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Abstract Species-specific sets of chromosomes—
karyotypes—are traditionally depicted as linear ideo-
grams with individual chromosomes represented by
vertical bars. However, linear visualization has its
limitations when the shared collinearity and/or chro-
mosomal rearrangements differentiating two or more
karyotypes need to be demonstrated. In these
instances, circular visualization might provide easier
comprehension and interpretation of inter-species
chromosomal collinearity. The chromDraw graphical
tool was developed as a user-friendly graphical tool
for visualizing both linear and circular karyotypes
based on the same input data matrix. The output
graphics, saved in two different formats (EPS and
SVG), can be easily imported to and modified in
presentation and image-editing computer programs.
The tool is freely distributed under GNU General
Public License (GPL) and can be installed from
Bioconductor or from the chromDraw home page.
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Abbreviations

BED  Browser Extensible Display
C++  Programming language
EPS Encapsulated PostScript
GPL  General Public License

R Programming language and software
environment
rDNA  Ribosomal DNA

RGB  Red, green, blue
SVG  Scalable Vector Graphic

Introduction

Karyotypes represent chromosome sets that are usually
constant for an individual, population, species, or
species group. Karyotypes and important chromosomal
features were traditionally described by simplified ideo-
grams or idiograms (both terms can be found in the
relevant literature and are being used reciprocally)
representing chromosomes as linearized vertical bars.
Until the onset of computerization and the development
of specialized graphical software and hardware, ideo-
grams were drawn by hand. Both the accelerated devel-
opment of computer-aided graphical tools together with
the rapid growth of the Internet and web environments
like Java or Flash paved the way for computer-based
drawing of ideograms.

Computer-aided karyotype visualizations started to
be more common during the late 1980s. A chromosome
image analyzing system (CHIAS) has been developed
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particularly to analyze plant chromosomes (Fukui 1986;
Fukui and Iijima 1991). CHIAS is primarily an analyt-
ical karyotyping tool designed to describe quantitative
chromosomal features, such as chromosome length, arm
ratio, and chromatin condensation patterns, on Giemsa-
or fluorescently stained metaphase chromosomes.
Another development in visualization of chromosomes
was marked by first published libraries for graphical
visualization of chromosomes (Dohi et al. 1993).
Later, computerization and the ever-decreasing prices
of computers fostered the development of several graph-
ical tools and software. With the Internet becoming
more accessible, online graphical tools not requiring
installation of special libraries have been employed for
karyotype visualization; one of the first client—server
applications for visualization of data from public data-
bases was Zomit (Pook et al. 1998). This trend was
further underlined by the introduction of Java runtime
environment and Flash. Today, several freeware or
shareware software for chromosomal and karyotype
visualizations are available, for example CrusView
(Chen and Wang 2013), ggbio (Yin et al. 2012),
GenoPlotR (Guy et al. 2010), Circos (Krzywinski
et al. 2009) or DNAnexus (www.dnanexus.com).
Except for the ggbio R package (which however was
not designed to visualize ideograms of more than one
species), all existing graphical tools were designed for
karyotype visualization either in a linear or circular
fashion. Whereas linear visualization is usually used to
display chromosomal structures and chromosomes
within a given karyotype, circular ideograms are
preferred for pictorial comparison of two or more
karyotypes. Here, we describe principal features of a
newly developed graphical tool chromDraw, designed
to visualize both linear and circular karyotypes using the
same data matrix. As the open Bioconductor software
platform (Gentleman et al. 2004), containing a broad

qFig. 1 a chromDraw linear karyotype visualization in

Stenopetalum nutans (Sn, n=4). The genome contains 24
genomic blocks (A to X; some blocks split into two or three parts)
duplicated by a whole-genome duplication event. Data matrix
based on Mandékova et al. (2010). b chromDraw circular visual-
ization of four ancestral or extant karyotypes from the mustard
family (Brassicaceae): S. nutans (Sn, n =4), Arabidopsis thaliana
(At, n=5), Boechera stricta (Bs, n=T) and Ancestral Crucifer
Karyotype (ACK, n=8). Data matrices are based on Mandakova
et al. (2010, 2015) and Schranz et al. (2006), and are available at
the chromDraw home page. 5S rDNA and 35S rDNA loci are
visualized as black and white rectangles, respectively

range of free packages for bioinformatic analyses and
visualization, is widely used by the bioinformatics
community, chromDraw was designed as one of the
Bioconductor packages.

