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ABSTRACT

Circos plots are widely used to display multi-
dimensional next-generation genomic data, but ex-
isting implementations of Circos are not interactive
with limited support of data types. Here, we devel-
oped next-generation Circos (NG-Circos), a flexible
JavaScript-based circular genome visualization tool
for designing highly interactive Circos plots using 21
functional modules with various data types. To our
knowledge, NG-Circos is the most powerful software
to construct interactive Circos plots. By support-
ing diverse data types in a dynamic browser inter-
face, NG-Circos will accelerate the next-generation
data visualization and interpretation, thus promot-
ing the reproducible research in biomedical sciences
and beyond. NG-Circos is available at https://wlcb.
oit.uci.edu/NG-Circos and https://github.com/YaCui/
NG-Circos.

INTRODUCTION

Visualizing increasing volumes of next-generation biologi-
cal data is critical to the interpretation of such data. Cir-
cos plots are circular two-dimensional visual representa-
tions that provide a comprehensive solution for presenta-
tion and interpretation of multi-dimensional genomic data.
Circos (1), the predominant tool for making Circos plots,
has been wildly used for complex biological data visualiza-
tion in many studies. However, Circos’s outputs are not in-
teractive. Other Circos-derived tools, such as Circoletto (2),
CIRCUS (3), J-Circos (4), shinyCircos (5), Rcircos (6), Cir-
cleator (7), OmicCircos (8), ggbio (9) are either incapable to
produce interactive Circos plots in a web browser or are lim-
ited to specific data types. Our previous developed tool, Bio-

Circos.js (10), appears to be the only published software ca-
pable of producing interactive Circos plots and has become
the state-of-the-art tool in the field (11–12). Nonetheless,
BioCircos.js (10) implements only nine functional modules,
limiting its scope to perform additional analytical tasks.

To address this weakness, here we developed next-
generation Circos (NG-Circos), a JavaScript-based circular
genome visualization tool that extends beyond the frame-
work of BioCircos.js (10) to integrate and interpret genomic
data types through interactive Circos plots. NG-Circos cur-
rently contains 21 modules, enabling various functions that
were absent in other tools (including BioCircos.js (10)). By
supporting diverse types genomic data types in an interac-
tive browser interface, NG-Circos will accelerate the next-
generation data visualization and interpretation, thus pro-
moting reproducible research in biomedical sciences and be-
yond.

MATERIALS AND METHODS

Implementation of NG-Circos

NG-Circos is written in JavaScript and generates interac-
tive graphics with SVG element based on D3.js (data-driven
documents) and jQuery.js. Based on JavaScript, NG-Circos
can be used without installing additional packages. After
downloading NG-Circos, users can reproduce almost all
circular plots drawn by Circos with a web browser. Note
that NG-Circos itself is not a web application, but is a li-
brary to build interactive Circos plots in web applications.

Implementing image-download function in NG-Circos

The download function in NG-Circos is built using
the svg-crowbar.js (https://nytimes.github.io/svg-crowbar/)
from The New York Times. NG-Circos now supports the
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Figure 1. Demos of NG-Circos. (A) Complex published Circos plots reproduced using NG-Circos; detailed descriptions can be found in Akdemir et al.
(15). (B) Demo showing gene structures using NG-Circos; data are from Akdemir et al. (15). (C) Demo of Chord plot showing the IL-6-regulated gene
changes in different cells (17). (D) Demo of Lollipop plot designed by NG-Circos; data are from Schultheis et al. (18). (E) Demo of COMPARE module in
NG-Circos. Mutations in the PVT1 promoter change enhancer target genes. Wig plot shows the H3K4me3 (blue) and H3K9me3 (red) modifications (19).
(F) Demo of LocusZoom plot designed by NG-Circos. The module names of tracks in (A–F) are marked with red text.

SVG and PNG formats. The SVG image format allows users
to extract high-quality images that can be further utilized in
Adobe Illustrator.

Input data processing in NG-Circos

We provide a data processing script (written by python and
shell) for processing raw data, enabling users to easily trans-
form their data into JSON format with default parameters
for corresponding module. Notably, the input data of NG-
Circos can be either generated by the supporting python
scripts, or directly through the well-documented JSON data
formats. Users can integrate NG-Circos into an existing
JavaScript based web application which has its own inter-
nal JSON data structures. We provide an example for each
module to illustrate the input data structure and all the
steps needed to recreate that example (https://wlcb.oit.uci.
edu/modules/).

Processing GWAS data in LocusZoom plot

In Figure 1F, we used PLINK (13) to calculate the r-square
value of specific populations and to extract the recombina-
tion rate from the Hapmap3 data (14) for specified SNPs.

Web browsers supported by NG-Circos

The running speed of NG-Circos depends on the com-
puting power of browsers and hardware. NG-Circos
has passed the debugging and examination in all ma-
jor internet browsers including Google Chrome, Internet
Explorer/Edge, Mozilla Firefox, Safari and Opera.

