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Abstract
A positive control was constructed for use alongside test samples when detecting presence of
ISAV by PCR.  The control uses the same reagents and reaction conditions as those used to
amplify cDNA from ISAV, but yields a larger product.  The control was constructed from two
large oligonucleotides that each contain sequence corresponding to part of segment 8 of the
ISAV genome, with additional sequence containing several restriction sites.  Use of this positive
control verifies that amplification conditions are suitable for detection of ISAV and removes the
risk of any confusion with or contamination of test samples.

Introduction
Infectious salmon anaemia virus (ISAV) has
been reported from countries with large At-
lantic salmon culturing operations (Kibenge
et al., 2001; Lovely et al., 1999; Rodger et al.,
1998; Thorud and Djupvik, 1988).  The
polymerase chain reaction (PCR) has been
employed for diagnostic testing of farmed
salmon for this disease agent, providing the
first instance of large-scale molecular testing
in Atlantic salmon farming.  PCR amplifica-
tion of portions of ISAV segment 8, has proven
a suitable and sensitive assay for detection of
the virus (Devold et al., 2000; Griffiths and
Melville, 2000; Mjaaland et al., 1997) and is
included in the OIE manual of diagnostic
methods (OIE, 2000).

Application of any diagnostic test requires
careful use of appropriate controls.  In the case
of PCR, it is desirable to have both positive
and negative controls, to confirm absence of
contamination and efficacy of reagents and

conditions.  Negative controls are readily pre-
pared using control fish material or water in
place of samples from fish.  However, the in-
clusion of positive controls such as ISAV from
culture, tissue from infected fish or PCR prod-
ucts alongside test samples presents particu-
lar problems.  Amplification of a DNA frag-
ment from the positive control will indeed in-
dicate that reagents and conditions used are
appropriate.  However, the presence of PCR
products in test samples from batches where
a positive control is included cannot be guar-
anteed to be true positives as there is always
a chance, however small, that contamination
of a sample from the positive control mate-
rial could have occurred.  In the case of test-
ing where a positive result can have serious
implications such as instigation of stamping
out or culling procedures, it is usually con-
sidered preferable to risk false negative re-
sults, and not include a positive control, than
to risk false positive results through inclusion
of a positive control.
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Figure 1. Sequences (5’-3’) of oligonucleotides designed to construct positive control

Here, we describe the development of an al-
ternative positive control for PCR detection
of ISAV that indicates the suitability of all rea-
gents and conditions but does not present a
risk of false positive results in test samples.

Materials and Methods
Restriction fragment approach
A 155bp fragment of segment 8 of ISAV was
amplified from Scottish isolate 390/98, using
the methods described by Mjaaland et al.
(1997).  The sequence of this fragment con-

tains a recognition site for the restriction en-
zyme Sau3AI.  Aliquots of PCR product were
digested with Sau3AI, the restriction enzyme
was inactivated and fragments were incu-
bated with Sau3AI-digested DNA from
Gyrodactylus salaris in the presence of ligase.
Following ligation, fragments were amplified
using the same primers and conditions as be-
fore (Mjaaland et al., 1997), and products of
200-300bp gel purified and ligated into vec-
tor pGEM-T (Promega).  Inserts were
sequenced following transformation and
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overnight culture of competent host cells and
plasmid purification.

PCR approach
Two large oligonucleotides were designed,
each containing part of the 155bp ISAV PCR
product sequence, additional sequence with
recognition sites for restriction enzymes, a 3’
overlap and a small region of sequence to the
5’ end of the primer binding region to protect
the termini of the primer sequences (Figure

1).  A PCR mix was made containing the same
reagents as described by Mjaaland et al.
(1997), with the exception of primers and Taq

polymerase, which were added later, and
175pmol of each of the 2 oligonucleotides in
a final volume of 50µl.

The mix was overlaid with mineral oil and
tubes incubated at 94˚C for 5 min, then 80˚C
for 20sec.  2U Taq polymerase were added.
Tubes were then subjected to a cycle of 1 min
each at 40˚C, 72˚C, 94˚C, 40˚C and 72˚C.

