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Abstract 

Hepatitis C viral infection is a globally widespread blood-borne disease affecting the liver, causing 

cirrhosis and hepatocellular carcinoma. This type of liver cancer is mainly caused by chronic 

Hepatitis C and Hepatitis B. Specific detection with the following correct treatment is crucial to 
reduce the overall burden of the disease. This work focused on investigating whether the padlock 

probes and rolling circle amplification can detect Hepatitis C, determining the limit of detection, 

and if any blood components would inhibit the reactions. All oligonucleotides were tested for 
ligation functionality in 10% TBE-Ureal gel electrophoresis and used with rolling circle 

amplification and phi29 polymerase to determine if eye read-out was possible. The lowest 

concentration of detection was found to be 10 pM. To avoid inhibition in blood plasma, samples 
were pre-treated at 95 ˚C for five minutes. Eye read-out was possible after amplification, with 30% 

plasma at the highest and 5% plasma at the lowest in samples. In conclusion, this novel assay 

using padlock probes, a detection oligonucleotide, and rolling circle amplification holds promise 
in developing a simplified new detection technique for the diagnostics of Hepatitis C. 
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Introduction 
Hepatitis C (HCV) is a viral infection transmitted via blood that affects the liver. If not detected 

and treated during the early phase of infection, HCV will lead to life-threatening complications 
such as cirrhosis and liver cancer. The World Health Organization (WHO) reports that 58 million 

people are living with HCV worldwide, with around 400,000 deaths yearly. In 2016 the 

organization set the goal to eliminate viral Hepatitis C from the list of public health threats by 
2030. It specifically calls for developing new innovative diagnostics to aid in making care more 

straightforward, accessible, and cost-efficient, thus reaching the people most in need (WHO, 

2022). Despite the availability of safe, simple, and curative treatment, accurate diagnostics, and 
knowledge about how transmission can be prevented, the elimination of HCV is still in a distant 

future. Only nine high-income countries are reported to be on a set path to reach the WHO goal. 

Still, 80% of those high-income countries have yet to meet the targets (Klein, 2019). In low and 
middle-income countries, the scope of the public health problem has yet to be discovered and is 

difficult to estimate, let alone any efforts at elimination strategies. In the wake of the SARS-CoV-2 

pandemic, the strive for development in testing and treatment was obstructed, possibly causing a 
significant hurdle in eliminating HCV, but also perhaps some new insights about pathways 

towards detection, as researchers found new potential in developed methods (Torre et al., 2022). 

A central challenge in the governance of HCV is the need for efficient simplified detection methods. 
Current diagnostic methods are complex and require specialized equipment and trained 

personnel, making them out of reach for many people in low-resource settings. Developing an 

efficient and simplified detection method could dramatically improve access to treatment and 
diagnosis, this would be especially true for countries where the burden of HCV is high (Coretti et 

al., 2015).  

The hepatitis C virus belongs to the family Flaviviridae, an enveloped virus. Its genome is a positive 

single-stranded RNA molecule of 9,6 kilobases (Niepmann & Gerresheim, 2020), encoding a 
significant polyprotein precursor of about 3000 amino acids. This precursor protein is vital as it 

is cleaved by the host species and a viral proteinase which then gives rise to ten proteins (Kato, 
2000). They are divided into three groups, the core, envelope, and non-structural (NS) region, 

where in this experiment, some focus has been put on the NS5A as these non-structural proteins 

play a vital role in both viral replication and cellular functions (Lindenbach & Rice, 2005). The 
most common types of Hepatitis C are the genotypes 1,2 and 3, but there are also types 4,5 and 6 

and many different subtypes to the main types, 1a and 1b, 2a and 2b and so on (Irvine et al., 1993).  

The current gold standards for the detection of HCV are both reverse transcriptase polymerase 

chain reaction (RT-PCR) and quantitative polymerase chain reaction (qPCR) for detecting and 
measuring viral Hepatitis C in patient samples, qPCR however, it is more commonly used for 

monitoring viral load throughout patient treatment. Although PCR-based methods are considered 

the most reliable for diagnosing an HCV infection, they also require highly specialized equipment 
and skilled personnel, making them unavailable in many resource-limited settings (Singh et al., 

2022). In addition, these methods are time-consuming, needing up to five hours for a complete 

cycle and has a high startup cost (Zhang et al., 2021). Despite this, RT-PCR and qPCR remain the 
most widely used methods in a clinical and research setting and are often used as a reference 

method to evaluate the performance of other HCV diagnostic methods (Singh et al., 2022). 

Several new detection methods that appear more simplified than that of RT-PCR and qPCR 
targeting HCV, have been presented in recent studies. One study presented a fully automated 

reverse-transcription loop-mediated isothermal amplification (RT-LAMP) based molecular 

diagnostic set-up for efficient HCV detection. Their system utilized SYBR green dye to detect the 
amplification product with the naked eye (Sharma et al., 2022). A related publication presented a 

molecular assay for detection using a combination of RT-LAMP and the clustered regularly 
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interspaced short palindromic repeats (CRISPR) system, using protein 12a (CRISPR-Cas12a) 
cleavage assay, which allows for the detection of HCV nucleic acid sequences (Kham-Kjing et al., 

2022). The amplified product can be visualized on a lateral flow strip alternatively measured via 

fluorescence. Another study showed an enzyme-linked immunosorbent assay utilizing a dried 
blood spot (DBS) and a hand-held ELISA reader (Maity et al., 2018). These methods were essential 

steps in improving access to screening and treatment. However, the sensitivity of HCV RNA 

detection is higher than that for the sensitivity of HCV antibody detection (Wang et al., 2021). 
Therefore, developing an RNA-based method would be of great interest. The presence of the HCV 

RNA is the first detectable marker in acute HCV infection, weeks before the appearance of anti-

HCV antibody. The incubation period ranges from two to six weeks (Muerhoff et al., 2002). With 
an antigen test, laboratory work is still required for confirmation. With the thesis work presented 

herein, the primary consideration is further simplifying detection and enhancing effectiveness. 

The proposed assay will combine padlock probes and rolling circle amplification (RCA) with a 
crimson red bead-coupled detection oligonucleotide (DO) to produce rolling circle amplification 

product (RCP) that can be seen and detected via the naked eye. 

Padlock probes (Figure 1) are single-stranded DNA molecules that are circularized by an 

enzymatic ligation reaction after hybridization to their specific complementary target template 
sequences (Banér et al., 2001). The padlock probes bind with high sensitivity and specificity to the 

target complementary region (Szemes et al., 2005), using its 5' and 3' ends. The padlock probes 

form a half-circle-like arrangement, thereby resembling a padlock. The ends are enzymatically 
closed using an RNA or DNA ligase. When the padlock probes have been joined with their 

complementary target template sequence by hybridization and ligation, the result is a circularized 

molecule that will be the chimeric and circularized template in the RCA reaction (Figure 1). The 
padlock probes design provides high specificity and low background and has proven to be a sturdy 

tool (Schneider & Meier, 2017). Adding a phosphate group to the 5'end of the padlock probes arm 
enables enzymatic ligation. The padlock probe is precise and will not bind to a mutated version of 

the target template sequence where base pairs have been removed (Nilsson et al., 1994). The 

ligation and hybridization of the padlock probe to its target template sequence is crucial and 
possible weakness for in situ localization. The commonly used ligases utilized in ligation reactions 

have a low affinity for RNA-DNA duplex strands, usually requiring an mRNA reverse transcriptase 

to complementary DNA (cDNA). However, this can be circumvented by using a ligase from the 
Chlorella virus, SplintR®, which has been shown to efficiently ligate RNA-splinted, i.e., chimeric, 

DNA (Schneider & Meier, 2017).  

Rolling circle amplification (RCA) is a widely used isothermal amplification process. It is simple 

and efficient in producing amplicons from circular templates under the incitement of DNA 
polymerase (Gao et al., 2022). RCA is very convenient and robust as it is optimal for on-spot 

detection, not requiring a thermal cycler, unlike the more common amplification technique of PCR 

(Choi et al., 2022). RCA has established itself on the research scene and is used in differentiating 
applications such as detecting viruses, proteins, nucleic acid tumour markers, and infective 

bacteria (Mohsen & Kool, 2016). There are two types of RCA, exponential and linear RCA. Linear 

RCA produces a single-stranded DNA (ssDNA) molecule for protein and virus detection. 
Exponential RCA produces a double-stranded DNA molecule predominantly used to detect 

bacteria and nucleic acid tumour markers (Gao et al., 2022). The assay presented in this thesis 

utilizes linear RCA. The DNA polymerase in the RCA performed in this assay, uses the circular 
chimeric DNA template, i.e., the hybridized and ligated padlock probe to its target template 

(Figure1), to synthesize a new strand of DNA. When the target template sequence has been 

hybridized to the padlock probe arms and the arms have been ligated, the target template 
sequence acts as a primer for the DNA polymerase and thus has a dual function in the assay (Figure 

1). The polymerase replicates continuously as it moves around the circular template. The long 
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new ssDNA is then complementary to the circular template (Inoue et al., 2006). The bacteriophage 
Phi 29 DNA polymerase used in the RCA in this assay, is the most commonly used as this enzyme 

has a substantial strand displacement, high processivity, high salt tolerance, and a low error rate 

(Gao et al., 2021). It can offer a tool for traditional cloning, especially when the target template 
sequence is repetitive (Osborne & Thornton, 2008). Using strand displacement type DNA 

polymerase in the RCA is very efficient as it allows for the continuous synthesis of DNA strands 

without thermal cycling, thus reducing the time required for the assay (Inoue et al., 2006). Phi 29 
DNA polymerase is also ideal when combined with padlock probes, as it accepts chimeric circular 

templates. Previous studies have presented that it also accommodates pure circularised RNA and 

DNA as templates for RCA (Krzywkowski et al., 2018).  

This thesis used a crimson red bead-coupled detection oligonucleotide (DO), which will be here 
on after referred to as the bead-coupled DO, in the RCA reaction to enable eye read-out (Figure 1). 

