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ABSTRACT

As a means to aid in the investigation of viral in-
fection mechanisms and identification of more ef-
fective antivirus targets, the availability of a source
which continually collects and updates information
on the virus and host ncRNA-associated interac-
tion resources is essential. Here, we update the ViR-
Base database to version 3.0 (http://www.virbase.
org/ or http://www.rna-society.org/virbase/). This up-
date represents a major revision: (i) the total number
of interaction entries is now greater than 820,000,
an approximately 70-fold increment, involving 116
virus and 36 host organisms, (ii) it supplements and
provides more details on RNA annotations (includ-
ing RNA editing, RNA localization and RNA mod-
ification), ncRNA SNP and ncRNA-drug related in-
formation and (iii) it provides two additional tools
for predicting binding sites (IntaRNA and PRIdictor),
a visual plug-in to display interactions and a web-
site which is optimized for more practical and user-
friendly operation. Overall, ViRBase v3.0 provides
a more comprehensive resource for virus and host
ncRNA-associated interactions enabling researchers
a more effective means for investigation of viral in-
fections.

INTRODUCTION

Increasing evidence has accrued indicating that non-coding
RNAs (ncRNAs) play critical roles in the process of vi-
ral infection (1-4). For example, viral ncRNAs can control
both viral and cellular gene expressions to facilitate com-
pletion of the viral life cycle (2,5), and some cellular ncR-
NAs can affect viral replication and even directly target viral
genomes (2,6-9). Thus, a continuously updated comprehen-
sive database on virus and host ncRNA-associated interac-
tion resources is essential for the progress of virology.

The first version of ViRBase, which was released in 2015
(10), contained only ~12 000 experimentally validated in-
teractions involving about 60 viruses and 20 hosts. Recently,
with increasing attention to virus research and rapid ad-
vancements in sequencing technology, there has been an ex-
plosive increase in the characterization of experimentally
validated and computationally predicted virus and host
ncRNA-associated interactions (11,12). Especially, it has
been reported that ncRNAs may serve as potential thera-
peutic targets for COVID-19 (1,12). Therefore, it is clear
that collection of ncRNA-associated interaction informa-
tion as well as supplying more annotation data and predic-
tion tools will substantially contribute to viral study.

Motivated by aforesaid opinion, here we make an up-
date of ViRBase to version 3.0 (http://www.virbase.org/ or
http://www.rna-society.org/virbase/). This update offers a
number of notable advantages: (i) it includes an integration
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of new data on virus and host ncRNA-associated interac-
tions from the literature and five additional databases, (ii) it
adds more detailed information on RNA annotations (in-
cluding RNA editing, RNA localization and RNA modi-
fication) as well as ncRNA SNP and ncRNA-drug related
information and (iii) it also provides two additional tools
for predicting binding sites (IntaRNA (13) and PRIdictor),
a visual plug-in to display interactions and new functions
for partial and batch searches. This ViR Base v3.0 contains
>820 000 interaction entries with detailed annotations and
adds several new useful tools. Accordingly, it now serves as a
more comprehensive platform which allows users to query,
visualize, analyze and download virus and host ncRNA-
associated interactions (Figure 1).

MATERIALS AND METHODS
Data collection and organization

ViRBase v3.0 integrates experimentally validated and com-
putationally predicted virus and host ncRNA-associated in-
teractions from the literature as well as five other databases.
PubMed literature (mainly from 2016 to 2021) were re-
viewed with examples of keyword combinations being
‘RNA AND virus’ and ‘miRNA AND virus’ as well as
related combinations. More than 148 000 virus and host
ncRNA-associated interaction entries were identified and
added to our database. ViR Base v3.0 also integrated exper-
imentally validated virus and host miRNA-associated inter-
actions from VIRmiRNA (14) and VmiReg (15) databases
and computationally predicted interactions from Human-
ViCe (16), RepTar (17), VmiReg (15) and Zikv-CDB (18)
databases. As a result, ViRBase v3.0 contains a total of
>820 000 virus and host ncRNA-associated interaction en-
tries, including 116 viruses (involving 36 virus families, Sup-
plementary Table S1) and 36 host organisms.

