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Summary 
 
Influenza A may cause both mild and severe disease in humans and in domestic animals, of 
particular current interest is the affect on domestic birds. Influenza A viruses have eight RNA 
gene segments and encode eleven viral proteins. Segment 2 encodes Polymerase Basic 
Protein 1 (PB1), which is an RNA-dependent RNA polymerase, and PB1-F2, a small 
polypeptide involved in apoptosis of host cells. A sequence analysis of the whole PB1 gene 
segment including the PB1 and PB1-F2 amino acids from various highly pathogenic Swedish 
avian influenza isolates was performed. The Swedish PB1 genes were most closely related to 
isolates from Germany, indicating a genetic relationship between these strains. There is no 
method for diagnosis of the avian influenza where all subtypes of Influenza A present in a 
sample can be detected fast and easily. A method based on padlock probes with micro array 
detection is under development. I have investigated how the background can be reduced when 
amplifying padlock probes. This is a first step towards development of this system. 
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Introduction 
 
Influenza A virus 
Influenza A viruses are members of the family Orthomyxoviridae and are single stranded, 
enveloped, negative sense RNA viruses with eight RNA gene segments. The segments encode 
eleven proteins. The capsid is constituted of two kinds of matrix proteins, M1 which is 
situated on the inside of the capsid and M2 which is transmembrane. Both are encoded from 
the same segment, M. NS encodes non-structural protein 1 (NS1) and nuclear export protein 
(NEP, formerly called NS2). NP encodes nucleoprotein. PB2, PB1 and PA encode proteins in 
the polymerase complex of influenza A. HA and NA encodes the surface glycoproteins,  
hemagglutinin and neuraminidase respectively. Influenza A virus has their natural reservoir in 
aquatic birds. Wild birds can carry influenza virus strains but these strains most often are 
variants with low pathogenicity that don’t cause any symptoms in the birds. The viruses from 
wild aquatic birds can be transmitted to domestic birds, like chickens, geese and ducks. In 
these birds the viruses can cause two kinds of disease, either a mild infection mainly in the 
respiratory tract or a lethal systemic infection, affecting multiple different organs and tissues. 
It seems that the form of influenza A with low pathogenicity (LPAI) can mutate into a highly 
pathogenic form (HPAI) in domestic birds (WHO, 2006). It can be further transmitted to 
humans in close contact with domestic animals. Influenza A viruses are classified by subtype 
according to two surface glycoproteins, hemagglutinin (HA) and neuraminidase (NA). There 
are 16 known subtypes of hemagglutinin (H1-H16) and 9 of neuraminidase (N1-N9) 
(Fouchier et al., 2005). Since influenza has a segmented genome, a process named 
reassortment can occur, while a single host is infected by two different strains of influenza 
viruses. In that case virus particles can possibly be created that contain RNA molecules 
originating in both viruses. 
  
Polymerase Basic protein 1 (PB1) 
Polymerase Basic protein 1 (PB1) is a protein in the heterotrimeric polymerase complex of 
influenza A. It is transcribed from segment 2 in the viral RNA genome and functions as an 
RNA-dependent RNA polymerase. There is evidence that the PB1 protein from avian 
influenza A strains has gone through a more conservative evolution than the PB1 proteins 
from human strains (Obenauer et al., 2006). The viruses causing the last three influenza 
pandemics, in 1918, 1957 and 1968 all had very avian-like PB1-proteins. The latest two of 
them are most likely human/avian reassortants whereas the 1918 virus seems to be a human 
adapted avian virus. These findings indicate that antigenic selection is important in humans 
while the enzyme function of PB1 is more important in avian hosts (Taubenberger et al., 
2005). 
 
