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Multi-target, short time, and resource-affordable methodologies for the detection of
multiple nucleic acids in a single easy-to-operate test are urgently needed in disease
diagnosis, microbial monitoring, as well as genetically modified organism (GMO)
detection and forensic analysis. we have described the platform called CALM
(Capillary Array-based Loop-mediated isothermal amplification for Multiplex visual
detection of nucleic acids).Herein, we described the improved fabrication and
performance process. In this platform, we apply a small ready-to-use cassette
assembled by capillary array for multiplex visual detection of nucleic acids. In this
method, the capillary array is pre-treated into hydrophobic and hydrophilic pattern
before fixing loop-mediated isothermal amplification(LAMP) primer sets in capillaries.
After assembly of the loading adaptor, LAMP reaction mixture is loaded and isolated
into each capillary due to capillary force by a single pipetting. The LAMP reactions are
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performed in parallel in the capillaries. The results are visually read out by illumination
with a hand-held UV flashlight. Using this platform, we demonstrated how to monitor 8
frequently appeared elements and genes in GMO samples with high specificity and
sensitivity. In summary, the platform described here is intended to facilitate detection of
multiple nucleic acids. We believe it will be widely applicable in fields where high-
throughput nucleic acid analysis is required.
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Dear Nandita Singh,

We are very excited to submit our manuscript entitled “Visual Detection of
Multiple Nucleic Acids in a Capillary Array” by Chen et al., for publication in JoVE
(Journal of Visualized Experiments).

Fast and low-cost methodologies for monitoring of multiple nucleic acids in a
single test with simple operation is urgently desired for Genetically modified
organisms (GMO) monitoring, infectious disease detection and even anti-terrorism.
For example, in genetically modified organisms (GMO) monitoring, there are hundreds
of known genetic modifications to be tested for a single sample. Similarly, in infectious
disease diagnosis, such as pneumonia, which could be caused by a variety of
pathogens. To achieve rapid diagnosis and give the patients proper treatments,
doctors need to identify the causative pathogen/s or subtype/s from many
possibilities as soon as possible. Importantly, the requirement of simplicity and
multiplicity is even higher in point-of-care test circumstance, which is usually
resource-limited.

However, traditional methodologies can hardly meet these requirements. PCR-
based methodologies are usually limited by its low multiplicity, high dependency to
professional equipment. Isothermal amplification methodologies also short of
multiplicity.

To this end, we have described the platform called CALM (Capillary Array-based
Loop-mediated isothermal amplification for Multiplex visual detection of nucleic
acids) (Shao et. al., Lab chip, 2017). Herein, we described the improved fabrication and
performance process. In this platform, we apply a small ready-to-use cassette
assembled by capillary array for multiplex visual detection of nucleic acids. In this
method, the capillary array is pre-treated into hydrophobic and hydrophilic pattern
before fixing loop-mediated isothermal amplification(LAMP) primer sets in capillaries.
After assembly of the loading adaptor, LAMP reaction mixture is loaded and isolated
into each capillary due to capillary force by a single pipetting. The LAMP reactions are
performed in parallel in the capillaries. The results are visually read out by illumination
with a hand-held UV flashlight. Using this platform, we demonstrated how to monitor
8 frequently appeared elements and genes in GMO samples with high specificity and
sensitivity.

To our knowledge, CALM is the most high-throughput nucleic acids detection
system based on LAMP. Meanwhile, it is easy-to-use. Due to the simple operation,



small size and naked eye-readout, CALM has great potential in POCT. The inherent
flexibility of the capillary array format gives CALM great flexibility and expandability
to be adapted to broad applications.
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SHORT ABSTRACT:

This protocol describes the fabrication of a small, ready-to-use cassette that can be applied for
visual detection of multiple nucleic acids in a single, test that is easy to operate. In this approach,
a capillary array was used for multiplex and highly efficient detection of GMO targets.

