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BSTRACT 

n the genomic era, data dissemination and vi- 
ualization is an integral part of scientific pub- 
ications and resear ch pr ojects involving interna- 
ional consortia producing massive genome-wide 

ata sets, intra-organizational collaborations, or in- 
ividual labs. Ho we ver, creating custom supporting 

ebsites is oftentimes impractical due to the re- 
uired pr ogramming eff ort, web server infrastruc- 
ure, and data storage facilities, as well as the long- 
erm maintenance b ur den. ZENBU-Reports ( https: 
/ fantom.gsc.riken.jp/ zenbu/ reports ) is a web appli- 
ation to create interactive scientific web portals by 

sing graphical interfaces while pr o viding storage 

nd secured collaborative sharing for data uploaded 

y users. ZENBU-Reports provides the scientific vi- 
ualization elements commonly used in supplemen- 
ary websites, publications and presentations, pre- 
enting a complete solution for the interactive dis- 
lay and dissemination of data and analysis results 

uring the full lifespan of a scientific project both dur- 
ng the active research phase and after publication of 
he results. 

NTRODUCTION 

cientific publications are often accompanied by a dedi- 
ated w e bsite tha t manages and organizes the da ta, show- 
ases the analysis results, and offers analysis tools to in- 
eract with the data. Such accompanying w e bsites are im- 
ortant both for consortia projects that produce massi v e 
enome-wide data sets, and increasingly also for smaller 
rojects with limited r esour ces. Usually, these supporting 

 e bsites are custom-constructed manually for each publi- 
 To whom correspondence should be addressed. Tel: +81 045 503 9111; Fax: +8
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his is an Open Access article distributed under the terms of the Creati v e Common
ermits unrestricted reuse, distribution, and reproduction in any medium, provided th
ation, requiring the services of a software engineer, w e b 

erver infrastructure with large data storage capacity, as well 
s continuous software maintenance. 

ZENBU-Reports builds on the ZENBU Genome 
rowser system ( 1 ), created as part of the FANTOM5 

roject ( 2 , 3 ) to visualize large-scale next-generation se- 
uencing data mapped to a genome. In contrast, the 
ANTOM6 project genera tes annota tions of gene prod- 
cts, including large amounts of genome-independent 

nformation ( 4–6 ). We created ZENBU-Reports to enable 
cientists to build w e bsites to display and disseminate 
heir genomic and genome-independent data with minimal 
rogramming and hardware demands. ZENBU-Reports 

s a scientific da ta visualiza tion and w e b-portal building 

 e b application that uses graphical interfaces to build w e b 

ages while providing secure data management and storage 
acilities. 

ATERIALS AND METHODS 

ENBU-Reports is a Web 2.0 style w e b application con- 
isting of a server and a client (Figure 1 ). The client 
uns in the visitor’s w e b browser and obtains data from 

he server through w e b services, taking advantage of the 
ENBU server and data management infrastructure for 
ser uploaded data, secured collaborations for data shar- 

ng, and fast data access within massi v e datasets (Figure 
 ). ZENBU-Reports is open source and can be installed on 

 local server if one chooses not to take advantage of the 
IKEN server infrastructure. 

erver side infr astructur e 

erver side code is written in C++ to optimize speed perfor- 
ance and minimize memory usage. ZENBU ( 1 ) uses a flex- 

ble data model and an on-demand stream-processing de- 
ign ar chitectur e (Figur e 1 ). In ZENBU-Reports, we cr eated 
1 045 503 9216; Email: michiel.dehoon@riken.jp 

omics and Bioinformatics. 
s Attribution License (http: // creati v ecommons.org / licenses / by / 4.0 / ), which 
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Figure 1. Ov ervie w of the relationship between ZENBU Reports (top right), the ZENBU genome browser (top left) and the ZENBU server side (bottom) 
with w e b services, federa ted da tabase, da ta upload, and secured collabora tion da ta management system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a novel data storage and indexing system to efficiently store
and retrie v e paired data such as Hi-C interaction maps, net-
work graphs, lists of differentially expressed genes, and gene
enrichment anal ysis results, w hich can be joined to gether
into complex data hierarchies providing on-demand data
loading capabilities. Taking advantage of the existing data
previously uploaded into the ZENBU genome browser, we
provide an integrated environment to visualize genomics,
tabular, and interaction data. 

