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A B S T R A C T   

RNA viruses are major human pathogens that cause seasonal epidemics and occasional pandemic outbreaks. Due 
to the nature of their RNA genomes, it is anticipated that virus’s RNA interacts with host protein (INTPRO), 
messenger RNA (INTmRNA), and non-coding RNA (INTncRNA) to perform their particular functions during their 
transcription and replication. In other words, thus, it is urgently needed to have such valuable data on virus RNA- 
directed molecular interactions (especially INTPROs), which are highly anticipated to attract broad research 
interests in the fields of RNA virus translation and replication. In this study, a new database was constructed to 
describe the virus RNA-directed interaction (INTPRO, INTmRNA, INTncRNA) for RNA virus (RVvictor). This 
database is unique in a) unambiguously characterizing the interactions between viruses RNAs and host proteins, 
b) providing, for the first time, the most systematic RNA-directed interaction data resources in providing clues to 
understand the molecular mechanisms of RNA viruses’ translation, and replication, and c) in RVvictor, 
comprehensive enrichment analysis is conducted for each virus RNA based on its associated target genes/pro-
teins, and the enrichment results were explicitly illustrated using various graphs. We found significant enrich-
ment of a suite of pathways related to infection, translation, and replication, e.g., HIV infection, coronavirus 
disease, regulation of viral genome replication, and so on. Due to the devastating and persistent threat posed by 
the RNA virus, RVvictor constructed, for the first time, a possible network of cross-talk in RNA-directed inter-
action, which may ultimately explain the pathogenicity of RNA virus infection. The knowledge base might help 
develop new anti-viral therapeutic targets in the future. It’s now free and publicly accessible at: https://idrblab. 
org/rvvictor/.   

1. Introduction 

RNA viruses have led to global burden of diseases with substantial 
mortality over the past several years, the most devastating ones of which 
include: human immunodeficiency virus (HIV), severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), ebola virus (EBOV), and so on 
[1–3]. The RNAs of these viruses are essential in both translation and 
replication during their infections by interacting with the protein, 
messenger RNA, and non-coding RNA (as illustrated in Fig. 1) of the 
infected host [4–6]. In contrast to the extensive research on their 

interactions with host messenger RNA (INTmRNA) and non-coding RNA 
(INTncRNA) [7–9], few studies have been performed to reveal in-
teractions between virus RNA and host protein (INTPROs) over the past 
few decades [10]. As reported, INTPROs are critical for virus translation 
by recruiting diverse translation-essential host proteins, which are 
highly anticipated to offer new targets facilitating drug discovery and 
repurposing [11]. Moreover, all three types of virus RNA-directed in-
teractions (INTPRO, INTmRNA, INTncRNA) should be collectively 
considered, since they are found to function as a complex network sys-
tem in determining the molecular mechanism underlying the translation 
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and replication of RNA virus [12–14]. Thus, it is urgently needed to have 
such valuable data on virus RNA-directed molecular interactions 
(especially INTPROs), which are highly expected to attract broad 
research interests from audiences who study the translation and repli-
cation of RNA viruses. 

Until now, there has been a proliferation of databases concerning 
RNA viruses. Some of them provide general information on virus 
genome, species classification, sequence variation/annotation, and 
structural data of different RNA viruses, such as IMG/VR [15], BV-BRC 
[16], OrthoDB [17], pVOGs [18], Stanford HIV DB [19], and many 
others [20–28]. Some others contain molecular interaction data of RNA 
virus, which include (a) those describing protein-protein interaction 
between RNA virus and host, such as HIV Interaction [29], VirusMentha 
[30], VirHostNet [31], and VTcomplex [32], (b) those illustrating virus 
RNAs’ interactions with host RNAs, such as miRSponge [33] focusing on 
INTmRNA data and ViRBase [34] specializing in INTncRNA data. 
However, none of them provide any interaction data between virus RNA 
& host protein (INTPRO), and none of them describe all three types of 
virus RNA-directed interaction data (INTPRO, INTmRNA, INTncRNA). 
Thus, it is highly demanded to construct a database that can cover all 
aspects of virus RNA-directed molecular interaction data to systemati-
cally describe the mechanisms underlying RNA virus’ translation & 
replication. 