LONG ABSTRACT:

Multi-target, short time, and resource-affordable methodologies for the detection of multiple
nucleic acids in a single, easy to operate test are urgently needed in disease diagnosis, microbial
monitoring, genetically modified organism (GMO) detection, and forensic analysis. We have
previously described the platform called CALM (Capillary Array-based Loop-mediated isothermal
amplification for Multiplex visual detection of nucleic acids). Herein, we describe improved
fabrication and performance processes for this platform. Here, we apply a small, ready-to-use
cassette assembled by capillary array for multiplex visual detection of nucleic acids. The capillary
array is pre-treated into a hydrophobic and hydrophilic pattern before fixing loop-mediated
isothermal amplification (LAMP) primer sets in capillaries. After assembly of the loading adaptor,
LAMP reaction mixture is loaded and isolated into each capillary, due to capillary force by a single
pipetting step. The LAMP reactions are performed in parallel in the capillaries. The results are
visually read out by illumination with a hand-held UV flashlight. Using this platform, we
demonstrate monitoring of 8 frequently appearing elements and genes in GMO samples with
high specificity and sensitivity. In summary, the platform described herein is intended to facilitate
the detection of multiple nucleic acids. We believe it will be widely applicable in fields where
high-throughput nucleic acid analysis is required.

INTRODUCTION:

Low-cost, quick, and easy to use systems for the simultaneous detection of multiple nucleic acids
are urgently needed in a wide range of fields, such as clinical diagnostics'3, GMO detection*®,
microbial monitoring”®, forensic analysis'®!?, and especially point-of-care tests (POCTs), where
resources are usually limited'?14,

Polymerase chain reaction (PCR), including its derivative methods real-time PCR and multiplex
PCR, is the most widely applied technique for detection in these fields. However, these methods
typically only detect one target in one test!® and they require electricity and sophisticated
professional equipment.

Another promising technology for detecting nucleic acids is Loop-mediated isothermal
amplification (LAMP), which was first described in 2000'. LAMP is a high efficiency DNA
detection method. Theoretically, it can amplify from 1 copy to 10° copies of amplicons within one
hour, all performed at a constant temperature, (i.e., between 60—-65 °C). Successful amplification
will produce a large amount of the insoluble byproduct pyrophosphate and cause a change in
turbidity!’, which could be directly observed by the naked eye. A color change can also be
observed by the addition of metal ions or fluorescent dyes such as Calcein'8, Nucleic acid dye??,
and hydroxyl naphthol blue?°. Because of the advantages of high sensitivity and convenience of
operation, LAMP is being widely applied in nucleic acid detection.



Currently, there are mainly two strategies for multiplex LAMP assays. One is to perform multiple
LAMP assays by having multiple LAMP primer sets in one tube?!-23, However, the multiplicity and
the amplification efficiency would be limited by the intrinsic interference and competition among
different primer sets. Furthermore, it can be difficult to identify different LAMP products in the
same reaction. Another strategy is based on physical isolation. Different primer sets were
isolated into individual miniaturized compartments, and multiple LAMP reactions are then
performed simultaneously?*#?>. These approaches, which are generally based on microfluidic
chips, provide a potential solution for high-throughput LAMP reactions. However, the
manufacture of the chips and the multiplex pre-coating of primer sets is complicated, which may
increase costs and decrease reproducibility.

Recently, a few studies have described performing LAMP reactions in capillaries to bypass the
complicated fabrication of microfluidic chips and have achieved low-cost detection?%?’. However,
with regards to high-throughput analysis, these capillaries are similar to miniature versions of
PCR strip tubes, because the samples and reaction reagents (including the different primer sets)
must be individually prepared and delivered to different reaction units within capillaries. To
achieve parallel and multiplex analysis, additional equipment, for example a multichannel syringe
pump, is required for parallel loading of samples or reagents.

To overcome the limitations associated with the current methods for multiplex detection of
nucleic acids, we have developed a miniaturized platform which combines visual LAMP
technology with a capillary array. This platform is multi-target, compact in size, low cost, and easy
to operate?®. Herein, we describe the details of how to fabricate the capillary array and perform
the LAMP reactions in the array. The protocol described here has been standardized using
genetically modified organism (GMO) detection as a model. Importantly, this protocol can also
be used in high-throughput detection of other nucleic acid targets.

PROTOCOL:

Note: This protocol assumes that the stainless steel mold bearing the shape for the desired micro-
channels and the loading adaptor have already been made (3D files are provided as Supplemental
Files 1 and 2). This protocol also assumes that plant DNA isolation has already been carried out.
1. Fabrication of the Capillary Array-based Ready-To-Use Cassette

1.1. Clean the stainless-steel mold.

1.1.1. Wash the stainless-steel mold by detergent, ethanol, and deionized water to remove the
potential contaminants. Dry the mold by nitrogen.