PB1-F2 
Influenza virus A PB1-F2 is a recently discovered 87-aminoacid peptide translated from an 
alternative reading frame of PB1 (Chen et al., 2001). PB1-F2 is present in nearly all avian 
influenza A strains isolated from humans but is absent from a number of animal isolates, 
especially those from swine. In a comprehensive GenBank search, 96% of sequences from 
avian isolates were found to contain a full-length PB1-F2 (Zell et al., 2006). The peptide has a 
proposed role in induction of apoptosis and the disruption of immune cells. It is expressed in 
mitochondria of infected immune cells, interacts with mitochondrial proteins and changes the 
shape of the mitochondrial membrane (Chen et al., 2001). 
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Tree building methods 
The shared history between different sequences or species is illustrated as a phylogenetic tree. 
That tree is a hypothetical reconstruction of the evolutionary relationships between gene-
sequences. There are different methods to draw or find a tree that best describes the 
evolutionary history. The methods may be classified as either distance methods or character 
based methods. Neighbour joining is a distance method that uses an algorithm to compute a 
distance matrix. The distance is the fraction of sites that differs between two sequences in a 
multiple alignment. A tree is then calculated from the distance matrix by progressive 
clustering. Maximum parsimony and Bayesian inference are character based methods. 
Maximum parsimony scores the number of changes between different character states that at a 
minimum are necessary to explain the data given the tree. The best tree is the one with the 
fewest changes required. Bayesian inference is based on posterior probabilities. It seeks the 
tree with the highest probability of the tree given the data and a model for evolution. A 
Bootstrap value is a measure of the robustness of the tree topography based on rearrangement 
of the data.  
 
Detection of avian influenza  
For rapid diagnosis of avian influenza today there is a real-time reverse transcriptase 
polymerase chain reaction (RT-PCR) with primers for the matrix gene (Spackman et al., 
2003). To determine further subtype there is another real-time RT-PCR that discriminates 
between H5 and H7 (Spackman et al., 2002). To check for other hemagglutinin subtypes or 
for neuraminidase subtypes an antigenic test can be done after virus isolation in eggs (Swayne 
et al, 1998). This way all subtypes can be detected, but it is costly and time consuming. The 
influenza ecology field also requests new methods of diagnosis and sub typing. To answer 
questions about the ecology of viruses and their hosts a rapid test for all subtypes present in a 
sample would be helpful (Munster et al., 2007).  
 
Padlock probe detection 
A viral detection method with padlock probes has recently been developed for the distinction 
of foot-and-mouth disease virus (FMDV) from other viruses that cause similar symptoms 
(Banér et al., 2007). Padlock probes are linear oligonucleotide reagents of approximately 100 
bp length. They contain a region complementary to the detection target at each end of the 
probe, a primer region that is identical for all the probes in the padlock probe pool and a 
unique tag sequence for microarray detection (Figure 1). When exposed to the target, the 
complementary region hybridises to the target DNA such that the 3’ end of the probe is next 
to the 5’ end. The ends can then be ligated creating a circular probe. The probes are amplified 
by rolling circle amplification (RCA) resulting in single stranded tandem repeats of the probe 
sequences. Unligated probes are not amplified since enzyme used in the study (phi 29) is able 
to amplify only circularized oligos. The RCA products are amplified by classical PCR, where 
one of the primers is fluorescent. The PCR products are loaded onto a solid surface 
microarray containing oligonucleotides complementary to the tag sequences of the probes. A 
micro array is a glass slide which is printed with small spots of single stranded DNA, in this 
case aminomodified oligonucleotides complementary to the tag sequence of the probes. The 
tag sequences of the amplified probes hybridises to the oligos on the array. The slide is then 
washed in order to remove all unspecific DNA. The slide is put into a scanner that uses light 
and sensors to detect the fluorescent dyes with a certain wavelength. The structure of the 
padlock probe allows multiplex detection for identifying several different nucleic acid targets 
in a single tube. Development of a padlock method for detection of all known hemagglutinin 
subtypes of influenza is in progress. A problem with the method is the disturbing background 
of unligated probes what are generated during the second amplification. In theory the 
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background can be reduced by exonuclease, degrading the unreacted single stranded DNA 
fragments in 3’ to 5’ direction, leaving the ligated probes undegraded, so that only ligated 
probes can be further amplified by RCA and PCR.  
 