The bead-coupled DO hybridizes to a specific part of the growing RCP to which the bead-coupled 

DO is complementary, usually the intermediate sequence of the padlock probe or the "backbone." 
The bead is coupled to the DO via biotin-streptavidin interaction as the oligonucleotide has been 

modified to carry biotin beforehand, and the bead or the microsphere is streptavidin-coated. This 

is a strong, specific, non-covalent interaction between the streptavidin protein and the small 
biotin molecule. Streptavidin is a tetrameric protein that binds to biotin with high affinity and 

specificity. Thus, this interaction is vital in various applications offering a femtomolar affinity, high 

specificity, and resilience to pH and temperature (Chivers et al., 2011).    

 

Figure 1. Illustrating schematic imagery of the assay utilized in this thesis. A. The padlock probe with its to 

the target sequence complementary arms, and the synthetic Hepatitis C target template sequence (green). 
B. Hybridization occurs between the target sequence and the padlock probe arms (green). C. Hybridization 

brings the ends of the padlock probe arms in close proximity to each other aiding in the following step of 

ligation. C. Ligase is added, and ligation of the padlock probe arms are performed, this produces a new 

circularized template where the synthetic target template now also acts as a primer for the coming DNA 
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polymerase. The circularized template is now partially double stranded, and the polymerase will start at its 

3´end. D. A bead-coupled detection oligonucleotide and Phi29 DNA polymerase is added with 4X RCA. The 
DNA polymerase will attach at the (green) 3´end and move towards the 5´end while producing a new 

identical strand of ssDNA containing, not only a copy of the target sequence but also the backbone of the 
circularized template of which the bead-coupled DO is complementary. E. The long rolling circle 

amplification product of ssDNA, the RCP, starts growing allowing for the bead-coupled DO to hybridize with 

it, thus rendering in a red product that can be seen with the naked eye (Created with BioRender.com). 

This research aimed to utilize the robustness of the RCA and combine it with the specificity and 

efficiency of padlock probes and a bead-coupled DO in the development of a new assay for 
simplified and effective detecting of Hepatitis C in blood plasma. The objectives being the 

identification and selection of target sequences, designing of padlock probes and the testing of 

hybridization and ligation functionality in water and blood plasma and lastly in RCA. The focus 
during the development of this assay was to investigate if whether the designs of the padlock 

probes would be functional, determine the limit of detection, and if any blood components would 

inhibit the reactions. 

 

Materials and methods 
The work done during the experimental phase was divided into mainly two parts. Firstly, selection 
and evaluation of what genes and subsequently what sequences in the Hepatitis C genome were 

to be selected and used for padlock probe and target template sequence design to create the 

circularized template. Followed by testing the developed designs ligation functionality in water, 
firstly pair by pair or padlock probe -target template combination. Furthermore, testing ligation 

functionality by using a mix of all padlock probes and all target template sequences, by spiking in 

the target templates in mouse plasma and human serum. The ligation functionality was evaluated 
using a Novex™ 10% TBE Urea Acrylamide gel electrophoresis (Invitrogen™, ThermoFischer). 

Secondly, testing the developed circularized template in the RCA reaction, ensuring its 

functionality with the DNA polymerase and the added bead-coupled DO. Throughout these stages, 
optimization was continuously done to protocols, designs, and workflow. 

Selection of target sequences 
Sequences targeting the Hepatitis C virus were selected using the National Library of Medicine 
(NIH) database. Conserved regions were found in the genomes section under nucleotides using 

the search words “conserved regions Hepatitis C" and "Highly conserved regions Hepatitis C." 

FASTA formats for selected genes were derived from the database and selected based on what 
type of Hepatitis C. From the FASTA formats, sequences were selected to act as Hepatitis C target 

templates and, subsequently, a base for the padlock probe design. The selected targets template 

sequences were screened using the BLAST database BLASTn to ensure target template sequences 
were only present in the Hepatitis C virus and not in other species. The Oligo analyzer tool 

(Integrated DNA Technologies) was used to analyze the padlock probes and target template 

sequence characteristics to ensure the selections had good chances of functioning throughout the 
assay. The selection of target template sequences and padlock probe designs can be seen in 

Appendix 1. Selected target template sequences were chosen based on what type of HCV and taken 

from the highly conserved region (Table 1). Capitalized letters indicate that more than one target 
template sequence was selected from the FASTA sequence. Padlock probes and target template 

sequences were named by the type of Hepatitis C or gene they belonged to (Appendix 1).  

Oligonucleotides 
Synthetic padlock probes, target templates, and detection oligonucleotides were ordered from 

Integrated DNA Technologies (IDT) (Table 1). Padlock probes were ordered phosphorylated at 
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the 5'end. The X marked sequences (Table 1) and reagent X (Table 4) were classified and not 
displayed due to patent pending and trademark reasons. Detection oligonucleotides were 

designed with synthetic RNA bases, and there were three nucleotides of 2'O-methyl-Uracil at the 

3'(mUmUmU2´) end to prevent Phi 29 DNA polymerase (ThermoFischer) from performing 
exonuclease, thereby protecting it from destruction. The concentration for all oligonucleotide 

sequences was 100 nM (Table 1).  

Table 1. Oligonucleotide Sequences used in assay except for the X sequence, which is classified but was of 
the concentration of 100 nM and production origin (IDT).  

Name Sequence 

Padlock 1a  /5Phos/5´TCTACTCACCGGTTCCGCCACGCGGCTATAATCAXXXXXXXXXXX

XXXXXXXXXTGGTAGCTCGTCCTGGCAATTCCGG3´ 

Padlock 1bA /5Phos/5´AACGCCATGGCTAGACGCCACGCGGCTATAATCAXXXXXXXXXXX

XXXXXXXXXTGGTAGCCTGCACGACACTCATACT3´ 

Padlock 1bB /5Phos/5´CGGTTCCGCAGACCACTACACGCGGCTATAATCAXXXXXXXXXXX

XXXXXXXXXTGGTAGCCAATTCCGGTGTACTCAC3´  

Padlock 2aA /5Phos/5´CCGGTTCCGCAGACCACTCACGCGGCTATAATCAXXXXXXXXXXX

XXXXXXXXXTGGTAGCGCAATTCCGGTGTACTCA3´ 

Padlock 2aB /5Phos/5´GGCAGTACCACAAGGCCTCACGCGGCTATAATCAXXXXXXXXXXX

XXXXXXXXXTGGTAGCCTCGCAAGCACCCTATCA3´  

Padlock 2b /5Phos/5´CCGGTTCCGCAGACCACTCACGCGGCTATAATCAXXXXXXXXXXX

XXXXXXXXXTGGTAGCGTAATTCCGGAGTACTCA3´ 

Padlock 3a /5Phos/5´CCGCAGACCACTATGGTCCACGCGGCTATAATCAXXXXXXXXXXX

XXXXXXXXXTGGTAGCTCCGGTGTACTCACCGTT3´ 

Padlock 3b /5Phos/5´CGGTTCCGCAGACCACTACACGCGGCTATAATCAXXXXXXXXXXX

XXXXXXXXXTGGTAGCCGATTCCGGTGTACTCAC3´ 

Padlock NS5A /5Phos/5´CAGGTCTTGAAGTCACACCACGCGGCTATAATCAXXXXXXXXXXX

XXXXXXXXXTGGTAGCAGGAGCTTGGACTGGAGC3´  

Padlock 4 /5Phos/5´CAACACTGATAGACCTCTCACGCGGCTATAATCAXXXXXXXXXXX

XXXXXXXXXTGGTAGCGCTTCCGGTTCCAGGTCG3´ 

Target 1a 5'GCGGAACCGGTGAGTACACCGGAATTGCCAGGACGA3' 

Target 1bA 5'GCGTCTAGCCATGGCGTTAGTATGAGTGTCGTGCAG3' 

Target 1bB 5´TAGTGGTCTGCGGAACCGGTGAGTACACCGGAATTG3´ 

Target 2aA 5´AGTGGTCTGCGGAACCGGTGAGTACACCGGAATTGC3´ 

Target 2aB 5'AGGCCTTGTGGTACTGCCTGATAGGGTGCTTGCGAG3' 

Target 2b 5´AGTGGTCTGCGGAACCGGTGAGTACACCGGAATTAC3´ 

Target 3a 5'GACCATAGTGGTCTGCGGAACGGTGAGTACACCGGA3' 

Target 3b 5´TAGTGGTCTGCGGAACCGGTGAGTACACCGGAATCG3´ 

Target NS5A 5´GAGTGACTTCAAGACCTGGCTCCAGTCCAAGCTCCT3´ 

Target 4 5´AGAGGTCTATCAGTGTTGCGACCTGGAACCGGAAGC3´ 

Detection 
Oligonucleotid
e 

5´GCGGCTATAATCAGCACGCA3´mUmUmU2´* 

   * mUmUmU2´ = 2'O-methyl-Uracil 

Preparation of Oligonucleotides and Ligation Testing 
All oligonucleotides were diluted from freeze-dried according to producer´s instructions and then 

diluted to a stock concentration of 2,5 μM. Ligation testing was performed in two stages. At the 
first stage the padlock probe and target template pairs were ligated pair by pair in deionized water 

(Table 2). At the second stage a mix of all padlock probes and all target templates were used (Table 

3), the target template mix was used to spike the mouse plasma and the human serum before 
adding the padlock probes and the ligase. 
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To check for ligation efficiency, each padlock probe and target template pair were ligated using 
SplintR® ligase (NEW ENGLAND, BioLabs) in PCR tubes pair by pair and ran in an Electrophoresis 

Novex™ 10% TBE Urea Acrylamide gel (Invitrogen™, ThermoFischer) at 140 V for 40 minutes. 

Table 2. Protocol for the ligation pair testing. Amounts are for one PCR tube. 

Pair Testing 
Protocol 

Volume 
in μl 

Final 
Concentration 

Padlock (IDT) [200 
nM] 

1.25 10 nM 

Template (IDT) 
[400 nM] 

1.25 20 nM 

10 X SplintR ligase 
buffer (NEW 
ENGLAND,BioLabs) 

2.5 1 X 

SplintR enzyme 
ligase (NEW 
ENGLAND, 
BioLabs) [25 U/μl] 

1 1 U/μl 

dH2O                      19  

The total volume 
of the reaction 

25  

 

Continuing on using a mix of all padlock probes and target templates, where all ten designs were 

mixed respectively (Table 1) to test ligation functionality in mouse plasma (GeneTex) and human 

serum (Sigma-Aldrich). Also, then ran in an electrophoresis Novex™ 10% TBE Urea Acrylamide 
gel (Invitrogen™, ThermoFischer). 