1.2. Clean the capillaries

1.2.1. Wear safety goggles, acid and alkali-resistant rubber uniforms, and chemical protective
gloves.



1.2.2. Place capillaries into an acid cylinder. Clean the capillaries with 30 mL acetone for 5 min to
remove organic matter, and then wash the capillaries with deionized water.

Caution: Handle acetone in a fume hood.

1.2.3. Pour 10 mL of H,0; into the acid cylinder and then add 30 mL of H,SO4 into the H,0;, with
slow shaking to prevent overheating. Make sure that the solution (piranha solution) completely
covers the capillaries for at least 30 min.

Caution: Be careful while handling piranha solution (H;SO4/H,02 = 3: 1, v/v). If the piranha
solution is spilled, wash away the solution quickly with a large amount of water and wipe the
surface with paper towels.

Note: Thorough cleaning of capillaries is one of the key points to ensure the success of the LAMP
reaction. It is necessary to shake the acid cylinder during the cleaning process to remove the

bubbles in capillaries, and the clean time can also be extended when required.

1.2.4. Wash away the piranha solution with a large amount of water. Wash capillaries with
ethanol and deionized water for 5 min each. Dry the capillaries in a drying oven.

1.3. Pour polydimethylsiloxane (PDMS)

1.3.1. Weight out PDMS base and curing reagents with a ratio of 1:1 in a beaker. Typically, mix 5
g of elastomer base to 5 g of elastomer curing agent.

1.3.2. Stir the mixture thoroughly for about 5 min with a glass rod. Place the beaker with PDMS
in a vacuum bell jar for 30 min for de-gassing.

1.3.3. Pour the PDMS slowly into the cylinder of the stainless-steel mold. Allow the PDMS to cure
for 3 hiin a drying oven at 60 °C

Note: Be careful to avoid air bubbles when pouring PDMS. After pouring PDMS, allow it stand for
5 min for natural removal of bubbles out of PDMS.

1.4. Remove the mold from PDMS

1.4.1. After curing the PDMS, remove the mold by pulling out the mold with cylinder. Remove
PDMS from the cylinder by cutting the margin of mold with a scalpel.

1.4.2. Wash PDMS three times with ethanol and deionized water. Dry the PDMS support with
nitrogen.



1.5. Treat the lower surface of the PDMS support to be hydrophobic. Soak the PDMS support in
a super-hydrophobic coat for 1 s. Dry it for 10 min at room temperature.

1.6. Insert the capillary into the PDMS support
1.6.1. Insert the cleaned 4 mm capillaries into the holes of the PDMS support and leave 0.5 mm
of the capillaries outside the top surface of the PDMS support. Make sure the ends of capillaries

are on the same level.

1.7. Treat the outer surface of the capillaries and the top surface of the PDMS support to be
hydrophobic.

1.7.1. Add 15 pL super-hydrophobic coat onto the top surface of the PDMS support. Note that
the coating immediately spreads all over the top surface (including the top surface of the PDMS
support and the outer surfaces of the exposed part of the capillaries) by capillary force.

1.7.2. Air dry the super-hydrophobic modified capillary array.

1.8. Fix primer into capillary array

1.8.1. Prepare primer solution. Weight out 0.65 g chitosan (molecular formula: (CsH11NOa)s) and
dissolve it into 50 mL deionized water by adjusting the pH to 4.5-5.5 with acetic acid to achieve
a chitosan concentration of 1.3%. Prepare primer components mix as per Table 1. See
Supplementary Table 1 for primers

[Place Table 1 here]

1.8.2. Add 1.6 pL of the mixture of one set of primers to fill one corresponding capillary of the
capillary array according to a pre-designed order.

Note: The remaining two blank capillaries were set as negative controls.

1.8.3. Anchor the array in a transparent well of a standard flat bottom 96-well plate and dry the
array at 60 °C for at least 2 h.

1.9. Assemble the cassette as follows. Put a loading adaptor onto the top of anchored array. Make
sure the dish of the adaptor just covers the exposed parts of all ten capillaries (See Figure 1).