RNA annotations, ncRNA SNP information and
ncRNA drug-related information were added to the
ViRBase v3.0. Detailed information on RNA editing
sites was obtained from DARNED (19), Lncediting (20)
and RADAR (21), RNA subcellular localization from
RNALocate v2.0 (22), RNA modification sites from RM-
Base v2.0 (23), ncRNA SNP information from LincSNP
v3.0 (24) and miRNASNP-v3.0 (25) and ncRNA-drug
related information from ncDR (26), NoncoRNA (27),
NRDTD (28) and RNAInter (29). Transcript and protein
sequences from Refseq (30) and miRBase (31) databases
were added to ViRBase v3.0 as a means to represent
target sites predicted by miRanda (32), Rlsearch (33) or
PRIdictor (34). miRanda and RIsearch were used as tools
for predicting RNA-RNA interactions, while PRIdictor
was used to predict RNA-Protein interactions. In addition,
information on experimentally verified RNA-binding
sites in proteins was incorporated within this version, as
documented in PDB (35), RBPDB (36) and RsiteDB (37).

MiRNA symbols were obtained from the miRBase (31)
and other RNA and protein symbols were collected accord-
ing to the NCBI Gene or Ensembl database (38), while
NCBI aliases were also provided. Virus names were stan-
dardized according to the NCBI taxonomy database (39)
and information on virus strains was added according to
that as contained in the literature (Supplementary Table
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S2). Entrez ID, miR Base accession, PubChem Compound
CID and their external links were provided as means to help
users access associated information from external resources.

Confidence score

In ViR Base v3.0, virus and host ncRNA-associated interac-
tions were derived from different evidence resources, such as
data from experimental evidences or computational predic-
tions. Similar to the miRTarBase and RNAInter databases
(29,40), these data were divided into strong experimen-
tal evidence (e.g. RNA immunoprecipitation and luciferase
reporter assay results), weak experimental evidence (e.g.
RNA-seq) and computational prediction evidence. To as-
sess the credibility of interactions with multiple evidence
types, each interaction entry was assigned a confidence
score (S) based on the following formula:

SZI_H(“lfé—x)

where i is the evidence type, either strong (Ss) or weak (Sw)
experimental evidence, while Sp is the computational pre-
diction method and x is the number of evidence resources.
The weight factors Ws, Ww and Wp were set to 1, 0.65 and
0.25, respectively. If x = 0, the weight factor (Wi) was set
to 0. Only well-supported ncRNA-associated interactions
could achieve a score approaching 1 (scores ranged from 0
and 1), suggesting that this approach served as an effective
tool for filtering relatively reliable virus and host ncRNA-
associated interactions.

RESULTS
ViRBase v3.0 statistics

Currently, ViR Base v3.0 documents 151 196 experimentally
validated and 675 909 computationally predicted virus and
host ncRNA-associated interactions, which consists of 248
virus—virus, 10 643 host—virus, 109 398 host-host and 706
816 virus-host interactions (Figure 2A). Based on RNA
types, these interactions involve 819 276 miRNA-RNA,
11 221 IncRNA-RNA, 2915 other ncRNA-RNA, 1454
circRNA-RNA and 258 ncRNA-protein (Figure 2B). Sim-
ilarly, based on virus families, there are 654 606 Herpesviri-
dae, 79 469 Flaviviridea, 25 791 Retroviridae, 24 964 Poly-
omaviridae, 18 164 Filovirdae, 16 047 Coronaviridae and
8064 other interactions (Figure 3). Notably, of the 16 047
Coronaviridae interactions, 6060, 2820, 1407 and 5760 are
associated with the SARS-Cov-2, SARS, MERS-Cov and
other coronaviruses, respectively (Figure 3).