Table 3. Protocol for ligation testing in plasma and serum. The amounts are for one PCR tube. 

Plasma and 
Serum Protocol 

Volume 
in μl 

 Final     
Concentration 

Padlock (IDT) 
[200 nM] 

1.25  10 nm 

Template (IDT) 
[400nM] 

1.25  20 nM 

10 X T4 ligase 
buffer 
(ThermoFischer) 

3   1 X   

T4 enzyme ligase 
(ThermoFischer) 
[5 U/μl] 

1.5   0.3 U/μl 

dH2O                      18  

The total volume 
of the reaction 

25  

 

Ligation was tested with T4 DNA Ligase and buffer (ThermoFischer) (Table 3) when combined 

with mouse plasma (GeneTex) or human serum (Sigma-Aldrich) and SplintR® ligase and buffer 
(NEW ENGLAND, BioLabs) in the pair testing protocol (Table 2). This difference in ligase was only 

due to a lack of access to SplintR. Final concentrations were padlock probe 10nM and target 
template 20 nM in each PCR tube for both protocols. A mix of all ten padlock probes 200nM and 

ten target templates 400nM diluted with deionized water to a final volume of 25 μl were used as 

controls to give a strong signal in the Novex™ 10% TBE-Urea acrylamide electrophoresis gel gel 
(Invitrogen™, ThermoFischer). 
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Both protocols ligation mixes were incubated at 37˚C for five minutes. To prepare the 
electrophoresis Novex™ 10% TBE Urea Acrylamide gel (Invitrogen™, ThermoFischer) samples, 5 

μl of the ligation reaction was transferred to a new set of PCR tubes and mixed with 5 μl of Novex™ 

TBE-Urea Sample Buffer 2X Bromophenol Blue (ThermoFischer) and then incubated at 95˚C for 
five minutes, this was lowered to 55 ˚C for mouse plasma (GeneTex) and human serum (Sigma-

Aldrich), before loaded on to the gel and ran at 140 V for 40 minutes. The gels were stained with 

SYBR™ Gold DNA Gel Stain (Invitrogen™, ThermoFischer) and kept on a shaker covered with 
aluminum for 15 minutes before imaging in a Molecular Imager, Imager® Gel Doc XR System (BIO-

RAD).  

Ligation was tested in dilutions with deionized water and the percentages 100%, 50%, 25%, and 
12,5% of mouse plasma (GeneTex) and human serum (Sigma-Aldrich). An intensity measurement 

was done using the open software ImageJ (National Institute of Health, NIH) on all gels produced.  

Testing the Assay in Full 
Oligonucleotide designs (Table 1) were tested in the full assay, where ligations was combined with 
the bead-coupled DO, Phi 29 DNA polymerase (TermoFischer) and RCA. Using an intermediate 

stock concentration of 200 nM for padlock probes, and target templates, all were prepared in 

Eppendorf tubes containing a mix of all designs to a final concentration of 10 nM, respectively. 
SARS-CoV-2 RNA target template (Courtesy of PhD Liza Löf, SciLifeLAbs, Uppsala University) of 

the same concentration was used as a negative control. All reagents were stored at -20˚C and 

thawed at room temperature. All reagents were kept on ice during the experiment after thawed. 

The spiking of the target template to imitate the disease, was prepared in PCR strips. Into the strip 

containing eight PCR tubes, the first four PCR tubes were prepared with 1,25 μl target template 

mix [10 nM] as the positive control and the remaining four PCR tubes with 1,25 μl SARS-CoV-2 
target template mix [10 nM] as the negative control and all eight were mixed with 18,75 μl dH2O 

in each PCR tube, respectively. When performed with mouse plasma (GeneTex) an additional step 

was added where the samples were pre heated at 95 ˚C for five minutes on a heating block.  
Following this a ligation master mix was prepared in an Eppendorf tube as presented in Table 4. 

 

Table 4. Ligation Master mix. Amount is for ten PCR tubes as two is extras. 

Ligation Master Mix Volume in μl                    Final Concentration 
  

Padlock probe Mix (IDT) [200 
nM] 

12.5                                     10 nM 

Reagent X (IDT) [200 nM] * 
 

12.5                                     10 nM 

10 X SplintR® buffer (NEW 
ENGLAND,BioLabs) 
 

25                                         1 X 

SplintR®Ligase(NEW 
ENGLAND,BioLabs)  [25 U/μl] 

10                                         1 U/μl 

Final Volume 60  

  *Reagent is classified due to patent pending. 

 

From the Eppendorf tube containing the ligation master mix, 5 μl was added to all eight PCR tubes 
and mixed by pipetting ten times, then briefly vortexed and spun down before incubating at 37˚C 
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for five minutes. RCA master mix was prepared in an Eppendorf tube as presented in Table 5. The 
recipe for 4X RCA Buffer and Bead-coupled DO can be found in Appendix 2. Crimson red beads 

were purchased from Bang Laboratories.  

 

Table 5. RCA Master mix. Amount is for ten PCR tubes as two is extras. 

RCA Master Mix Volume 
in μl 

Final Concentration 

  
 

4X RCA Buffer 125   3.2 X 

Detection Beads (Bang 
Laboratories) [0,1 μM] 

20   0.01 μM 

Phi 29 DNA Polymerase 
(Thermofischer) [10 U/μl] 

12.5   0.8 U/μl 

Final Volume 157.5  

 

The Eppendorf tube containing the RCA master mix was briefly vortexed and spun down before 
pipetting 15 μl into each of the eight PCR tubes containing the target template and ligation and 

mixed by pipetting twenty times. The PCR strip was briefly vortexed and spun down before 

incubating at 37˚C for 25 minutes. When done incubating, the PCR strip was tapped on the table 
or carefully and briefly vortexed to aggregate. The Hepatitis C target template (IDT) (Table 1) was 

then tested to investigate the sensitivity of the full assay at the concentrations 10 nM, 1 nM, 100 

pM, 10 pM, 1 pM, 100 fM, and 10 fM of target template used for spiking. For negative control, the 
SARS-CoV-2 target template was once again used at the concentration of 10 nM also for spiking. 

The full assay was further tested spiking in mouse plasma (GeneTex), where the deionized water 
was first replaced by plasma amounts in the percentages of 100%, 50%, 25%, 12.5%, and 6,25%. 

It was also tested in the percentages 50%, 40%, 30%, 20%, 10%, and 5 % of mouse plasma [10nM] 

(GeneTex) to find a cut-off value for detection. 

 

Results 

Ligation Efficiency 
In order to identify the padlock probes that could recognize the target template, all ten pairs 

(Table 1) went thru a ligation reaction and the results were visualized on a gel (Figure 2). All 
padlock probes and target template pairs (For example Padlock probe 2a representing type 2a 

Hepatitis C, to target template 2a representing type 2a Hepatitis C) ligated successfully except for 

padlock probe 1a with target template 1a representing type 1a Hepatitis C (Table 1), which was 
then removed from the experiment. It was also noted that some padlock probe and target template 

pairs generated a stronger ligation signal, type 4 and gene NS5A (Figure 2). The pairs for type 3a 

and 2b had the weakest signal for ligates present, which was confirmed by the intensity reading 
(Figure 3). Moreover, the template band for type 2aA produced a solid signal in the software 

ImageJ (Figure 3) which is not noticeable when screening the gel image by eye (Figure 2). 

In mouse plasma (GeneTex) and human serum (Sigma-Aldrich), ligation was successful (Figure 
4). Still, adjustments were made to the protocol lowering the staining-related incubation 

temperature to a more suitable, 55˚C, before loading in electrophoresis gel due to possible 

denaturation in human serum and mouse plasma. This was evident as 100% serum could not be 
loaded properly and thus could not be measured (Figure 5). The experiment was continued with 
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mouse plasma (GeneTex). Serum did not tolerate incubation temperatures well and proved hard 
to pipette at such small volumes. 

 

Figure 2.  Displaying the results from 10% TBE-Urea Acrylamide gel electrophoresis of padlock probe and 

target template sequence pair ligations in deionized water. Pairs were as follows, 1. NS5A gene, 2. Type 4 , 

3. Type 3b, 4. Type 3a, 5. Type 2b, 6. Type 2aB (capital letters represent the second sequence chosen for 

type), 7. Type 2aA, 8. Type 1bB, 9. Type 1bA, 10. Type 1a, 11. Only target template [20 nM] and 12. Only 

padlock probe [10 nM]. 11 and 12 served as controls for padlock probes and target templates. All pairs were 

at the concentration of 10 nM for padlock probes and 20 nM for target sequences. 
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Figure 3. Results from intensity reading in ImageJ software, shown in the unit pixels squared. This reading 

was only done once for each gel A. Controls being only padlock probe and only target template, B. Type 1a, 

C. Type1bA, D. Type 1bB, E. Type 2aA, F. Type 2aB, G. Type 2b, H. Type 3a, I. Type 3b, J. Type 4, K. Gene NS5A. 

 

Figure 4. Showing ligation functionality in plasma and serum. 1. 12,5% plasma, 2. 25% plasma, 3. 50%, 4. 

100% plasma, 5. 12,5% serum, 6. 25% serum, 7. 50% serum, 8. 100% serum, 9. Control for ligation in just 

water [10 nM], 10. Control for target template sequence [20 nM], 11. Control for Padlock probes [10 nM]. 
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All mouse plasma and human serum samples had concentrations for padlock probes and target sequence 

10nM respectively. 

Figure 5. Displaying the intensity reading in units of pixels squared. A. Controls for padlock probe and target 

template sequence, B. Control for ligation in water where the target template band was too weak to 

measure, C. 100% serum which failed in being adequately loaded, D. 50% serum, E. 25% serum, E. 12,5 % 
serum, F. 100% plasma where band for ligation was too weak to measure, G. 50%plasma, H. 25 % plasma, 

I. 12,5% plasma. Bands for ligation were more evident in the lower percentages of both mouse plasma and 
human serum. 

Full Assay with RCA and Amplification 
The full assay (Figure 6) was tested as described in materials and methods, by combining the 
spiking of the target template in deionized water or in mouse plasma (GeneTex) with ligation and 

the adding of the bead-coupled DO and the Phi 29 DNA polymerase (ThermoFischer) and the RCA.  