[Place Figure 1 here]
2. Performance of LAMP Reaction in Capillary Array

2.1. Prepare the reaction mix



2.1.1. Prepare the LAMP reaction mix as per Table 2.

[Place Table 2 here]

2.1.2. Add reagents to mixture according to the chosen order, as in Table 2, and vortex the
reaction mixture for 5 s after adding calcein. Gently invert the tube 20 times after Bst polymerase
is added.

2.2. Load the reagents and seal the cassette

2.2.1. Pipette 20 uL LAMP reaction mixture with a standard 100-uL tip. Insert the tip into the inlet
of the loading adaptor to lock it. Gently inject the reaction mixture into the dish of adaptor; the
reaction mixture will quickly fill the dish and then load the capillaries automatically through

capillary force.

2.2.2. Remove the adaptor with the locked tip and seal the well by a PCR-compatible transparent
sealing film.

Note: Only the capillaries touching the reaction mixture in the hydrophilic dish could be filled. So
make sure the top side of all the capillaries are of the same height (See Figure 2).

[Place Figure 2 here]

2.3. Incubate the capillary array in an incubator at 63 °C for 1 h.
3. Results Readout and Data Analysis

3.1. Acquire images of the fluorescence emission.

3.1.1. Fix a UV filter on the top surface of a small hand-held UV LED flashlight to filter the visible
light.

3.1.2. Excite the dissociated calcein to emit fluorescence with the UV flashlight. Capture images
from the top of the capillary array by either a digital camera or a smartphone.

3.1.3. When taking an image, ensure that the camera is zoomed in on the area of the capillaries
as much as possible to get high quality, clear images.

3.2. Analyze the results
3.2.1. Open the image by image analysis software and then select “Image>Mold>Grayscale>Yes”

and “Image>Mold>16bit>Yes”. Select “File>Save as>format>TIFF” to convert the image to 16-bit
TIFF format.



3.2.2. Extract the value of fluorescence intensity

3.2.2.1. Open the microarray analysis software. Drag the 16-bit TIFF format image into the
interface of the software and then select the wavelength of “532nm” and a color of “green” to
display the image.

3.2.2.2. Create a new block to locate the fluorescence signal from the capillaries. Select
“Tools>New blocks” and input the number of columns and rows as “1;1” and “2;5” in the ‘blocks’
and ‘features’ interfaces separately.

3.2.2.3. Right click and select “Features” model and then adjust the location and diameter to fit
the fluorescence area of capillaries. Select “Analyze” to extract the value of fluorescence intensity.

3.2.2.4. Select “File>save settings as” to save the blocks documents and select “File>save results
as” to save the fluorescence intensity results. Calculate the SNR to define whether LAMP is
successfully performed in the capillaries.

Note: Signals of the capillaries were obtained by recording the gray values of the spots and signal
to noise ratios (SNRs) were defined as ratios of mean values of foreground signals of the targets
to average mean values of foreground signals of the two negative controls. The cutoff to
determine positive signals was set as SNR >2.

REPRESENTATIVE RESULTS:

In this method, it is important to prevent cross-contamination among different capillaries during
the sample loading. For this purpose, chitosan was introduced, which could retain the primers in
individual capillaries. To test whether it worked or not, we pre-fixed the ADH1 (endogenous
reference gene of maize) primer set in the capillary cassette with the pattern of “T” and “U”, as
illustrated in Figure 3a. As expected, only the capillaries contained primer sets showing positive
signals (Figure 3b).

[Place Figure 3 here]

To further evaluate the ability to monitor GMO, we chose seven frequently-used transgenic

elements which cover ~75% of the commercialized GMO events (i.e., P-CaMV35S, bar, cp4 epsps,
P-FMV35S, pat, T-nos and nptll) (Figure 4, layout) which correspond to the capillaries number 1-
7, and one endogenous reference gene for maize (ADH1). To show the specificity of this method,
three GM events (MON863, MON89034, and 59122) were selected and applied to CALM. To
analyze the results, fluorescence images were taken by camera and analyzed as described in the
protocol steps. Expected results were obtained for all the tests (Figure 4). For example, for the
GM maize MONB863, positive signals were obtained for capillaries 1, 6, 7, and 8, which correspond
to targets P-CaMV35S, T-nos, nptll, and the endogenous reference gene ADH1, respectively.

