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In this research, low-cost detection equipment intended to carry out a polymerase chain reaction (PCR) through a loop-mediated
isothermal amplification (LAMP) reaction is presented. We designed the internal structure with SolidWorks and AutoCAD. The
equipment comprised a Raspberry Pi development board, a temperature control module, and a fluorescent optical detection
module. The main program, temperature control, florescent signal processing, signal analysis, and screen display were
programmed with Java. We applied the digital temperature controller module to obtain precise temperature control of the
equipment. The experimental results showed that the heating rate of the testing equipment could reach 65°C within 4 minutes
and could be accurately controlled to within 1°C. The duration of the LAMP PCR experiment was found to be significantly
shorter than that of the conventional PCR. The results also revealed that with LAMP PCR, the temperature could be accurately
controlled within a specific range, and the designed heating tasks could be completed within 15 minutes to one hour, depending
on the specimen. The equipment could also correctly read both the positive and negative reactions with fluorescent signals.
Thus, the proposed LAMP PCR detection equipment is more sensitive, more stable, and more cost-effective than other

conventional alternatives and can be used in numerous clinical applications.

1. Introduction

The detection of many infectious diseases including tubercu-
losis, AIDS, bacterial and viral infections, genetic diseases,
foodborne diseases, SARS, MERS, and COVID-19 mostly
depends on a specific detection technique—a polymerase
chain reaction (PCR). A PCR is a relatively simple, inexpen-
sive tool that can be used to focus on a DNA segment in order
to duplicate the specified segment many times [1-4]. Loop-
mediated isothermal amplification (LAMP) PCR is a nucleic
acid amplification technology developed by Japanese scien-
tist Notomi and his team in 2000 [5, 6]. This DNA amplifica-
tion method can react at a constant temperature and form a
circular loop. Different from the conventional PCR, LAMP
PCR does not require multistage temperature control. It only
requires a constant temperature environment within a range

of 60-65°C, which can be provided by a water bath or a drying
hot plate environment.

Because there are as many as three pairs of primers
employed in LAMP PCR, its specificity and sensitivity are
higher than ordinary PCRs. Furthermore, the number of
molecules can be increased to 1E10 after LAMP PCR is com-
pleted and that quantity is even 1E4 times more than the
quantity of 1E6 molecules generated by conventional PCR.
Moreover, in the amplification process, the enzyme used in
LAMP PCR will generate pyrophosphoric acid, which will
then combine with magnesium irons and generate a large
amount of white precipitate visible to the naked eye. Thus,
there is no need to employ agarose gel electrophoresis and
UV light to detect and interpret the analyte.

After pure DNA is extracted from an organism, the
most common analytical method used to separate and
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FiGure 1: Temperature control: (a) exploded photo of the components of the temperature control system and (b) perspective of the
combination of the optical detection subsystem, the copper block, and the optical detection dark box.

analyze macromolecules and their fragments based on
their size and charge is a gel electrophoresis analysis.
There are two types of gel electrophoresis commonly used
to analyze DNA: agarose gel electrophoresis (AGE) and
polyacrylamide gel electrophoresis (PAGE) [7].

PCR can also be used in many other ways, including for
diagnosing diseases, identifying bacteria and viruses [8-12],
and matching criminals with crime scenes. However, most
PCR detection operations are time consuming, so developing
more effective and faster LAMP PCR detection equipment is,
thus, essential.

This research is aimed at developing LAMP PCR
detection equipment intended to establish the proper tem-
perature conditions for the reaction of detected specimens
and to use a precise temperature control technology to
shorten the reaction time for conventional PCR. After
the reaction is completed, photoresistors are used to detect
the fluorescent signals and the results are shown on a
screen.

In 2000, Yasuda et al. applied infrared laser beams and
noncontact heating methods to the PCR thermal cycle and
successfully detected the results of PCR with fluorescence
detection [13]. In 2009, Sappat et al. used a light-
dependent resistor (LDR) to detect the white precipitate
from magnesium pyrophosphate (Mg,P,0,) produced by

the reverse transcription loop-mediated isothermal amplifi-
cation (RT-LAMP) method for the detection of the Taura
syndrome virus (TSV) in Thai shrimp [14]. In 2015, Zhou
et al. used LAMP PCR for 15 different strains and then
used three detection methods to verify them, including
SYBR Green I fluorescence detection, colloidal electropho-
resis analysis, and turbidity detection. Finally, it was veri-
fied that LAMP PCR is simpler, faster, and more
sensitive than conventional PCR [15].

In March 2020, due to the SARS-CoV-2 (COVID-19)
pandemic, Kashir and Yaqinuddin used LAMP PCR to
reduce the cost of coronavirus detection. The results
showed the sensitivity using LAMP assay to be 100-fold
higher than that of conventional RT-PCR methods [16].
Furthermore, Rodel et al. used reverse transcription-
LAMP (RT-LAMP) for rapid diagnosis of the severe acute
respiratory  syndrome  Coronavirus-2  (SARS-CoV-2)
because of the ease of operation and the option to bypass
RNA extraction. Combining the RT-PCR and RT-LAMP
increased the diagnostic sensitivity to 92-100% [17].

