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Abstract 

The sequence-independent, single-primer amplifi cation (SISPA) enables the random 
amplifi cation of nucleic acids, allowing the detection and genome sequencing of diff erent viral 
agents. This feature of SISPA method provides evidence for application of it in monitoring the 
presence of adventitious RNA viruses in cell cultures. We evaluated SISPA method for the 
detection of a challenge RNA virus representing adventitious agent in cell cultures. Besides, by 
optimizing the SISPA method in our laboratory, we found false-positive results on negative control 
lanes in electrophoresis gels. To investigate the sources of contamination, false-positive results 
of SISPA were cloned into Escherichia coli cells, sequenced, and phylogenetically analyzed. This 
data revealed that the SISPA method can be used as an adjunct method to confi rm the absence 
of unexpected adventitious RNA viruses in cell cultures. The phylogenetic analysis of SISPA 
contaminant sequences showed that the false-positive results were caused by nucleic acid 
amplifi cation of commercial cDNA synthesis kit reagents, probably tracing back to expression 
plasmids and host ribosomal sequences, used for the production of enzymes. Therefore, 
laboratories using random amplifi cation methods must be constantly aware of the potentials of 
such contaminations, yielding false-positive results and background noise in the fi nal NGS reads.

Introduction
Currently many live and inactivated viral vaccines 

are produced from viruses propagated in different cell 
substrates, ranging from primary cultures to continuous cell 
lines. As a consequence, it increases the risk of adventitious 
virus contamination of the ϐinal product. Some of the most 
common viral contaminations seen in cell cultures include 
contaminations with various RNA viruses from variety of 
sources such as animal derived raw materials and laboratory 
personnel. The impact of such contaminations can be 
signiϐicant for the diagnostic and manufacturing labs [1]. So, 
assessment of cell culture and conϐirming the absence of any 
adventitious agent is one of the most important safety tests 
during the manufacturing process [2]. The routine testing 
method for detecting of viral adventitious agents is based on 
the observation of cytopathic effects (CPEs), hemadsorption 

of erythrocytes, or immunoϐluorescence on the indicator 
cells. In addition, speciϐic tests such as polymerase chain 
reaction (PCR) and antibody detecting assay are other 
strategies for detecting known viral adventitious agents. 
Despite all the strategies for viral adventitious agents 
testing, there are still great challenges from an industrial 
perspective due to the fact that biological products can be 
contaminated with an unexpected noncytopathic viral agent. 
Accordingly, there is a need for novel methods for screening 
and detecting unexpected viral adventitious agents. The use 
of random ampliϐication methods may make it possible to 
detect unexpected adventitious agents that we were unable 
to detect before. Sequence-independent, single-primer 
ampliϐication (SISPA), as a random ampliϐication method, was 
ϐirst developed in 1991 [3]. This method has been used to 
detect known and/or unknown pathogens in many diagnostic 
laboratories [4-7]. The random ampliϐication techniques have 
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also been combined with next generation sequencing (NGS) 
for genome sequencing of viruses, particularly in the case of 
samples with very small amounts of genomes [8-12].

The aim of this study was screening for detection of 
adventitious RNA viruses in cell cultures especially in the 
case of samples that have tested negative for all expected 
viral adventitious agents. In this study SISPA method was
performed for the detection of an infective challenge 
RNA virus representing adventitious agent in cell culture 
supernatant. In addition, by optimization of the SISPA method
in our laboratory, we found false-positive results on negative 
control lanes in electrophoresis gels. To investigate the 
sources of contaminants, all reagents, water, disposables, and 
instruments were replaced and renewed. Also, to conϐirm 
the source of contamination, false-positive results of SISPA 
were cloned into Escherichia coli cells, sequenced, and 
phylogenetically analyzed.

Materials and methods
Sequence independent PCR amplifi cation

In this study, the SISPA method was performed as 
previously described [7]. Brieϐly, particle-associated nucleic 
acids were puriϐied from the cell debris, bacteria, and free 
nucleic acids (DNAs and RNAs) by ϐiltration through a 
0.2-μM ϐilter (Sartorius, Germany). Also, nuclease treatment 
was performed through digestion with a cocktail of DNase 
(TURBOTM DNase, Ambion, USA), Benzonase (Sigma-Aldrich, 
Denmark), and RNase (Bio Basic Inc., Canada). 