[Place Figure 4 here]



To test the performance of our method in a real world application, two practical maize samples
were selected for analysis by CALM. Then the results were compared with that of real-time PCR
and results were consistent (Figure 5, Supplementary Table 2)

[Place Figure 5 here]
FIGURE LEGENDS:

Figure 1: The cassette fabrication and assembly. (a) Stainless mold and the PDMS support. The
mold consists of 3 parts: cylinder, dam board, and pillar plate. (b) The schematic of PDMS support
fabrication and assembly of the capillary cassette. The whole process contains 5 steps: 1. PDMS
pouring, 2. Mold removing, 3. Capillary inserting and surface coating, 4. primer fixing and 5.
cassette anchoring. 1. Pour PDMS into cylinder of the mold; 2. Push out the dam board to remove
the mold from PDMS support; 3. Coat the down surface of PDMS support and then insert the
capillaries into the PDMS support, lastly coat the upper surface of PDMS support and exposed
capillaries. The thick blue line indicates super-hydrophobic coat; 4. Load primer set into individual
capillaries; 5. Anchor the capillary array in a single 96-well plate and install a sample loading
adaptor onto it. The details have been described in protocol steps 1.1-1.9.

Figure 2: Diagram of sample-loading using the loading adaptor. The picture shows the loading
process employing blue solution as an example. Insert the tip into the inlet and inject the sample
into the adaptor slowly, and then remove the adaptor with locked tip.

Figure 3: Examples of capillary result. (a) The layout of the capillary array. The green spots
indicate that ADH-1 primer sets are pre-fixed in capillaries. (b) Fluorescent photographs of the
two capillary arrays after LAMP. The green color presented the positive LAMP amplification.
The test was performed in duplicate. Successful amplification only presented in primer-fixed
capillaries and without contamination among blank capillaries.

Figure 4: The specificity for monitoring GMOs. The detection of different DNA samples, i.e.,
MONS863, MON89034, 59122, mix of all the above three GM events (MO mix), Non-GM maize
and pure water (no template control, NTC). 1-8: Capillaries pre-fixed with LAMP primer sets of
P-CaMV35S, bar, cp4 epsps, P-FMV35S, pat, T-nos, nptll, and ADH-1, individually. 9-10, two no-
primer controls. The test was performed in duplicate and we found that all the results were
consistent with expectations. See Supplementary Table 2 for data analysis

Figure 5: The results of testing two maize samples. 1-8: Capillaries pre-fixed with the LAMP
primer set of P-CaMV35S, bar, cp4 epsps, P-FMV35S, pat, T-nos, nptll, and ADH-1, individually.
9-10, two no-primer controls. The test was performed in duplicate and then the results were
compared with that of real-time PCR and the results were consistent. See Supplementary Table
3 for comparison results. See Supplementary Table 2 for data analysis.



Table 1: The components of LAMP primer fixing reagents. The components of LAMP primer
fixing mix are listed in the left column of the table, and the volume of each component is listed
in the right column.

Table 2: The reaction system of the capillary array-LAMP. The components of the reaction
system of capillary array LAMP components are listed in left column, and the volume of each
component is listed in the right column.

Supplementary Table 1: List of LAMP primer sequences.

Supplementary Table 2: Data analysis of the LAMP array experiments. The green color coded
cells in the table indicate the positive result

Supplementary Table 3: The real-time PCR results reporting form.

DISCUSSION:

The CALM platform demonstrated here, which combines the LAMP technology with a capillary
array, enables the simultaneous detection of multiple GMO-related gene targets in a single,
highly effective and easy to operate test.

To successfully perform the multiplex LAMP reactions in the cassette, three critical points need
to be noticed. Firstly, achieving the same height for the upper side of the capillaries and the
hydrophilic and hydrophobic pattern of the capillary array are critical for simultaneously loading
reagents into all the capillaries. The capillaries should be aligned by a plate after initial inserting
into the PDMS support to ensure all of them can touch the loaded reaction mixture in the dish of
the loading adaptor. When treating the capillary array with the super-hydrophobic coat, do not
allow the coat to soak into the inner surface of the capillaries. Treat the outer surface of the
capillaries by just loading coat on the top surface of the top PDMS support, allowing the coating
to spread to the outer surfaces of the upper parts of the capillaries. If it occasionally happens
that not all the capillaries are filled with the reagents, it may be prudent to load reagent directly
into a specific capillary.