All remaining nine designs operated well, and RCPs were successfully produced and could be 
detected by the eye (Figure 6). After titration, by eye read-out the lowest value detectable was 10 

pM of the Hepatitis C target templates in the sample (Figure 7and Figure 8). 
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Figure 6. Displaying results of the complete assay. 1.First four PCR tubes in strip contains the full 

assay(spiking+ligation+RCA) where a mix of all padlock probes and all target templates was used. RCP 

formation in all four positive controls of the spiked 10 nM synthetic Hepatitis C target template in water 2. 

Fours last PCR tubes in strip contains the full assay (spiking+ligation+RCA). No RCP formation in all four 

negative controls of the spiked 10 nM SARS-CoV-2 target template. 

 

Figure 7. Titration results using a mix of all synthetic Hepatitis C target templates and padlock probes at 
spiked concentrations 1. nM, 3. 100 pM, 4. 10pM. 5. 1 pM, 6. 100 10 nM, 2. 1 fM, 7. 10 fM, and 8. Negative 

control containing SARS-CoV-2 [10nM] in water.  
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Figure 8. A close-up image of titration results. 

Full Assay and Eye Read Out in Blood Plasma 
The first try of the full assay in mouse plasma (GeneTex) was unsuccessful. Without heat pre-

treatment, no amplification occurred in the plasma. However, when adding a step where the 

spiked in synthetic Hepatitis C target template, the plasma, and water was pre-heated at 95˚C for 
five minutes before initiating the ligation step, there was successful amplification and read-out by 

eye. Detection of the synthetic Hepatitis C target template in mouse plasma (GeneTex) via eye 

read-out was then proved possible. The different percentages of plasma diluted with water 
showed that 30% plasma was the highest amount that allowed for amplification to be detected by 

the eye, and 5 % plasma was the lowest amount (Figure 9 and Figure 10).  
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Figure 9. Results from testing the full assay in mouse plasma. In the tubes are the full assay, meaning 

spiked in synthetic Hepatitis C target template[10nM] (a mix of all of them), ligations using a mix of all 

padlock probes and the RCA. Percentages of mouse plasma used was as follows 1. 100%, 2. 50%, 3. 25%, 

4.12,5%, 5. 10%, 6. 6,25%, 7 and 8. Positive controls in water. 

 

Figure 10. Further testing, as a continuation of the previously described, in mouse plasma to check for the 

cut of value for the detection of the spiked in synthetic Hepatitis C target template. The percentages of 

plasma used was 1. 50%, 2. 40%, 3. 30%, 4. 20%, 5. 10%, 6. 5%, 7 and 8. Positive controls in water. 
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Difference in Ligases 
There were several observations of T4 ligase (ThermoFischer) allowing for faster reaction time in 

the full assay where the RCPs could be observed forming at a faster rate also creating a tighter 

formation of RCPs than that performed by SplintR® ligase (NEW ENGLAND, BioLabs). This was 
filmed and images were taken like the one presented below (Figure 11) 

 

Figure 11. Displaying how the four first PCR tubes (left to right) containing T4 ligase, is forming RCPs before 

the two tubes to the right containing the SplintR ligase. 

 

Discussion 

Oligonucleotide designs and ligation functionality 
Currently, there is an arms race in the field of diagnostics of viral infections. Still, only a few 

individuals outside the research and the diagnostic industry know anything about RCA or padlock 
probes. However, RCA may arise and claim a solid position in diagnostics. Many acknowledge its 

advantages at SciLifeLabs at Uppsala University, especially when combined with padlock probes. 

Ph.D. Liza Löf has worked hard and successfully in developing methods (Koos et al., 2015; Löf et 
al., 2016, 2017) further and now presenting this method of combining padlock probes, bead-

coupled DO and RCA for the detection of SARS-CoV-2, the virus causing Covid-19, and continues 
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to march on to spread it for usage in the detection of other RNA viruses and infectious bacteria. 
During this thesis work, the developed assay is brought to the Hepatitis C virus to assess if it can 

detect the disease in blood plasma via eye read-out while keeping the method simplistic yet 

effective.  

Accidentally proving a point – "specificity is the key." 

Design 1a was not ligating as hoped, as seen in Figure 2. It is interesting to examine why. Aside 

from the usual suspects in primer and oligonucleotide design, keeping a good GC content, melting 
temperature, and avoiding triplets, there are other things to consider that come along with the 

topographical and structural nature of the padlock probe. 

Nilsson et al. first reported the use of padlock probes in 1994, and since then, padlock probes have 
developed into a powerful tool in nucleic acid sequence detection(Nilsson et al., 1994). The use of 

padlock probes is well known for its specificity, which arises from the reduced ligation efficiency 

in the case of a mismatch at the gap site or especially if near the 3'end, one mismatch is enough to 
inhibit ligation. Therefore, the padlock probe's target and complementary end sequences must be 

carefully designed (Conze et al., 2009), which was accidentally proven during this thesis work. 

When examining the padlock probe and target template design for HCV, type 1a was not ligating 
(Figure 2). A fault was found in the sequence. A Guanin was swapped for a Cytosine in the final 

design, the second base from the 5'end, which is very close to the gap region, although, on the 

5'end, it did not ligate. This can be seen in the designs in Appendix 1, where the mistake was 
highlighted in yellow. This specificity, although frustrating when design faults are made, is also a 

good indicator of ligation to the correct sequence. Although the designing follows mostly the 

general rules of primer and oligonucleotide design regarding GC content and melting temperature, 
the emphasis was naturally on the ligation due to its circular formation. The arms of the padlock 

probe have a phosphorylated group at the 5'end, and the 3'end carries a hydroxyl group, which 

plays a natural role in hybridization. Due to the helical nature of the DNA, the padlock probe arms 
will wrap around and, in this way, create a padlock-like structure on top of its target template 

sequence. The DNA ligase will seal the nick between the arms, which conducts a phosphodiester 

bond between the two ends when in proximity (Figure 1). Thus, padlock probes are very selective 
as simultaneous hybridization and ligation occur (Ciftci et al., 2019). Although the asymmetrical 

design of the padlock probe where the 5'end arm is designed longer than the 3'end has proven 

advantageous for some assays, as when wanting discrimination of mismatches, a perfect match is 
wanted in this assay. Therefore, a symmetrical design would be superior. Moreover, targeting a 

highly conserved region of the genome is essential to define the specific taxa of species and select 

regions of differentiating positions to increase the chances of high sensitivity. Therefore, a mix of 
about ten padlocks would be preferred, like what is done in multiplexing (Szemes et al., 2005).  

Importance of ligation and use of ligase type 

Surprisingly, during the testing of ligation functionality, the T4 ligase worked better in terms of 

increased speed during RCA in amplicons forming to enable eye read-out (Figure 11). At one point, 

RCA with T4 ligation and RCA with SplintR ligation was ran next to each other, and although not 
a significant difference, there was a difference in the speed of amplicon formation when using eye 

read-out. As T4 ligase is a more affordable and reasonable option accessibility-wise, whether it 

could perform well when using RNA targets is interesting, as there have been indications of this 
being possible (Kershaw & O’Keefe, 2012; Nandakumar et al., 2004). 

Ligase efficiency is crucial in this assay for gathering accurate and reliable results and, of course, 

the significance of producing a circular DNA template required for amplification in the RCA. Using 

thermostable ligases is essential as they display high discriminatory power regarding mispairs in 
the ligation region. This high-fidelity type ensures that only the targeted sequence is ligated and 

subsequently amplified, decreasing the risk of false positives (Lohman et al., 2016). Although T4 
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ligase was used for ligation and was functional and presented a fast movement when examined 
by eye read-out, SplintR is preferred for the assay due to its characteristics. Both ligases can seal 

the RNA-splinted padlock probe. However, the ligase must recognize this difference when the 

assay is to be introduced to live viral RNA. With T4 DNA ligase, additional treatment by reducing 
the adenosine triphosphate concentration in the reaction would be needed. It has also shown a 

lower sealing efficiency for RNA-splinted probes than for DNA-splinted probes (Lohman et al., 

2014). The alternative T4 RNA ligase2 has yet to prove to be any more efficient as of now, although 
some reports are contradictory (Nandakumar et al., 2004; Yu et al., 2017). Well established, 

however, are the advantages of the SplintR ligase. SplintR ligase is undoubtedly more expensive 

to use, and the premise for this thesis work is to develop a more simplistic assay at all levels, 
including reagents. SplintR ligase is derived from the chlorella virus DNA ligase or PBCV-1 DNA 

ligase. It has been reported to very efficiently ligate RNA-splinted ssDNA where one research 

group presented a kcat of 8 x 10-3 s-1 and a Km below 1 nM where T4 ligase produced a 20-fold lower 
kcat and a Km around 300 nM (Lohman et al., 2014, 2016). This is worth noting, even considering 

its sometimes less impressive speed for eye-read-out contra T4 ligase. It has also been reported 

that SplintR ligase was somewhat slower when used with 5'phosphorylated at the ligation gap 
substrates, as with the assay presented in this thesis. Still, SplintR ligase provides both shorter 

incubation time options and requires less enzyme in the reaction and high functionality at room 

temperature (Lohman et al., 2014). The observation that T4 ligase is accommodating for faster 
eye-read out is interesting. It could be a future item to investigate further. If proven possible, it 

would simplify this assay for clinicians.  

