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Automatic Analysis of Dual-Channel Droplet Digital PCR Experiments to Detect BRAF-V600 Mutations
Mutations in the BRAF-V600 codon play a key role in approximately 50% of melanoma tumours and 10% of colorectal cancers (CRC).  Correct detection of such mutations is crucial for assignment of proper treatment. Drugs targeting both mutated and wild type BRAF have been developed, but are only effective when used on the correct patient.  Existing mutation tests detect only a subset of BRAF mutations and require at least a 5% mutation frequency.  Our collaborators have recently developed a droplet digital PCR (ddPCR) assay that is sensitive to all BRAF-V600 mutations; however, analysis of such data was can currently only be done manually and needs to be automated to be reproducible and objective.
ddPCR is an advanced new technology used to quantify nucleic acid in a way that is both more accurate and more sensitive than traditional real-time PCR (qPCR).  The ddPCR protocol involves partitioning the sample into thousands of droplets, performing massively parallel PCR   in all droplets, and measuring fluorescence intensities in two channels in every droplet to determine which droplets contained the PCR targets.  The key step in ddPCR data analysis is droplet gating: using the end-point fluorescence data to gate, or classify, droplets as either positive or negative for a given template.  The proprietary software provided by BioRad Inc., a ddPCR instrument manufacturer, is currently the only program that provides a tool to automatically analyze two-channel ddPCR data.  However, because this analysis tool often produces poor results, many ddPCR users resort to time-consuming and more subjective manual data analyses, emphasizing the clear need for new ddPCR analysis tools.
In my work, I devised an algorithm for automatic analysis of ddPCR, and implemented it in an R package and web application for easy and open access.  To show clinical utility, the code was used on ddPCR data from CRC patients in order estimate the relative frequency of mutations in BRAF-V600 copies in patient tumours.  The results show high accuracy and improved sensitivity over existing tests, detecting BRAF mutations in frequencies as low as 1% and correctly identifying mutations in 100% of the samples that were identified as mutants by experts. The automatic analysis also produces results that are indistinguishable from those achieved by an experienced ddPCR technician.
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