In this study, a new database entitled “virus RNA-directed molecular 
interactions for RNA virus infection (RVvictor)” was therefore con-
structed to describe virus RNA-directed molecular interaction for RNA 
virus infection from three different perspectives: INTPRO, INTmRNA, 
and INTncRNA. Compare with those existing databases, RVvictor was 

unique in First, providing, for the first time, the interaction data be-
tween virus RNA & host protein, a total of 16,223 INTPROs were 
manually collected and explicitly provided in RVvictor, which came from 
117 virus RNAs of 70 virus/strains and 3829 proteins of 11 host or-
ganisms. Second, offering the most comprehensive RNA-directed inter-
action data of RNA virus’ translation and replication among existing 
databases by collectively describing all three types of virus RNA- 
directed molecular interactions. A total of 101,345 pairs of in-
teractions (94,875 pairs of INTmRNA and 6470 pairs of INTncRNA) 
were manually collected and described in our RVvictor, which originated 
from 52 virus/strains and 17 host organisms. Third, enabling the func-
tional annotations of all virus RNAs in RVvictor based on the enrichment 
analyses of their gene/protein targets. All enrichment results were 
explicitly illustrated using various tables & graphs of signaling path-
ways, gene ontologies, and disease classes. Moreover, both the virus 
species and host organisms collected to RVvictor were diverse, which 
include a variety of well-known RNA viruses (such as HIV, SARS-CoV-2, 
HCV, Ebola, Dengue, Zika, West Nile, Influenza A, Epstein Barr, and 
Sindbis) and various kinds of popular organisms (such as human, 
monkey, mouse, rat, pig, chicken, and bovine). 

Overall, the RVvictor database was introduced to a) explicitly 
describe the interaction data between virus RNAs and host proteins, b) 
systematically provide the most comprehensive RNA-directed interac-
tion data of RNA virus’s translation and replication, and c) enable the 
functional annotations of all virus RNAs in RVvictor based on the 
enrichment analyses of their target gene/proteins. Given the devastating 
global burden of infectious disease caused by RNA viruses, the data 
shown in RVvictor provide the most comprehensive network of RNA- 

Fig. 1. Schematic representations of the RNA virus’s life cycle, highlighting the RNA-directed interactions (INTPRO, INTmRNA, INTncRNA) are involved in key steps 
of a virus’s life cycle such as translation and replication. Furthermore, RNA-directed interactions are important and emerging themes in biology of RNA viruses that 
have been shown to support or restrict virus infection. RNA-directed interactions can regulate virus RNA fate; however, emerging data suggest that virus RNA may, in 
some instances, regulate the function of host molecules, many of which have been linked to the cellular antiviral response, while others are associated with the virus 
replication cycles such as recruitment to the viral replication factory, degradation of RNA, splicing, and RNA editing as indicated by the colored circles and de-
scriptions in orange above. 
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directed interaction complex network between viral RNA and host 
molecules, thus facilitating the identification of novel therapeutic tar-
gets for drug discovery/repurposing. 

2. Materials and methods 

2.1. Data collection, curation, and processing 

The data of virus RNA-directed interactions (INTPRO, INTmRNA, 
INTncRNA) in RVvictor were collected from experimental-supported 
literature and databases, including 16,223 INTPROs, 94,875 
INTmRNA, and 6470 INTncRNA entries involving 107 virus/strains and 
46 host organisms. Respectively, to obtain INTPRO, a comprehensive 
literature review on the interactions between virus RNA and host protein 
was conducted by PubMed searching using the keywords of “RNA virus 
interaction”, “Virus RNA binding”, “HIV RNA host protein”, “Ebola RNA 
host RBP”, “Dengue virus-host interactions”, “Zika host infection”, 
“Influenza A host factors” and so on. For the INTmRNA and INTncRNA 
data, corresponding experimentally validated data were gathered from a 
thorough review of comprehensive published databases. Furthermore, 
the general information about virus, virus RNA region, mRNA/protein, 
and ncRNA were recorded, and a variety of experimental data were 
collected and described, which contained virus infection time, infection 
cells, cell-originated tissue, detection methods, interaction type, binding 
type, and so on. On the whole, RVvictor as a valuable source of RNA- 