Open software ImageJ 

The readings performed with ImageJ (Figure 3 and figure5) were to confirm the intensity of bands 

as seen in the gel images. 100% human serum and mouse plasma could not be loaded onto the gel 
properly and thus could not be measured (Figure 4). The gel image showed that ligation was more 

functional in the lower percentages of both human serum and mouse plasma, as confirmed when 

examining the intensity readings in pixels squared done by the ImageJ open software were the 
measurements correlate to the gel images, i.e., higher numbers for ligation the lower the 

percentage of mouse plasma and human serum (Figure 5). However, unfortunately, the images 

produced were somewhat grainy and scraped since the imager used was older and the glass 
somewhat damaged. A very sharp and crisp image would have been preferred, but there was no 

access to another imager. This could be redone using a newer well-preserved machine to ensure 

results are on point. ImageJ is a commonly used tool within the research community for image 
analysis (Schroeder et al., 2021). Still, reliability depends on factors such as the quality of the 

selected image, accuracy in calibration, and the user's knowledge.  

The possibility of self-ligation 

Although there is no published data on this being a risk factor for padlock probes, the question 

arose during this thesis work. 

To ensure there is no self-ligation of the padlock probes present, the usage of  a negative control 
is essential. When looking at the intensity readings in Figure 3, one could easily assume there 

might be some self-ligations present with padlock probe 2aA, for example, as the value for the 

ligation band intensity was high, but so was the template reading. This was not the case. If it were, 
when performing RCA, there would also be amplification in the negative control, because the 

SARS-CoV-2 template would not hybridize with the padlock probe leaving only self-ligated probes 

as circularized DNA. If that were the case, the Phi 29 DNA polymerase would also amplify those, 
which did not occur throughout this thesis work, thus confirming no self-ligation of padlock 

probes (figure 6). 
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RCA performance 
When the designs of the oligonucleotides were tested and used in the RCA, an apparent and fast 

amplicon product appeared and could quickly be seen with the naked eye, as in Figure 6. The 

procedure was filmed multiple times, and the time from the aggregation of samples to the marble-
like formation of folded RCP was timed to three minutes. However, the stringy cloud-like initial 

formation starts appearing within one minute. When tested in plasma for the first time, no 

amplification started. Inhibitors within the plasma were blocking the polymerase as reported 
earlier (Sirakov, 2016). This was somewhat expected, and luckily, the first attempt at removing 

possible inhibition succeeded. A pre-treatment of the mouse plasma diluted with deionized water 

and spiked with the target template was done. Simply heating it at 95 ˚C on a heating block for five 
minutes before adding the ligation mix was enough for the polymerase to overcome the inhibitors 

(Figure 9).  

RCA begins after the formation of a circular template, as previously discussed, carrying a 
hybridized primer, in this case, the synthetic Hepatitis C target template (Figure 1). A DNA 

polymerase with strand displacement activity performs the amplification and will continuously 

do so spontaneously. As the DNA polymerase progresses around the circular template, it displaces 
the newly synthesized strand and thus creating a long single-stranded DNA molecule that contains 

multiple tandem repeats of the original template sequence. A significant advantage of the method 

is its ability to function in constant temperatures from room temperature to 37 ˚C (Zhang et al., 
2021). When RCA is used with blood plasma, various components can potentially inhibit the 

functionality of the polymerase, some of the more common ones being proteases, 

immunoglobulins, hemoglobin, and lactoferrin (Sirakov, 2016). Although the first tried-out 
method for overcoming inhibitors worked (Figure 9), other methods could be considered. Some 

are sample purification or enzyme protection by adding a protective agent such as bovine serum 

albumin (BSA). This was already done as BSA was added via the 4X RCA mix (see Appendix 2). 
BSA assists in safeguarding the polymerase by binding to the inhibitory components, thereby 

hindering enzyme interaction, and also performs enzyme optimization by using specific 

polymerases designed to tolerate the presence of inhibitors such as, in this case, Phi 29 DNA 
polymerase(Sirakov, 2016).  

Keeping reactants on ice 

Prior to testing the oligonucleotide designs, older and stored oligonucleotides were used as 
practice. It was noted that both ligation and amplification were notably affected negatively. RCA 

results were very inconsistent and almost seemed random (data not shown). This was never the 
case when working with fresh material. The entire experimental procedure worked flawlessly 

when using fresh material directly from the manufacturer. Even though one set of the designs 

used in the pre-phase was stored freeze-dried since November of 2021(Data not shown), they had 
still been slightly affected and was not as functional. 

For this reason, it seems essential to address, although seemingly insignificant at first glance. Of 

course, common knowledge about storage and handling should always be followed to avoid 

degradation over time(Cordsmeier & Hahn, 2022). There is also the freeze-thaw effect to be 
considered. Repeated freezing and thawing can cause shearing and harm the integrity of the 

oligonucleotides. Storing them at -25 ˚C or lower after being aliquoted is generally recommended 

to avoid this (Cordsmeier & Hahn, 2022). Although manufacturers claim long storage lifespans 
and minimum effects from it, that had not been the experience so far. Of course, padlock probes 

are very sequence-specific, just losing one nucleotide at one design will put a halt to the entire 

process.  
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RCA contra PCR  

Both RCA and PCR methods are used for nucleic acid amplification, but RT-PCR and qPCR is 

currently the gold standard for HCV diagnostics (Chen et al., 2016). One advantage RCA has over 
RT-PCR is that it is isothermal, whereas the latter is thermal and thus needs a thermocycler. 

Another advantage is that RCA involves less time-consuming steps to be performed. RT-PCR uses 

reverse transcriptase as a method of converting RNA to complementary DNA (cDNA), which is 
then followed by PCR to amplify the cDNA. RCA can be completed in less than an hour. In this 

thesis work, the assay was clocked to about 45 minutes which could be cut down even further if 

master mixes were pre-prepared, cutting time down to about 30-35 minutes. RT-PCR, on the other 
hand, can take several hours to be completed. Additionally, PCR’s heating and cooling process 

might destructively affect biological molecules (Mohsen & Kool, 2016). RT-PCR amplifies its 

template DNA exponentially, doubling its number of targets with each cycle capable of 102 to 107 

copies per reaction, keeping in mind that some factors will influence this, like target template 

concentration, conditions of reaction, and primer specificity (Emery et al., 2004). There have 

already been some comparisons of RCA and, for example, qPCR and conventional PCR, such as the 
one recently done by Zhang K, et al., for example (Zhang et al., 2021). See Table 6. In their 

comparison, they put RCA at 1-1,5 hours, and this assay presented here is below that. 

Unfortunately, RT-PCR was not included in their comparison. 

Table 6. Overview of comparison of methods for the detection of DNA. 

Features PCR-Assay qPCR Assay RCA-Assay 
Instruments Needed Thermocycler Thermocycler Not Required 
Temperature Thermal cycle Thermal cycle Isothermal 
Inhibition by 
biological samples 

Yes Yes No 

Specificity Specific Specific Specific 
Sensitivity Sensitive Highly Sensitive Highly Sensitive 
Post-Assay Required Required Not Required 
Quantitative 
Detection 

No Yes Semi-quantitative 

Qualitative Detection Yes Yes Yes 
Portability Partially Yes Yes 
Overall Time 3-5 h 2,5-4 h 1-1,5 h 
Detection Method Gel 

Electrophoresis 
Detection/Amplification 
Graph 

Gel electrophoresis, eye read-out 

Cost Effectiveness Less expensive Expensive Less Expensive 

 

Sensitivity of assay 

The synthetic Hepatitis C target templat was detected at the lowest of 10 pM (Figure 7 and Figure 

8) when conducting titration. Compared to previously published results, one article presented 

sensitivity reading via fluorescent readings, significantly lowered fluorescence at 10 pM 
concentrations. Their presented method, using a fluorescence read-out, produced a limit of 

detection at 8.1 pM (Niu et al., 2023). Another study developed a lateral flow assay (LFA) also for 
nucleic acid detection, to detect mecA, or the antibiotic resistant gene for methicillin-resistant 

bacteria Staphylococcus aureus, and was based on RCA and padlock probes. Their measurements 

were, on the other hand, finding detection possible at much lower concentrations down to as low 
as 1,3 fM using gel electrophoresis read-out, which is impressive. However, compared to the assay 

presented here, incubation times were much longer (Lee et al., 2022).  

RCA amplification in plasma 

When trying out the assay in blood plasma, it was apparent that dilution of the plasma was 

necessary. This was evident already at the at the ligation stage as ligation functionality decreased 
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with higher percentages of plasma and increased in lower percentages (Figure 4) using the same 
target template and padlock probe concentration for all. Most certainly, this is due to inhibitors 

within the plasma (Rådström et al., 2003). This should, however, be fine as dilution of plasma 

using water is a standard procedure that is easily performed. Also, the additional step of pre-
treatment with heat to stop inhibition is very simple, not affecting the total time of the assay to 

any extent that would be of significance. The cut off value, to enable a positive eye read-out, for 

amount of mouse plasma in percentage, diluted with deionized water was 30 % at the highest and 
5% at the lowest (Figure 10) when using a concentration of 10 nM of spiked in synthetic Hepatitis 

c target template. Unfortunately, there is not much data to compare with in the literature, but a 

good next step could be measuring further the sensitivity perhaps using qPCR for conformation. 

 

Future Perspectives 
Advances in molecular assays have significantly improved the diagnosis of HCV infection and the 
management of chronically infected patients. The sensitive qPCR method is currently used for 

monitoring the patient’s response to antiviral therapy, thereby guiding treatment decisions. HCV 

genotyping is part of the pre-treatment evaluation. Determining HCV genotype is vital for the 
personal tailoring of antiviral treatment, determining treatment duration, and predicting possible 

response to therapy, as this might vary between subtypes (Ciotti et al., 2013). Further future 

development of the novel assay presented here could be to develop a built-in system that detects 
the type of HCV simultaneously, similar to what is done in multiplexing but adjusted to fit the 

presented assay. The intricate design of padlock probes and target templates could allow for this, 

thereby expanding the assay to a specific type of diagnostic tool where the type of treatment can 
immediately be determined. This would speed up the process of both diagnosing and treating the 

patient. This assay could also be integrated with monitoring the infection as it detects target 

template levels at low concentrations, such as 10pM. This is discussed in detail, although not 
concerning this assay, in Soares et al., where the multiplexing capability of RCA is discussed along 

with the rapid turnaround of the padlock probe-RCA combination and its role as a cost-effective 

tool. Benefits are reduced healthcare costs, more accurate patient diagnostic outcomes, and the 
efficiency of a single reaction method (Soares et al., 2021). There is potential for a new point-of-

care test to significantly improve and simplify diagnostics in resource-limited settings and 

possibly detect emerging viral variants. The next natural step is to test the assay presented herein, 
using a mix of all padlock probes with synthetic Hepatitis C RNA and, if successful, further on to 

live viral HCV and clinically assess its functionality. 

