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1 MCA Tesing on Commercial Instrument

The results of MCA using the QuantStudio 5 system are presented in Fig. 1. The
three genotypes possible were tested: mutant homozygous, wild-type homozygous,
and heterozygous. The three genotypes are presented with a different line style for
each genotype. The QuantStudio 5 system performed PCR and then a melt curve
analysis on the samples, heating them at a constant temperature rate and recording
the fluorescence of the SYBR. The raw data for this is presented in Fig. la using the
system’s arbitrary relative fluorescent units (RFU) and reported temperature for each
of the wells used. The portion of interest for sample analysis is the steep change near
81 °C. This view gives us the expected MCA curve shape.

The simplest analysis of MCA data is done by taking the derivative of the RFU
with respect to the temperature. Fig. 1b presents this derivative based on the raw
RFU data of the system. For clarity, these derivatives are normalized, each by their
maximum value and presented in Fig. 1c. Ideally, all of the mutant homozygous sam-
ples would be grouped together, separate from the wild-type homozygous samples,
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Fig. 1: Data from the QuantStudio 5 qPCR machine on FVL: WT/WT, Mu/Mu,
and WT/Mu. (a) The raw melt curve data. (b) The quickest method of finding the
melting temperature through calculating the first derivative of the raw data. (c) The
derivatives normalized by each sample to try to group the genotypes.

and the heterozygous samples would have two distinct peaks. In this figure, all three
genotypes are overlapping.

2 Experimental setup

Fig. 2 provides an image of the experimental setup used during fluorescence mea-
surements. The entire setup is enclosed in a box to limit convective currents from
the HVAC system within the research lab. The clear tubes coming from the MCA-
mimicking device are filled with galinstan that is pressurized using a weight on a
vertically oriented syringe. The black and yellow alligator clips are connected to a
computer controlled power supply.



Fig. 2: Experimental setup image showing the key optical components used to measure
fluorescence of the MCA-mimicking device.

3 Device Design

To ensure that thermal modeling of the microfluidic device was consistent, the device
was printed is such a way that it could be removed from the glass slide it was printed
on. This was made possible through the use of removable build supports shown in
Figure 3.

A device holder, Fig. 4, was also build so that the airflow around the MCA-
mimicking device would be consistent. It was split into two sections to allow easy
placement and removal of devices. The two parts were held together by small magnets
glued into small recesses and had two pegs to act as guides when closing the holder.
The holder also featured four overhangs, one on each corner, that would fit over the
SLA printed device corners and hold it in place. Under the device was a hollow column
with a through hole that fit a 1/47-20 screw for attachment to the optical setup.

4 Modeling

Material properties were assigned as follows. The bulk of the device was assigned as
PEGDA, the glass slides were assigned as silica glass, the inlet needles were assigned
as stainless steel 304, the heating channels were assigned as galinstan, the DNA sam-
ple was assigned as water, the device holder was assigned as polylactic acid (PLA), the
thermocouple wire was assigned as chromel, and the surrounding cylinder was assigned
as air (see Fig. 5). The PEGDA material and galinstan material were custom defined
because the COMSOL material library did not contain them. An investigation into the
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Fig. 3: The rendered printing file for the final MCA-mimicking device design. To
successfully print the device, support columns are added into all the designed gaps and
below the base. These support columns are removed after printing. (a) An isometric
view. (b) A front view. (¢) A side view. (d) A back view.

thermal properties of PEGDA was conducted, and the values found from this investi-
gation were used in the COMSOL model. A heat capacity of 785J kg~* K1, a density
of 1145 kgm 3, and a thermal conductivity of 0.275 W m~! K—! were used to model
the PEGDA. The galinstan was assigned a thermal conductivity of 16.5 W m ™! K1,
a heat capacity of 295J kg~! K—!, and a density of 6440 kg m 2 ; Khoshmanesh et al.
(2017).

The electrical conductivity of galinstan was calculated from electrical resistivity
measurements from literature Zhang et al. (2013); Shan et al. (2013). The relative
permittivity of the galinstan did not affect the model, but a value of 12.9 was used to



Fig. 4: One important consideration of the COMSOL model is the air flow around
the device. A custom MCA-mimicking device holder was designed to hold the device
in optical alignment with the optics and to normalize the convective airflow around
the device.

be consistent with prior models Sanchez et al. (2022). Only the galinstan and needles
were modeled as electrically conductive. A ground condition was added to one of the
outer cylindrical faces of the needles, while the outer face of the other needle was
modeled as a current source.

For fluid flow, all external faces of the cylindrical volume of air were modeled as
fluid inlets, except for the base of the cylinder. The boundary condition for these inlets
was chosen to be a pressure constraint of 0 Pa with backflow allowed.
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