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Abstract

Background: Cytogenetic nomenclature is used to describe chromosomal aberrations (or lack thereof) in a
collection of cells, referred to as the cells’ karyotype. The nomenclature identifies locations on chromosomes using
a system of cytogenetic bands, each with a unique name and region on a chromosome. Each band is
microscopically visible after staining, and encompasses a large portion of the chromosome. More modern analyses
employ genomic coordinates, which precisely specify a chromosomal location according to its distance from the
end of the chromosome. Currently, there is no tool to convert cytogenetic nomenclature into genomic coordinates.
Since locations of genes and other genomic features are usually specified by genomic coordinates, a conversion
tool will facilitate the identification of the features that are harbored in the regions of chromosomal gain and loss
that are implied by a karyotype.

Results: Our tool, termed CytoConverter, takes as input either a single karyotype or a file consisting of multiple
karyotypes from several individuals. All net chromosomal gains and losses implied by the karyotype are returned in
standard genomic coordinates, along with the numbers of cells harboring each aberration if included in the input.
CytoConverter also returns graphical output detailing areas of gains and losses of chromosomes and chromosomal
segments.

Conclusions: CytoConverter is available as a web-based application at https://jxw773.shinyapps.io/Cytogenetic__
software/ and as an R script at https://sourceforge.net/projects/cytoconverter/. Supplemental Material detailing the

underlying algorithms is available.
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Background
Many human diseases, particularly cancer, are caused by
or driven by gains and losses of chromosomes or chromo-
somal segments [2]. In cancer, oncogenes are often found
within regions of gain, while tumor suppressor genes are
frequently deleted [13]. Chromosomal abnormalities also
cause many known syndromes, and may be suspected as
causes of undiagnosed diseases [14]. As such, testing for
gains and losses is an important component of both re-
search and clinical practice.

Before the advent of higher-resolution techniques, kar-
yotypes were the primary method used to characterize
chromosomal aberrations, and are still widely used. A
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karyotype summarizes the state of the genetic material in
a collection of cells. The naming system for describing
chromosomal changes — cytogenetic nomenclature — is
dictated by the International System for Human Cytoge-
nomic Nomenclature (ISCN) [11]. It describes the total
number of chromosomes in the cell, the unmodified sex
chromosomes, and the chromosome(s) with abnormalities
present. Karyotyping relies on the use of banding tech-
niques, which have allowed researchers to describe the lo-
cations of microscopic-level changes such as
translocations and band-sized or larger deletions and du-
plications. The completion of the human genome se-
quence in the early 2000s, however, enabled description of
chromosomal aberrations in terms of genomic coordi-
nates, which can specify locations at nucleotide-level reso-
lution [12]. Technological advances such as genotyping
microarrays (reviewed in LaFramboise, 2009 [8]) and,
more recently, next-generation sequencing (NGS) have

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12859-019-3062-4&domain=pdf
http://orcid.org/0000-0003-1793-4777
https://jxw773.shinyapps.io/Cytogenetic__software/
https://jxw773.shinyapps.io/Cytogenetic__software/
https://sourceforge.net/projects/cytoconverter/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:Thomas.LaFramboise@case.edu

Wang and LaFramboise BMC Bioinformatics (2019) 20:467

spurred the community to more commonly frame dele-
tions and gains in terms of genomic coordinates. How-
ever, karyotyping is still used today [9]. The use of
cytogenetics remains popular for analyzing blood samples
[5], for example. Additionally, there is copious archival
data (e.g. the Mitelman Database of Chromosome Aberra-
tions and Gene Fusions in Cancer) recorded in cytogen-
etic nomenclature. Large numbers of these karyotyped
samples have not been subjected to microarray or NGS-
based analyses, and in many cases the DNA is no longer
available. In order to allow researchers to more easily
identify the genomic entities such as genes and regulatory
loci that are harbored in the gained and lost regions of
karyotyped samples, we have developed a converter that
parses the karyotypes and returns the corresponding gains
and losses in terms of genomic coordinates.