2. Materials and Methods

The LAMP PCR detection equipment developed in this
work consisted of a Raspberry Pi small single-board
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F1GURE 2: Simulation of the temperature distribution of the metal heating block: (a) overall temperature distribution and (b) a cross-sectional
view of the temperature distribution.
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FiGure 3: Illustration of the differences in heating control between LAMP PCR and traditional PCR, (a) Traditional PCR requires shifting
between three temperatures and as many as 25 repeated temperature shift operations. (b) LAMP PCR simply requires fixing at one

temperature.
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FIGURE 4: Design of the metal heating block: (a) external view of the metal heating block and its compartments and (b) a cross-sectional view

of the metal heating block and its compartments.

5V
./Photoresistor
v

MCP3008

—

FIGURE 5: The detection circuit with a photoresistor.
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computer, a power supply, a temperature controller, and a
fluorescent signal detector. The equipment case was
designed with SolidWorks and AutoCAD. The total size
of the unit, including the temperature control system, the
fluorescent signal detecting system, and a copper block,
was 18.6cm x8.0cm x 6.6cm. The temperature control
system comprised a thin high-temperature ceramic heater,
a temperature sensor, a digital temperature time controller,
and a cooling fan, as shown in Figure 1(a). We used a

GCC C180II laser engraver to cut the PMMA plates and
then combined the assembled optical detection dark box
with the copper block and the temperature control system.
The combination is shown in Figure 1(b).

The Raspberry Pi was the core piece of hardware, which
was used for the output calculation of the temperature con-
troller to operate the heating, control the photoresistors used
to capture the fluorescent signals, analyze the fluorescent sig-
nals, and store the results, which were displayed on the
screen.

The software used in the LAMP PCR detection equip-
ment, including the main program, the stable temperature
control, and the fluorescent signal detection, was pro-
grammed with Java. For the LAMP PCR heating system,
we used the time and temperature controller to shorten
the experimental time and improve the heating efficiency
and stability. To enhance the heating efficiency, a high-
temperature ceramic heater was used. With the help of a
heating device, the copper block could rapidly increase
the temperature to the target temperature and keep it con-
stant. The temperature distribution of the metal block was
simulated using ANSYS software. Figure 2(a) shows that
the overall temperature difference was less than 0.3°C.



TaBLE 1: Relationship between the resistance value of resistor R and
the voltage of the photoresistor when the photoresistor was not
illuminated with UV light.

Voltage of the
Resistor R (Q) PhOt‘(’{f)Sismr Average (V) STDEV ~ CV
1st 2nd 3rd
10k 018 022 023 0210  0.02160 10.287%
30k 057 058 0.69 0613 005437 8.864%
50k 0.58 0.55 0.67  0.600  0.05099 8.498%
100k 091 099 093 0943  0.03399 3.604%
150k 119 121 127 1223 003399 2.779%
200k 153 162 149 1547 005437 3.515%
250k 248 22 225 2310 0.12193 5278%
300k 249 241 255 2483 005735 2.309%

TaBLE 2: Relationship between the resistance value of resistor R and
the voltage of the photoresistor when the photoresistor was
illuminated with UV light.

Voltage of the
Resistor R (Q) ph‘)t‘(){f)sismr Average (V) STDEV ~ CV
Ist 2nd 3rd
10k 127 125 124 1253 001247 0995%
30k 249 25 254 2510 002160 0.861%
50k 331 333 335 3330 001633 0.490%
100k 404 404 405 4043 000471 0.117%
150k 433 434 434 4337 000471 0.109%
200k 448 449 449 4487 000471 0.105%
250k 459 457 459 4583  0.00943 0.206%
300k 466 467 467 4667 000471 0.101%

TaBLE 3: Results for LAMP PCR heating and the optical detection
experiment.

Positive (V) Negative (V)

Time (min)

0 2.702 3.499
5 2.778 3.570
10 2.755 3.627
15 2.718 3.582
20 2.729 3.550
25 2.843 3.476
30 2.787 3.467
35 2.864 3.432
40 2.882 3.591
45 3.013 3.585
50 3.043 3.529
55 3.015 3.554
60 3.153 3.540

The cross-sectional temperature distribution in Figure 2(b)
also shows that the temperature difference between the
reaction tube placement area and the high-temperature
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ceramic heater was within 0.1°C. Since the temperature
in the chamber during LAMP PCR only had to be kept
between 60 and 65°C, it was much easier to control the
temperature with LAMP PCR than with conventional
PCR, which requires adjusting the thermal cycling control
more than 25 times to shift between three different tem-
peratures. Therefore, LAMP PCR can greatly reduce the
costs of hardware development and production. The dif-
ferences in the LAMP PCR and conventional PCR heating
processes are shown in Figure 3.