Results
Design and implementation

BiocCheck (Bioconductor 2014) and Bioclnstaller
(Tenenbaum and Team 2014) R packages were used
during development of the package. The main function-
ality of chromDraw was written in the C++ language.
The library Board (Fourey 2014) was used for drawing
graphic primitives. The integration of R and the C++
core of chromDraw was made by the Rcpp package
(Eddelbuettel et al. 2011) and allows complete hiding
of the C++ implementation for an R user. Because R is a
multi-platform software, users can run chromDraw on
several platforms such as Linux/UNIX, Windows, or
Mac OS. ChromDraw has no requirements for special
hardware or software to successfully run the package; R
software and required packages are needed (Rcpp,
GenomicRanges). A library board has to be installed
to compile and run the command line version of this tool
in the operating system. ChromDraw can also be run as
an online tool accessed from the web page www.
plantcytogenomics.org/chromDraw. The online version
is limited to simultaneous circular visualization of two
karyotypes, based on sample data matrices available
from the chromDraw home page. Both the online and
locally installed versions have no limitations as to the
number of circularly visualized karyotypes when using
the user’s own matrices; however, there are practical
limits to the number of compared genomes (see
below). The tool is freely distributed under GNU
General Public License (GPL) version 3.

Data representation

In chromDraw, one input file has to be used for visual-
ization of both linear and circular karyotypes. Data
describing the structure of individual chromosomes are
presented in an open text file format and information on
karyotypes is saved in the main data file. Each karyo-
type contains chromosomal specifications such as acro-
nyms, aliases, and ranges. A chromosome is represented
as one or more blocks filling the whole chromosome’s
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space except for its centromere and telomeres. If the
position of the centromere is unknown, or if holokinetic
chromosomes should be visualized, this feature can
remain undefined. A chromosome block is defined,
among other attributes, by its acronym and range. Both
chromosomal and block ranges must be represented by
integers and must be in the same units. The second file is
a simple text file containing definitions of colors, where
each color should be described by a unique name and
RGB value. However, implemented default colors can
be used to successfully run the application. Specific
chromosomal features (e.g., ribosomal RNA gene loci,
heterochromatic bands or knobs), and landmarks (e.g.,
localized DNA probes or constructs) can be visualized
within both linear and circular karyotypes. Any chro-
mosomal landmark is defined by its position on a
particular chromosome as well as by its size, color,
and label.

The number of simultaneously visualized karyotypes is
not restricted. However, to ensure sufficient legibility of
small fonts in circular karyotype visualizations, it is
recommended to display no more than six karyotypes
with an average of ten chromosomes per presentation slide
or A4-sized figure. Input text data file (s) are accepted by
the function chromDraw, which may be used in R or on
the command prompt in locally installed versions.

Data manipulation and functionalities

As chromDraw is one of the Bioconductor R packages,
we allowed for the Bioconductor package
GenomicRanges (Lawrence et al. 2013) to be used as
an alternative input data structure in chromDraw.
GenomicRanges provides data structures for represen-
tation of annotated genomic ranges, whereby one struc-
ture contains information about one karyotype.
Processing of this type of data by chromDraw is possi-
ble using the function convertInputData, converting
GenomicRanges structures into the main data file
format. In R, colors differentiating individual blocks
can be represented as a data frame. The conversion of
colors from the data frame to a color data text file is
made by the function convertinputColors. The function
chromDrawGR automatically makes both data conver-
sions described above (convertInputData and
convertlnputColors). All conversion outputs are saved
in the working directory in R.

chromDraw can also visualize data saved in the
Browser Extensible Display (BED) file format. The
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use of the BED data file is possible through the param-
eter “format”, enabling to set the input data
format. To store data in the BED format, at least the first
nine fields and color definitions for each record have to
be used. However, when using the BED files and not
violating the principles of this format, only a single
karyotype can be visualized.

The output graphics are saved in two formats:
Encapsulated PostScript (EPS) and Scalable Vector
Graphic (SVG). The first one may be used to create
postscript documents or can be imported into slide show
presentation programs (e.g., Libre Office Impress or
Microsoft Powerpoint), whereas the SVG files can be
modified by other graphical tools or converted to other
graphical formats.