RESULTS

Workflow of NG-Circos

NG-Circos has a highly user-friendly workflow. It has
three main steps to draw an interactive Circos plot: Step
1 includes drawing chromosomes (or other segments) as
the coordinate axes. Step 2 involves adding various data
tracks using the relevant modules with high flexibility in
module choices (21 modules are currently implemented,
Supplementary Table S1). The input data of NG-Circos
can be either generated by the supporting python scripts,
or directly through the well-documented JSON data for-
mats. For each module, we provide one example which
includes the input data files and all the steps to recre-
ate that example (https://wlcb.oit.uci.edu/modules/). Fi-
nally, step 3 incorporates interactive animations, mouse
events (Supplementary Table S2) and designing toolboxes
for graphic elements. NG-Circos is highly customizable, al-
lowing users to adjust personal settings. We also provide
a set of carefully evaluated default settings for each mod-
ule and provide many demos to make NG-Circos easy to
use. In addition, the capability of NG-Circos can be sim-
ply broadened by including more functional modules in
step 2.

NG-Circos provides flexible module choices for diverse Circos
plots

The current version of NG-Circos consists of 21 modules
(Supplementary Table S1). The combination of modules in
NG-Circos allows users to construct diverse types of Cir-
cos plots. For example, NG-Circos can reproduce complex
published Circos plots (15) by combining ARC, GENE,
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Figure 2. Using NG-Circos for integrative data visualization and interpretation. (A) Flexibly combing various modules in NG-Circos to visualize multiple
biological data types. The outer ring represents chromosome ideograms. Moving inward from the outer ring, the data tracks represent somatic CNVs,
variant density, somatic mutations and gene fusions. Except for simulated variant density data, all data shown are downloaded from the COSMIC database.
(B) Mouse over to show details of each SNP. (C) Mouse over to show details of each gene fusion and its 3D protein structure (in this case, the EML4-
ALK gene fusion). (D) Click on a SNP (in this case, the EGFR T790M variant) to open a new web page in the PDB database displaying the T790M
variant-affected 3D structure of EGFR (PDB code: 2JIT).

HEATMAP, LINK and WIG modules (Figure 1A). Not
only can NG-Circos reproduce complex published Circos
plots, but also can it renders additional functions such as
providing popular interactive Circos plot demos (e.g. Lol-
lipop, Wig and LocusZoom (16) plots) shown in Figure
1B–F (15) (17) (18) (19), that are not seen in other tools.
Moreover, we offer more demos in the online website (https:
//wlcb.oit.uci.edu/NG-Circos) to show the power of this
tool: users can easily replace the demo data with their data
to produce their own plots. All figures can be download in
the SVG and PNG format, in which the SVG format ren-
ders users high-quality images that could be further utilized
through other applications such as the Adobe Illustrator.

Overall, NG-Circos offers users great flexibility in module
choices and Circos plot types.

Case study for interactive data exploration using NG-Circos

Here we present a case study to further illustrate the power
of interactive data exploration using NG-Circos. In this
case, users can interactively explore driver single nucleotide
polymorphisms (SNPs), gene fusions and their impact on
protein structure in lung cancer (Figure 2). For example,
mouse over events show the SNP frequencies in lung cancer
from the Catalogue of Somatic Mutations in Cancer (COS-
MIC) database (Figure 2B) (20) and the three-dimensional
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(3D) protein structure of an EML4-ALK gene fusion (Fig-
ure 2C) (21). Remarkably, NG-Circos can also redirect ele-
ments (such as SNPs or gene fusions) to external resources.
For instance, clicking on a SNP, such as the EGFR T790M
variant, opens up a new Protein Data Bank (PDB) database
webpage, displaying the T790M variant-affected 3D struc-
ture of EGFR (Figure 2D; PDB code: 2JIT) (22). To sum
up, NG-Circos serves as a great tool to explore genomic
data interactively such that users can extract additional in-
formation by mouse hovering and clicking on the plots.

DISCUSSION

Interactive data exploration across diverse data types will
certainly promote the next-generation data visualization
and interpretation, with some successful examples, such
as cBioPortal (23), seen in cancer research. Circos plots
are widely used to display voluminous next-generation ge-
nomic data, but existing implementations of Circos does
not generate interactive outputs, which hinders its usability.
To address this issue, NG-Circos provides flexible modules
choices for interactive data exploration and diverse Circos
plots types. As additional types of genomic data are gener-
ated in the future, we will keep updating additional func-
tional modules to extend the power of NG-Circos. We will
also actively maintain NG-Circos and respond to inquiries
from users. By supporting diverse types of genomic data in
an interactive web interface, NG-Circos, we believe, will en-
hance genomic research in the biomedical field in the future.

SUPPLEMENTARY DATA

Supplementary Data are available at NARGAB Online.
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