Secondly, be careful with the preparation of LAMP reagents. The whole process should be gently
and quickly carried out on ice, due to the relatively low reaction temperature of LAMP and the
fragility of the Bst polymerase. It’s advisable to shake the reaction tube with the LAMP mixture
gently instead of vortexing the tube violently after adding Bst polymerase. An inappropriate
handling may cause failure of the reaction. In this experiment, ADH1(endogenous reference gene
of Maize) is set as the positive control and two capillaries without primers are set as blank
controls. So, if LAMP mixture is correctly handled, the positive control would show green and the
blank control would remain unchanged after the test is performed.

Thirdly, due to the high efficiency of the LAMP reaction, false positive or carryover contamination
may happen if there is a trace amount of DNA amplicon in the environment. Therefore, always
bear in mind that the operating processes of pre-reaction and post-reaction should be strictly



separated in different areas and the LAMP products should be tightly sealed and discarded after
analysis. Furthermore, a blank control should be set for indicating an adequate performance of
the LAMP.

Intrinsically, CALM is a universal multi-target nucleic acid detection method with good flexibility
and expandability. LAMP reactions performed in capillaries can be easily substituted by other
types of isothermal amplification methods, such as rolling circle amplification (RCA)?°, and
recombinase polymerase amplification (RPA)®. It can also be applied in other detection fields,
such as pathogen detection?” and disease diagnosis3.

In the current form of this method, although primer sets are pre-fixed with chitosan, the process
of LAMP mixture preparation is still needed when the test is performed, which lowers the
simplicity of the method. To address this, we would try to preload all the reagents of LAMP in the
capillary and then pipette the sample into the cassette. Another limitation for our method may
be the lack of nucleic acid extraction, but we are now developing a mobile-based machine which
would combine the extraction of nucleic acids, automatic image taking, and data analysis to
achieve a real “sample-in and results-out” method.

In summary, we have developed the CALM platform by integrating multiplex LAMP with a
capillary array. As a general nucleic acid detection method, CALM may also have potential in a
wide range of other nucleic acid analysis applications.
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Table 1. The components of LAMP primer fixing reagents
LAMP primer fixing mix

components Cinitial Volume (uL)
concentration)

ddH,0 17.0
Chitosan (1.3%) 1.0
FIP/BIP primer (20 uM) 2.0/2.0
LoopF/LoopB primer (20 uM) 1.0/1.0
F3/B3 primer (20 uM) 0.5/0.5

Total volume 25.0
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Table 2. The reaction system of the capillary array-LAMP
LAMP components

(initial concentration) volume (uL)
ddH,0 11.6
MgSO0, (100 Mm) 2.0
dNTPs (25 mM) 1.4
Betaine (5 M) 4.0
Buffer(10x) 2.5
Calcein (1.25 mM) 0.5
MnCl, (25 mM) 0.5
Bst polymerase(8U/uL) 1.5
plant DNA(10ng/uL) 1.0

Total volume 25.0
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We have checked it.
* Please include at least six keywords/phrases.
We have checked it.

* Abstracts: Please remove the superscript citations from the long abstract, and reorder the
references accordingly.

We have omitted the citations and reorder the references.

« Introduction: Please expand your Introduction to include the following: The advantages over
alternative techniques with applicable references to previous studies; Description of the
context of the technique in the wider body of literature; Information that can help readers to
determine if the method is appropriate for their application.

We have expanded the introduction. Line 87-92

* Protocol Language: Please ensure that all text in the protocol section is written in the
imperative tense as if you are telling someone how to do the technique (i.e. “Do this”,
“Measure that” etc.) Any text that cannot be written in the imperative tense may be added as a
“Note”, however, notes should be used sparingly and actions should be described in the
imperative tense wherever possible.

We have checked it.

* Protocol Detail: Please note that your protocol will be used to generate the script for the
video, and must contain everything that you would like shown in the video. Please ensure you
answer the “how” question, i.e., how is the step performed? Alternatively, for steps that will
not be filmed, add references to published material specifying how to perform the protocol
action. There should be enough detail in each step to supplement the actions seen in the video
so that viewers can easily replicate the protocol. For example:

1) 3.2.1: Please mention what button is clicked on in the software to do this, or which menu
items need to be selected.

We have mentioned it in line 255-269.