directed interaction data which will then aid in the discovery of new 
antiviral drug targets (as shown in Fig. 2). 

2.2. Detailed description of each virus and host moleculars 

Moreover, the additional reference data for virus RNAs and host 
proteins and their corresponding interactions were systematically 
collected and provided in the RVvictor database. For a virus RNA, its 
referencing data included virus name, strains name, strains family, RNA 
binding site, and taxonomy ID [35]. In the case of a host protein, a variety 
of reference data was given, which included protein name, protein 
family, gene name, EC number (if available), subcellular location, 
sequence, UniProt ID [36], gene ID [37], Ensembl ID [38], HGNC ID 
[39]. In addition, the downloadable 2D and 3D structures of these 
proteins from PDB [40] and AlphaFold [41] were also collected. For a 
host mRNA, RVvictor provides mRNA name, host species, gene ID [37], 
Ensembl ID [38], and gene card ID [42]. For a virus ncRNA, INTncRNA 
name, ncRNA category, miRbase ID [43], and AntiVIRmiR [44]. More-
over, for a host ncRNA, ncRNA name, ncRNA category, host species, 
lncRNA ID, miRbase ID [43], AntiVIRmiR [44], and Ensembl ID [38] are 
provided. Detailed information about the interacting viral RNA or host 
proteins, host mRNAs, and host ncRNAs can be found by clicking the 
corresponding blue button, “mRNA Info”, “HncRNA Info” or “VncRNA 
Info”. All of this data were fully downloadable and could be viewed on 
the RVvictor. 

Fig. 2. The overall design, primary data components, and the corresponding statistics of RVvictor. RVvictor contains 117,568 pairs of RNA-directed interaction 
entries between 105 viruses/strains and 46 host organisms. It is classified into three categories: INTPRO data were manually curated, while INTmRNA, and 
INTncRNA data were extracted from ViRBase and miRSponge databases. Furthermore, target genes of these host ncRNAs were extracted from databases such as 
mirTarBase, miRSponge, starBase, miRecords, oncomiRDB, Gene Ontology, and InAct, etc. Afterward, enrichment analysis was performed for these host proteins, 
host mRNA, and target genes of host ncRNA through Gene Ontology and KEGG, and the results were visualized by Apache ECharts. In addition, RVvictor provides 
basic general information about viruses and host molecules, as well as external linkage to other well-established databases. 
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2.3. Functional enrichment analysis and visualization of virus RNA- 
directed interactions 

To understand the purpose of virus RNA-directed interactions, we 
perform enrichment analysis for mRNA/protein targets interacting with 
each virus RNA as follows. The first step was to match the mRNA/pro-
tein targets of these host ncRNAs with the query databases such as 
mirTarBase [45], miRSponge [33], starBase [46], miRecords [47], Gene 
Ontology [48], InAct [49], etc., through comprehensive database review 
and organizing the data. Once the host proteins, host mRNA, and query 
ncRNA target mRNAs were obtained, the second step was to perform an 
enrichment analysis through enrichment databases, such as Gene 
Ontology [48] and KEGG [50]. Finally, rich results will be described in 
tabular and bar charts illustrating by Apache ECharts. The tables and 
plots drawn above can be viewed online from the website. 

