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Abstract

Oncolytic viruses are characterized by their ability to selectively kill cancer cells, and thus they have 

potential for application as novel anticancer agents. Despite an increase in the number of studies on 

methodologies involving oncolytic viruses, bioinformatic studies generating useful data are lacking. We 

constructed a database for oncolytic virus research (the oncolytic virus database, OVDB) by integrating 

scattered genetic information on oncolytic viruses and proposed a systematic means of using the biological 

data in the database. Our database provides data on 14 oncolytic viral strains and other types of viruses for 

comparative analysis. We constructed the OVDB using the basic local alignment search tool, and therefore 

can provides genetic information on highly homologous oncolytic viruses. This study contributes to facilitate 

systematic bioinformatics research, providing valuable data for development of oncolytic virus-based 

anticancer therapies.
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1. Introduction

Cancer is a major cause of death worldwide, despite technological advancements. Many studies on effective 

means of treating and preventing cancer have been conducted, some of which focused on oncolytic viruses. 

These viruses are characterized by the ability to selectively infect cancer tissues, replicate and proliferate inside 

cancer cells, and ultimately induce cancer-cell apoptosis without harming normal tissues; hence, these viruses 

have potential as novel anticancer agents [1]. Furthermore, oncolytic viruses kill cancer cells via several 

mechanisms and exhibit genetic polymorphisms [2]. Should oncolytic viruses prove useful in treating cancer, 

they would significantly contribute to human health and welfare. To function as anticancer agents, oncolytic 

viruses require appropriate genetic manipulation for optimum selectivity and should exert a pro-apoptotic 

effect on appropriate target cells [3]. However, the pro-apoptotic effect of oncolytic viruses on cancer in actual 
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patients, as well as in experimental models, needs to be investigated. Safety assessments of oncolytic viruses 

based on strict criteria derived from experimental models are also required [4]. Nevertheless, establishment of 

scientific standards for oncolytic virus safety a priori would considerably reduce costs and time frames and 

facilitate determination of the oncolytic abilities of as-yet-unidentified viral strains. The questions of what 

differentiates oncolytic and non-oncolytic viruses, how cancer specificity is acquired, and why an oncolytic 

virus is harmless to normal cells need to be answered [5]. Thereafter, the safety of oncolytic viruses should be 

determined by identifying the target tissue and mechanism of virulence, as well as assessing the risk associated 

with genetic manipulation and viral infectivity [6, 7]. 

With advancements in molecular biology, oncolytic virus processing and application have been investigated, 

whereas few bioinformatics studies have analyzed the data obtained. Thus, we developed a systematic method 

of applying biological data from a specialized database containing genetic information on oncolytic viruses

based on our previous study using bioinformatics techniques [8, 9]. Processing and analysis of the data on 

oncolytic viruses in the database will facilitate discovery of an effective and safe oncolytic virus and in this 

way contribute to anticancer research.

2. Methods

We collected data primarily from National Center for Biotechnology Information (NCBI) GenBank

(ftp://ftp.ncbi.nih.gov/genbank/) to construct a database of genetic information on oncolytic viruses [10]. Data 

were parsed using JAVA programming to extract only necessary information. Briefly, all genetic information 

and viral sequences in GenBank were extracted, and only those data with ACCESSION were reconstructed as 

the primary key in MySQL, although the design allowed selective searches for partial and complete sequences. 

Collection years were extracted from the LOCUS field, definitions regarding the genetic information of each 

virus were extracted from DEFINITION, and unique lot numbers for sequences were extracted from 

ACCESSION. Information on the protein products of genes and the deduced amino acid sequences were 

extracted from FEATURES, and gene sequences were extracted from ORIGIN. The FASTA format files 

required for basic local alignment search tool (BLAST) analysis were produced via data processing. 

Information on tumor genetic mutations and tumor-selective killing mechanisms, targets of additional

literature searches, and viral and host genes reportedly implicated in anticancer mechanisms were checked and 

stored. We constructed the database using a server based on the high-performance computing (HPC) cluster 

system with the following specifications: 8-core AMD Opteron-6128 2.0 GHz central-processing unit, 8 GB 

random-access memory and a 500 Gb serial ATA 7200 rpm 3 Gbps hard disk drive. The operating system was 

LINUX v. 2.6.18, and the data management system used for storage in the Linux server environment was 

MySQL. The programming language for data parsing was JAVA, and those for web linking were JSP, HTML, 

and JAVAscript. The web server program was based on Apache, and Tomcat v. 7.0 served as the web container 

(Table 1). We installed the Web BLAST package from NCBI, wwwblast (ncbi-blast-2.2.26, for Linux), to 

construct a BLAST server [11]. The database to link to BLAST was based on sequence data produced in 

FASTA format by reprocessing the gene sequences from oncolytic viruses (Table 2).
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Table 1. System development environment

Category System development environment

System HPC cluster system

Central processing unit (CPU) 8C AMD Opteron-6128 2.0GHz × 1 (8Core)