A handful of tools are currently available to computation-
ally analyze cytogenetic nomenclature. CyDAS [7] can
characterize the loss and gain of chromosome material and
can create karyograms from cytogenetic nomenclature.
However, the program does not appear to have updated
since 2004, and gives information using band locations, not
genomic coordinates. The National Center for Biotechnol-
ogy Information (NCBI) provides a tool to convert
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cytogenetic bands into genomic coordinates. However, this
tool does not characterize losses and gains, and only con-
verts individual bands and not karyotypes (https://www.
ncbi.nlm.nih.gov/genome/tools/cyto_convert/).

Implementation
CytoConverter is written in R. It accepts single karyo-
type strings and/or text, tab-delimited tables as input.
An input table must have two columns, one indicating
sample names and the other containing the karyotypes.
The rules of cytogenetic nomenclature should be
followed according to the ISCN 2016. CytoConverter
outputs gains and losses, labelled by sample name, in
hg18, hgl9, or GRCh38 coordinates. If cell count infor-
mation is provided in the input karyotype, CytoConver-
ter also reports the numbers of cells harboring each
aberration, and the total number of cells in the sample.
More specifically, CytoConverter divides a karyotype into
individual clones, where applicable, reporting results ac-
cording to each clone’s karyotype. It will output a table of
losses and gains, with each row consisting of the sample
name (adding “ n” to the sample name for the #™ clone in
the karyotype, if multiple clones are present), chromosome
number, beginning base position, ending base position,

-

Input : 46,X,del(X)(q21.31927.2)[2]/46,XX[2]
Table [sample | 46,xdel(x)(21.31q27.2)[21/46,XX[2] |
Separate sample into Sample 46,X,del(X)(q21.31927.2)[2]/46,XX[2
Sample [sample | a6,X,del(X)(a2131a27.2)21/46XX(2] _|
Clone Determine sex Sample_1 |46,X,del(X)(q21.31q27.2)[2]
Check for chromosome s le_2 |46,XX[2]
polyploidy configuration ample_ ’
(XX or XY) Nolpoly XX
Convert chromosome abnormality
into genomic coordinates
Determine nature of abnormality
Whole chromosome - . Special case L .
Fiiless Duplication/Deletion T — Duplication/Deletion
Is it an additional Is not an additional
chromosome? chromosome
Label gains/loss ka less
Check for implied Check for implied sex Sample ID Chr Start End Type
polyploidy/haploidy  chromosome gains/loss sample 1 chrX 86200000 142100000 Loss
Record number of cells of a 2
clone
SampleID  Chr Start End Type Cells
Output table Present
sample chrX 86200000 142100000 Loss 2of4
Fig. 1 Summary of CytoConverter implementation. This figure walks through the program'’s parsing of the example input karyotype
46,X,del(X)(q.21.31927.2[2]/46,XX [2]
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CytoConverter : Cytogenetic Nomenclature to Genomic Coordinate Translator Main Page Error Log About
s Text Result
g Please Check Error Log
Text input SamplelD  Chr Start End Type Cells Present
sample_1 chr3 0 198022430  Gain unknown
49<2n> XX +3,+6.+8,+13(17q)
sample 1 chr§ 0 171115067 Gain  unknown
_ sample_1 chr8 0 146364022 Gain  unknown
File input sample_t  chr13 0 115169878 Gain  unknown
Browse. sample_1 chr17 24000000 81195210  Gain unknown
sample_1 chr17 0 24000000  Loss unknown
Reference Build
® GRCh38
hgto | s |« | s s | o [0 | n | ||| e]w|e]ulokle x |v|
hg18
& Download Results
&, Dovnload Error Log
sample_1
Instructions
1. Program accepts a single karyotype in the "Text input box or a tab-delimited UTF-8 encoded
text file with sample name in column 1 and karyotype in column 2 in the ‘File input’ box. An
example of a file input and output, in UTF-8 encoding, is shown below:
ABC 46,XY,der(1;19)(q10;p10)
DEF 47 XX, +der(10)t(10:21)(p13;q21)
P10 47, X +X[30)/48 XX +7,49[50] : ﬁ:‘:\izyws Loss
@ Homozygous Loss
&, Download File Input Example | & Download File Output Example
1 1 2 1 3 1 4 1 5 L 6 | 7 1 8 9 | 10 1 1 1 12 | 13 | 14 | 15 | 16 | 17 | 18 |19 ] 20 |21]22| X LY
cNa I 22s%
MUT Eil
Fig. 2 CytoConverter output from a cancer cell line. The top panel shows a screenshot of CytoConverter as applied to the karyotype of the cell
line AML-193. The output produced by our web tool is under “Text Result”, wherein the sample is referred to as “sample_1" by default. The
bottom panel shows the results from microarray-based copy number analysis of AML-193, as performed in Barretina et al. [1] and visualized using
cBioPortal [3, 6]. In cBioPortal output, red indicates gains, blue indicates losses, and a darker color indicates a larger deviation from normal (i.e. a
“deeper” deletion or higher-level amplification). Note that cBioPortal reports Y as having been lost, though the cell line is derived from a male
patient with only X chromosomes constitutionally and therefore the Y chromosome was not present in the sample

