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Three batches of dl331, a mutant variant of adenovirus, which were found to have 
reverted in phenotype, were characterized in order to find the cause of the reversion. 

Using PCR-amplification of the VA I gene, sequence analysis of the VA gene segment and 
plaque assay it was determined that one of the batches was contaminated with wild 

type adenovirus. The result for the other two batches was inconclusive since no 
contamination was detected in the plaque assay, nor a mutation could be found in the 

VA gene segment. 

 

Introduction 
 
During a viral infection of a mammalian 
cell, the interferon response is one of the 
most important factors in the following 
attempt of the cell to protect the 
organism as a whole1. By releasing 
different types of interferons the cell can 
modulate the following immunological 
reaction and warn neighboring cells 
about the presence of an infectious 
agent1.  
   Naturally, many viruses have evolved 
counter mechanisms that can target any 
of the components needed for efficient 
interferon signaling2,3. In adenoviruses, 
the counter action is mediated by the 
viral associated RNA I (VA I), which acts as 
a decoy RNA that can bind to protein 
kinase R (PKR) and inhibit further 
signaling4,5. Apart from this function, VA I 
has also been shown to play a role in the 
establishment of an infection in other 
ways, for example as a regulator of 
translation6,7.  
   Both these functions have been studied 
extensively using an adenovirus mutant 
strain labeled dl331. In this strain, 28 
nucleotides (including the B-box motif) of 
the VA I gene has been deleted, which 
results in silencing of the gene due to lack 
of transcription8. The gene silencing in 
turn, induces a retarded growth 

phenotype in the mutant compared to 
the wild type virus8.  
However, the continued usage of dl331 is 
dependent on the stability of its mutation 
and of a complete absence of 
contamination. During the later part of 
2010, three batches of dl331 (labeled 01 
jan 00, 14 feb 05 and 16 jun 05) began to 
show signs of a reversion in phenotype, 
which could be caused by either a 
contamination or the introduction of a 
compensatory mutation. Using PCR-
amplification, sequence analysis and 
plaque assay it is possible to determine 
which of the two alternatives best 
explains the change in phenotype, and if 
the cause is a compensatory mutation, 
investigate how it is related to the growth 
of adenoviruses.    

 

 
 
 
 

Fig. 1. Adenovirus genome. 
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Materials and methods 

 
PCR and gel electrophoresis 
 
PCR was performed using two different 
sets of primers, set 1 and set 2. 
 
Set 1: 
Forward (GA 256) – 5’ 
ATTAATACGACTCACTATAGGGGCACTCTT
CCGTGGTCTGGTG 3’  
Reverse (GA 257) – 5’ 
AAAGGAGCACTCCCCCGTTGTC 3’ 
 
Yields a product corresponding to the 
VA I gene. 
 
Set 2: 
Forward (N68) – 5’ 
CGTTGCAAGTCCGCACC 3’ 
Reverse (GA352) – 5’ 
CCTCCAAGTCCAGGTAGTGC 3’ 
 
Yields a product corresponding to the 
entire VA gene segment and an 
additional 300 base pairs on each side. 

All PCR reactions were performed using 
Phusion® High-Fidelity DNA Polymerase 
under recommended conditions.  
 
All PCR products were analyzed on 2 % 
Agarose gel in 1X Tris Borate EDTA (TBE) 
buffer. 

Plaque Assay 
 
Infection of A549 cells 
Serial dilutions of each virus batch were 
made by the addition of concentrated 
virus stock to Dulbecco's Modified Eagle 
Medium (DMEM) containing PeSt and 
5% fetal calf serum (FCS). Dilutions 
ranging from 10-9 PFU/ml to 10-12 
PFU/ml were added to A549 cells 
growing on 6 cm plates at 75% 
confluence.  The cells were incubated 
for 45 minutes after which they were 
washed twice with 2 ml DMEM 5% FCS. 
4 ml DMEM 10% FCS was then added to 
each plate and the cells were incubated 
over night. 
 
Agar overlay 
6 ml of both 1,3% Bacto agar and 2x 
DMEM with 10% FCS and 2x PeSt was 
prepared per infected plate. The agar 
and DMEM solutions were then heated 
to 50°C and 37°C respectively.  After 
aspirating the medium from the plates, 
both of the heated solutions were 
mixed in a Falcon tube and 5 ml of the 
mixture was then gently poured onto 
each plate. The agar was allowed to 
solidify before the plates where 
returned to the incubator. 
Using the procedure mentioned above, 
more agar and DMEM was added 
whenever the color of the medium 
turned orange. After 9-10 days plaques 
appeared and they were then isolated 

and stored in DMEM at -80 C pending 
PCR analysis. 