Figure 2. Diagrammatic representation of the construction of ISAV PCR positive control
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Twenty-eight pmol of each of the primers de-
scribed by Mjaaland et al. (1997) in 2¨µl vol-
ume were then added to the reaction.  The
thermal cycle described by Mjaaland et al.
(1997) of 94˚C for 1min, 55˚C for 1 min and
72˚C for 1 min for 35 cycles was then carried
out followed by 72˚C for 5 min.  A diagram-
matic representation of this PCR approach is
shown in Figure 2.

PCR products were assessed following
agarose gel electrophoresis, cloned into the
vector pGEM-T (Promega) and sequenced.

Application of positive control
Purified plasmid containing the 208bp posi-
tive control fragment as insert was used as
the template alongside 250 test samples from
an aquarium experiment.  Approximately
0.5ng purified plasmid was used as the tem-
plate in a positive control PCR.  One positive
control reaction was included alongside each
batch (normally 12) of cDNA from test sam-
ples and negative controls.  All reagents and
conditions for the amplification were the same
as for test samples (Mjaaland et al., 1997).

Results
Restriction fragment approach
Fragments cloned following ligation of restric-
tion fragments were found to contain either
undigested or re-ligated ISAV PCR product,
or part of the ISAV product and part G. salaris

DNA.  None were found to contain the de-
sired fragment with the two ends of the ISAV
PCR product flanking inserted G. salaris DNA.

PCR approach
A single PCR product of 208bp was formed.
Sequencing of this fragment showed the an-

ticipated ligation of the two large
oligonucleotides and subsequent amplifica-
tion using the same primers as in Mjaaland et
al. (1997).

Amplification of purified plasmid containing
this fragment, using the same conditions as
in the diagnostic PCR of Mjaaland et al. (1997)
resulted in a product of 208bp that could be
readily distinguished from the 155bp prod-
uct obtained from ISAV-infected tissues or
cultures.

Application of positive control
Aliquots of diluted plasmid preparations pro-
vided suitable template for positive control
reactions that could conveniently be included
alongside test samples.  PCR products from
positive control reactions were easily distin-
guished from the 155bp products obtained
from infected material using 2% agarose gel
electrophoresis sufficient to separate 150 and
200bp fragments.  The duration of electro-
phoresis required for this separation could be
easily determined when a 50bp DNA ladder
was included as the marker.

Discussion
The failure of the restriction fragment ligation
approach could have been due to incomplete
digestion or ligation.  This was not investi-
gated in detail as the PCR approach was used
instead.

Initially, touchdown PCR with annealing tem-
peratures of 60-40˚C was used to anneal the
oligonucleotides.  This was not successful, and
yielded smears of DNA rather than discrete
products, possibly due to excess template
DNA in the reaction.  Self-annealing of the
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primers was considered unlikely as little
complementarity had been detected in these
sequences.

The cloned control DNA provides a conven-
ient source of material for positive control re-
actions that can be included alongside each
batch of test samples to assess that the PCR
reagents and conditions are suitable.  The
addition of this control does not pose a sig-
nificant burden on time and reagents required
for large-scale testing, and can increase con-
fidence that negative results are genuine.
However, this control cannot provide any in-
formation on the quality of the RNA obtained
from test samples, for which an internal con-
trol such as amplification of MHC genes from
the fish cell (Devold et al., 2000) is more ap-
propriate.

Some variation in the sequences of segment 8
of ISAV has been detected between different
isolates (Blake et al., 1999; Cunningham and
Snow, 2000; Devold et al., 2000; Inglis et al.,
2000; Krossøy et al., 2001a; Lovely et al., 1999).
The variation in segment 8 is relatively mi-
nor, compared to that detected in the haemag-
glutinin gene (Krossøy et al., 2001b; Rimstad
et al., 2001).  It is unlikely that even extremely
diverse isolates of ISAV could give rise to PCR
products that could be confused with the posi-
tive control described above.  Even if this was
the case, or if multiple PCR products are ob-
tained, the inclusion of several restriction en-
zyme recognition sites in the positive control
sequence ensures that the control PCR prod-
uct should be readily distinguished from
other DNA fragments following a simple re-
striction enzyme digestion and gel electro-
phoresis.
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