I+
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* Protocol Numbering: Please adjust the numbering of your protocol section to follow JoVE’s
instructions for authors, 1. should be followed by 1.1. and then 1.1.1. if necessary and all
steps should be lined up at the left margin with no indentations. There must also be a one-line
space between each protocol step.

We have checked it.

* Protocol Highlight: After you have made all of the recommended changes to your protocol
(listed above), please re-evaluate the length of your protocol section. There is a 10-page limit
for the protocol text, and a 3- page limit for filmable content. If your protocol is longer than 3
pages, please highlight ~2.5 pages or less of text (which includes headings and spaces) in
yellow, to identify which steps should be visualized to tell the most cohesive story of your
protocol steps. Please see JOVE’s instructions for authors for more clarification. Remember
that the non-highlighted protocol steps will remain in the manuscript and therefore will still
be available to the reader.

We have highlighted the protocol.

* Results: Please add at least one paragraph of results text that explains your representative
results in the context of the technique you describe; i.e. how do these results show the
technique, suggestions about how to analyze the outcome etc. This text should be written in
paragraph form under a "Representative Results" heading and should refer to all of the results
figures. You may include the figure captions under this heading but the captions and figure
text must be separate entities.

We have added the representative results. line279-296.

* Discussion: JoVE articles are focused on the methods and the protocol, thus the discussion
should be similarly focused. Please ensure that the discussion covers the following in detail
and in paragraph form: 1) modifications and troubleshooting, 2) limitations of the technique,
3) significance with respect to existing methods, 4) future applications and 5) critical steps
within the protocol.

We have checked and revised it.

* Figures::

1) Please provide each figure as an individual PDF, TIFF, JPEG or PNG files.
2) Fig 3b, 4,5: Please provide scale bars, and define them in the figure legend.
We have provided the scale bars.

3)All figures and tables need to be referenced in your manuscript text. Please include call outs
at appropriate locations.

We have checked it.

* Tables:: Please remove the embedded Tables from the manuscript. All tables should be
uploaded to the Editorial Manager site in the form of Excel files. A description of the table
should be included with the Figure legends.

We have removed the embedded tables and included the description of the table. line
300-306

* Figure/Table Legends:: Please expand the legends to adequately describe the figures/tables.
Each figure or table must have an accompanying legend including a short title, followed by a
short description of each panel and/or a general description.



We have expanded the legends.
* References: Please abbreviate all journal titles.
We have checked and revised it.

» Commercial Language:JoVE is unable to publish manuscripts containing commercial
sounding language, including trademark or registered trademark symbols (TM/R) and the
mention of company brand names before an instrument or reagent. Examples of commercial
sounding language in your manuscript are SYBR Green, AutoCAD (Adobe), Ultra-Ever Dry
Top Coat, ThermoPol, ZWB2, photoshop 7.0 software (Adobe Systems Inc., GenePix Pro
6.1, etc.

1) Please use MS Word’s find function (Ctrl+F or Command+F (on Mac)), to locate and
replace all commercial sounding language in your manuscript with generic names that are not
company-specific. All commercial products should be sufficiently referenced in the table of
materials/reagents. You may use the generic term followed by “(see table of materials)” to
draw the readers’ attention to specific commercial names.

We have revised it in the manuscript. line 168, 179, 246,255,261 359.
* Please define all abbreviations at first use.
We have checked it.

* Please use standard abbreviations and symbols for SI Units such as pL, mL, L, etc., and
abbreviations for non-Sl units such as h, min, s for time units. Please use a single space
between the numerical value and unit.

We have checked it.

* If your figures and tables are original and not published previously or you have already
obtained figure permissions, please ignore this comment. If you are re-using figures from a
previous publication, you must obtain explicit permission to re-use the figure from the
previous publisher (this can be in the form of a letter from an editor or a link to the editorial
policies that allows you to re-publish the figure). Please upload the text of the re-print
permission (may be copied and pasted from an email/website) as a Word document to the
Editorial Manager site in the "Supplemental files (as requested by JOVE)" section. Please also
cite the figure appropriately in the figure legend, i.e. "This figure has been modified from
[citation]."

We have checked it.