Client-side code 

The visualization and interface code is written in object-
oriented JavaScript that renders w e b pages with HTML,
SVG or by utilizing graphical toolkits where appropriate.
Selection, filters, and searches on loaded data are man-
aged in the w e b browser for immediate updates to the w e b
page, while e v ent-triggers allow for on-demand data load-
ing. Data are queried from the server, and can be shared
between Elements on a page. Following the ZENBU data
model and functions ( 1 ), all Elements inherit from a sin-
gle superclass to simplify extending existing Elements or
adding new Element types in the future. 

Super class shar ed functionality 

The superclass queries the server through the ZENBU w e b
services , parses its response , and stores the data as objects
in arrays with various tagged metada ta. Dynamic da ta load-
ing, data processing, and visualization is provided by trig-
gers, which include interaction e v ents like selecting a data
point or row, as well as system notifications generated for
example upon completion of specific tasks. The trigger sys-
tem is configured via a graphical interface with predefined
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ull-down lists to specify which e v ents cause the trigger, 
hich target Element the trigger will notify, and what ac- 

ion should be performed by the target Element. Triggers 
an be cascaded to allow for complex behaviors. 

The data sources and the overall appearance of the Ele- 
ent can be specified through a core configuration panel. In 

ddition, a common set of sub-panels allows for interaction 

ith the loaded data: 

a data columns panel shows the different 
column / attribute types of the returned data objects 
and provides an interface for choosing which columns 
are shown by default and which columns visitors are 
allo wed to sho w or hide, for changing the column order, 
and for renaming columns; 
a search panel for text searching, supporting the logical 
operators AND, OR, NOT, and search term grouping 

that are available throughout ZENBU; 
a data filter panel for a ppl ying min / max limits on numer-
ical signal columns; 
a data download panel for returning the filtered results. 

Page la y out algorithms allow for Elements to be placed at 
xed locations on the page or nested into La y out Elements 
f rows, columns or tab structures to create complex lay- 
uts, allowing for configuration of left / right or top / bottom 

ustification depending on context. The page la y out system 

rovides a user-friendly drag-drop and snap-to-location in- 
erface to place elements on the page. 

ubclass specific visualization and functionality 

lement subclasses implement the specific configuration 

anels, as well as functions and any additional data process- 
ng r equir ed for visualization. Subclasses were implemented 

sing existing toolkits when possib le, and ne wly coded 

therwise. 
Element subclasses currently in the system are listed be- 

ow, with their visualization types displayed in Figure 2 . 
The Table Element subclass generates HTML code to vi- 

ualize data in a table format. The table can be displayed in 

ither a paging style or a scrollable window. In addition to 

he functionality provided by the superclass, the table can 

e sorted by clicking on column headers. Coloring options 
nd configurable ho ver-o ver features are available. 

The T r eeList Element subclass generates HTML code to 

how a scrollable display of simple lists, nested lists in a tree 
tructure, or radio-button lists as a single column. 

The HTML Element subclass provides a space to insert 
nd display any static HTML content, while allowing access 
o a data object selected in another Element sharing its data. 

The Chart Element subclass presents general-purpose 
harts , graphs , and plots. It takes advantage of the chart.js 
oolkit ( https://www.chartjs.org/ ) for drawing line, bar, 2d 

catter, and bubble charts; and the plotly JavaScript toolkit 
 https://plotly.com/javascript/ ) f or displa ying 3d scatter, 
ernary plots, box plots, and violin plots. Different configu- 
ation interfaces are provided as appropriate for each figure 
ype. 