                                                                                                                                          

 

 
 
 
Figure 1. The structure of a padlock probe and a schematic picture of the experimental procedure. Above:  The 
padlock probe with the complementary region hybridized to its target. Below: The experimental procedure where 
a pool of padlock probes, each with a unique tag sequence and target-complementary regions but with identical 
primer regions is combined with cDNA from sample of interest in a ligation reaction. Probes with a 
complementary region matching the cDNA are hybridized in the right manner, circularized and ligated (here 
probe A and C). The circularized probes are amplified by RCA which results in single stranded tandem repeats 
of the probe sequence. The RCA products are further amplified by classical PCR, where one of the primers is 
fluorescent. The PCR products are loaded onto a microarray slide and the fluorescence of hybridized probes can 
be detected.  
 
Real-time PCR 
To investigate the effectiveness of exonuclease treatment, real-time PCR with SYBR Green 
chemistry is used instead of traditional PCR. This method is more sensitive and faster than 
traditional PCRs. CYBR green is a fluorescent molecule that binds to double stranded DNA 
during the amplification reaction and the fluorescence intensity is measured after each cycle, 
representing the amount of product. Threshold Cycle (Ct) is the first cycle what results in 
significant (exponential) increase of the fluorescent signal. Ct levels are inversely 
proportional to the amount of target DNA in the sample.  
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Aim 
 The aim of this study was to analyse one of the gene-segment encoding PB1 in order to study 
its function and evolution from viruses isolated from a number of Swedish birds with high 
pathogenic avian influenza, and to investigate what conditions of exonuclease treatment give 
a good degradation of unligated padlock probes and no degradation of ligated probes. 
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Results  
To investigate how the PB1 sequences from the Swedish samples were related with each other 
and with PB1 from other parts of the world, a molecular analysis of the gene was performed.  
 
Sequencing of PB1  
The PB1 gene was successfully sequenced from seven samples of isolated viruses from 
different birds with H5N1 from different locations in Sweden, during the spring 2006 (Table 
1).  
 
Table 1. Information about the birds 
Nr Bird-species Latin name Location 
V685 Tufted Duck Aythya fuligula Oskarshamn 
V686 Tufted Duck Aythya fuligula Oskarshamn 
V789 Tufted Duck Aythya fuligula Fårö 
V820 Smew Mergus albellus Fårösunda 
V827 Mute Swan Cygnus olor Slussen 
V828 Canada Goose Branta Canadensis Slussen 
V978 Canada Goose Branta Canadensis Slussen 
 
Phylogenetic analysis of PB1 nucleotide sequences 
Seven PB1 genes were sequenced and aligned together with 77 other H5N1 PB1 sequences 
from GenBank by selecting full-length sequences from avian hosts from 2006 and 2007.  A 
phylogeny was made with Neighbour Joining (Figure 2 and 3). 
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Figure 2. Phylogenetic tree of PB1 nucleotide sequences from Influenza A H5N1 during 2006 and 2007. The 
Swedish sequences obtained in this study are marked with a dot. Reference strains were selected from GenBank 
searching for full-length sequences of PB1 from H5N1 from avian hosts published 2006 and 2007. The 
phylogenetic analysis was made with Neighbour Joining method using MEGA 3.0 software. The scale line 
represents 0.005 nucleotide substitutions.  Bootstrap values of 2000 resamplings in per cent are indicated for 
values >70%.  
 

 A ostrich Nigeria 1047 25 06

 A guineafow l Nigeria 957 12 06

 A chicken Nigeria 1047 8 06

 A chicken Nigeria 1047 34 06

 A chicken Nigeria 957 20 06

 A chicken Nigeria 1047 30 06

 A chicken Nigeria 1047 54 06

 A duck Niger 914 06

West Africa 1

 A MuteSw an Sw eden V827 06

 A CanadaGoose Sw eden V978 06

 A CanadaGoose Sw eden V828 06

 A sw an Germany R65 06

 A TuftedDuck Sw eden V685 06

 A TuftedDuck Sw eden V789 06

 A TuftedDuck Sw eden V686 06

 A Smew  Sw eden V820 06

Northern Europe

0,0005  
Figure 3. Enlargement of the part of the tree were the Swedish sequences grouped together with the German and 
African sequences. The scale line represents 0.0005 nucleotide substitutions.  
 
