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Emerging viruses continue to surprise us, providing many newly 
recognized diseases to study and to try to control. Early discovery 
of infectious viruses is necessary to prevent potential outbreaks. 
Virus discovery has been aided by the development of sequence-
independent methods for obtaining genomic data. The most 
prominent of these methods include representational difference 
analysis (RDA) and sequence-independent single primer amplification 
(SISPA) with several variations [1-3,5,7,10-11]. However, the 
sensitivity of the RDA method is inadequate for virus detection. In 
addition, these methods including RDA or SISPA comprise a cloning 
step. For cloning, a DNA amplicon is inserted into the plasmid to 
determine the nucleotide sequence after sequence-independent 
amplification. However, cloning requires longer experimental time 
compared to direct sequencing. Recently, we developed a new 
method for sequence-independent detection of RNA viruses using 
direct sequencing, i.e., a rapid determination system for viral RNA 
sequences (RDV) . Using RDV and improved RDV, several novel viruses 
have been discovered and identified until now [4,6,8-9,12,13]. Thus, 
the RDV method is a powerful tool for identification of unknown 
viruses. However, materials for the method are limited to cell culture 
supernatants or liquid samples such as serum, because the cellular 
nucleic acids interrupt detection of the viral genome. Therefore, in 
the present study using the RDV method, we attempted to develope 
a new sequence-independent method for detecting RNA viruses from 
cultured cells. 

A method combining size fraction and the RDV method (called 
RDV-SF) was designed using extracted RNA from feline calicivirus 
(FCV)-infected Vero E6 cells. The size fraction method is summarized 
in Figure 1. The F4 strain of FCV was infected to Vero E6 cells at a 
multiplicity of 1 TCID

50
/cell. At 16 h post infection, virus-infected cells 

were harvested. Viral RNA was extracted using a total RNA isolation 
mini kit (Agilent Technology, USA) according to the manufacturer’s 
instructions, and eluted in 50 l of RNase-free water. To avoid 
degradation of RNA during size fraction, cDNA and dsDNA was 
synthesized, before size fraction. Five microliters of RNA was used 
for cDNA synthesis with a random hexamer using the SuperScript 
III kit (Invitrogen, Carlsbad, CA, USA). To generate second-strand 
cDNA, single round priming and extension were performed using the 
Klenow fragment (New England Biolabs, Ipswich, MA, USA) with a 
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random hexamer. Twenty microliters of cDNA was heated at 95°C 
for 2 min and then cooled to 4°C in the presence of 150 ng of a 
random hexamer in 1× Klenow reaction buffer. Five units of the 
Klenow fragment were added to the reaction mixture and incubated 
at 37°C for 1 h. Then, resultant dsDNA was electrophoresed on 0.6% 
agarose gels. Each fraction on the agarose gel [fragments 1–8 are FX, 
where X = 1–8 included X until (X + 1) kbp in length] was excised 
as shown in Figure 1. DN A  was then extracted from each fraction 
using NucleoSpin extract II (Machrey-Nagel, Germany), and eluted 
in 20 l of distilled water. PCR was performed using FCV or 28S 
rRNA primer sets (Figure 2). We used PCR primers for amplification 
of a 281-bp nucleotide sequence of the FCV RNA-dependent RNA 
polymerase gene (FCV-F primer: 5-AAGGATGATCTGGGGTTGTG-3, 
corresponding to positions 120 to 139 nt and FCV-R primer: 
5-GAATCAACAATGGGAGACCG-3, corresponding to positions 401 to 
382 nt of GenBank accession number D90357) and a 477-bp fragment 
of human 28S rRNA (28S-F primer: 5-CCCAGAAAAGGTGTTGGTTG-3, 
corresponding to positions 1936 to 1955nt and 28S-R primer: 
5-ATGGAACCCTTCTCCACTTC-3, corresponding to positions 
2413 to 2394 nt of GenBank accession number NR_003287). One 
microliter extracted DNA after size fraction was added to the 
PCR reaction mixtures containing 15 l of 2 × GoTaq master mix 
(Promega, Madison, WI, USA), forward and reverse primers (each at 
a concentration of 1  M), and distilled water to a final volume of 30 
l. The thermal program consisted of 2 min at 94°C, followed by 35 
cycles of denaturation for 20s at 94°C, 30 s of annealing at 50°C, 30 
s of elongation at 68°C and a final elongation step of 1 min at 72°C. 
The main population of cellular RNA was ribosomal RNA (18s and 28s 

rRNA), which occupied over 95% of the RNA population. The large 
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By combining size-fraction and a rapid determination system for viral RNA sequences (RDV), a method for sequence 
independent detection from virus-infected cultured cells was developed as “RDV-size fraction (RDV-SF)”. Using RDV-
SF, we succeeded in detecting nucleotide fragment sequences of feline calicivirus (FCV) and Yokose virus (YOKV) from 
Vero E6 cells infected with FCV and YOKV, respectively. RDV-SF was useful in identifying RNA viruses with a genome 
size of more than 5 kb from virus-infected cultured cells. 
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size of 28S rRNA is approximately 5 kbp. Therefore, when we used a 

random primer for cDNA synthesis, dsDNA originating from 28S rRNA 

was mainly detected from the fractions less than 5 kbp (F1, F2 and 

F3) (Figure 2). On the other hand, FCV was observed in all fractions 

because the full genome size of this virus is approximately 8 kb. It 

is strongly suggested that F6 to F8 contain mainly viral dsDNA and a 

portion of cellular dsDNA in virus-infected cells. Next, to investigate 

whether FCV sequences were obtained from F6 to F8 by RDV-SF, 

DNA extracted from F6 to F8 was mixed and subjected to ethanol 

precipitation. Precipitated DNA was eluted in 1 μl distilled water 

and used for sequence-independent amplification with Phi29 DNA 

polymerase, which is known to favorably amplify DNA more than 3 

kbp. Amplification with Phi29 DNA polymerase was performed using 

the GenomiPhi V2 DNA amplification kit (GE Healthcare, UK) according 

to the manufacturer’s instructions. Amplified DNA was purified using 

NucleoSpin extract II and subjected to digestion with HpyCH4IV and 

Sau3AI, and adaptor ligation, as described previously (RDV ver 3.1) 