The Category Element subclass calculates a histogram of 
he values in a specified column from a shared Element’s 
oaded data, and draws it as a filter list r ender ed in HTML,
r a pie chart, donut chart, or bar chart implemented using 

hart.js. A filter list includes checkboxes to allow visitors 
o select categories f or filtering, and ma y visualize the fre- 
uency of each category as a horizontal bar chart. Multiple 
ategory Elements can be attached to a common shared 

atasource (for example a Table) and be used as AND or 
R logical filters. A select-all / select-none button is pro- 

ided f or con venience. After selecting all categories, users 
ay deselect categories that are to be ex cluded, thereb y ef- 

ecti v ely creating a NOT logical filter. 
The Genomewide Element subclass generates SVG code 

o visualize genomic location data across the entire genome 
ither as a Manhattan plot or as a chromosome view. A 

anhattan plot shows chromosome location along the x- 
xis and numerical signal values on the y-axis. Points can 

e colored either by chromosome, or by their value on 

he y-axis or from any other data column, mapped to a 

olor scale. In a chromosome view, each chromosome is 
rawn as a horizontal bar proportional to the chromo- 
ome size. Within each bar, genomic loca tion da ta is drawn 

s thin vertical lines colored either by chromosome or by 

heir value from any other data column, mapped to a color 
cale. 

The Heatmap Element subclass generates SVG code to 

raw a heatmap, with rows and columns corresponding to 

wo columns in a data table, while the heatmap cell value 
s taken from a third column in the table. The color of each 

ell is determined by its value mapped to a color scale. Mul- 
iple heatmaps can thus be deri v ed from a single table by se-
ecting different columns for display. Columns and rows of 
 heatmap can be independently sorted by column or row 

abel, by a numerical column within the dataset, or by clus- 
ering based on the values displayed in the heatmap. 

The Cytoscape Element subclass uses the Cytoscape.js 
 https://js.cytoscape.org/ ) tool kit ( 7 ) to show a fully func-
ional Cytoscape network graph. Data columns can be se- 
ected in the configuration panel to dynamically specify 

ode shape, node color, and edge color. 
The ZENBU genome browser Element subclass is a wrap- 

er for a ZENBU genome browser instance. Multiple 
ENBU genome browser instances can be included in the 

ame ZENBU-Reports page. Elements on the page can 

ontrol the genome browser by e v ent-triggers, and genome 
rowser data can be shared with other page Elements. 
The Circos Element subclass generates SVG to draw a 

implified Circos-like graph showing chromosomes around 

he edge of a circle, and interactions between genomic re- 
ions as arcs through the circle. The colors of the chromo- 
omes and arcs are configurable. 

The ColorScale subclass generates SVG code to display 

 configurable color spectrum scale with numerical range 
arkers and legends. The scale can either dynamically ad- 

ust to the currently loaded data, or be set to a fixed range. 
The Filter Element subclass generates HTML code to 

rovide an interacti v e interface to the signal filter sys- 
em, displayed in the foreground of the page. Changes to 

he filter trigger updates to Elements associated with the 
lter. 
The Search Element subclass generates HTML code to 

rovide an interacti v e search interface for data within a 

https://www.chartjs.org/
https://plotly.com/javascript/
https://js.cytoscape.org/
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Figure 2. ZENBU-Reports provides user-configurable Elements that are displayed on a w e b page using a graphical page-la y out system of nested rows, 
columns and tabs ( A ). Each Element is associated with a set of dynamically loaded data sources. Elements can interact with each other via e v ent triggers, 
and data sources can be shared with other Elements. Elements are configurable through a configuration panel ( B ). The primary Element type is a Table 
( C ). Selecting a row in the table can trigger e v ents to other Elements. A TreeList Element ( D ) is a simplified table. The Category Filter ( E ) allows data sets 
to be filter ed. Sear ch ( F ) and Filter ( G ) interfaces can be displayed or hidden. The Color Scale ( H ) Element shows a legend scale for a linked graphical 
Element of colored items. Bar graphs( I ), Pie and Donut charts ( J ), 2D scatter plots ( K ), Bubble plots ( L ), Line graphs ( M ), interacti v e 3D scatter plots 
( N ), and Ternary plots ( O ) are provided. A general purpose HTML Element ( P ) allows for direct input of HTML code for static text, images, hyperlinks 
or other page styling. Genome-wide Elements include a Manhattan Plot ( Q ), Chromosome view ( R ), and Circos-like circular graph showing connections 
between genomic regions ( S ). A Heatmap Element ( T ) can r epr esent either color-scaled or binary data. An interacti v e Cytoscape ( 7 ) Element ( U ) visualizes 
networks. Box plots ( V ) and Violin plots ( W ) compare statistical distributions. ZENBU genome browser ( X ) instances can be embedded as Elements on a 
page and can interact with and be controlled by other Elements on the page through e v ent triggers. The diagram in Panel (P) was modified from an image 
obtained from Wikimedia Commons under the Creati v e Commons Attribution-Share Alike 3.0 Unported license . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