whether the region was lost or gained, and number of cells
in the clone out of total number of cells in the sample if cell
number information is provided in the input karyotype.
CytoConverter also provides graphical output displaying a
heatmap in which rows represent distinct samples or clones
and columns represent chromosomal locations. Gains are
displayed in red, hemizygous losses in blue, and homozy-
gous losses in yellow. An overview of the algorithm used to
parse cytogenetic nomenclature is provided in Fig. 1.
CytoConverter uses the coordinates of cytobands as spe-
cified by the cytoband.txt file (resolution 850 bands, the
maximum available) from the UCSC Genome Browser R/
Builds folder. A web interface was created using Rshiny
(Chang et al,, 2018 [4]), an R package used to build inter-
active web applications that run R in the background.

Results
Here we provide a set of examples demonstrating Cyto-
Converter’s capabilities.

Single karyotype example
Figure 2 (top panel) shows an example of the interface
and output of CytoConverter, applied to the karyotype

of AML-193, a cell line derived from a female acute
myeloid leukemia (AML) patient. The karyotype for
AML-193 is given as 49 < 2n>,XX,+ 3,+ 6,+ 8,+ 13,i (17q)
by the Leibniz Institute DSMZ- German Collection of
Microorganisms and Cell Cultures (https://www.dsmz.
de/catalogues/details/culture/ ACC-549.html). As part of
the Cancer Cell Line Encyclopedia [1], AML-193 was sub-
jected to microarray-based copy number analysis, the re-
sults of which are shown in Fig. 2 (bottom panel). As
shown, the copy number changes inferred by CytoConver-
ter from the karyotype match well with the copy number
lesions revealed from arrays, except for the more focal
changes that are below the limited resolution available on
the karyotype level. In this example, the number of cells
present are not indicated in the karyotype, but CytoConver-
ter is set up to accommodate complex karyotypes wherein
different cells harbor different chromosomal aberrations
(see Example involving multiple clones subsection below).

Multiple karyotype example

We acquired karyotypes for 943 pediatric patients from
the TARGET (“Therapeutically Applicable Research To
Generate Effective Treatments”; [10]) project. We
uploaded a text, tab-delimited file (Additional file 2: Table
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Fig. 3 Graphical output by CytoConverter derived from karyotypes of 943 patients from the TARGET consortium [10]

S1) containing all 943 karyotypes to CytoConverter to
automatically extract the implied gains and losses. Cyto-
Converter’s tabular output is given in Additional file 3:
Table S2. Recurrent duplication of chromosome 8 is ap-
parent in CytoConverter’s graphical representation (Fig. 3).
In general, it is expected the graphical output will be use-
ful for visual detection of frequent loss or gain of specific
chromosomal loci in associated samples.