Sequence analysis of PB1-F2 
 The open reading frame of PB1-F2 of the sequences included in this study start at nucleotide 
119 and ends at nucleotide 391 of the segment 2 sequence, encoding a 90 amino acid long 
polypeptide. All of the Swedish PB1-F2 amino-acid sequences were identical. The alignment 
shows that the overall variability of the protein sequence was low in this analysis (Figure 4) 
 
 

 
Figure 4. Alignment of 13 PB1-F2 amino acid sequences representing different clusters in figure 2. All 
sequences were identical except for Sudan, Ivory Coast and Nigeria 2 differing by one nucleotide from the 
consensus sequence (shown as gaps in the consensus sequence). Differences are framed.  
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Part 2 
Investigation of the specificity of Exonuclease I in degrading unligated probes  
In this part of the project the specificity of the degradation of ligated/unligated probes by 
exonuclease was measured under different conditions by comparing the Ct-values of real-
time-PCR reactions after ligation of padlock probes in the presence and absence of target and 
with and without exonuclease treatment. Gel electrophoresis was also performed to confirm 
that the products were of the right size. The gel-picture shows that the concentration of PCR 
product was higher in the reactions with target than without (Figure 5), but the effect of the 
exonuclease on the background can only be seen in the real-time diagram (Figure 6).  In the 
case when the reaction was performed in the presence of the probes but absence of the target, 
the amplification starts later if the probes were pre-treated with exonuclease than if they were 
not, but for the probes ligated with target the amplification started at the same time not 
affected by exonuclease treatment.  
 1 2 3 4 5 6
 

               

1031 bp 

300 bp 

200 bp 

100 bp 

80 bp 

 
 
Figure 5. Gel electrophoresis of 1 μM padlock probes number 1244 after ligation and real-time PCR. Lane1: 
Ligated with 1 μM target without exonuclease. Lane 2: Ligated with 1 μM target treated with 1 unit exonuclease. 
Lane 3: Ligated without target. Lane 4: Ligated without target treated with 1 unit exonuclease. Lane 5: Negative 
control. Lane 6: Low range Massruler ladder.  
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a) 

b) 

c) 

d) 

e) 

Figure 6. Real-time PCR diagram for 1 μM padlock probes number 1244.  a) Ligated with target and treated 
with exonuclease. b) Ligated with target, no exonuclease treatment. c) Ligated without target, no exonuclease 
treatment. d) Ligated without target and treated with exonuclease. e) Negative control 
 
Dependence of time on the effectiveness of exonuclease treatment 
First the time of ExoI-treatment was varied between 1 and 60 minutes for the samples 
mentioned above. The best results were found after an exonuclease treatment for 30 minutes 
in 37 °C (Table 2). The difference in Ct-values between treated and untreated unligated 
probes was largest which indicates the strongest degradation of linear probes. For ligated 
probes on the other hand the Ct-values were higher for untreated probes, indicating that the 
real-time PCR reaction was working even better when the background was degraded.  
 
 
 
Table 2. Ct-value differences between treated and  
untreated probes after different treatment times 
Time 
(minutes) 

Ligated probes 
ΔCt1

Linear probes 
ΔCt  

0 0.07 1.57 
1 -0.13 1.78 
5 -0.05 2.27 
10 0.38 2.82 
30 -0.42 3.63 
60 -0.1 3.12 
1 ΔCt is the Ct-value for treated samples minus that for untreated samples.  
 
 
The effect of BSA on the exonuclease treatment 
To test whether bovine serum albumin (BSA) could improve the conditions the reactions were 
set up like before but 0.2 μl of the stabilising protein BSA was added to one of two sets of 
reactions. The presence of BSA had no remarkable effect on the Ct-values (Table 3). 
 
 
 
 
 
 

 11



Table 3. Ct-value differences between treated and untreated probes  
With and without BSA 
BSA Ligated probes 

ΔCt 
Linear probes 
ΔCt  

No -0.26 3.01 
Yes -0.19 3.59 
 
Dependence of target concentration on the effectiveness of exonuclease treatment 
Next I tested how different target concentrations affected the system. 1 nM padlocks were 
ligated in the presence or absence of 0.1 nM, 1 nM and 10 nM target respectively. The 
difference between exonuclease treated and untreated linear probes was highest for the 1 nM 
sample (Table 4). The exonuclease treatment seemed to be most effective if padlock 
concentration and target concentration was in the same range. 
 