shared Element, displayed in the foreground of the page.
Search Elements support the logical operators AND, OR,
and NOT, as well as search term grouping. 

The Layout Element subclass generates SVG code to draw
the la y out while editing a page, and stores the configuration
parameters used by the page la y out algorithm. 

RESULTS 

ZENBU-Reports incorporates design concepts from wiki-
pages , google-sheets / docs , and page-la y out programs, and
lets users create interacti v e scientific w e b pa ges by dra gging
and dropping data dri v en visualization Elements onto pages
and configuring them with graphical interfaces. ZENBU-
Reports provides the graphical Elements (exhibited in Fig-
ure 2 ) commonly used in article figures and supplementary
w e bsites. 

The la y out of a ZENBU-Reports page consists of
nestable rows , columns , and tab structures. Each Element
on a page is associated with data sources that can query
a selected set of uploaded da ta. Da ta can be shared be-
tween Elements, which enables interactivity while reducing
the amount of data transfers needed as well as the load on
the server. The Elements on a page can be linked to each
other with e v ent triggers, allowing d ynamic upda tes to the
data presented. 

P ages cr eated by a user and data uploaded into ZENBU
can be secured and shared only with user-specified col-
laborations of colleagues. The ZENBU server hardware at
RIKEN is self-contained with local data storage, and acces-
sible only to system administrators, providing security and
isolation. The w e b portal can be saved to a permanent URL
for sharing as a r efer ence in scientific publications. Upon
publication, w e b portal pages and data can be opened to
the public, allowing any visitor to access and interact with
the pages and data. 

The following four example pages demonstrate the con-
cept and breadth of ZENBU-Reports: 

Example 1 : https://fantom.gsc.riken.jp/zenbu/reports/
#heart%20CAGE%20DE 

https://creativecommons.org/licenses/by-sa/3.0/deed.en
https://fantom.gsc.riken.jp/zenbu/reports/#heart%20CAGE%20DE
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This page, created from the Atlas of Heart Promoters and 

nhancers ( 8 ), shows genes differentially expressed between 

trium and ventricle (Supplemental Figure S1). Genes are 
isted in a Table and visualized in a linked 2D scatter plot. 
ategory filters can refine the data. Tabs allow for switching 

rom Atrium to Ventricle. A ZENBU genome browser Ele- 
ent displays gene locus, genomic annotations and CAGE 

xpression tracks. The annotation table, the scatter plot, 
nd genomic tracks are connected through an e v ent trigger 
o highlight shared elements selected by the visitor. Selec- 
ion of a gene or point in the plot will navigate visitors to 

he gene’s position in the ZENBU genome browser. 
To demonstrate how this page may be used in prac- 

ice, we focus on enhancers supported by both ‘consen- 
us regions class’ and ‘chip class’ by selecting those cate- 
ory filters, and hide the ‘filtered out‘ regions in the scat- 
er plot chart. We click in turn on each of the 14 remaining 

oints in the scatter plot, triggering the genome browser to 

pdate to the genomic location of the region correspond- 
ng to the selected point. When we find the enhancer region 

verlapping the TRAJ49 gene, we zoom out on the genome 
rowser to inspect the genomic neighborhood, and find in 

he CAGE tr anscriptome tr acks that this enhancer is highly 

xpressed only in the healthy heart atrium. 
A video demonstrating how to build a simpli- 

ed version of this page is provided here: https: 
/z enbu-wiki.gsc.riken.jp/z enbu/wiki/index.php/ZENBU- 
eports demo building page . 
Example 2 : https://fantom.gsc.riken.jp/zenbu/reports/ 

