
Unfortunately, due to impacts from the COVID-19 epidemic, testing was 
unable to come to fruition. Although each part of  the three-part system was 
essentially completed, bringing together all the projects proved to be an 
insurmountable task during quarantine within the given timeframe. However, 
this project was successful in that protocol creation, storage, and transmission 
all were achieved within a program that was overall fairly polished and easy to 
use for the target “market”, Mrs. McDonough’s biology students.

Developing a computer interface for a custom thermocycler
Ryan Dunning

Mentored by Mr. Christopher Rogers

Materials and Methods (cont.)
Additionally, a method of  serial communication was developed to send 

protocols to the Arduino in the thermocycler, as well as receive temperature 
data to create a graph of  live temperature data for purposes of  tracking 
PCR. Unfortunately, this graph of  live temperature data was never tested, as 
the finished code did not successfully communicate with the Arduino.

Results

Conclusions 
The purpose of  this project was to create a computer application for an 

inexpensive custom thermocycler. The application was successful in reaching 
nearly all the original goals that were set, and only failed to create a working 
PCR system at the end after unexpected difficulties. The project may not be 
over for good, however, as achieving the full system remains a goal, even if  
it is after the timeline of  the schoolyear. A completed thermocycler would 
allow biology students to use their own lab equipment to analyze DNA, 
when normally it is too expensive to have more than one machine per 
classroom. Future studies could work on producing multiple of  these 
thermocyclers, with the underlying software for both the computer 
application and the Arduino already being completed. There were also some 
problems in the software that still could be addressed, such as complete 
crash prevention (although most of  these bugs have been taken care of) and 
cleaner, more effective visuals. Additionally, most of  the information on the 
Now Running interface could be redone to be much more effective if  
proper testing were to have occurred. Nonetheless, this project was 
successful in all but the final testing of  the three-part system, leaving an 
anticlimactic finish to a unique project. 

Results (cont.)Introduction
The relevance of  mobile DNA analysis grows each year, as the ability to 

analyze DNA is needed across the world. Portable technology allows this 
vital analysis to take place without the need for expensive laboratories. One 
of  the forefront companies in this industry is miniPCR with their mini8 
thermocycler, which allows scientists to identify specific strains in DNA by 
replicating the original strand repeatedly. This process is called PCR or 
Polymerase Chain Reaction, and it works by subjecting DNA samples to 
cycles of  heat, with each cycle containing three stages: denaturation, 
annealing, and extension. Each stage requires the DNA to be heated/cooled 
to a different temperature. Typically PCR involves around 30 cycles, with the 
number of  samples doubling each cycle. The purpose of  replicating the 
DNA is for use in gel electrophoresis, a lab technique for DNA base-pair 
analysis, which allows specific genes to be identified in DNA sequences 
(“Gel electrophoresis”, n.d.). The goal of  this project was to create a 
software application for a computer that acts as a user interface for a custom 
thermocycler. This application was designed to allow for the creation, 
storage, and transmission of  user-inputted instructions which specify the 
temperatures for the thermocycler to run at and the times to remain at each 
temperature. The custom thermocycler was created in collaboration with 
two other students, who built the physical thermocycler and programmed 
the Arduino which controls it. The project was closely modelled after the 
previously discussed miniPCRTM mini8 thermocycler and its accompanying 
software, with the goal of  reducing costs significantly below the mini8’s 
$650 price-tag. Previous studies have explored the viability of  the miniPCR 
in comparison with other more expensive thermocyclers (González-
González, 2019). They found that the miniPCR, although only about $700, 
performed just as well as the Maxygen, a more traditionally priced 
thermocycler that can cost over $4000. The similar performance of  
thermocyclers with vastly different prices proves that costs can be reduced 
while preserving quality, which helped to inspire this project. 

Materials and Methods
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The project was coded in C# using Visual Studio. The graphical user 
interface or GUI was based off  the miniPCR software’s simple design. The 
code was developed in two main chunks: the Library and the Now-Running 
tab. The library is where all the user-created protocols can be saved and 
stored, and where new protocols are created, a protocol being the 
instructions for the temperatures, times, and number of  cycles PCR should 
be run for, as this varies based on the type of  DNA. The other main tab is 
the Now-Running tab. When a thermocycler is being run and is connected 
to the computer, this tab displays critical information about the current 
protocol. Both tabs were based on their counterparts in the miniPCR 
program (see Figures 1-6). 
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Figure 2: The library, new protocol 
creation screen, and now running 
tab respectively.
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Figure 1 (above): This flow chart demonstrates the hierarchy of  the application structure, with 
the two main categories being the library and now running tab.