Table 4. Ct-value differences between treated and untreated probes  
With different concentrations of target.  
Target 
concentration 
(nM) 

Ligated probes 
ΔCt  

Linear probes 
ΔCt  

0.1 -0.22 -0.02 
1 -0.34 2.13 
10 0.69 -0.19 
 
Dependence of target and padlock concentrations on the effectiveness of exonuclease 
treatment 
1 nM, 10 nM and 100 nM padlocks were ligated in the presence and absence of targets of the 
same concentrations. The difference between exonuclease treated and untreated linear probes 
was highest for the 10 nM sample (Table 5), indicating that the exonuclease treatment was 
most effective for that concentration.  
 
Table 5. Ct-value differences between treated and untreated probes with different concentrations of padlock and 
target. 
Padlock and target 
concentrations 
(nM) 

Ligated probes 
ΔCt  
 

Linear probes 
ΔCt  
 

1  0.37 -2.58 
10  0.12 7.45 
100  0 0.95 
 
 
In summary, the results suggest that the investigated enzyme, Exonuclease I, had certain 
specificity for ssDNA if the concentration of the oligos was high enough (around 1µM); 
otherwise it digested the ligated probes also.  
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Discussion 
The phylogenetic tree of PB1 nucleotide sequences showed the Swedish isolates in a group 
together with an isolate from a swan in Germany. This group constituted a branch together 
with sequences from Nigeria and Niger. On the 9th of February 2006 H5N1 was reported in 
poultry in Nigeria. The first report of H5N1 in wild birds in Germany was in February 2006 
(WHO 2007) and shortly thereafter the cases in Sweden were reported. A possible 
explanation for the observed phylogeny could be that these viruses have a common ancestor. 
The most likely origin of the viruses circulating in Europe is the Qinghai Lake in China where 
there was an outbreak in April 2005. The north-west expansion of the outbreak could either be 
explained by the presence of high pathogenic H5N1 in migratory birds breeding at the 
Qinghai Lake and/or legal or illegal movement of poultry from the area around the Qinghai 
Lake. High pathogenic H5N1 was spread both to poultry in the Russian Federation and to 
poultry and wild birds in Eastern Europe. Studies suggest that the H5N1 viruses were 
introduced to Northern Europe by migratory birds from Eastern Europe and the area around 
the Black Sea due to extreme cold in late January, early February 2006 (Bragstad et al., 2007, 
Weber et al., 2007 and Kilpatrick et al., 2006). The complex overlapping of the major 
migratory highways is associated with the quick spread of avian influenza virus but the role of 
the trade cannot be neglected. The phylogenetical results performed in this study verify this 
statement because the closely related strains are originated alongside the East Atlantic and the 
Mediterranean migration route what crosses Sweden 
(http://www.fao.org/ag/againfo/foto/EMPRES_Watch_global_flyways.gif). Studies on two 
other genes, the NS1 and the matrix genes, show the same phylogeny as above (Ehrenberg, 
M., 2007; S. Zohari et al., unpublished observation). 
 
There was no variation between the Swedish amino acid sequences of PB1-F2 obtained in this 
study. The overall variation in these sequences from H5N1 in avian hosts during 2006 and 
2007 was low. This is in contrast to the finding in a large-scale sequence analysis of avian 
influenza isolates where PB1-F2 was estimated to have the highest variability of the influenza 
proteins except from the surface glycoproteins, hemagglutinin and neuraminidase (Obenauer 
et al., 2006). A possible explanation for the results may be that this study only included 
sequences from highly pathogenic H5N1 viruses whereas in the study mentioned above all 
subtypes, including variants with both high and low pathogenicity, were included. The high 
conservation of PB1-F2 indicates that its function is crucial for this form of H5N1.  
 