Reply to Reviewer #1: (green mark in the manuscript):
Manuscript Summary:

This paper present a capillary array device designed for visual detection of multiple nucleic
acids. The main contribution of this work is reagents preloading and multiplexed detection to
enhance the analysis throughput. However, the nucleic acid detection assay depends on
manual operation; this may hinder acceptation of this methodology. The absence of nucleic
acids extraction /purification is another limitation, which denies the device in dealing with
large volume or complex samples.



Major Concerns:

It is advised that the author should add a figure showing the hydrophobic and hydrophlic area
within the capillary, and the process illustration of primer immaobilization, reagent preloading
and sample injection.

Answers : We thank the reviewer for pointing out this. In fact, we have showed

the whole process of making capillary cassette in figure 1, including PDMS
pouring, mold removing, capillary inserting & surface coating, primer fixing and
cassette anchoring. And we have showed the process of sample injection in figure
2. line 308-323

Reviewer #2: (BiIKIMAEKANIENEIMANUSCRIDE)

Manuscript Summary:

This manuscript describes the fabrication and use of a cassette containing an array of
capillaries where primers can be placed for the detection of target DNA sequences. The
detection is carried out by first amplifying the DNA by LAMP and then detecting the UV
absorbance of the product. As the authors state, the method appears promising for a number
of environmental, industrial and health-related applications.

Major Concerns:

1) I think the English of the article should be reviewed. In its current form, | had difficulty
understanding some parts, including parts of the protocol, which is key in this article.

Answers : We thank the reviewer for pointing out this. We have carefully
checked and revised the manuscript.

2) The authors indicate that the protocol assumes that the mold with the shape for the micro-
channels and the loading adapter has already been made. Although it is true that it may be too
much for this protocol to explain the actual manufacturing of these parts, | think that it
hinders the usefulness of the protocol. A possible solution would be for the authors to provide
a working AutoCAD file of the design of the mold and the corresponding files necessary for
3D printing the adapter. They could have these files available in a repository owned by their
institution or offer to provide these files to requesting researchers/developers. [Editor's Note:
CAD files can be added as supplemental files in your submission]

Answers : We thank the reviewer for pointing out this. We have added the

working Auto CAD file of the design of the mold and the adapter as
supplemental files. We have also revised the manuscript accordingly, [iiEH05



Minor Concerns:

- Step 1.2.3.) The authors indicate that the capillaries need to be shaken during the cleaning
process to remove bubbles. It would be interesting here if they state whether sonication may
be used for this purpose and how it compares in time and efficiency with just shaking it. They
state that cleaning time may be extended when required. In this regard, it would be interesting
if they state how long it may take for this cleaning process (and then, they could compare it
with the time required using sonication)

Answers : Although the capillaries need to be shaken during the cleaning

process to remove bubbles, it do not need to shake all the time. It’s enough to
shake the capillaries every 10 minutes. Bubble is usually produced at the
beginning of adding H202 and as the time goes the amount of bubbles is reduced.
So we haven’t try sonication. Usually 30 min is enough for cleaning of the
capillaries and we haven’t observed obvious effect when extend the cleaning
time.

- Step 1.3.) Although it may be rather evident and eventually the video will show it, it would
be good to state explicitly where exactly the PDMS is poured onto.

Answers : We thank the reviewer for pointing out this. There is a cylinder of

mold that will contain PDMS, when fabricating the reaction unit, we just directly
pour PDMS into it. It is also showed in Figure 1. We have revised the manuscript
accordingly.

Cylinder

- The authors mention in the Discussion section that the LAMP mixture should be shaken
gently instead of vortexing it because it may cause failure of the reaction. Given this
consideration, the authors should discuss the convenience of having a positive control (and
what they would use for that) together with the blank control they propose as a negative
control.

Answers : The positive and blank control would help us for better interpretation

of the results. In this experiment, ADH1(endogenous reference gene of Maize) is
set as the positive control and two capillaries without primers are set as blank
controls. So, if LAMP mixture is correctly handled, the positive control would
show green and blank control would keep unchanged after the test is performed.
We have now discussed this in the manuscript hl.



- The authors should indicate in the table of materials and equipment a suitable supplier for
the Ultra-Ever Dry Top Coat for other researchers/developers to be able to obtain it

Answers : we have provided the supplier for the Ultra-Ever Dry Top Coat.
Researchers can obtain it from Exiron chemistry (CHINA) CO., LTD.
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