FANTOM6 target subcellular localization 

This page (Supplemental Figure S2) shows subcellular 
ocaliza tion da ta of lncRNAs included in FANTOM6 ( 4 ). 
isitors can filter lncRNAs by their localization as well as 
AGE data availability and promoter class based on DNase 
 hypersensitivity (DHS) analysis. Filter ed r esults ar e shown 

n the table, as a 3D scatter plot of the expression levels in cy-
oplasmic, nuclear, and chroma tin-associa ted fractions, and 

 ternary plot of relati v e e xpression le v els. Widget subpanels
re available for searching and filtering. A subcellular local- 
za tion ca tegory can also be selected by clicking on it in the
egend of each plot. Selecting a row in the table or point in a
lot will show the corresponding gene location in the linked 

enome browser. This page demonstrates how two different 
isualization Elements can share data from the same table 
nd visualize in different ways. 

To demonstrate how this page may be used, we first ex- 
lude lowly expressed lncRNAs by applying a filter on the 
able of lncRNAs (‘FANTOM6 DMFB targets’) by set- 
ing the minimum CPM (counts per million) to 5. We also 

ick the checkbox in the ‘KD CAGE’ panel to select lncR- 
As for which CAGE data were available. We click on ‘fil- 

ered out’ in the ternary plot ‘Subcellular localization (rel- 
ti v e fractions)’ to toggle it and only show the selected 

ncRNAs. Hovering the mouse over a point in the ternary 

lot with low cytoplasmic expression shows that it corre- 
ponds to lncRNA DNM3OS. Clicking on this point trig- 
ers the genome browser to update to the DNM3OS loca- 
ion. The RNASeq tracks in the genome browser confirm 

hat DNM3OS is indeed lowly expressed in the cytoplasm. 
n the list of selected lncRNAs, we click on the GSEA hy- 
erlink in the row for DNM3OS, which takes us to the 
ENBU-Reports page showing the Gene Set Enrichment 
nalysis results for this lncRNA. 
Example 3 : https://fantom.gsc.riken.jp/zenbu/reports/ 

FANTOM6 GSEA ASO 

This page (Supplemental Figure S3) visualizes Gene Set 
nrichment Analysis (GSEA; ( 9 , 10 )) results previously cal- 
ulated in FANTOM6 ( 4 ), in which long non-coding RNAs 
ere knocked down using LNA-modified GapmeR anti- 

ense oligos (ASOs; ( 11 )). Upon clicking on an ASO, an 

 v ent trigger causes the GSEA results to be loaded into the 
able and displayed in the linked scatter plot, which shows 
he P -value on a logarithmic scale and the normalized en- 
ichment score. Clicking on a specific GSEA term in the ta- 
le highlights it in the scatter plot and vice versa. Visitors 
an further interact with the data by built-in category fil- 
ers , searching for ASOs , lncRNAs , or GSEA terms , or by
 ppl ying cutoff filters from Element widgets and subpanels. 