Padlock probes have been used for various genetic and diagnostic purposes (Nilsson et al., 
1994, Banér et al., 2007). The great advantage that a high number of probes can be used in the 
same reaction without cross-reaction, in contrast to PCRs, makes them suitable for 
multiplexing detection methods. Exonuclease degradation of unligated probes worked best 
when the treatment was 30 minutes, BSA had no effect and the same concentrations of 
padlock and targets gave the best results. Exonuclease worked better on higher concentrations 
of padlock and target, where ligated probes were not degraded. This is a new problem to solve 
since such high concentrations of sample DNA are uncommon in diagnosis. 
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Materials and methods 
Specimens 
Seven highly pathogenic avian influenza virus strains used in this study were isolated from 
dead birds from different locations in Sweden during the outbreak of highly pathogenic H5N1 
in spring 2006. Virus isolation was performed in a BSL3+ Laboratory at the National 
Veterinary Institute (SVA) in Sweden by highly trained staff.  
 
RNA extraction and reverse transcription 
RNA was isolated from 250 μl of allantoic liquids containing virus isolates using Trizol 
reagent (Invitrogen Corp, Carlsbad, CA) according to the manufacturer’s description. The 
extracted RNA was dissolved in 10 μl DEPC-treated H2O and mixed with 30 μl reverse 
transcriptase master mix (Table 6). Reaction conditions were set at 42°C for 1 hour followed 
by 60 °C for 15 minutes and 95 °C for 5 minutes. 
 
Table 6. Recipe for 30 μl of reverse transcription master mix.   
 Volume 

(μl) 
Final 
Concentration 

RNAse free H2O  6  
Random primers (Amersham 
Biosciences) 

4 6.67 μM 

First strand buffer 
(Invitrogen) 

8 1.3X 

Dithiothreitol (DTT) 4 0.13 mM 
dNTPs mix 
(Amersham Biosciences) 

4 1.3 mM 

RNAse Out Recombinant 
ribonuclease inhibitor 
(Invitrogen) 

2  

M-MLV reverse transcriptase 
(Invitrogen) 

2  

 
 
Amplification and Sequencing 
The PB1 gene was amplified by polymerase chain reaction (PCR) in two overlapping 
fragments. 23 μl of PCR master mix (Table 7) was combined with 2 μl cDNA. PCR 
conditions were set to 95°C for 2 minutes followed by 35 times cycling of 95°C for 2 
minutes, 59°C (for the first fragment, 62 °C for the second) for 30 seconds, 72 °C for 2 
minutes and a final elongation in 72 °C for 5 minutes. 8 μl of products were analysed on 1.5% 
agarose gel (see gel electrophoresis). Sequences of the amplified cDNAs were detected using 
dye-terminator chemistry and analyzed on a 3100 DNA sequencer (Applied Biosystems). 
Sequencing was performed at least twice in each direction.  
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Table 7. Recipe for 23 μl of PCR master Mix.   
 Volume 

(µl) 
Final 
Concentration 

H2O (super Q1) 17.2  
10XPCR buffer (Invitrogen) 2.5 1.1X 
MgCl2 1.5 1.63 mM 
dNTP 0.6 260 µM 
Forward Primer2 0.5 0.217 µM 
Reverse Primer2 0.5 0.217 µM 
Platinum Taq polymerase 
(Invitrogen) 

0.2  

1Super Q is distilled and extra purified water.  
2 For a list of primers see table 8 
 
 
Table 8. Primers 
Primer name  Primer sequence (5’ to 3’) Used for 
PB1 F1 AGCAAAAGCAGGCAAACCACTTG 