[12]. For direct sequencing, 64 PCR reactions were performed using 

specially designed RDV primers. Each primer included an adaptor 

sequence and variable random nucleotides [12]. The 64 PCR products 

were processed by agarose gel electrophoresis. The band sizes more 

than 150 bp were excised from the gel, and DNA was extracted. A 

total of 15 DNA fragments were sequenced by direct sequencing. Of 

the 15 DNA fragments, sequences of 6 fragments were not obtained. 

The remaining 9 DNA fragments were subjected to a BLASTN search 

against the DNA databank of Japan (http://www.ddbj.nig.ac.jp). Of 

these fragments, 2 (93-bp and 54-bp nucleotide sequences) were 

identical to FCV genomic RNA, and the other fragments exhibited 

high degrees of homology to the nucleic acid sequence of Escherichia 

coli, bacteriophages, or Pseudomonas (Table 1).

As shown in Table 2, most of the mammalian RNA viruses, except 

Birnaviridae, Orthomyxoviridae and Reoviridae, have more than 5 kbp 

RNA genomes. Next, RDV-SF was also applied to the RNA extracted 

from Yokose virus (YOKV)-infected Vero cells. The YOKV belongs 

to Flaviridae, which is approximately 10 kb of genome length. 

The Oita-36 strain of YOKV was kindly provided by Dr. Tomohiko 

Takasaki (National Institute of Infectious Diseases of Japan). YOKV 

was inoculated in Vero E6 cells at a multiplicity of 1 TCID
50

/cell. At 

2 days post infection, virus-infected cells were harvested, then RNA 

was extracted for applying to RDV-SF. As a result of RDV-SF, 13 

DNA fragments were sequenced by direct sequencing, and 8 read 

fragment sequences were obtained. BLASTN showed that a 44-bp 

DNA fragment was identical to the YOKV genome (Table 3). Based 

on the result using YOKV-infected cells, the sensitivity of RDV-SF was 

demonstrated to be equal to that of RDV, with a culture supernatant 

as starting material (estimated 10,000 copies; data not shown).

In the present study, we added a size fraction step before the 

RDV method and developed RDV-SF for detecting RNA viral genome 

sequences from virus-infected cells. We demonstrated that RDV-SF 

could determine the nucleotide fragment sequences of both FCV and 

YOKV cDNA from virus-infected cells. Cellular RNA was not detected 

by RDV-SF. These results indicate that size fraction and subsequent 

Figure 1: Overall scheme for a method of sequence-independent virus detec-

tion from cultured cells, using size fraction and RDV.

Figure 2: The result of RT-PCR on each DNA extracted from fractions of the 
agarose gel. The primer sets targeting 28S rRNA and feline calicivirus were 
used for RT-PCR. M indicates 100 bp DNA ladders. 

2 81

Feline Calicivirus

3 45 67 M

Fraction number

28S rRNA

4321 56 7 8 M

500bp 300bp

Type of DNA fragment No. of DNA fragment

FCV 2

Bacteriophage 2

Escherichia coli 1

Pseudomonas 1

Unknown (due to short length) 3

No read 6

Total 15

Table 1: Type and number of cDNA fragments detected by RDV-SF from FCV-

infected cells.

Table 2: Genome (segment) length of virus family.

Arenaviridae (segment) <8 kb

Arteriviridae 12-16 kb

Astroviridae 6-8 kb

Bornaviridae 9 kb

Bunyaviridae (segment) <7 kb

Caliciviridae 7-8 kb

Coronaviridae 28-33 kb

Filoviridae 18 kb

Flaviviridae 10-12 kb

Paramyxoviridae 15-16 kb

Picornaviridae 7-8 kb

Retroviridae 7-11 kb

Rhabdoviridae 11 kb

Togaviridae 9-12 kb

Birnaviridae (segment) <4 kbp

Orthomyxoviridae (segment) <3 kb

Reoviridae (segment) <4 kbp

Table 3: Type and number of cDNA fragments detected by RDV-SF from 
YOKV-infected cells.

Type of DNA fragment No. of DNA fragment

YOKV 1

Bacteriophage 4

Escherichia coli 1

Pseudomonas 1

Unknown (due to short length) 1

No read 5

Total 13
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sequence-independent amplification using Phi29 DNA polymerase 
efficiently reduced cellular RNA and selectively enabled amplification 
of viral nucleotide fragment sequences. In this study, nucleotide 
sequences of bacteriophage, E. coli and Pseudomonas were also 
obtained by RDV-SF. They may have been included in the reagents 
used in this study. On the other hand, contamination may occur 
during the electrophoresis step. Although preventing contamination 
completely is difficult because of the high sensitivity of PCR-based 
amplification, it is important to treat DNA samples carefully in order 
to avoid contamination, particularly in the electrophoresis step of 
size fraction. 

Combing size fraction of cDNA and RDV, we succeeded in 
developing a new method to efficiently detect RNA viruses from the 
cultured cells. RDV-SF has a potential to be a powerful diagnostic tool 
for detecting RNA viruses including cell-associated viruses.
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