Now, this ViR Base v3.0 contains > 56 000 non-redundant
RNAs and 13 RNA types. Among the ncRNAs, miRNA,
IncRNA, circRNA, snoRNA, snRNA, misc_RNA,
nsRNA, scaRNA, shRNA and pseudo are included.
Compared to previous version, the number of viruses in-
creases from 60 to 116, while the number of host organisms
enhances from 20 to 36.

Data feature and database usage

In addition to basic information, supporting evidence,
confidence scores and references, ViRbase v3.0 supplies
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Figure 1. Overview of ViRBase v3.0.

detailed information on a number of factors, such as target
regions, RNA annotations (including RNA editing, RNA
localization and modification), ncRNA SNP information as
well as ncRNA-drug related information. The data of target
regions offer information on binding regions between inter-
actors. RNA annotations provide editing (or modification)
positions, editing (or modification) types as well as subcel-
lular localizations. ncRNA SNP information provides in-
formation on SNP sites and base changes in miRNA or
IncRNA sequences. ncRNA-drug related information con-
tains drug names, compound ID and four types of ncRNA-
drug associations (drug—target, sensitivity, resistant and in-
teractions).

ViRbase v3.0 also enables a more user-friendly web in-
terface. For example, to search efficiently, ViRBase v3.0
adds new functions for partial and batch searches. Par-
tial search allows to directly search interactions using non-
standardized or unidentified interactor or virus names,
while batch search allows to input a list of official
symbols/IDs, virus names or upload files of text format
to obtain virus and host ncRNA-associated interactions.
In this way, users can perform an ‘Exact Search’ to ob-
tain search results, a ‘Partial Search’ to search for inter-
ested interactors or viruses, or a ‘Batch Search’ to cus-
tomize their query content in batch (as shown in Figure
4A). Moreover, with the addition of a ‘filter’ function, users
can further search the interactions with a specific charac-
teristic, after performing the Exact/Partial/Batch Search.
And, all search results can be directly downloaded at any
step. ViRBase v3.0 also updates the download option in
the ‘Browse’ page, where users can browse and download

virus and host ncRNA-associated interaction data by inter-
action type, detection method or organism. In this way, it
provides ‘Download’ as well as ‘API’ services for users to
flexibly retrieve all virus and host ncRNA-associated inter-
action information. Furthermore, ViRbase v3.0 offers sev-
eral tools to meet diverse needs encountered by users. For
example, two prediction tools (IntaRNA and PRIdictor)
are added. IntaRNA accurately predicts interactions be-
tween two RNA molecules, while PRIdictor reliably pre-
dicts protein-RNA interactions (Figure 4B), and a visual
plug-in is provided to display these interactions. Clicking
on any edge of the network can redirect users to the page of
the corresponding interaction entry (Figure 4B).

CONCLUSION AND FUTURE DIRECTIONS

ViRBase v3.0 provides a more comprehensive platform
for accessing virus and host ncRNA-associated interaction
repositories as achieved with the addition of increased cov-
erage, annotation and tools. It incorporates more data, over
820 000 virus and host ncRNA-associated interaction en-
tries, a 70-fold increment. Moreover, it provides detailed
annotations from sequences to binding sites and various
external links, as well as supplying two new tools for pre-
dicting RNA-associated binding sites and a visual plug-
in to display interactions. In this way, ViRBase v3.0 of-
fers the opportunity to stimulate and enhance current vi-
rology research. With the current and growing interest in
virus research combined with the emergence of new se-
quencing technologies, experimental methods and predic-
tion algorithms, the resources and information available for
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accessing virus and host ncRNA-associated interactions
will continue at an exponential rate. Therefore, while our
current ViRBase v3.0, serves to fulfil this goal, we plan to
continuously expand and improve our ViR Base as a means
of providing an uninterrupted, reliable and comprehensive
updated resource that will be available for the entire com-
munity.
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