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ABSTRACT

The visualization of biological sequences with vari-
ous functional elements is fundamental for the pub-
lication of scientific achievements in the field of
molecular and cellular biology. However, due to the
limitations of the currently used applications, there
are still considerable challenges in the preparation
of biological schematic diagrams. Here, we present
a professional tool called IBS 2.0 for illustrating
the organization of both protein and nucleotide se-
quences. With the abundant graphical elements pro-
vided in IBS 2.0, biological sequences can be easily
represented in a concise and clear way. Moreover,
we implemented a database visualization module in
IBS 2.0, enabling batch visualization of biological
sequences from the UniProt and the NCBI RefSeq
databases. Furthermore, to increase the design effi-
ciency, a resource platform that allows uploading, re-
trieval, and browsing of existing biological sequence
diagrams has been integrated into IBS 2.0. In addi-
tion, a lightweight JS library was developed in IBS 2.0
to assist the visualization of biological sequences in
customized web services. To obtain the latest ver-
sion of IBS 2.0, please visit https://ibs.renlab.org.

GRAPHICAL ABSTRACT

INTRODUCTION

The visualization of functional elements in biological se-
quences is fundamental when presenting new findings in the
field of molecular and cellular biology because it enables
the creation of concise and detailed representations of new
discoveries for readers. By accurately displaying the orga-
nization of biological sequences and presenting other func-
tional elements, such as epigenetic modifications and regu-
latory factors, in an intuitive way, a schematic diagram can
greatly help in explaining the regulatory mechanism of bio-
logical macromolecules and further promote the exchange
of scientific knowledge. At present, biologists mainly use
Microsoft PowerPoint, Adobe Illustrator or Photoshop to
draw schematic diagrams for biological sequences. How-
ever, these software packages were developed to meet the
general needs of image manipulation, and the locations of
functional elements cannot be precisely designated in the
biological sequences. Therefore, it is difficult to use them to
prepare a sequence organization diagram of sufficient accu-
racy.
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Given this situation, our group previously developed
a software package called DOG (1) for plotting protein
graphs in a step-by-step manner. Later, in 2015, we up-
dated the DOG package and released a new tool called il-
lustrator of biological sequences (IBS) (2) for assisting bi-
ologists in drawing publication-quality diagrams of both
protein and nucleotide sequences. Although these early ver-
sions have successfully helped scientists design fantastic di-
agrams for presenting their new findings in many published
articles, they still have some limitations due to the web tech-
nology at that time. For instance, the previous versions were
not smooth enough to perform interactive operations, espe-
cially for drawing complex diagrams with a large number of
elements. Additionally, in the previous version, users could
not perform batch visualizations for existing databases and
were unable to share their artwork with other researchers.

Therefore, to expand the application scenarios of IBS,
we present an upgraded version of IBS with stronger per-
formance and more extensibility. By investigating currently
published papers, we collected a set of new functional
elements in IBS 2.0, which allows for the use of much
more abundant graphical components for representing do-
main organizations, epigenetic modifications, and regula-
tory molecules for both protein and nucleotide sequences.
In addition, in this update, a database visualization feature
was also implemented for the UniProt (3) and NCBI RefSeq
(4) databases. Meanwhile, a batch mode was also provided
for the visualization of multiple protein or gene entries. In
addition, a platform that can share and exchange editable
sequence diagrams was implemented in IBS 2.0 to support
the uploading, retrieval, and browsing of existing sequence
diagrams. To allow an advanced usage of IBS, we have fur-
ther developed a lightweight and speedy JavaScript library
for the users. All the above features are freely available at
https://ibs.renlab.org.

RESULTS

General description of IBS 2.0

The frontend of IBS 2.0 was built using HTML5, CSS,
JavaScript and the library SVG.js (https://svgjs.dev/docs/3.
0/) for manipulating and animating biological sequences. In
addition, the backend was developed based on Java, and all
data were stored and managed in MySQL.

The user interface of IBS 2.0 consists of three main func-
tional modules. First, it contains a dual-mode user inter-
face (Figure 1A) that allows biologists to generate their
own schematic diagrams for either protein or nucleotide
sequences. For user convenience, multiple graphical com-
ponents, such as polygons, brackets, curves, and polylines,
were supported in this module for assisting in the presenta-
tion of complicated diagrams. To further facilitate the draw-
ing process, we also implemented a batch visualization mod-
ule for the automatic drawing of biological sequences re-
trieved from the UniProt and the NCBI RefSeq databases
(Figure 1B). In the new version of IBS, a resource platform
(Figure 1C) that collected a wealth of published biologi-
cal sequence diagrams was established, which enabled the
search for existing functional elements for constructing the
user’s own custom illustrations.