To demonstrate how this page may be used, we click on 

he magnifying glass in the ‘FANTOM6 DMFB ASO oli- 
os’ table and search for ‘DNM3OS’ as our gene of interest, 
nd find two antisense oligos associated with it. Selecting 

he antisense oligo ASO G0230630 AD 10 causes the cor- 
 esponding GSEA r esults to be loaded in the ‘FANTOM6 

SEA Pathways’ table. In this table, we use the filter to 

 ppl y a maxim um cutoff value of 0.1 on the p-value, and
lick on the magnifying glass to search for the term ‘kinase’, 
ielding 26 pathways. Choosing ‘show only matches’ will 
isplay these 26 pathways only. The scatter plot below the 
able then highlights these, and shows that the normalized 

nrichment score (NES) is positi v e for all 26 pathways. 
Example 4 : https://fantom.gsc.riken.jp/zenbu/reports/ 

Identification of therapeutic targets in poor outcome 
AML patients 

This page (Supplemental Figure S4) provides an inter- 
cti v e display of potential therapeutic targets for the treat- 
ent of Acute Myeloid Leukemia, shown as a static PCA 

lot in Figure 1 C by Hashimoto et al. ( 12 ). The page shows
nriched GOterms as a table and as a PCA plot, a dy- 
amically loaded table of expressed genes for the selected 

Oterm, a bar graph of patient gene expression of the se- 
ected expressed gene, and a table and plots of the differ- 
ntially expressed genes comparing the AML conditions 
LT3 wild type (FLT3-WT) and mutated (FLT3-Mut) to 

ormal hematopoietic stem or progenitor cells (HSPC). 
To demonstrate how this page may be used, we click on 

regulation of cell proliferation’ in the ‘Revigo’ table, which 

ighlights the corresponding point in the PCA plot and 

oads the expressed genes for that GOterm into the table 
abeled ‘GOterm expressed genes.’ Selecting gene JAG1 in 

his table loads its expression data into the bar graph la- 
eled ‘patient gene expression’, with bars colored by their 
ondition (FL T3-WT, FL T-Mut or HSPC). The bar graph 

hows that JAG1 is more highly expressed in both AML 

onditions compared to HSPC. JAG1 is also selected in the 
RN ASeq anal ysis’ table and in the associa ted sca tter plots 
isualizing the differential expression analysis results, show- 
ng a statistically significant positi v e fold change for JAG1 

n FLT3-mut AML compared to HSPC. 
This video demonstrates how to interact with the data on 

his pa ge. https://zenb u-wiki.gsc.riken.jp/zenb u/wiki/index. 
hp/ZENBU-Reports AML target page . 

https://zenbu-wiki.gsc.riken.jp/zenbu/wiki/index.php/ZENBU-Reports_demo_building_page
https://fantom.gsc.riken.jp/zenbu/reports/#FANTOM6_target_subcellular_localization
https://fantom.gsc.riken.jp/zenbu/reports/#FANTOM6_GSEA_ASO
https://fantom.gsc.riken.jp/zenbu/reports/#Identification_of_therapeutic_targets_in_poor_outcome_AML_patients
https://zenbu-wiki.gsc.riken.jp/zenbu/wiki/index.php/ZENBU-Reports_AML_target_page


6 NAR Genomics and Bioinformatics, 2023, Vol. 5, No. 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ZENBU-Reports can be used for large consortium
projects such as FANTOM6, and for individual publica-
tions involving smaller collaborations or individual labs.
Some project examples are: 

• https://fantom.gsc.riken.jp/zenbu/reports/ 
#FANTOM miRNA atlas ( 13 , 14 ) 

• https://fantom.gsc.riken.jp/zenbu/reports/#FANTOM6 

( 4 ) 
• https://fantom.gsc.riken.jp/zenbu/reports/ 

#FANTOM6 iPSC ( 6 ) 
• https://fantom.gsc.riken.jp/zenbu/reports/ 

#F6 3D lncRNA ( 5 ) 
• https://fantom.gsc.riken.jp/zenbu/reports/#Atlas% 

20of%20cardiac%20promoters%20and%20enhancers 
( 8 ) 

• https://fantom.gsc.riken.jp/zenbu/reports/ 
#Identification of therapeutic targets in poor outcome 
AML patients ( 12 ) 

• https://fantom.gsc.riken.jp/zenbu/reports/#tCRE. 
report.index ( 15 , 16 ) 

The ZENBU w e b system at RIKEN https://fantom.gsc.
riken.jp/zenbu is free for all to use and to upload data
and build ZENBU-Report w e b pages or ZENBU genome
browser views. 

