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Summary:
Due to climate change, infections in plants have become increasingly frequent and damaging. For this 
reason, methods to provide early detection of infection are crucial to allow for timely treatment to prevent 
the spread of the infection and to safeguard the crop. In this work, we have developed a microfluidic 
device to amplify DNA through rolling circle amplification using microbeads as a solid platform to immo-
bilize the DNA. We demonstrate the application of this device towards the detection of Botrytis cinerea,
a pathogen that has a major impact on several crops.  
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Introduction
Climate changes are having an immense impact 
in agriculture, which can lead to the loss of crops 
due to several factors, such as the increase in
infections. This can affect the production of sev-
eral food products, such as grapes, strawberries 
and tomatoes. Microbiological infections are pre-
sent in many food products both at the produc-
tion stage and in the post-harvest processing. 
Therefore, having a way of detecting these infec-
tions early on and employ the appropriate treat-
ments is key, and the development of a device 
that can detect these pathogens in a fast, low-
cost and sensitive way in the field or at the pro-
duction site is of extreme importance. To achieve 
these goals, microfluidics is the ideal platform 
due to its inherent small size, which allows for 
low reagent volumes, enhanced assay kinetics 
and low fabrication costs. Additionally, isother-
mal DNA amplification, particularly padlock-roll-
ing circle amplification (PLP-RCA), is a powerful 
tool that allows for a very sensitive and specific 
detection of pathogens and can easily be inte-
grated into a portable microfluidic device to be 
used at the point of impact. Given that one of the 
pathogens that greatly impacts several crops is 
Botrytis cinerea it is the targeted pathogen in this 
work.

Methods and results 
In this work we have successfully captured,
quantified and amplified our target DNA in a mi-
crofluidic system using microbeads as a solid 
support system. First, a calibration curve for the 

fluorescence signal emitted by Alexa430 la-
belled DNA on Q-Sepharose beads was ob-
tained to be used for the quantification of the 
capture of target DNA (Fig 1.). 

Fig. 1. Calibration curve of the capture of Alexa430 
labelled DNA in Q-Sepharose beads. 

To evaluate the efficiency and specificity of the 
PLP, we evaluated two target capture strategies
(primer and anchor) with a ssDNA labelled with 
Alexa430 (Fig 2.). In the primer capture, the bio-
tinylated primer is immobilized on the streptavi-
din beads followed by hybridization with the back 
of the PLP, which then circularizes in the pres-
ence of the target, which hybridizes with its two
ends, if complementary. On the other hand, with 
the anchor capture, the biotinylated anchor is im-
mobilized on the streptavidin beads followed by 
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hybridization with a section of the target, then hy-
bridization of the PLP with the target, as in the 
first strategy. Positive and negative controls for 
the capture assay were also performed with no 
biotinylated capture element (primer or anchor) 
and with a non-complementary labelled DNA, 
highlighting the specificity of the developed strat-
egies.  To assess how much target DNA was 
captured during the assay, after flowing the la-
beled ssDNA through the channel with streptav-
idin beads with previously immobilized anchor or 
primer and PLP, the solution with the uncaptured 
target is collected at the outlet and flowed 
through a second channel with Q-Sepharose 
beads. From the signal of the labelled cDNA in 
the Q-Sepharose beads (light blue and green 
bars in Fig 2.) and using the calibration curve 
(Fig 1.)  and a mass balance strategy, we were 
then able to calculate how much target DNA was 
successfully captured, resulting in 87% capture 
efficiency with the primer capture and 61% with 
the anchor strategy. 

Fig. 2. Target DNA capture and quantification assay 
for the anchor (in green) and primer capture (in blue) 
strategy, and respective controls. The capture quanti-
fication side of the graphic represents the fluores-
cence signals obtained in both the streptavidin and Q-
Sepharose beads for the capture quantification assay. 
The controls side of the graphic represents the posi-
tive and negative controls.  

Lastly, amplification of Botrytis cinerea ssDNA 
(Fig. 3) was also achieved using both target cap-
ture strategies (primer and anchor) and RCA, 
which upon immobilization of the DNA on the mi-
crobeads is carried out, by flowing the solutions 
sequentially. When the PLP hybridizes with the 
cDNA a gap is left between its two ends which is 
closed by a DNA ligase. Following the successful 
ligation, a DNA polymerase with strand displace-
ment activity, carries out the amplification of a 

long ssDNA strand by going around the PLP 
multiple rounds. [1] Lastly, the amplification 
product is detected through the use of oligonu-
cleotides labelled with Alexa430.  

Fig. 3. A) Schematic representation of the RCA as-
say. B) RCA of Botrytis cinerea ssDNA for both anchor 
and primer capture strategies, with the controls where 
no target DNA was flown through the channel with ex-
perimental images of the anchor capture positive and 
control experiments.  

Although we were able to successfully detect the 
target DNA, further optimization will be carried 
out, to increase the assay sensitivity. A DNA ex-
traction protocol will also be developed and then 
implemented in the microfluidic device. All of this 
will allow for pathogen detection upon DNA am-
plification from real samples, such as grapes. 
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