2.4. Online platform implementation 

The RVvictor is programmed using PHP and deployed on the Apache 
HTTP Server and the Ubuntu operating system. All data in RVvictor is 
stored and managed with MySQL v15.1 for easy custom database 
searches. The web user interface is developed with JavaScript, HTML5, 
and CSS. RVvictor has been tested on different browsers, such as Google 
Chrome, Mozilla Firefox, and Safari. It’s now publicly accessible at: 
https://idrblab.org/rvvictor/. 

3. Results and discussion 

3.1. Statistics of interaction data between virus RNAs and host proteins 
(INTPROs) 

INTPROs are an integral part not only of the regulation of viral 

translation and replication but also of the defense against virus infection 
[51–53]. In addition, deciphering INTPRO is beneficial for under-
standing the pathogenesis of RNA viruses and informing the develop-
ment of antiviral therapy targets [54–56]. However, insight into 
INTPRO is limited, and these studies have been of limited impact 
regarding revealing how the viral RNA is regulated during infection. 
Thus, in this study, the INTPROs data of 107 types of virus/strains were 
collected, which included: human immunodeficiency virus (HIV), ebola 
virus (EBOV), Dengue virus (DENV), and a total of 16,223 INTPROs be-
tween 118 virus RNAs and 3829 host proteins were identified. All these 
interactions were validated using diverse living systems, which included 
31 cell lines from 11 tissues and various model organisms. As can be seen 
in Fig. 3 (a typical RVvictor page for virus RNA), a complete list of host 
proteins interacting with this virus RNA, as well as detailed experi-
mental information, which is explicitly outlined. 

3.2. Explicit description of the interacting protein from multiple 
perspectives 

Recent studies identifying or analyzing novel INTPROs provide in-
sights into the development of novel antiviral strategies [57–59]. 
Furthermore, detailed descriptions of interacting proteins from multiple 
perspectives are also required. For this reason, we provide additional 
data for these host proteins, such as the pathways in which the proteins 
were involved and the available molecular regulators (especially drugs) 
of the proteins. In particular, to achieve an in-depth insight into the host 
response pathway activated by host protein during RNA virus infection, 
a total of 348 infection-associated pathways that 2235 host proteins 
were involved in were identified by literature review. Some of the 
typical infectious pathways included such as HIV infection, Coronavirus 
disease, single-stranded Viral RNA Replication, etc. All infectious 
pathway maps are readily viewable online and can be freely 

Fig. 3. A typical RVvictor page for virus RNA describes a comprehensive list of host proteins that interacted with this RNA (scrolling up and down to get more 
information). Detailed experimental information was provided and explicitly discussed, which included the virus infection time, infection cell, cell-originated tissue, 
detection methods, interaction types, interaction binding type, and so on (scrolling right and left to get this information). All the interactions were validated using 
diverse living systems including 31 cell lines from 11 tissues and various model organisms. Detailed information on the interacting proteins can be found by clicking 
the blue button. 
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downloadable directly from the RVvictor website. Moreover, available 
molecular regulators (especially drugs) of host-interacting proteins were 
also gathered through related database reviews. This resulted in the 
collection of a total of 7031 molecular regulators that targeted 703 host 
proteins and also provided the linkages for these drugs with several 
popular databases such as DrugBank [60], PubChem [61], and TTD 
[62]. In the RVvictor webpage describing both pathways and regulators 
of host proteins (shown in Fig. 4), a variety of data from the corre-
sponding protein were systematically described, and all data are freely 
available for download from the website. 

3.3. Systematic collection of interaction data of INTmRNA and 
INTncRNA 

In the RNA virus’s life cycle, replication and transcription are 
mediated by a replication transcription complex that involves RNA- 
directed interactions (INTPRO, INTmRNA, INTncRNA) that should be 