DISCUSSION 

ZENBU-Reports was de v eloped to create interacti v e scien-
tific w e b portals for da ta sharing and analysis. W hile other
programming toolkits, like Shiny ( https://shiny.posit.co/ )
and Plotly ( https://plotly.com/ ), are available to build cus-
tom w e bsites, they generally r equir e familiarity with a pro-
gramming language such as JavaScript, Python, or R. In
addition, gener al purpose progr amming toolkits like d3.js
( https://d3js.org/ ) and visualization toolkits like chart.js
( https://www.chartjs.org/ ) typically do not provide special-
ized tools to display genomic data, such as the built-
in genome browser in ZENBU. On the other hand, spe-
cialized toolkits like NG-Circos ( https://github.com/YaCui/
NG-Circos ), cytosca pe.js ( 7 ) ( https://js.cytosca pe.org/ ) and
To goStanza ( http://to gostanza.org/ ) are excellent at the task
they were designed for, but lack general scientific visual-
ization modules. In addition, server infrastructure is ei-
ther not provided, or may r equir e a fee for larger appli-
cations. Google Sheets ( http://sheets.google.com ) provides
a visualization w e b application that is free to use and re-
quires no programming skills, but is not specialized for vi-
sualizing genome science data or for the massi v e dataset
sizes typical in genome science, and does not allow inter-
acti v e data e xploration as provided by ZENBU-Reports.
By being able to visualize both genomic and non-genomic
data, without requiring any programming skills to create
the pages or server availability to store the data, ZENBU-
Reports provides a complete solution for scientific data
visualization, analysis, and dissemination during the full
lifespan of a r esear ch project and after completion of the
project. 
DA T A A V AILABILITY 

ZENB U code is availa ble at: https://github.com/jessica- 
se v erin/ZENBU under the 3-clause BSD Software Li-
cense (permanent DOI: https://doi.org/10.5281/zenodo.
8213403 ). The ZENBU w e b system at RIKEN https://
fantom.gsc.riken.jp/zenbu is free for all to use, upload data
and build ZENBU-Report w e b pages or ZENBU genome
browser views. Documentation for the ZENBU system is
available at https://zenbu-wiki.gsc.riken.jp . 
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Å str ̈om,G., Babina,M., Bertin,N., Burroughs,A.M. et al. (2017) An 
integrated expression atlas of miRNAs and their promoters in human 
and mouse. Nat. Biotechnol. , 35 , 872–878. 

4. Alam,T., Agrawal,S., Se v erin,J., Young,R.S., Andersson,R., Arner,E., 
Hasegawa,A., Lizio,M., Ramilowski,J.A., Abugessaisa,I. et al. (2020) 
Comparati v e transcriptomics of primary cells in vertebrates. Genome 
Res. , 30 , 951–961. 

5. Moody,J., Kouno,T., Chang,J.-C., Ando,Y., Carninci,P., Shin,J.W. 
and Hon,C .-C . (2022) SCAFE: a software suite for analysis of 
transcribed cis-regulatory elements in single cells. Bioinformatics , 38 , 
5126–5128. 

6. Moody,J., Kouno,T., Suzuki,A., Shibayama,Y., Terao,C., 
Chang,J.-C., Lopez-Redondo,F., Yip,C.W., Ando,Y., Yamamoto,K. 
et al. (2021) Profiling of transcribed cis-regulatory elements in single 
cells. bioRxiv doi: https://doi.org/10.1101/2021.04.04.438388 , 04 
April 2021, preprint: not peer re vie wed. 
omics and Bioinformatics. 
s Attribution License (http: // creati v ecommons.org / licenses / by / 4.0 / ), which 
e original work is properly cited. 

https://doi.org/10.1101/2021.04.04.438388

	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	DATA AVAILABILITY
	SUPPLEMENTARY DATA
	ACKNOWLEDGEMENTS
	FUNDING
	Conflict of interest statement
	REFERENCES