 
PB1 R2 GAACATGCCCATCATCATTCCAGG 

Amplification and 
sequencing of the first 
fragment of PB1 
 

PB1 F2 GGATACATGTTCGAAAGTAAGAGCATG 

PB1 R1 TTCACGAAGGACAAGCTAAATTCAC 

Amplification and 
sequencing of the second 
fragment of PB1 

VB-Fwd AGGCTTAGGAGCTTGAAGTTGACCGGG 

VB-Rev TGACGAACCGCTTTGCCTGACTGA 

Amplification of padlock 
probes 

 
Phylogenetic analysis  
The PB1 sequences were aligned using ClustalW, together with 77 PB1 sequences from 
National Center for Biotechnology Information, Influenza Virus Resource 
(http://www.ncbi.nlm.nih.gov/genomes/FLU/ ) by selecting full-length sequences from avian 
hosts published during 2006 and 2007. All sequences were cut to be as long as the shortest of 
my sequences, 2177 nucleotides from nt 103 to 2280. Three sequence analysis softwares were 
used using different methods, MrBayes (Ronquist and Huelsenbeck, 2003) using Bayesian 
Inference, Winclada (Nixon, 1999) using Maximum Parsimony and MEGA (Kumar et al., 
2004) using Neighbour Joining. All of the trees showed similar topography. 
 
Ligation, exonuclease treatment and amplification of padlock probes  
9 μl ligation mix according to the recipe (Table 9) if nothing else is mentioned, was combined 
with 1 μl of synthetic target (Table 10). Ligation reaction conditions were set at 95°C for 2 
minutes and 50°C for 30 minutes, repeated twice. For exonuclease treatment 1 unit 
Exonuclease I (Fermentas) was added after ligation. Samples were heated to 37°C for 30 
minutes and thereafter the enzyme was inactivated in 85°C for 10 minutes. The probes were 
amplified by real-time PCR. 20 μl mastermix (Table 11) was combined with 5 μl of probes 
after ligation and exonuclease treatment. The reaction was performed in a Rotor-Gene 6000 
real-time PCR machine with the following reaction conditions, 95°C for 2 minutes, followed 
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by 40 times cycling of 95 °C for 20 seconds, 56 °C for 20 seconds and 72 °C for 20 seconds. 
8 μl of PCR reactions were analyzed by gel electrophoresis on a 3% agarose gel (see gel 
electrophoresis) 
 
Gel electrophoresis   
 50 ml (1,5 or 3%) agarose gels were made from agarose and 1X Tris-Borate-EDTA (TBE) 
buffer (108 g Tris, 9,3 g Na4-EDTA and 55 g Boric Acid dissolved in 1 L of distilled water). 
Agarose and TBE buffer were mixed and heated in a microwave oven until all agarose was 
dissolved. 1.5 µl ethidium bromide was added to the mixture after a few minutes of cool 
down. The gel was then poured into a gel tray and solified for half an hour. The gel was run in 
130 V for 30-40 minutes.  
 
Table 9.Recipe for 9.1 μl ligation mix  
 Volume (μl) Final 

Concentration 
H2O (super Q) 6   
10xApligase buffer 
(Epicentre) 

1  1.1X 

Padlock 1  0.111 μM 
KCl 1  11 mM 
Ampligase (Epicentre) 0,1  0.5 U 
 
Table 10. Sequences of padlock probes and targets.  
  
Padlock 1244 CAGTTCCTCATAGTCGGCCCCGGTCAACTTCAAGCTCCTAAGCCTTGACGAA 

CCGCTTTGCCTGACTGACAACGGGTGGACTCTGCAATTGAGCTCAATTGCTCCCT 
Padlock 1293 GTTCCTTAGTCCTGTAACCATCCCGGTCAACTTCAAGCTCCTAAGCCTTGACGAAC 

CGCTTTGCCTGACTGAGTGGCCGGTTCTTCATGTCACTGGATTGAATGGATGGGAT 
Target 1244 5`GCCGACTATGAGGAACTGAGGGAGCAATTGAGCTCA3` 
Target 1293  5`ATGGTTACAGGACTAAGGAACATCCCATCCATTCAATCCAG 3` 
 
Table 11. Recipe for 20 μl Real-Time PCR Master mix 
 Volume (μl) Concentration 
H2O (super Q) 7,8   
10XPCR buffer (Invitrogen) 4 2X 
MgCl2 3 3.75 mM 
dNTP 1 0.5 mM 
Forward Primer1 1 0.5 μM 
Reverse Primer1 1 0.5 μM 
SYBR green 2 1X 
Platinum Taq DNA polymerase 
(Invitrogen)  

0.2 0.0333  
1 U 

1For a list of primers, see table 8.  
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