Viral genomes were extracted from samples, using 
FavorPrepTM Viral Nucleic Acid Extraction Kit (Favorgen, 
Taiwan). Next, ϐirst-strand cDNA was synthesized in a 20-μL 
reaction mixture, containing 12 μL of viral nucleic acids, 100 
pmol of primer K-8N (GAC CAT CTA GCG ACC TCC CAN NNN 
NNN N), 200 U of moloney murine leukemia virus (MMuLV) 
RT (YTA, Iran), and 0.5 mM of each dNTP solution. Afterward, 
20 μL of cDNA was heated to 70 °C for ϐive minutes and cooled 
down to 4 °C in the presence of 20 pmol of primer K-8N in 
1X Klenow buffer. In order to produce double-stranded 
DNAs with the ϐixed portion of primer K-8N from generated 
ϐirst stranded cDNAs, 5 U of Klenow fragment (Takara Bio, 
Japan) was added and incubated at 37 °C for 60 minutes. The 
synthesized cDNA was subsequently used for the polymerase 
chain reaction (PCR) assay. 

The PCR ampliϐication was carried out in a 50-μL mixture, 
containing 10 μL of ϐirst-strand cDNA product, 1X PCR buffer, 
0.8 μM of primer K (GAC CAT CTA GCG ACC TCC AC), and 
2.5 U of Taq DNA polymerase (YTA, Iran). The initial 
denaturation step was performed at 95 °C for ϐive minutes, 
followed by ϐive cycles of denaturation for one minute at 95 °C,
primer annealing for one minute at 59 °C, and elongation 
for one minute at 72 °C. Thirty-three more cycles were also 
performed as follows: 95 °C for 20 seconds, 59 °C for 20 

seconds, 72 °C for one minute +2 seconds for each cycle. 
The ϐinal elongation step was performed at 72 °C for seven 
minutes.

Cloning and sequencing

The DNAs resulting from SISPA method were ligated 
into pTG19-T plasmids (PCR TA Cloning Kit, Sinaclon, Iran) 
following puriϐication on 1% agarose gel. The E. coli XL1-
blue strain was transformed into recombinant plasmids, 
according to the manufacturer’s instructions. Colonies 
containing recombinant plasmids were screened by blue-
white screening. Plasmids were extracted using FavorPrepTM 
Plasmid Extraction Mini Kit (Favorgen, Taiwan). The sizes of 
plasmids were checked on agarose gel. Extracted plasmids 
were also screened for the presence of inserts, using PCR 
with universal M13 primers and the K primer. PCR with M13 
forward and backward primers was performed according to 
the manufacturer’s instructions (PCR TA Cloning Kit, Sinaclon, 
Iran). The PCR with K primer was carried out by adding 1 μL of 
plasmid in 24 μL of PCR cocktail consisting of 1 X PCR buffer, 
0.04 mM of each dNTP, 2.5 U of Taq DNA polymerase (YTA, 
Iran), and 0.8 μM of K primer (as mentioned earlier). Cycling 
parameters were programed as initial denaturation at 95 °C 
for 5 minutes followed by 33 cycles of denaturation at 95 °C 
for 1 minute, annealing at 59 °C for 1 minute, and elongation 
at 72 °C for 1 minute, followed by ϐinal elongation at 72 °C for 
7 minutes. The PCR amplicons were checked on 1% agarose 
gels. Then, sequencing was performed in both directions, 
using universal M13 forward and reverse primers to ensure 
the quality of data. 

Limit of detection

For estimate of test’s limit of detection, extracts of the 
dilution series of mumps virus (Hoshino strain) was used. The 
history of the development and of attenuated mumps virus 
Hoshino vaccine strain has been described previously [13,14]. 
In the present study, this strain was available in-house. 
The current stock was propagated in chicken embryonic 
ϐibrobalsts (CEFs) and extracted from the cell debris through 
a 0.2-μm syringe ϐilter (Sartorius, Germany). Suspension 
containing approximately 106 CCID 50/ml of virus was serially 
diluted in sterile DEPC-treated water. RNAs were extracted 
from the samples and RT-PCR ampliϐication was performed 
as previously described. After staining the gel, the last visible 
DNA band was extracted, cloned and sequenced as previously 
described.

Contamination detection

To conϐirm the source of contamination, false-positive 
results of SISPA were also cloned into Escherichia coli cells 
and sequenced as previously described. 

Data analysis

The homology of sequences with the GenBank-deposited 
sequences was searched, using the Basic Local Alignment 
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ϐlanked by K primer sequences at both ends. The sequences 
from supernatants of mumps virus showed the highest level 
of homology (100%) to previously sequenced genomes of this 
strain available at GenBank (accession numbers AB470486 
and MK279727). The results also revealed that although 102 
viral particles was able to show visible smear in agarose gel, 
105 particles seemed to result in sufϐicient amount of speciϐic 
viral PCR product. In other words, in the case of samples that 
contain viral copy number below 105 particles, most clones 
contained non-speciϐic sequences. So, the results showed 
that the SISPA method is efϐicient as a method for detecting 
of adventitious agents for samples with greater than 105 viral 
particles per reaction. These conditions seem to be ideal for 
screening of adventitious viral agents in cell cultures because 
most samples contain more of viral copy number as a result 
of enrichment of detectable progeny virus populations by 
propagation in permissive cell substrates. 