 
 
 
 

Fig. 2. Primer overview. 
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Results 
 
Sequence analysis 
A PCR reaction, with viral DNA from 
each virus batch as the template and set 
1 as primers, was run in order to 
investigate whether or not the mutants 
still carried the 28-nucleotide deletion. 
As seen in fig. 3, the products from the 
three virus batches are smaller in 
comparison to the PCR product 
produced by using wild type sequence 
as the template. This indicates that the 
mutants still carry some kind of 
deletion, even though the actual size 
and position cannot be inferred from 
this experiment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

With the purpose of characterizing the 
deletion and find any eventual 
mutations, a PCR fragment from each 
batch was produced using primer set 2, 
which subsequently was sent for 
sequence analysis. Sequence results 
aligned against Adenovirus serotype 5 
(Ad5) sequence are illustrated in fig. 4.  
 

 
 
 
 
 
 
In all of the three batches, the 28-
nucleotide deletion is intact, and in 
addition, 8 point mutations are present. 
However, these mutations are all 
corresponding to the natural differences 
between Adenovirus serotype 2 (Ad2) 
and Ad5 sequences, and hence have no 
relation to any change in the phenotype 
of the mutants. Instead, this result 
points to the possibility of dl31 being a 
hybrid of Ad2 and Ad5. Thus, sequence 
analysis was not able to provide 
evidence of any mutation in, or in 
proximity of, the VA gene segment 
which could explain the change in 
phenotype of the dl331 batches.  
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Fig. 3. PCR products of the VA I 
gene, produced using primer set 
1. In all of the three samples the 
PCR product is smaller than in the 
positive control. 
 

Fig. 4. Overview of sequence alignments 
illustrating the location of the VA genes, 
the 28-nucleotide deletion and the 8 
point mutations. 
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Plaque assay 
Plaque assay was performed on samples 
from all three virus batches in order to 
single out individual viruses, and by 
performing PCR with primer set 1, 
investigate if a subpopulation without 
the 28-nucleotide deletion existed 
alongside the mutant. Results from two 
plaques per batch are shown in fig. 5. All 
other plaques were consistent with this 
result. In the first two lanes (batch 01 
jan 00) bands of the same size as the 
positive control (pHindb plasmid with 
wild type sequence) can be seen, 
meaning that this batch contains viruses 
that give rise to wild type plaques. In 
lanes 3 – 6, the bands have shifted 
downwards in the same way as could be 
seen in fig. 2, meaning that both these 
batches contain viruses that give rise to 
mutant plaques. 
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Fig. 5. PCR products of the VA I gene, 
produced using primer set 1 and DNA 
from plaques as template. The 01 jan 00 
batch has the same bands as the positive 
control, while the other two have the 
mutant variant. 
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Discussion 
 
The initial PCR-amplification of the VA I 
gene showed that the viruses in all three 
batches had VA I genes that were 
significantly smaller in size compared to 
the wild type variant. This fact was then 
confirmed by sequence analysis where 
the expected 28-nucleotide deletion 
could be seen in the sample sequences. 
8 point mutations were also detected 
but these could all be attributed to the 
difference between Ad 5 and Ad 2 
sequences. Since no other anomalies 
were present, it can be concluded that a 
mutation in the VA gene segment or the 
surrounding sequence is not responsible 
for the change in phenotype of the 
three batches. However, there could 
possibly be a compensatory mutation 
located anywhere else in the genome, 
but in order to find it, a sequence 
analysis of a much larger scale has to be 
carried out.  
   In the plaque assay, all of the three 
batches gave rise to plaques. However, 
when viruses in the plaques where 
analyzed with respect to the size of their 
VA I gene, it became clear that the 01 
jan 00 batch contains viruses which 
have a VA I gene of wild type size. This 
finding shows that the batch has been 
contaminated with a low level of wild 
type virus – low enough not to be 
detected in the initial PCR-amplification 
of VA I, but high enough to show up in 
the plaque assay due to its growth 
advantage over the dl331 variant.  
   In the case of the other two batches 
(14 feb 05 and 16 jun 05), the size of the 
VA I gene of viruses in the plaques was 
smaller in comparison to the wild type 
virus. The sequence of VA I was not 

determined in this case, but the 
difference in size can be estimated to be 
between 20 and 30 nucleotides, which 
would suggest that the viruses in the 
plaques are of dl331 type. However, this 
result won’t completely rule out a 
contamination as the explanation of the 
change in phenotype. It could well be 
that the level of contamination is too 
low to detect in the plaque assay, even 
though  a wild type virus would have a 
growth advantage. As mentioned 
earlier, a compensatory mutation 
located elsewhere than in the region of 
VA I could also be a possible explanation 
of the change in phenotype. 
   In order to get a definitive answer 
regarding the 14 feb 05 and 16 jun 05 
batches, sequencing of the entire 
genomes would have to be performed. 
If a mutation wouldn’t be detected 
using this approach, further attempts to 
find a contamination using plaque assay 
could be made. 
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