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Low cost microheaters will enable disposable molecular tests
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REPORT UPDATE (500 words; summarize your accomplishments )

As concern regarding the spread of citrus greening or Huanglongbing (HLB) and other agricultural diseases has
increased, the need for more accessible, easily used and rapid point-of-use diagnostic tests has become more critical.
Molecular diagnostic tests (i.e. DNA and RNA-based assays) for citrus diseases potentially offer the most sensitive and
specific means of detecting viral and bacterial infections, often capable of detecting the presence of a pathogenic agent
prior to the overt exhibition of visually detectable symptoms. Unfortunately, existing molecular diagnostics rely on
instrumentation dependent laboratory manipulations requiring highly trained technicians for execution. These constraints
often limit the accessibility and utility of molecular methods due to the infrastructure, costs and complexities associated
with their use. The reliance of molecular techniques on laboratory instrumentation and personnel must ultimately be
eliminated to broaden the utility of such tests and enable their execution under field conditions.

In past work, MTI developed a highly simplified means of purifying nucleic acids (NAs) from plant tissue and
contaminating pathogens without human intervention or machine-based automation. The resulting technology enables the
isolation of amplification ready NA in less than 15 minutes using a completely disposable device. To make use of this rapid
and simple NA isolation technology to enable field deployable molecular diagnostics, we have focused our efforts in this
period on the development of extremely low cost yet precise temperature control systems to support robust amplification
of nucleic acids in a disposable test device.

To support the thermal requirements of NA amplification reaction strategies within the context of a self-contained and
disposable diagnostic device, we developed low cost microheaters capable of supporting rapid PCR (and reverse
transcriptase PCR for RNA targets) as well as isothermal amplification methods. The design employs an inexpensive
microcontroller to modulate temperatures in multiple low thermal mass reaction chambers interfaced to the microheater
elements. The use of multiple independently controlled reaction chambers allows parallel amplification of multiple targets
thus reducing the burden inherent to multiplexing a single amplification reaction while retaining the capacity to amplify
multiple pathogen NA signatures in a single device.

Detection of amplification reaction products can be accomplished in minutes using lateral flow microarrays, a rapid and
inexpensive yet sensitive detection technology developed by the Pl while at Los Alamos National Laboratory. The
combination of instrumentation independent sample preparation technology with low cost battery operated microheater
mediated amplification and lateral flow microarray-based detection offers a means to overcome the major hurdles facing
field deployable molecular testing. We are now working to incorporate our innovative sample preparation, amplification
and detection subsystems into a single low cost disposable device that is both easy to use and capable of providing
molecular diagnostic data within one hour of sample introduction.
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