The chromDraw package is included in
Bioconductor R packages (www.bioconductor.org/
packages) and may be easily installed. Once installed,
chromDraw may be run with the following command:

library (chromDraw)

The package contains an example that can be executed
by the following commands:
OUTPATH=file.path(getwd() ) ;
INPATH=system. file(

‘extdata’,
‘Ack_and_ Stenopetalum nutans.txt’,
package = ‘chromDraw’ )
COLORPATH=system.file ('extdata’,
‘default_colors. txt’,
package = '‘chromDraw’)
chromDraw (argc=17,
argv=c (“chromDraw”,
“-c”, COLORPATH,
“-d”, INPATH,
“-0”, OUTPATH) ) ;

This example illustrates the use of the package based
on text data files. To use the GenomicRanges structures,
the following function is used:

chromDrawGR (list (karyotypel),
colors) ;

A more detailed description of how to use these
functions is available from the chromDraw web page
and the documentation file.

Application examples
An example of a linear ChromDraw visualization

output for the karyotype of an Australian plant species,
Stenopetalum nutans (n=4), is shown in Fig. la. A
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circular visualization of the same karyotype, together
with three other karyotypes, is shown in Fig. 1b. In these
examples, all chromosomal arms are built of so-called
genomic blocks (A to X) facilitating inter-genomic
comparisons of chromosomal collinearity. An optional
functionality to display chromosomal landmarks is
demonstrated here by placing rDNA loci on the
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Fig. 2 chromDraw circular visualization of mouse (Mm,
n=19+XY) and human (Hs, n=22+XY) karyotypes. Colors
correspond to 21 mouse chromosomes; chromosomal regions that
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respective chromosomes. Figure 2 shows a chromDraw
circular comparison of human and mouse karyotypes.
This example, with the mouse karyotype (n=19+
XY) shown inside the human karyotype (n=22+
XY), illustrates different chromosome numbers and
rearrangements of genomic blocks differentiating
both species.
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are collinear among the two genomes are labeled with the same
color. Data matrices are based on data obtained from CoGe (www.
genomevolution.org/coge/, Lyons and Freeling 2008)
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Discussion

Here we described the principal functionalities of an R
package, chromDraw, developed for linear and circular
visualizations of eukaryotic karyotypes using one input
data matrix. ChromDraw’s features enable drawing of
linear ideograms that can then be aligned and compared
with each other in the form of circular diagrams
displaying inter-species chromosomal collinearity and
structural differences. Additionally, the developed
graphical tool enables to plot various chromosome-
specific landmarks and DNA probes on selected chro-
mosomes. Output vector graphics are versatile, can be
easily modified in a number of graphical software, and
the postscript files can be readily inserted into slide
show presentation programs such as Libre Office
Impress or Microsoft PowerPoint. As R is a free multi-
platform software, the chromDraw package can be run
on several platforms and its core can also be run sepa-
rately like a command line application, or through the
online web-based version. There are a number of direc-
tions in which the package might be extended in the
future. The online available database of karyotypes will
be constantly updated and useful functionalities and
settings of karyotype visualization will be implemented.
Special requirements and features can be implemented
by any user after downloading the source code.
However, all changes to the published version can be
made only by the chromDraw developer upon request.
There are several other freely available software for
linear or circular visualization of karyotypes. However,
all the software and tools are limited to either linear or
circular types of visualization. GenoPlotR (Guy et al.
2010) is an R package plotting linear gene and genome
maps. This package is suited for comparison of two
chromosomal regions or chromosomes in a linear
fashion. If multi-karyotype comparisons are required,
circular visualizations drawn by chromDraw or Circos
are more informative. The widely used Circos software
(Krzywinski et al. 2009) was developed for visualizing
data in a circular layout. Although Circos provides
publication-quality circular visualizations, linear karyo-
types cannot be drawn using the same data matrix.
ChromDraw, in contrast, generates both types of visual-
ization using one input data matrix. Both types of visu-
alization can be also produced using an R package ggbio
(Yin et al. 2012). However, this package was primarily
designed to visualize the detailed structure of genomic
regions (e.g., splicing patterns, exons vs. introns),
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whereas chromDraw is visualizing large-scale chromo-
somal regions, chromosomes, key chromosomal
features, and multiple complete karyotypes.
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