Input/output

To design sequence diagrams in IBS 2.0, users can directly
drag and drop the graphical components in the main inter-
face. Using the control panel on the right side, the precise
position, size, and color of the selected component can be
conveniently specified and updated in real-time. In addition,
an input file in JSON format is also supported in the recent
update. The JSON file records the detailed information of
each functional element in the input biological sequences.
When uploading this file, IBS 2.0 can automatically
parse it and display the biological sequences in the main
interface.

To visualize biological sequences from the UniProt and
the NCBI RefSeq databases, the accession ID or official
gene symbol is needed. For batch visualization, a text file
recording the IDs or gene symbols in each line is also sup-
ported.

In this updated version, diagrams can be exported as an
image file (in SVG, PNG or JPEG format) or a JSON file at
any time.

Protein sequence visualization

In IBS 2.0, the protein mode was redesigned with several
substantial improvements, such as a multiple sequence pre-
sentation, polygonal elements for sequence annotation, and
an enhanced marker for presenting functional sites. To fur-
ther demonstrate the new features of the protein mode, we
picked up a striking instance from the published literature
and re-illustrated it in Figure 2A.

As presented in previous studies (5,6), the SUMO E3 lig-
ase RanBP2 and the Ran GTPase activating protein (Ran-
GAP1) are known to form a stable complex during the cell
cycle, which indicated a correlation between the sumoyla-
tion of proteins and RanGTP hydrolysis. To further demon-
strate the synergistic mechanism of these two processes, a
detailed complex of RanBP2, sumoylated RanGAP1 and
Ubc9 was summarized in Flotho’s review (7). The intricate
structure of the RanBP2/RanGAP1*SUMO1/Ubc9 com-
plex was picked up and redrawn in Figure 2A using IBS 2.0.
In Figure 2A, several FG repeats are represented as dashed
lines, while two internal repeats (IR1 and IR2), along with
two RanGTP binding domains (RB) are marked as func-
tional domains in the protein sequence. The complex of
sumoylated RanGAP1 and Ubc9 can steadily bind to the
IR1 domain in RanBP2 and activate the SUMO E3 lig-
ase activity of the IR2 domain. Furthermore, several post-
translational modifications, such as phosphorylation and
sumoylation, were also found in RanBP2. A serine phos-
phorylation site at position 3207(8,9) and a lysine sumoy-
lation site at position 2592 (10) are illustrated as exam-
ples. The characterization of the above interactions reveals
that RanGTP hydrolysis is directly coupled with the cat-
alytic activity of sumoylation. As a major update in the pro-
tein mode, a variety of drawing elements, such as polylines,
polygons, and information texts, were integrated into IBS
2.0. Benefiting from such a wealth of drawing elements, the
above complex sequence structures could be visualized in
a concise and clear way. With those drawing elements, the
interacting proteins, as well as their annotation notes, can
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Figure 1. Overview of the IBS 2.0 server. (A) The main interface of IBS consists of 5 functional parts. (1) The component list panel showing the func-
tional elements drawn in the presented sequence diagram. (2) A toolbox that contains buttons for generating various functional elements in the biological
sequences. Some operation commands, such as New, Import, Export, Undo, Redo, Center, Zoom, etc., were also implemented in the toolbox. (3) The
interactive interface for drawing biological sequence diagrams. (4) The batch visualization module for the UniProt and RefSeq databases. (5) The interface
for setting properties of the selected element. (B) The main pipeline constructed for the batch visualization module. (C) The resource platform in IBS 2.0.
Existing biological sequence diagrams can be uploaded, retrieved, and browsed via this module.

be conveniently marked on the biological sequences, which
will be a great help for researchers in interpreting novel reg-
ulatory models. In addition, the cutlines were allowed to
draw in the protein sequence when representing functional
domains that are distant from the ‘core’ regions. In some
cases, multiple posttranslational modifications will appear
in a single protein. To display different modification sites

or functional sites in one protein, IBS 2.0 now provides site
markers with different shapes and different colors for users,
as shown in Figure 2A.

In conclusion, we suggest that improvements in the pro-
tein mode will be a useful feature for experimentalists, al-
lowing them to illustrate their artwork with ease. With the
abundant drawing elements provided in our software, more
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Figure 2. Schematic representation of two selected biological sequences. (A) A schematic diagram of the E3 SUMO-protein ligase RanBP2. A RanGAP1-
induced activation process is presented on the domain graph. (B) Organization of the fru gene in Drosophila melanogaster. Sex-specific alternative splicing
is shown.

expressive schematic diagrams can be prepared from IBS
2.0.