 

Conclusion 
RCA and using padlock probes are well-established items in the research and diagnostic realms, 

with many studies published over the years. This novel assay, however, is not and has not. 
Therefore, more research and assay optimization are needed. Nevertheless, the method holds 

great potential to become a robust and reliable diagnostic tool. It might also be possible to develop 

it further into complex diagnostics, as in simultaneously diagnosing both viral type and subtype. 
The simplicity of this method is also its elegancy. This assay can be performed with little training 

compared to PCR methods. However, as will always be the case with HCV, it must be performed 

in high-safety settings due to the nature of the virus. Although much is still to be developed with 
this assay, it looks very promising. This assay has proven to be simplistic and effective in detecting 

synthetic Hepatitis C target template. Limit of detection was found to be 10 pM and no blood 

components where inhibiting the reaction in any way that could not be dealt with. The design of 
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the oligonucleotides was successful, ligation was adequate, and the same can be said for the 
complete assay in deionized water and blood plasma. To summarize, the outcome of this thesis 

work can be developed further by the scientific community and generate a valuable tool for human 

society.  

Ethical Considerations 
No genetic material from humans was extracted or used in any way. Human serum and mouse 

plasma were bought from external producers, GeneTex and Sigma-Aldrich, whom both declare in 
their folders that the products are sterile and cleared of any infectious agents. A standard 

laboratory safety guidance and the informational process were done by the supervisor Ph.D. Liza 

Löf.  

There is a certain gender aspect of Hepatitis C, generally males are more prevalent as infected and 
at risk. Although not much research has been done targeting the gender aspects of possibly 

contracting HCV, gender is a key determinant of social outcomes, including health and access to 
health care. A systematic review and meta-analysis conducted in Egypt, a country heavily affected 

by HCV, reported that HCV RNA positivity is significantly higher in males than in females in adults, 

while on the other hand there is no gender difference in infected children (Abdel-Gawad et al., 
2023). Children are however more likely to contract the disease form their parents whereas 

teenagers and adults especially boys and men, run a higher risk due to risk taking behaviors (drug 

use) or due to unprotected sexual activity (Byrnes et al., 1999). It should be noted that the higher 
prevalence in Egypt is due to the fact the country had endemic schistosomiasis treatment by 

unsafe healthcare injections between the 1950s and the 1980s (Abdel-Gawad et al., 2023). The 

conduction of safe injections and screening are essential tools in preventing new infections 
worldwide along with educating the population about risks associated with sexual interactions 

and drug use where needles are involved, and of course in general how the HCV is transmitted. It 

is reported also that HCV cases in China and India accounted for a third of the global HCV infection 
prevalence, with a significant increase in the ages 50-69 years old and 70 years old by 63.87% 

(Jing et al., 2020). It is not clear why the numbers are increasing in some areas of the world, but 

late-stage diagnosis in an aging population is thought to be one primary reason.  In the United 
States, a reemergence of Hepatitis C cases was seen following the opioid crisis. Thereby also 

possibly increasing the rates within reproductive-aged individuals and subsequently putting 

multiple generations at risk if not adequately diagnosed and treated (Jing et al., 2020). 

As described in this thesis work, the potential societal impact of a rapid viral detection method 
could be of great substance regarding correct and simplified diagnostics even in low-resource 

settings, thus evening out some of the social inequality that lack of such access creates. Although 

the treatment of HCV has dramatically improved in recent years, being correctly diagnosed 
remains the hurdle to overcome to avoid life-threatening conditions that do not only affect the 

individual at a high personal cost but also the surrounding society that must provide care. 

Treatment costs are to be considered, but the correct diagnosis must come first. Finally, bringing 
forth more knowledge about HCV and the methods used in the assay. Receiving the correct 

diagnosis is vital for the life quality of the affected individual, and if that can also be performed in 
a more easily accessible way that is a win for all. 

Environmental impact is certainly of substance. This simplified assay allows for less plastic usage 

due to its one-reaction system. Not needing machinery as PCR does, it reduces plastics, metals, 

and electronics, i.e., less consumption.  
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Appendix 1 

Hepatitis C, selected sequences. Conserved regions 
1, Subtype 1a gene, 5' noncoding region, 341 bp linear RNA, Accession D31601.1, isolate; K-034c 

FASTA 

GCCAGCCCCCTGATGGGGGCGACACTCCACCATGAATCACTCCCCTGTGAGGAACTACTGTCTTCACGCA 
GAAAGCGTCTAGCCATGGCGTTAGTATGAGTGTCGTGCAGCCTCCAGGACCCCCCCTCCCGGGAGAGCCA 
TAGTGGTCTGCGGAACCGGTGAGTACACCGGAATTGCCAGGACGACCGGGTCCTTTCTTGGATAAACCCG 
CTCAATGCCTGGAGATTTGGGCGTGCCCCCGCAAGACTGCTAGCCGAGTAGTGTTGGGTTGCGAAAGGCC 
TTGTGGTACTGCCTGATAGGGTGCTTGCGAGTGCCCCGGGAGGTCTCGTAGACCGTGCACC 
 
Oligo Arms      CGC CTT GGC CAC TCA TGT 5´  3´GGC CTT AAC GGT CCT GCT 

Template 5´- GCG GAA CCG GTG AGT ACA CCG GAA TTG CCA GGA CGA -3´  

Backpiece: 5´- CACGCGGCTATAATCAXXXXXXXXXXXXXXXXXXXXTGGTAGC-3´ 

Padlock: 5´- TCTACTCACCGGTTCCGC CACGCGGCTATAATCAXXXXXXXXXXXXXXXXXXXXTGGTAGC   
TCGTCCTGGCAATTCCGG -3´  

Oligo analyser of Target:  

SEQUENCE 5'- GCG GAA CCG GTG AGT ACA CCG GAA TTG CCA GGA CGA -3' 

COMPLEMENT 5'- TCG TCC TGG CAA TTC CGG TGT ACT CAC CGG TTC CGC -3' 

LENGTH 36 

GC CONTENT 61.1 % 

MELT TEMP 70.8 ºC 

MOLECULAR WEIGHT 11169.3 g/mole 

EXTINCTION COEFFICIENT 358400 L/(mole·cm) 

Hairpin, top2:  

structure Image                                 ΔG (kcal.mole-1)           Tm (oC) ΔH 

(kcal.mole-1) 

https://doi.org/https:/doi.org/10.1016/j.aca.2017.01.069
https://doi.org/10.3390/bios11100352
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1 

 

-8.08 73.3 -57.9 
 

  

2 

 

-5.91 54.5 -65.6 

  

 

 

 

 

Self-dimer, lowest Delta G:  

Delta G:  -13.05 kcal/mol Base Pairs: 6 
 

 2, Subtype 1b gene, 5´noncoding region, isolate; K-0014, accession D31602  

FASTA                     
GCCAGCCCCCGATTGGGGGCGACACTCCACCATAGATCACTCCCCTGTGAGGAACTACTGTCTTCACGCA 
GAAAGCGTCTAGCCATGGCGTTAGTATGAGTGTCGTGCAGCCTCCAGGACCCCCCCTCCCGGGAGAGCCA 
TAGTGGTCTGCGGAACCGGTGAGTACACCGGAATTGCCAGGACGACCGGGTCCTTTCTTGGATCAACCCG 
CTCAATGCCTGGAGATTTGGGCGTGCCCCCGCGAGACTGCTAGCCGAGTAGTGTTGGGTCGCGAAAGGCC 
TTGTGGTACTGCCTGATAGGGTGCTTGCGAGTGCCCCGGGAGGTCTCGTAGACCGTGCACC 
 
A) 

Oligo Arms:   CGC AGA TCG GTA CCG CAA- 5' 3´-TCA TAC TCA CAG CAC GTC 

Template 5´- GCG TCT AGC CAT GGC GTT AGT ATG AGT GTC GTG CAG - 3´ 
Back piece 5´- CACGCGGCTATAATCAXXXXXXXXXXXXXXXXXXXXTGGTAGC -3´ 

Full padlock 5'- AACGCCATGGCTAGACGC 
CACGCGGCTATAATCAXXXXXXXXXXXXXXXXXXXXTGGTAGC CTGCACGACACTCATACT -3' 

Oligo analyser of Target:  

SEQUENCE 5'- GCG TCT AGC CAT GGC GTT AGT ATG AGT GTC GTG CAG -3' 

COMPLEMENT 5'- CTG CAC GAC ACT CAT ACT AAC GCC ATG GCT AGA CGC -3' 

LENGTH 36 
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GC CONTENT 55.6 % 

MELT TEMP 67.1 ºC 

MOLECULAR WEIGHT 11163.2 g/mole 

EXTINCTION COEFFICIENT 346700 L/(mole·cm) 

Hairpin, top 2:  

structure Image                                     ΔG (kcal.mole-1)        Tm (oC) ΔH 

(kcal.mole-1) 

1 

 

-0.61 34.1 -20.5 
 

  

2 

 

-0.42 32.4 -17.5 

  

Self-dimer, lowest Delta G:  

Delta G:  -17.8 kcal/mol Base Pairs: 8  
 
B) 
 
Oligo Arms:    ATC ACC AGA CGC CTT GGC-5' 3'- CAC TCA TGT GGC  CTT  AAC 
Template 5´- TAG TGG TCT GCG GAA CCG GTG AGT ACA CCG GAA TTG-3´ 
 

Back piece 5´- CACGCGGCTATAATCAXXXXXXXXXXXXXXXXXXXXTGGTAGC -3´ 

Full padlock 5'- CGG TTC CGC AGA CCA CTA 
CACGCGGCTATAATCAXXXXXXXXXXXXXXXXXXXXTGGTAGC CAA TTC CGG TGT ACT CAC -3' 

Oligo analyser of Target:  

SEQUENCE 5'- TAG TGG TCT GCG GAA CCG GTG AGT ACA CCG GAA TTG -3' 

