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ABSTRACT 
Building on LLNL’s history of making field deployable instruments we have designed 
and fabricated a new convectively driven thermal chamber for PCR that is inexpensive to 
manufacture and has low power consumption [l-3]. Both a 58 and 160 base pair segment 
of a multiple cloning site fragment of DNA have been successfully amplified in the 
convectively driven thermal cycler. 
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INTRODUCTION 
With the increase in awareness and preparation for a biological terrorist attack, 
polymerase chain reaction (PCR) assays have become ever more important in identifying 
the causative agent of an attack. To be used by first responders a device needs to be easy 
to use, robust, low power and inexpensive. Forensic organizations or environmental 
specialists looking for the source of contamination in food or water, as well as clinicians 
looking for cheap PCR diagnostics could also benefit from such a device. 

EXPERIMENTAL 
Like flow through PCR devices [4-61 rather than temporally heating the entire chamber 
between the denatnration, amealing and extension temperatures, the convectively driven 
PCR thermal cycler has zones that are held at fixed temperatures for the entire duration of 
the experiment. However, unlike the flow through chambers we do not use an external 
force to drive the fluid through the different temperature zones. The disposable PCR 
thermal chamber uses buoyancy forces to drive the sample between the temperature 
zones needed for PCR amplification, Figure 1 [7,8]. 

RESULTS AND DISCUSSION 
Fluid flow was visualized using digital particle image velocimetry. The average velocity 
was approximately 2mmis. This velocity was in good agreement with modeling. Details 
of the modeling will be presented in this paper. 

Both a 58 and 160 base pair segment of a multiple cloning site fragment of DNA have 
been successfully amplified in the convectively driven thermal cycler. The agarose gel 
detection of the amplicon is shown in Figure 2. 
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Figure 1: a) Novel thermal chamber uses natural convective forces to drive the fluid 
between the two temperatures needed for PCR amplification, b) Photograph of actual 
disposable convective PCR thermal cycler. Sample is placed in a polypropylene bag that 
is sandwiched between the two boards, forcing the fluid to conform to the channel. 

Figure 2: Gel detection showing successful amplification of 160bp DNA segment from 
multiple cloning site DNA. Lane 1: DNA sizing ladder (50,15O,..bp), Lane 2: sample 
amplified in convective PCR thermal cycler, Lane 3: sample amplified in standard 
benchtop block thermal cycler. 

Power analysis of the thermal chamber shows that a 30 minute amplification run takes 
866&5OJ - allowing the thermal cycler to be operated on a battery. Analysis of the 
amplification time shows that amplification of just 20 minutes results in detectable 
amplification reducing the power consumption even further. An investigation of the 
efficiency of the PCR amplification in the convectively driven thermal cycler will also be 
presented. 
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