Memory 8Gb

Hard disk drive (HDD) 500Gb SATA 7200rpm 3Gbps × 1

Operating system Linux

Web server Apache

Database management system (DBMS) MySQL

Programming language JAVA, JSP, HTML, JAVA script

Table 2. Type and amount of data constructed on BLAST

BLAST database Number of data

Virus 1,405,570

Oncolytic Virus 303,124

3. Results

3.1 Construction of an oncolytic virus database

We constructed an oncolytic virus database (OVDB) to investigate the specificity and safety of oncolytic 

viruses. Its design applies a system that allows web-based searches and analyses (Figures 1 and 2). The 

database contains information on definitions, accession numbers, collection years, products, and the nucleotide 

and amino acid sequences of viruses and oncolytic viruses. The database contains approximately 1,405,570 

viruses, including 303,124 oncolytic viruses, belonging to 14 strains: adenovirus, coxsackievirus, herpes 

simplex, influenza, measles, myxoma, Newcastle disease, polio, parvovirus, reovirus, retrovirus, Seneca valley, 

vesicular stomatitis, and vaccinia (Table 3). To compare genomes or gene/protein sequences using the OVDB, 

genes of interest are selected, and their sequence data are stored in a downloaded FASTA file. The stored 

sequence data or the data of the user are subjected to gene sequence alignments using a multiple sequence 

alignment program linked to OVDB, and the results are output as ‘.aln’ files. In addition, phylogenetic trees 

can be generated using a tool in the ClustalW program [12] linked to the OVDB.

3.2 Search function of the OVDB

A search set has been created in the OVDB to enable efficient searches of virus data using two methods. 

Overall virus data can be searched by entering a virus name, accession number, or keyword (Figure 3(a)). To 

search oncolytic virus data, the system allows a choice of 14 species and of complete versus partial sequences

(Figure 3(b)). Searches can also be based on accession numbers or keywords. The keyword search facilitates 

exploration of viral strains or subtypes and antigens or conjugated proteins. To obtain gene or protein 

sequences from the tables produced by searches, data can be accessed or stored as FASTA files by clicking 

‘Download’ for the Origin or Translation column.
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Figure 1. OVDB (oncolytic virus databank) main page

Figure 2. Data flow diagram
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Table 3. The number of data in ‘OVDB’

species number species number

Adenovirus 5,970 Polio virus 4,391

Coxsackievirus 8,467 Parvo virus 3,538

Herpes simplex virus 201 Reovirus 1,875

Influenza virus 261,865 Retrovirus 1,771

Measles virus 7,356 Seneca valley virus 18

Myxoma virus 343 Vesicular stomatitis virus 834

Newcastle disease virus 5,938 Vaccinia virus 559

Oncolytic virus (total)  303,126

a

(a) Search page for virus data (b) Search page for oncolytic virus data

Figure 3. Virus and oncolytic virus search set

3.3 Analysis function of the OVDB 

A local BLAST system was built into the OVDB to enable analysis of the relationships and similarities 

among viruses based on an input query sequence. The user can use the BLAST tool to select the gene sequence 

database of a virus or oncolytic virus and then enter a query sequence (Figure 4). The system calculates bit-

scores and e-values to produce ACCESSION numbers and DEFINITIONS for the top 100 viruses with the 
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highest homology. In addition to BLAST, links to the ClustalW [12] and MUSCLE [13] programs allow 

multiple sequence alignments for similarity analyses, and the phylogenetic analysis function provided by 

ClustalW2 [12] and MEGA [14] allows the generation of phylogenetic trees.

Figure 4. Local BLAST web page

Local BLAST is performed for similarity analysis. Users can select the database to use for identification of an 

unknown query sequence.

4. Discussion

We constructed a database by collecting and processing genetic information on oncolytic viruses to enable 

investigation of their selective tumor-killing mechanisms, specificity, and safety. Links to bioinformatics tools

facilitate analysis of the data in the OVDB. In addition to data on 14 oncolytic viral strains, the OVDB contains 

information on other types of viruses for comparative analysis. Genetic information on oncolytic viruses with 

high homology can also be obtained because the database was constructed using the BLAST tool. Homology 

searches using BLAST were designed considering not only the sequences of genes encoding receptor-binding 

proteins but also the genes responsible for the specificity and safety of oncolytic viruses. The genetic 
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composition of oncolytic viruses critically influences their oncolytic activity. Thus, a method to compare gene 

sequences would facilitate discovery of novel candidate oncolytic viruses and analysis of sequence similarities 

among oncolytic viral strains. Our database, the OVDB, will assist the development of novel anticancer agents 

by supporting systematic bioinformatics research.

5. Conclusion

Oncolytic viruses are being actively investigated both within and outside South Korea. The potential 

practical applications of oncolytic viruses have been assessed in various clinical studies. Multiple aspects of 

the anticancer mechanisms of oncolytic viruses need to be investigated. We exclusively collected and stored 

data in the OVDB, for oncolytic viruses including sequence data. Bioinformatics tools will be applied to 

explore the genetic information in the OVDB pertaining to the specificity and safety of oncolytic viruses. 

Because the OVDB enables genetic investigation of the cancer cell-specific killing mechanisms of oncolytic 

viruses, it represents a considerable advance in the war on cancer. Our database will be continuously updated 

with new data and complemented with various bioinformatics-based analysis techniques. This will enable 

development of novel anticancer agents and applied research into oncolytic viruses.
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