collectively considered to function in determining the molecular 
mechanism that underlies are critical for the infection of RNA viruses 
[63,64]. However, an integrated map of these interactions from all 
previous studies is lacking. Here, RVvictor integrated the experimentally 
validated INTmRNA and INTncRNA data from ViRBase [51], and the 
miRSponge [33] database. As a result, RVvictor contains a total of 94, 
875 INTmRNA entries and 6470 INTncRNA entries involving 70 
virus/strains and 11 host Organisms. Furthermore, we collected a vari-
ety of general information about each virus, including virus name, 
lineage, virus molecule type, genome type, related host, related disease 
information and Taxon ID [35], ICTV ID [65], KEGG BRITE ID [50], 
KEGG GENOME ID [66] virion, and genome illustrated picture from the 
ViralZone [27] on RVvictor page for RNA virus (as provided in Fig. 5). In 
addition, a separate table of each RNA-directed interaction associated 
with this virus is located below the virus’s general information on 
RVvictor page for RNA virus (as shown Fig. 6). Herein, a comprehensive 
atlas of RNA-directed interactions (INTPRO, INTmRNA, INTncRNA) 

Fig. 4. A typical RVvictor webpage provides detailed descriptions of general information of each host interacting protein. A total of 3828 host proteins and their 
general information, such as protein name, protein family, gene name, EC number (if available), subcellular location, structures (downloadable in both 2D and 3D 
formats), and so forth, external linkage to other molecular biological databases (such as UniProt ID, gene ID, Ensembl ID, HGNC ID) are provided. In addition, we 
identified a total of 348 infection–associated pathways in which 2235 host proteins have been implicated. Available molecular regulators (especially drugs) for host 
proteins were also collected which yielded a total of 2000 drugs targeting 110 host proteins. All data are freely available for download from the RVvictor website. 
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were provided, which would a valuable resource in providing clues to 
understand the molecular mechanisms of viral infection as well as for 
developing antiviral strategies and drug repurposing. Furthermore, 
additional reference information on host mRNA, host ncRNA, and viral 
ncRNA was also collected and provided to RVvictor. Overall, the 
RNA-directed interactions between virus RNA and host molecules were 
concentrated, providing an extensive database that aids users in study-
ing RNA-directed interactions, particularly those associated with dy-
namic drug target discovery [67–69]and machine learning techniques 

[70–72]. 

3.4. Enrichment analysis of virus RNA-directed interactions 

All these RNAs of these viruses generally interact with specific 
mRNAs or proteins and manipulate their activity for their survival, 
eventually affecting mRNAs/proteins that may regulate immune 
signaling pathways and signaling pathways induced by viral infection 
processes [73]. Therefore, RVvictor uses experiment-supported ncRNA - 

Fig. 5. A typical RVvictor page for RNA viruses showing the detailed description of each RNA virus. General information is provided in the upper section, which 
includes virus name, lineage, virus molecule type, genome type, related host, related disease information, and external linkage to other molecular biological da-
tabases (such as Taxon ID, ICTV ID, KEGG BRITE ID, KEGG GENOME ID, and Virus-Host DB link). In addition, illustrated virion and genome images from the 
ViralZone database were also collected and provided. 
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target interactions as built-in data to map their targets of query ncRNA 
list and capture the function of these targets by Gene Ontology [74] and 
KEGG databases [50], which will generate a more comprehensive 
enrichment analysis based on the associated targets. We found signifi-
cant enrichment of a suite of pathways related to infection, translation, 
and replication, e.g., HIV infection, coronavirus disease, regulation of 
viral genome replication, and so on (shown in Fig. 7). 

4. Conclusion 

Herein, RVvictor was developed to unambiguously characterize the 
interaction data between virus RNAs and host molecules, offering, for 
the first time, the most comprehensive RNA-directed interaction 
(INTPRO, INTmRNA, INTncRNA) data of RNA virus’ translation and 
replication among the existing databases by collectively describing the 
three types of RNA directed molecular interactions of viruses, and 
allowing functional annotations of all RVvictor viral RNAs based on 
enrichment analyses of their target gene/proteins. RVvictor has been 
smoothly running for months and tested by different research labs, and 
its data can now be fully accessed without any login requirement by all 
users at: http://rvvictor.idrblab.net/. 
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