Contaminant sequences

False-positive results (clear smears in size range of 50-
800 bp with few prominent bands) were obtained following 
the application of the SISPA method. It was suspected that 
the ampliϐication reagents were the source of contamination. 
This could be associated with the presence of trace amounts 
of nucleic acids (e.g., expression vectors and prokaryotic 
expression host compounds), which are commonly used 
for the production of commercial enzymes. To approve this 
assumption, false-positive results of SISPA were cloned into 
E. coli cells, sequenced for both strands, and phylogenetically 
analyzed.

Several clones, which were sequenced, showed the 
following homologies. All sequences were ϐlanked by K 
primer sequences at both ends. Some clones carried murine 
leukemia virus sequence. The standard nucleotide BLAST 
analysis revealed that the sequences had the highest level 
of homology (100%) with several sequences of the M-MuLV 
pol gene (Figure 2A). The sequencing of other amplicons 
showed high homology (100%) with BL21 E. coli 23s rRNAs. 
High sequence homology was also found with other strains 
of E. coli rRNAs (Figure 2B,C). Detection of M-MuLV pol gene 
and E. coli rRNA sequences in false-positive result amplicons 
showed that residual nucleic acid sequences in commercial 
cDNA synthesis reagents were the cause of false-positive 
results. The only realistic explanation that accounts for these 
observations is that cDNA synthesis reagents contained trace 
amounts of nucleic acids. The presence of murine leukemia 
virus (MLV) sequences in other commercial laboratory 
reagents have been previously reported using RT-PCR assay, 
with primers speciϐic for xenotropic murine leukemia virus-
related virus (XMRV) and MLV [15-17]. Previous studies 
have also reported contamination of some other commercial 
reagents with different bacterial genomes and other DNAs 
[18-24]. The present study showed that the trace amounts 

Search Tool (BLAST). DNAMAN software package (version 
4.13) was also used for phylogenetic studies. Phylogenetic 
trees were constructed from DNA sequences, using the 
neighboring-joining method. Also, the bootstrap test was 
applied 1000 times. 

Results and discussion
Detection of challenge virus representing an 
adventitious agent and limit of detection

To determine whether this method detect adventitious 
RNA viruses, optimized method was tested to detect 
challenge virus representing an adventitious agent using 
virus-containing supernatants (Hoshino strain of mumps 
virus). Mumps virus is an enveloped single-stranded negative-
sense RNA virus which some chick and mammalian cells are 
permissive to its replication.

It is important that the minimum viral copy number that 
is able to show visible and clear smear in the SISPA method 
to be determined. To accomplish this purpose, 10-fold serial 
dilutions of mumps virus with known titer were prepared. 
Regarding to the results, the lowest detectable viral copy 
number was considered as 102 mumps viral particles per RT-
PCR reaction (Figure 1A). Afterwards, fragments resulting 
from each dilution were cloned into plasmids. In order to 
screening the presence of inserts in plasmids, PCR with 
universal M13 primers and the K primer were carried out. The 
PCR amplicons were checked on agarose gel, and the inserts 
producing two sharp bands were considered to contain inserts 
ϐlanked by M13 and K primer sequences (Figure 1B and 1C). 
Thereafter, several positive clones were used for sequencing. 
The sequencing results showed that all sequences were 

Figure 1: (A) Estimation of the detection limit of SISPA method using 10-fold serial 
dilution of the Challenge Virus Representing an Adventitious Agent. The mumps 
virus containing 106 CCID50/ml was serially diluted and each dilution subjected to 
method. (B and C) Agarose gel electrophoresis of PCR amplicons of the recombinant 
plasmids with universal M13 primers and the K primer (two of the several reactions 
are shown here). Lane MW is the 100 bp DNA lader marker (YTA, Iran).
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of nucleic acids in commercial laboratory reagents, used in 
random ampliϐication methods, may be problematic, yielding 
false-positive results and background noise in the ϐinal NGS 
reads. 

Conclusion 
In conclusion, SISPA method should be particularly useful 

for screening of cell cultures for unexpected adventitious 
RNA viruses that have tested negative for all expected viral 
adventitious agents. The present ϐinding also indicated that 
without a conϐirmatory test, a commercial cDNA synthesis 
kit should not be used for random ampliϐication methods, 
such as SISPA. Moreover, the results highlighted the need for 
controlling different steps of random ampliϐication methods 
to validate their use for diagnostic purposes and NGS. Also, 
care should be taken regarding the contamination of other 
SISPA regents. 
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