Nucleotide sequence visualization

A wider variety of functional elements were implemented
in the nucleotide mode, which allows users to prepare nu-
cleotide diagrams with distinct drawing styles, than in the
protein mode. In nucleotide mode, a ‘Domain’ button is
provided for adding functional elements in nucleotide dia-
grams. Similarly, the ‘Site’ button is designed for represent-
ing functional motifs or mutation sites, while a ‘Note’ but-
ton is designed for additional annotations. In IBS 2.0, we
designed various polygons, such as rectangles, circles, ar-
rows and cylinders, for diversified diagramming. To make it
more convenient for users to manage and organize the draw-
ing elements, all polygons can be discretionary zooming and
dragging. In addition, when drawing a long sequence of a
nucleotide diagram, the functional elements within this se-

quence may be quite distant from each other. If we illustrate
such nucleotide sequence on a real scale, the generated dia-
gram may appear unaesthetic. To avoid such a scenario, we
developed the ‘cutline’ element to help users omit inconse-
quential sequences when representing functional domains
that are distant from the ‘core’ regions.

Figure 2B is an example application of our newly devel-
oped nucleotide-mode user interface. In 2005, Demir et al.
identified a fruitless (fru) gene in Drosophila melanogaster
(11). The fru gene is important for the sex-determination
cascade and controls male courtship behavior by the estab-
lishment and development of a male-specific neuronal cir-
cuitry. The genomic organization was reillustrated in Figure
2B with the sex-specific domain, the dimerization domain
(BTB), the connecting region and the DNA-binding do-
mains (zinc-figures) marked in different polygons. As men-
tioned in the original literature, the fru gene is spliced differ-
ently in males and females. In Figure 2B, the sex-specific al-
ternative spliced transcripts are shown. Transcripts from the
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P2–P4 promoters are not sex-specifically spliced and encode
a set of common Fru isoforms that control the develop-
ment of both sexes. However, the transcripts initiated from
the distal P1 promoter are sex-specifically spliced under the
control of the sex determination factors Tra and Tra-2. In
males, the S exon is spliced at its default male-specific donor
site, while a splicing event at a more 3′ donor site is found
in females and leads to a block translation of the follow-
ing transcripts. In this example, the polygonal elements pro-
vided in nucleotide mode were extensively used. The polyg-
onal elements can be set as different colors and different
shapes, which may provide users with unconstrained draw-
ing operations. Additionally, several polyline elements were
developed in nucleotide mode. The color and the thickness
of the polylines can be varied to represent more diversified
content in functional genes, such as different transcriptional
directions or various alternative splicing events. Therefore,
with the help of these drawing elements, the complex ge-
nomic schematic diagram can be clearly and succinctly rep-
resented.

For published artwork containing the above abundant
polygonal and polyline elements, the organization of a nu-
cleotide sequence can be explicitly interpreted, and visu-
ally appealing diagrams will effectively draw attention from
readers. This is of great importance for the presentation
of scientific achievements in published literature. Taken to-
gether, we propose that IBS 2.0 could be a great help for
molecular and cellular experimentalists, allowing them to
present the nucleotide organization in a more efficient, aes-
thetic, and concise manner.

Batch visualization of biological sequences from public
databases

To facilitate the drawing process, a batch visualization mod-
ule is also provided in IBS 2.0. A set of database IDs or
official gene symbols can be inputted in the text area or up-
loaded via the file selection box (Figure 3A). After clicking
the ‘Search’ button, detailed annotations of the inputted bi-
ological sequences were first retrieved from the UniProt or
RefSeq database (Figure 3B). In protein mode, the func-
tional domains, repeat regions, coiled coils, motifs, and
known post-translational modifications (integrated from
the PTMsnp Database (12)) were automatically drawn.
In nucleotide mode, the transcript organization, includ-
ing exon, CDS, 5′-UTR, 3′-UTR, and RNA modification
sites (integrated from RMVar (13)), was visualized. Figure
3D and E presents a representative example of the PDZ
and LIM domain protein families (PDLIM1, PDLIM2,
PDLIM4) and two transcript isoforms of TGFB1. Based
on the generated diagram, users can make further manipu-
lations using the aforementioned features provided in IBS
2.0.

JavaScript library for illustrating biological sequence dia-
grams

To enhance the scalability and versatility of IBS, we have de-
veloped a lightweight and speedy JavaScript library called
IBS.js that integrates all functionalities in IBS. Using this
JS library, users can easily visualize a biological sequence

diagram in their customized web services and make it pos-
sible to present functional annotations dynamically during
analysis or predictions.