For the experiment, we used three chemicals produced
by Eiken Chemical Co., Ltd., Japan: a DNA amplification
kit, a fluorescent detection reagent, and the DNA control
set. In terms of fluorescent signals, we first used 365nm
ultraviolet light-emitting diodes to excite the specimens.
The specimens then emitted fluorescent signals. All of
these signals could be detected with photoresistors, for
which the detection process is illustrated in Figure 4.
MCP3008 IC is an 8-channel, 10-bit analog-to-digital con-
verter (ADC), as shown in Figure 5. The analog signals are
transformed into digital signals and transmitted to the
Raspberry Pi for the detection data analysis. The detection
circuit with a photoresistor is illustrated in Figure 5.

This LAMP PCR detection equipment employs photo-
resistors to read the fluorescent signals emitted from an
amplified DNA sample excited with a 365nm UV light.
When the fluorescent signal is brighter, the voltage value
of the photoresistor will be higher. A photoresistor has
to be in series with a fixed resistor R, highlighted as a
red circle in Figure 5, to be able to measure the voltage
variances across the photoresistor. However, the resistance
value of resistor R will affect the photoresistor voltage var-
iances. Therefore, we had to obtain the optimal resistance
value of the connected resistor R. The relationship
between the photoresistor and resistor R was measured
before and after the photoresistor was excited with UV
light, for which the recorded data are shown in Tables 1
and 2, respectively. Both tables indicate that a 150kQ
resistor resistance in series exhibits good stability based
on the data performance before and after the photoresistor
was excited with UV light.

3. Results and Discussion

After completing the entire 60-minute heating reaction, we
used UV LEDs to excite the specimens in order to produce
fluorescent signals. Then, the positive and negative control
specimens were detected using photoresistors to detect the
emitted fluorescent signals. The data are shown in Table 3
and Figure 6.

As shown in Figure 6, the emitted fluorescent signals
for the positive control specimen after amplification were
brighter than that of the unamplified original sample,
and the photoresistor voltage signal of the amplified one
was 0.145V higher than the unamplified original sample
after a reaction time of 25 minutes, which means that
amplified DNA successfully began to bond with fluores-
cent detection reagent and produced a clone. Furthermore,
after reacting for 60 minutes, the brightness of the signal
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FIGURE 6: Optical detection graph of the LAMP PCR heating process.
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FIGURE 7: Data performance for multiple tubes of samples testing negative/positive simultaneously during LAMP PCR.

for the positive control specimen was obviously brighter  inserting three tubes of positive samples and three tubes
than that of the negative control specimen. And the volt-  of negative samples in the insertion holes of the reaction
age signal detection value of the photoresistor of the pos-  tube. The data in Figure 7 clearly show that the detection
itive control specimen was higher than negative control  system could clearly distinguish between the positive and
specimen by 0.41V. We conducted a test by randomly  negative samples.
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F1Gurek 8: The florescence of the positive control is brighter than that of the negative control after the successful amplification.
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F1GURE 9: LAMP PCR results using an electrophoresis technology analysis.

By the end of the experiment, both the positive and the
negative control specimens were directly excited by the
365nm UV LED wavelengths. From the image shown in
Figure 8, it can be observed that after amplification, the pos-
itive control specimen produced a very bright fluorescent sig-
nal with a wavelength of 515nm. This result indicates the
developed LAMP PCR can amplify the DNA successfully.

In this experiment, a gel electrophoresis analysis was con-
ducted to verify whether the developed LAMP PCR equip-
ment and the LAMP PCR designed specimens would have
actual reactions. A gel electrophoresis analysis is a process
of separating large molecules from their fragments in order
to correctly analyze them. The negatively charged nucleic
acid molecules pass through the gel grid influenced by an
electric field. This separates the nucleic acid molecules [18].
After the LAMP PCR, the amplified DNA from the positive
control specimen produced several different DNA fragments,
whereas the negative control specimen did not, as shown in
Figure 9.

4. Conclusion

This paper presents LAMP PCR detection equipment. The
hardware included a metal heating block designed with
SolidWorks and manufactured by a computer numerical

control machine and a fluorescent light detection system
based on an optical detection dark box designed with Auto-
CAD and processed with a laser engraver. The software
included an internal control and testing programs written
in Java, including the main program and programs used to
stabilize the temperature and detect fluorescent signals. After
the integration of the detection equipment with the pro-
grams, the equipment activated the heating system of the
polymerase chain reaction in a period ranging from 15
minutes to one hour. The signals from the fluorescent sample
were detected accurately in the optical detection subsystem,
where the brightness signals of the positive and negative sam-
ples had a difference of 0.41V. Therefore, compared with
current commercial detection products, the developed equip-
ment costs less and works more efficiently. Furthermore, it
has more applications. The detection equipment can be used
in clinical testing in the future to improve the efficiency of
disease screening. Hence, patients with infections can receive
proper treatment rapidly, thereby greatly reducing mortality
rates.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.
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