COMPLEMENT 5'- CAA TTC CGG TGT ACT CAC CGG TTC CGC AGA CCA CTA -3' 

LENGTH 36 

GC CONTENT 55.6 % 

MELT TEMP 68 ºC 
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MOLECULAR WEIGHT 11181.3 g/mole 

EXTINCTION COEFFICIENT 352300 L/(mole·cm) 

 

Hairpin, top 2:  

structure Image                                              ΔG (kcal.mole-1) Tm (oC)        ΔH 

(kcal.mole-1) 

1 

 

-8.08 73.3 -57.9 
 

  

2 

 

-8.05 59.3 -78.1 

  

 

Self-dimer, lowest Delta G:  

Delta G:  -13.05 kcal/mol Base Pairs: 6 
 

 

 

 

3, Subtype 2a gene, 5´noncoding region, isolate; K-0041, 340 bp linear RNA, Accession D31605.1 
FASTA 
ACCCGCCCCTAATAGGGGCGACACTCCGCCATGAATCACTCCCCTGTGAGGAACTACTGTCTTCACGCAG 
AAAGCGTCTAGCCATGGCGTTAGTATGAGTGTCGTACAGCCTCCAGGCCCCCCCCTCCCGGGAGAGCCAT 
AGTGGTCTGCGGAACCGGTGAGTACACCGGAATTGC CGGGAAGACTGGGTCCTTTCTTGGATAAACCCAC 
TCTATGCCCGGCCATTTGGGCGTGCCCCCGCAAGACTGCTAGCCGAGTAGCGTTGGGTTGCGAAAGGCCT 
TGTGGTACTGCCTGATAGGGTGCTTGCGAGTGCCCCGGGAGGTCTCGTAGACCGTGCACC 
 
A) 
Oligo arms:    TCA CCA GAC GCC TTG GCC -5´ 3´-ACT CAT GTG GCC TTA ACG  

Template: 5´- AGT GGT CTG CGG AAC CGG TGA GTA CAC CGG AAT TGC - 3´  

Backpiece: 5´- CACGCGGCTATAATCAXXXXXXXXXXXXXXXXXXXXTGGTAGC- 3´ 
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Padlock:   5´- CCG GTT CCG CAG ACC ACT 
CACGCGGCTATAATCAXXXXXXXXXXXXXXXXXXXTGGTAGC 

GCA ATT CCG GTG TAC TCA – 3´ 

Oligo analyser of Target:  

SEQUENCE 5'- AGT GGT CTG CGG AAC CGG TGA GTA CAC CGG AAT TGC -3' 

COMPLEMENT 5'- GCA ATT CCG GTG TAC TCA CCG GTT CCG CAG ACC ACT -3' 

LENGTH 36 

GC CONTENT 58.3 % 

MELT TEMP 69.7 ºC 

MOLECULAR WEIGHT 11166.3 g/mole 

EXTINCTION COEFFICIENT 350400 L/(mole·cm) 

Hairpin, top2:  

structure Image                              ΔG (kcal.mole-1)                        Tm (oC)  

         ΔH (kcal.mole-1) 

1 

 

-8.08 73.3 -57.9 
 

  

2 

 

-7.26 58.9 -71.2 

  

 

 

 

 

 

 

Self-dimer, Lowest Delta G: 

Delta G:  -13.05 kcal/mol Base Pairs: 6 
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B) 
Oligo arms:     TCC GGA ACA CCA TGA CGG-5´  3´- ACT ATC CCA CGA ACG CTC 

Template:  5´- AGG CCT TGT GGT ACT GCC     TGA TAG GGT GCT TGC GAG-3´ 

Backpiece: 5´- CACGCGGCTATAATCAXXXXXXXXXXXXXXXXXXXXTGGTAGC- 3´ 

Padlock:   5´- GGC AGT ACC ACA AGG CCT 

CACGCGGCTATAATCAXXXXXXXXXXXXXXXXXXXXTGGTAGC CTC GCA AGC ACC CTA TCA -3´ 

Oligo analyser of Target:  

SEQUENCE 5'- AGG CCT TGT GGT ACT GCC TGA TAG GGT GCT TGC GAG -3' 

COMPLEMENT 5'- CTC GCA AGC ACC CTA TCA GGC AGT ACC ACA AGG CCT -3' 

LENGTH 36 

GC CONTENT 58.3 % 

MELT TEMP 69.6 ºC 

MOLECULAR WEIGHT 11179.2 g/mole 

EXTINCTION COEFFICIENT 338700 L/(mole·cm) 

 

 

Hairpin, top2: 

structure Image                                            ΔG (kcal.mole-1) Tm (oC)          ΔH 

(kcal.mole-1) 

1 

 

-2.05 39.3 -44.6 
 

  

2 

 

-1.94 47.7 -27.4 

  

Self-dimer, Lowest Delta G: 
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Delta G:  -12.47 kcal/mol Base Pairs: 6 
                                                                                                          
 
 

 

 

4, Subtype 2b gene, 5´noncoding region, isolate; K-0043, 341 bp linear RNA, Accession D31606.1 

FASTA 
GCCCGCCCCCTGATGGGGGCGACACTCCGCCATGAGTCACTCCCCTGTGAGGAACTACTGTCTTCACGCA 
GAAAGCGTCTAGCCATGGCGTTAGTATGAGTGTCGTACAGCCTCCAGGCCCCCCCCTCCCGGGAGAGCCA 
TAGTGGTCTGCGGAACCGGTGAGTACACCGGAATTACCGGAAAGACTGGGTCCTTTCTTGGATAAACCCA 
CTCTATGTCCGGTCATTTGGGCGTGCCCCCGCAAGACTGCTAGCCGAGTAGCGTTGGGTTGCGAAAGGCC 
TTGTGGTACTGCCTGATAGGGTGCTTGCGAGTGCCCCGGGAGGTCTCGTAGACCGTGCATC 
 
Oligo arms:  TCA CCA GAC GCC TTG GCC´-5 3´- ACT CAT GAG GCC TTA ATG 

Target:   5´-AGT GGT CTG CGG AAC CGG       TGA GTA CAC CGG AAT TAC-3´ 

Backpiece: 5´- CACGCGGCTATAATCAXXXXXXXXXXXXXXXXXXXXTGGTAGC-3´ 

Padlock 5´- CC GTTCCGCAGACCACT 

CACGCGGCTATAATCAXXXXXXXXXXXXXXXXXXXXTGGTAGCGTAATTCCGGAGTACTCA -3´ 

Oligo analyser of Target:  

SEQUENCE 5'- AGT GGT CTG CGG AAC CGG TGA GTA CAC CGG AAT TAC -3' 

COMPLEMENT 5'- GTA ATT CCG GTG TAC TCA CCG GTT CCG CAG ACC ACT -3' 

LENGTH 36 

GC CONTENT 55.6 % 

MELT TEMP 68 ºC 

MOLECULAR WEIGHT 11150.3 g/mole 

EXTINCTION COEFFICIENT 354500 L/(mole·cm) 

 

 

 

Hairpin, top 2:  

structure Image                                               ΔG (kcal.mole-1        Tm (oC) ΔH 

(kcal.mole-1) 
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1 

 

-8.08 73.3 -57.9 
 

  

2 

 

-7.26 58.9 -71.2 

  

Self-dimer, lowest Delta G: 

Delta G:  -13.05 kcal/mol  Base Pairs: 6 
 

 

 

5. Subtype 3a gene, partial 5´UTR, isolate; 160940 UR, 243 bp linear RNA Accession AM228898  

FASTA 
TTCACGCGGAAAGCGCCTAGCCATGGCGTTAGTAGTGGTAGAGCTTCTAACTCCAGGACCCCCTCCCGGG 
AGACCATAGTGGTCTGCGGAACGGTGAGTACACCGGAATCGCTGGGGTGACCGGGTCCTTTCTTGGAGTA 
ACCCGCTCAATACCCAGTAAATTTGGGGCGTGCCCCCGCGAGGATCACGAGCCGAACCTAGTGTGGGGGT 
CCCGAAAAGGCCTTGGCCCTTGGTGGGGCGAGT 
 
Oligo arms: CTG GTA TCA CCA GAC GCC-5´ 3´- TTG CCA CTC  ATG TGG CCT 

Target: 5´- GAC CAT AGT GGT CTG CGG           AAC GGT GAG TAC ACC GGA- 3´ 

Backpiece: 5´- CACGCGGCTATAATCAXXXXXXXXXXXXXXXXXXXXTGGTAGC-3´ 

Padlock 5´- CCGCAGACCACTATGGTC  

CACGCGGCTATAATCAXXXXXXXXXXXXXXXXXXXXTGGTAGCTCCGGTGTACTCACCGTT -3´ 

Oligo analyser of Target:  

SEQUENCE 5'- GAC CAT AGT GGT CTG CGG AAC GGT GAG TAC ACC GGA -3' 

COMPLEMENT 5'- TCC GGT GTA CTC ACC GTT CCG CAG ACC ACT ATG GTC -3' 

LENGTH 36 

GC CONTENT 58.3 % 

MELT TEMP 68.8 ºC 

MOLECULAR WEIGHT 11175.3 g/mole 
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EXTINCTION COEFFICIENT 358000 L/(mole·cm) 

Hairpin, top 2:  

structure Image                                                ΔG (kcal.mole-1) Tm (oC)             
ΔH(kcal.mole-1) 

1 

 

-8.86 58.6 -87.5 
 

  

2 

 

-6.01 53 -70.1 

  

Self-dimer, lowest Delta G 

Delta G:  -9.98 kcal/mol Base Pairs: 5 
 

 

6, Subtype 3b gene, partial 5´UTR, isolate 04R, 247 bp linear RNA, Accession AM228888 

FASTA 
TTCACGCGGAAAGCGCCTAGCCATGGCGTTAGTAGGACTGTGTGCAGCCTCCAGGCCCCCCCCTCCCGGG 
AGAGCCATAGTGGTCTGCGGAACCGGTGAGTACACCGGAATCGCCGGGATGACCGGGTCCTTTCTTGGAA 
CAACCCGCTCAATGCCCGGAAATTTGGGCGTGCCCCCGCGAAATCACGAGCCGAGTGTGTGGGTCCCAAA 
AGGCCTTGTGGTACTGCCTGATAGGGTGCTCGCGAGT 
 
