
ity and functionalities of ggVolcanoR in this study are accessible at
https://github.com/KerryAM-R/ggVolcanoR.
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