Example involving multiple clones

Standard cytogenetic nomenclature can accommodate
samples with multiple distinct clones, each having a dif-
ferent karyotype. The nomenclature can also be used to
indicate the number of visible cells corresponding to
each clone karyotype. For example, 47,X,+X [30]/46,XX,
+7,+9[50] indicates a sample with two clones, one with

Table 1 Example input to CytoConverter

Sample Name and Karyotype

ABC 46,XY,der(1;19)(q10;p10)
DEF 47 XX+der(10)t(10;21)(p13;921)
P_10 47 X +X[30]/48 XX+ 7,+ 9 [50]

30 visible cells harboring an extra copy of the X chromo-
some, and the other with 50 visible cells harboring extra
copies of chromosomes 7 and 9. As noted above, Cyto-
Converter handles multiple clones by appending “_n” to
the sample name for its #™ clone’s karyotype. Table 1
gives example input for three patient samples, the last of
which has the two-clone karyotype 47,X,+X [30]/46,XX,
+7,+ 9[50]. CytoConverter’s tabular and graphical out-
put are shown in Table 2 and Fig. 4, respectively.

Table 2 CytoConverter's tabular output from input given in

Table 1

Sample ID  Chr Start End Type  Cells Present
ABC_1 chr1 0 125,000,000  Loss unknown
ABC_1 chr19 26,500,000 59,128,983 Loss unknown
DEF_1 chri0 12,200,000 135,534,747  Gain unknown
DEF_1 chr21 16,400,000 48,129,895 Gain unknown
P_10_1 chrX 0 1552270560  Gain 30 of 80
P_10_2 chr7 0 159,138,663  Gain 50 of 80
P_10_2 chr9 0 141213431 Gain 50 of 80
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Fig. 4 CytoConverter's graphical output from Table 1 input

Additional cytogenetic lesions and examples

There is a substantial diversity of cytogenetic terms that
CytoConverter is able to handle beyond those shown
above. We detail CytoConverter’s approach to parsing
each of these in the Additional file 1, where we also pro-
vide results from its parsing of several more example

karyotypes.

Conclusions

In summary, we have developed a user-friendly web-based
tool that allows users to input any number of human kar-
yotypes, and obtain the genomic coordinates of all gains
and losses implied by each of the karyotypes. We antici-
pate that this tool will be of considerable value to the
community for analyzing archival patient samples, as well
as samples for which higher-resolution copy number data
is unavailable. It should be noted that CytoConverter only
reports net gain and loss of chromosomal material relative
to the normal, diploid 2n. In keeping with the standards
for array-based copy number inference, we do not report,
for example, balanced translocations or inversions. This is
an area for future development.

Availability and requirements
Project name: CytoConverter.

Project home page: https://jxw773.shinyapps.io/Cyto-
genetic__software/

Operating system(s): Platform independent.
Programming language: R.

Other requirements: R 3.5.3 or higher.

License: GNU v.3.0.

Any restrictions to use by non-academics: None.

Additional files

Additional file 1: Additional material provided describing uses and
caveats of CytoConverter including example input. (DOCX 136 kb)

Additional file 2: Sample table containing karyotypes for 943 pediatric
patients from the TARGET (“Therapeutically Applicable Research To
Generate Effective Treatments”; [10]) project. (TXT 54 kb)

Additional file 3: Table output generated by CytoConverter from
sample input from Additional file 2. (TXT 56 kb)

Abbreviations

AML: Acute myeloid leukemia; ISCN: International System for Human
Cytogenomic Nomenclature; NCBI: National Center for Biotechnology
Information; NGS: Next-generation sequencing
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