Oligo arms: ATC ACC AGA CGC CTT GGC-5'3'- CAC TCA TGT GGC CTT AGC  

Target:   5´- TAG TGG TCT GCG GAA CCG          GTG AGT ACA CCG GAA TCG -3´ 

Backpiece: 5´- CACGCGGCTATAATCAXXXXXXXXXXXXXXXXXXXXTGGTAGC -3´ 

Padlock 5'- CGGTTCCGCAGACCACTA 
CACGCGGCTATAATCAXXXXXXXXXXXXXXXXXXXXTGGTAGCCGATTCCGGTGTACTCAC -3' 

Oligo analyser of target: 

SEQUENCE 5'- TAG TGG TCT GCG GAA CCG GTG AGT ACA CCG GAA TCG -3' 

COMPLEMENT 5'- CGA TTC CGG TGT ACT CAC CGG TTC CGC AGA CCA CTA -3' 

LENGTH 36 
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GC CONTENT 58.3 % 

MELT TEMP 68.9 ºC 

MOLECULAR WEIGHT 11166.3 g/mole 

EXTINCTION COEFFICIENT 352000 L/(mole·cm) 

 

Hairpin, top 2:  

structure Image                                        ΔG (kcal.mole-1)               Tm (oC)

            ΔH(kcal.mole-1) 

1 

 

-8.08 73.3 -57.9 
 

  

2 

 

 

 

-8.05 59.3 -78.1 

  

Self-dimer, lowest Delta G:  

Delta G:  -13.05 kcal/mol Base Pairs: 6 

 

 

7, Hepacivirus C isolate 247 NS5A gene, partial cds, 1341 bp linear RNA, Accession 

MG4550046.1 

FASTA  
TCCGGCTCGTGGCTAAGGGATGTTTGGGACTGGATATGCACGGTGTTGAGTGACTTCAAGACCTGGCTCC 
AGTCCAAGCTCCTGCCGCGGTTACCCGGRGTCCCTTTCATCTCATGTCAGCGTGGGTACARGGGAGTCTG 
GCGAGGAGACGGCATTATGCAYACCACCTGCCCATGTGGAGCACAGATCACCGGACATGTCAAAAACGGT 
TCCATGAGGATCGTTGGGCCTAAAACCTGCAGCAACACGTGGCATGGAACGTTCCCCATCAACGCGTACA 
CCACGGGCCCCTGCACACCCTCCCCGGCGCCAAACTATTCCAGGGCGCTGTGGCGGGTGGCTGCTGAGGA 
GTACGTGGAGGTTACGCGGGTGGGGGATTTCCACTACGTGACGGGCATGACCACTGACAACATAAAATGC 
CCGTGCCAGGTTCCGGCCCCYGAATTCTTCACAGAAGTGGATGGGGTGCGGCTGCACAGGTACGCCCCGG 
CGTGYAAACCTCTCCTACGGGAGGAGGTTACATTCCAGGTCGGGCTCAACCAATACCTGGTTGGGTCGCA 
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GCTCCCATGTGAGCCCGAACCGGACGTRACCGTGCTTACTTCCATGCTCACCGACCCCTCCCACATCACA 
GCAGAGACGGCTAAACGTAGGCTGGCCAGAGGGTCYCCCCCCTCTTTGGCCAGCTCTTCAGCTAGTCAGT 
TATCTGCGCCTTCTTTGAAGGCAACATGCACTACCCGTCATGACTCCCCGGACGCTGACCTCATCGAGGC 
CAACCTCCTGTGGCGGCAGGAGATGGGCGGGAACATCACCCGCGTGGAGTCAGAGAACAAGGTGGTAATT 
CTGGACTCTTTCGAACCGCTTCAAGCGGAGGAGGATGAGAGGGAGGTATCCGTTCCGGCGGAGATCCTGC 
GGARATCCAGGAARTTCCCCCCAGCGCTGCCCGTRTGGGCGCGCCCAGATTACAACCCTCCACTGATAGA 
GTCATGGAAGGACCCGGACTACGTCCCTCCGGTGGTACATGGGTGCCCRTTGCCACCTACCAAGGCCCCT 
CCAATACCRCCTCCCCGGAGRAAGAGGACGGTTGTCCTGACAGAATCCACYGTGTCTTCTGCCYTGGCGG 
AGCTAGCCACAAAGACCTTCGGCAGCTCCGAATCGTCGGGCGTCGATAGCGGCACGGCGACCGCCCCTCC 
AGACCAGCCCTCCGACGACGGCGACGCAGGATCCGACGTTGAGTCGTACTCCTCCATGCCCCCCCTTGAG 
GGGGAGCCGGGGGATCCCGATCTCAGCGACGGGTCTTGGTCTACCGTCAGCGAGGAGGCTRGTGAGGACG 
TCGTCTGCTGC 
 
Oligo arms: CAC ACT GAA GTT CTG GAC-5´  3´-CGA GGT CAG GTT CGA GGA 

Target:   5´- GAG TGA CTT CAA GAC CTG           GCT CCA GTC CAA GCT CCT 

Backpiece: 5´- CACGCGGCTATAATCAXXXXXXXXXXXXXXXXXXXXTGGTAGC -3´ 

Padlock: 5´- CAGGTCTTGAAGTCACAC 

CACGCGGCTATAATCAXXXXXXXXXXXXXXXXXXXXTGGTAGCAGGAGCTTGGACTGGAGC -3´ 

 

 

 

 

Oligo analyser of target:  

SEQUENCE 5'- GAG TGA CTT CAA GAC CTG GCT CCA GTC CAA GCT CCT -3' 

COMPLEMENT 5'- AGG AGC TTG GAC TGG AGC CAG GTC TTG AAG TCA CTC -3' 

LENGTH 36 

GC CONTENT 55.6 % 

MELT TEMP 67.8 ºC 

MOLECULAR WEIGHT 10981.1 g/mole 

EXTINCTION COEFFICIENT 333800 L/(mole·cm) 

Hairpin, top2:  

structure Image                                            ΔG (kcal.mole-1)   Tm (oC)     ΔH(kcal.mole-

1)                    
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1 

 

-1.31 37.7 -32.1 
 

  

2 

 

-1.14 32.5 -46.5 
 

 

Self-dimer, lowest Delta G:  

Delta G:  -6.62 kcal/mol Base Pairs: 4 
 

 

8, Type 4, isolate CAR1/501, non-structural region, NS5b gene, partial cds, 340 bp linear RNA, 

Accession L36438.1  

FASTA 

CTCGACTGTGNCCGAGAGGGACATCAGGACAGAGGGAGAGGTCTATCAGTGTTGCGACCTGGAACCGGAA 
GCCCGCAAGGTAATCACCGCCCTCACTGAGAGACTCTATGTGGGCGGACCCATGTTCAACAGCAAGGGAG 
ACCTGTGCGGACAACGCCGGTGCCGCGCAAGCGGCGTGTTCACCACCAGCTTCGGGAACACACTGACGTG 
CTACCTTAAAGCCACAGCTGCTACTAGAGCAGCCGGCTTAAAAGATTGCACCATGCTGGTCTGCGGTGAC 
GACTTAGTCGTTATTTCCGAGAGCGCCGGTGTGGAGGAGGATCCCANAACCCNNCGACCN 
 
Oligo arms: TCT CCA GAT AGT CAC AAC-5'3'- GCT GGA CCT TGG CCT TCG   

Target:   5´- AGA GGT CTA TCA GTG TTG         CGA CCT GGA ACC GGA AGC -3´  

Backpiece: 5´- CACGCGGCTATAATCAXXXXXXXXXXXXXXXXXXXXTGGTAGC -3´ 

Padlock: 5'- CAACACTGATAGACCTCT 
CACGCGGCTATAATCAXXXXXXXXXXXXXXXXXXXXTGGTAGCGCTTCCGGTTCCAGGTCG -3' 

Oligo analyser of target: 

LENGTH 36 

GC CONTENT 55.6 % 

MELT TEMP 67.9 ºC 

MOLECULAR WEIGHT 11150.3 g/mole 

EXTINCTION COEFFICIENT 353300 L/(mole·cm) 
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Hairpin, top 2:  

structure Image                                   ΔG (kcal.mole-1) Tm (oC)           ΔH 
(kcal.mole-1)  

1 

 

-2.66 48.8 -36 
 

  

2 

 

-1.36 33.2 -50.7 
 

 

Self-dimer, lowest Delta G:  

Delta G:  -9.75 kcal/mol Base Pairs: 4 
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Appendix 2 

 

Protocol for 4 X RCA Mix 
Divide evenly the 10 ml into Eppendorf tubes. 

Store in freezer, Vortex, and centrifuge before use 

 

Reagent Stock 
Concentration 

4 X 
Concentration 

Working 
Concentration 

Amount needed 
for 10 ml 4X RCA 

BSA 10 mg/ml 1 mg/ml 0,25 mg/ml 1 ml 
Phi 29 Buffer 10 X 4 X 1 X 4 ml 
dNTP 25 mM 2 mM 0,5 mM 0,8 ml 
ddH2O    4,2 ml 
Final Volume     10 ml 

 

Recipe for Detection Beads 
 

1. Pipette 100 μl of crimson read beads into Eppendorf tube, centrifuge at 13 000 rpm for 5 
min.  

2. Discard supernatant. 

3. Wash with 500 μl 1 X PBS + 0,1 % BSA mix, pipette up and down as way of mixing till pellet 
is fully dissolved. 

4. Centrifuge again at 13 000 rpm for 5 min. additional run might be needed if pellet not 

properly firm.  
5. Discard supernatant and add 100 μl of  biotin detection oligonucleotide 0,1 μM 

6. Put tube in a multi rotator machine overnight. 

7. Wash again using 500 μl of PBS+BSA mix, repeat centrifuging as in previous steps. 
8. Discard supernatant. 

9. Add 200 μl of PBS+BSA mix, mix by pipetting till pellet is fully solved. Done. 

10. Store in fridge. 
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