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Conclusion
 In this study, we succeed in verifying the use of combination of the 
UPL probe and SYTO intercalating dye in one qPCR assay.

Results
 We performed one tube qPCR assay which included the combination  We performed one tube qPCR assay which included the combination 
of two different qPCR chemisms - UPL probe and intercalating dye. The 
fluorescent spectra of these chemisms are distant so that they can’t 
overlap. Considering that a new generation of intercalating dye enables 
melting analysis as well as HRM analysis, we could make more reliable 
analysis.
 All three viruses (Louping ill virus, Powassan virus and Chikungunya  All three viruses (Louping ill virus, Powassan virus and Chikungunya 
virus) were analysed in one temperature profile with clearly distinguish-
able fluorescent spectra. Furthermore, the melting analysis showed well 

Graph 2: Dissociation (melt) curve analysis of amplification products; from left POW, LIV and CHIKV. 

Figure 1: Summary of using different qPCR chemisms.

Graph 1b: Linear regression analysis in the linear dynamic range of graph 1a. 

Graph 1a:  Example of qPCR data - The graph shows a standard curve displayed on 
a log scale (data show the LIV assay).
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Evaluation 
The viruses used in this study were Louping ill virus strain M64, Chi-The viruses used in this study were Louping ill virus strain M64, Chi-
kungunya virus strain S27 Petersfield (both strains obtained from The 
National Collection of Pathogenic Viruses, England), and Powassan 
virus strain M5 (obtained from The National Institute for Public Health, 
Czech republic). Total RNA was extracted by the RTP DNA/RNA 
Virus Mini Kit (Invitek) according to the manufacturer’s instructions. 
The reverse transcription was performed by the M-MLV reverse tran-
scriptase (Top-Bio, Prague, Czech Republic) using random hexamers scriptase (Top-Bio, Prague, Czech Republic) using random hexamers 
(Invitrogen) at 37°C for 1 h. The qPCR analysis was performed by 
using the RotorGene 6000 instrument (Corbett Research). The virus 
specific primers used were Toga_UPL15R (5́-ATGAACGGGGTTGT-
GTCAAA-3́) and Toga_UPL15F (5́-GTCACACCGAATGACCA-
TGC-3́) for CHIKV,  LIV 138 Asn (5́-ACCACAGACACGAGACAC-
AGC-3́) and LIV 138 Sn (5́-CTGATAGTGGGCATTGGCTTA-3́) for AGC-3́) and LIV 138 Sn (5́-CTGATAGTGGGCATTGGCTTA-3́) for 
LIV, and  POW 3 (5́-TGGCTTGGCTCATGGTTGATAGTTGG-3́) and 
POW 1 (5́-GGGTACAAAACGGAACGTGCGTCA-3́). The UPL 
probes used were UPL #15 for CHIKV and UPL #138 for LIV and 
POW. The PCR reaction was performed in the total volume of 20 uL 
and consisted of the virus specific primers (0.5 uM), the UPL probe, 
SYTO 61 dye, qPCR Blue 2x Master Mix (Top-Bio) and cDNA 
template. The incubation conditions were the same for each assay: template. The incubation conditions were the same for each assay: 
94°C for 1 min., followed by 40 cycles of 94°C for 10 s, 55°C for 30 s. 
The fluorescence signals were detected in Green or FAM channel 
(UPL probe), resp. and Red or Cy5 channel (SYTO 61 dye), resp.  
The efficiencies of qPCR reactions were 1,05 for LIV (Graph 1b), 0,95 
for POW (data not shown) and 0,99 for CHIKV (data not shown). The 
results of melting analysis are shown in the Graph 2. The melting tem-
peratures were 85.1°C for LIV, 84,1°C for POW and 86,1°C for peratures were 85.1°C for LIV, 84,1°C for POW and 86,1°C for 
CHIKV (Graph 2).

Introduction
 The aim of our laboratory is to detect a wide range of pathogenic microorgan- The aim of our laboratory is to detect a wide range of pathogenic microorgan-
isms. Although qPCR is a very rapid and sensitive method, it is very expensive to 
maintain the functional library of detection probes for a lot of assays.  Our idea was 
to minimise the costs of analysis by using two semi-conservative chemisms - the 
UPL probes and new generation intercalating dyes. In this case, there is another 
advantage that we can analyse the melting profiles of different target sequences.  
 In this study, we used the single-stranded positive RNA-enveloped viruses 
which represent danger for the human health according to their spreading proper-which represent danger for the human health according to their spreading proper-
ties. That is why they belong to the biosafety level 3 pathogens.

Motivation     
 To develop a versatile method based on qPCR. To ensure high accuracy and 
clear reproducibility of results, to exclude questionable results. To minimize require-
ments for maintaining/buying detection kits, probes and different types of intercalat-
ing dyes. To enjoy the advantage of the detection of chemisms such as TaqMan 
and intercalating dyes.

Abstract
 Hydrolysis probes, also known as TaqMan (Applied Biosystems), are routinely used in qPCR diagnostics. The disadvantage of these probes is that they have to  Hydrolysis probes, also known as TaqMan (Applied Biosystems), are routinely used in qPCR diagnostics. The disadvantage of these probes is that they have to 
be designed for each target sequence separately, which makes the analysis more expensive. In order to reduce the costs, we can use the UPL probes (Universal Pro-
beLibrary; Roche), which contain locked nucleic acids and are of short length of just 8-9 nucleotides. The advantage of UPL probes is that they can bind to their 
targets with increased strength due to the incorporation of locked nucleic acids in their sequence. Their short length allows them to bind to several positions within 
the whole genome, which could be disadvantageous in some applications. Moreover, the point mutation can lead to the false negative or false positive results due the whole genome, which could be disadvantageous in some applications. Moreover, the point mutation can lead to the false negative or false positive results due 
to their short length. This problem can be overcome by using an intercalating dye which has a different fluorescent spectrum than UPL probe and binds unspecifically 
to any double stranded DNA. Thus, we can get two fluorescent signals from one target sequence. Moreover, this intercalating dye can be used in either melting or 
HRM analysis. We developed the dual labelled two-step RT-qPCR for the detection of selected viruses. The UPL probe #138 was used for Louping ill and Powasan 
virus and UPL probe #15 was used for Chikungunya virus. The SYTO 61 Red Fluorescent Nucleic Acid Stain (Invitrogen) was added to all reactions as a second fluo-virus and UPL probe #15 was used for Chikungunya virus. The SYTO 61 Red Fluorescent Nucleic Acid Stain (Invitrogen) was added to all reactions as a second fluo-
rescent reporter. The PCR profiles were used according to the UPL probe’s manufacturer instructions. In all pathogens studied (Louping ill virus, Powasan virus and 
Chikungunya virus), there were observed no reciprocal overlaps in fluorescent spectra and the melting profiles were clearly distinguished. Our experiments showed 
that the combination of the UPL probe and SYTO intercalating dye in one qPCR assay represents a highly sensitive, specific, less time-consuming and cheaper 
method.

Karel Bílek*, Jiřina Procházková, Oldřich Kubíček, 
National Institute for NBC Protection, Kamenná 71, 262 31 Milín, 

Czech Republic; bilek@sujchbo.cz*

Using TaqMan Assay Followed By Melting Analysis 

Performed By New-Generation Intercalating Dyes