Resource platform for collecting and sharing biological se-
quence diagrams

By performing an extensive literature survey, we found that
many similar elements were drawn in different diagrams.
Therefore, establishing a resource platform for collecting ex-
isting biological sequence diagrams can further help users
search for functional elements of interest and share their
artwork with the community, which we believe may be valu-
able for improving drawing efficacy and quality. To gather
an intact set of published biological sequence diagrams, we
developed a deep learning model (Supplementary Methods
and Figure S1) based on Resnet152 architecture to recog-
nize biological sequence diagrams from published litera-
ture. Using this model, we collected and manually reillus-
trated a total of 347 diagrams in IBS 2.0. For ease of use of
these resources, a user-friendly platform that enables users
to browse and search the collected sequence diagrams was
developed (Figure 3C). In addition, to allow users to share
diagrams designed on their own, an upload pipeline was
also provided. All the submitted diagrams will be manually
reviewed for quality assurance. In this resource platform,
users can further edit the collected sequence diagrams us-
ing the main interface of IBS 2.0 and access the detailed
information, such as the functional annotations, keywords,
and associated publications, of each collected diagram.

SUMMARY AND PERSPECTIVES

In this article, we proposed an upgraded version of IBS.
By applying the brand-new frontend technology, the per-
formance and user experience were greatly improved. With
a dual-mode user interface, experimentalists could pro-
duce schematic diagrams of both protein and nucleotide se-
quences with ease. To provide a drawing environment with-
out restriction, abundant graphical elements, such as poly-
gons, brackets, curves, and polylines, were available. Par-
ticularly, a database visualization feature was also imple-
mented in this new version. By retrieving data from the
UniProt and the NCBI RefSeq databases, the organization
of a given protein and transcript structure can be automati-
cally plotted. The post-translational modifications or RNA
modifications on these biological sequences were also an-
notated in the generated diagram. For user convenience,
this feature supports the retrieval of both database IDs
and official gene symbols. Meanwhile, a batch mode was
also provided for the visualization of multiple protein or
gene entries. In addition, through literature research, we
found that many diagrams from different published articles
may describe similar functions or mechanisms. A platform
that can share and exchange editable sequence diagrams
may greatly help to improve design efficiency. Therefore, we
added a resource platform into IBS 2.0 to support upload-
ing, retrieval, and browsing of existing sequence diagrams.
To allow an advanced usage of IBS, we also developed a
lightweight and speedy JavaScript library for the users. Us-
ing this JS library, one can easily integrate IBS into their
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Figure 3. A snapshot of the batch visualization module in IBS 2.0. (A) The data input panel. (B) Retrieval results from the UniProt (left) and RefSeq (right)
databases. (C) The main interface of the resource platform. (D) Visualization of the PDZ and LIM domain protein families using the batch visualization
module. (E) Visualization of the TGFB1 transcript isoforms using the batch visualization module.

web server and dynamically visualize their functional an-
notations in their analysis or predictions.

Recently, several similar tools have been developed for
the visualization of biological sequences. MyDomains (14)
is one of the typical representatives. Compared to MyDo-
mains, IBS 2.0 is considerably more powerful and user-
friendly in the following aspects. First, MyDomains only
supports drawing protein diagrams with up to 6 differ-
ent shapes and 4 colors, while IBS 2.0 provides 22 types
of graphical elements and any desired color for produc-
ing both protein and nucleotide sequence diagrams. Second,
MyDomains can only plot one protein each time, but IBS
2.0 is free to add sequences without this restriction. Third, in
MyDomains, schematic diagrams can only be exported into
low-resolution bitmaps. However, in IBS 2.0, artwork can
be saved in high-resolution bitmaps and editable vector im-
ages, which may be more suitable for producing publication-
quality figures. Except for MyDomains, the Pfam (15) and
the SMART (16) databases also provided a simple function-
ality for protein domain visualization. Nevertheless, simi-
lar to MyDomains, only one protein was allowed to draw
in these kinds of websites at a time. Moreover, unlike IBS
2.0, none of the abovementioned tools are capable of pro-
viding an interactive operation for users, therefore causing
great inconveniences in the drawing process. In conclusion,
we suggest that IBS 2.0 is a useful tool for the community
since it allows the researchers to represent their discoveries
in a simpler and more comfortable way.

In the near future, we will update IBS as a comprehensive
graphical software dedicated to biological research. A num-
ber of new features will be added, including the drawing of
organelles, metabolic pathways, and cell signaling pathways.
Additionally, to allow sharing diagrams between different
tools, standard interchange formats, such as the Systems Bi-
ology Graphical Notation (17), will be further supported in
our feature version. In addition, we will continue to collect
as many biological sequence diagrams as possible and inte-
grate them into the resource platform. Other functions will
also be added based on suggestions and comments from our
users.
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