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Is there a need for an accurate PCR machine?

Biotechniques 2018 online
Ho Kim Y, Yang I, Bae Y-S, Park S-R. Performance evaluation of thermal cyclers for PCR in a rapid cycling condition. 
BioTechniques. 2008;44(4):495-505. doi:10.2144/000112705

The well known issues with the block cycler design is the lack of uniformity over the block. Kim et al, 2008 concluded that 
both the shape of the temperature as well as the actual achieved temperatures gave real issues with performing multiplex 
PCR - which was used as an example to illustrate the problems with the block cyclers. 

We have summerized that in following graph
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when wells performing PCR do not have
identical            for all wells - the PCR results from the wells 
will di�er from each other

The forward rate constant for primer binding to single stranded
DNA is dependent on         de�ned as the actual di�erence 
at a point in time to the annealing temperature 
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Additionally, PCR block cyclers has do not have an
uni�ed “e�ective step lenght” this variability adds another
problem to the uniformity of the PCR being performed

These combined issues makes it very di�cult for to optimize 
a multiplex PCR reaction with multiple primer sets
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Individual well control is the future of PCR

Let us look at the stability of the device. Many PCR machines are not capable of sustaining the same temperature over one day 
operation and vary between 0.5-2.0°C degrees. The electronic design governing each well is a high quality low drift sigma-delta 
ADC design coupled to a high quality low-drift PT1000 sensor mounted on each well – that gives unprecendented stability. 

The data belows shows the stability of well number 2 on a minicube PCR measured with a Fluke 1586A instrument and a NIST 
calibrated temperature probe. The recording is carried out for 45 hours and the recorded standard deviation of the temperature 
is 3 milli-kelvin – that is precision.

The recorded mean temperature is 54.999 °C which is 1 milli-kelvin from the target temperature of 55.000 °C – that is accuracy

The lower trace is 256 cycles from 6 wells superimposed on each other  and represents 1518 temperature traces. Data was 
recorded with an external precision temperature recorder Fluke 1586A with a calibrated NIST probe.
The well-to-well variation on these 1518 traces is less than 3 milli-kelvin at steady-state –  that is uniformity

Time         Mean T       STD          Stages
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The recording below shows traces from 16 wells running the same protocol where the temperature is plotted on the left Y-axis 
and the derivative of the temperature dT/dt is plotted on the right Y-axis.

From the derivative curve we can see that is possible to get a heating rate of 9.3 C/sec and a cooling rate of 2.3 C/sec
The date tables show row statistics for the 16 traces with hold time, meanvalue of 16 traces, standard deviation and number of 
wells.

The first row statistics at annealing of 65C at 177.150 seconds has a standard deviation of 16 milli-kelvin between the wells.
The second row statistics  at extension 72 C at 188.550 seconds has a standard deviation of 9 milli-kelvin between the wells.

The third row statistics at melting 95 C at 210.250 seconds has a standard deviation of 13 milli-kelvin between the wells.
The larger variation seen in this trace compared to previous figure is due to that we have fewer data points in the statistics, 
but still the standard deviations between wells is in the order of 9-16 milli-kelvin which gives possibilities for some detailed 
primer performance experimentation that is not possible on a standard block cycler PCR machine
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Truly asynchronous control of each well

Thermal imaging of 3 wells - two of them performing PCR - the intercalated third well is left inactive

A highres thermal imaging of 3 wells performing asynchronous PCR in the Minicube PCR machine. The intercalated well in the 
middle is resting and it is thermally unaffected by the two neighbours performing 2 stage PCR between 50° and 95°C.

Two of the wells at the upper right side are at 50 °C and the intercalated well is at 39.9 °C.
When the 2 wells reach 95 °C the intercalated well is still at 39.9°C. 
The left side shows an oscilloscope plot scanned with 0.05 mm accuracy over the area and one can see the two wells moving 
up and down in tempeture whereas the intercalated well is stable at 39.9 °C. 

MiniCube PCR
Amplification Performance
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In collaboration with AAU University Hospital in Denmark 
we amplified the LTR gene from HIV2 with only 35 cycles 
and detected as little as 10 copies. 

Amplification Efficiency
at theoretical limit
N = N0 x (1+p)cycles

We find (1+p) = 2

Individual well control is the future of PCR

Sharp band
from good

thermal control

Amplification was 
visible of 

just 10 copies
with only 35 cycles

Sharp bands
from good

thermal control



P. 6 of 8

MiniCube PCR
Amplification Performance

2021

Individual well control is the future of PCR

The  picture below shows the uniformity of PCR products which is what matters, below is given some insights and data analysis 
of the temperature performance of the MiniCube PCR machine to illustrate that this machine is a different kind of PCR machine 
due to its precision, accuracy and stability.

In general it takes around 26-30 min to complete a 2 stage PCR protocol at the default precision settings where the thermal 
controller only accepts a temperature as achieved when a successive number of recordings fall with ±0.020 °C of the target 
temperature

Precision PCR
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Accuracy takes time and sometimes we just want the PCR to finish as fast as possible. It is easy to change the firmware in the 
device so that the temperature controllers run with less accuracy which makes the transition between the different stages to go 
faster. With less accuracy the controller will over- and undershoot the temperature but because we have a rather large volume of 
liquid there is a large heat capacity in a volume of liquid that evens out the over and undershoots of the temperature.  

Below we tried to run a 40 cycles PCR between 67C and 87C (the melting point of our product) to see how fast we can complete 
them. We have loaded a “relaxed mode” firmware which has an accuracy of 2C vs the standard 0.02C. We can now see that the 
heat controller has trouble holding precise annealing temperatures and there is also variability caused by the mass of the tubes 
vs the wells being empty - however if we accept those variabilities which is similar to what you have in a standard PCR machine 
then its possible to run very fast protocols. 

We can see that the run with no tubes inserted in the wells completes in 12 min and 19 sec wheras the wells with tubes with 20 
ul H2O completes in 12 min and 39 sec. So the extra mass did not slow our device down too much. However, let us see how that 
works out when we actually run a PCR reaction (see next page). 

Rapid PCR - relaxing the accuracy

The relaxed accuracy
gives variability in the 
annealing temperature



P. 8 of 8

MiniCube PCR
Amplification Performance

2021

Individual well control is the future of PCR

Here is our results from our rapid PCR (relaxed mode, with 2°C accuracy), and with a two-stage protocol of annealing at 67 °C 
and melting at 95 °C.  The 2-stage PCR completed in 15 minutes and 30 seconds. That is impressive in a 0.2 ml PCR tube with a 
volume of 20 ul with a almost perfectly spheric geometry (a lumped system – as it is called in thermal engineering)

We know from the Biotechniques report from Kim et al. 2018 that many wells in many different machines had a difficulty in 
reaching both annealing and melting temperature during rapid PCR. The data below shows that the Minicube PCR can be pressed 
and that even a volume of 20 ul can be forced to make rapid PCR. 

40 cycles in 16 minutes


