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    Abstract
Rapid advancements in next generation sequencing technologies have greatly improved the throughput of sequencing and reduced the cost to under $1000 per genome propelling ambitious projects across the globe that are pursuing sequencing million or more genomes. In addition, the sequencing throughput is increasing and the cost is decreasing at a rate much faster than the Moore’s law. This necessitates equivalent rate of acceleration of NGS secondary analysis that assembles the reads into full genomes and identifies variants between genomes. Conventional improvement in hardware can at best help accelerate this according to the Moore’s law if the corresponding software is able to use the hardware efficiently. This is currently not the case for majority of the dozens of software tools used for NGS secondary analysis. Thus, to keep pace with the rate of advancement of sequencers, we need – 1) hardware that is designed taking into account the computational requirements of NGS secondary analysis and 2) software tools that use the hardware efficiently.
In this work, we take the first step towards that goal by identifying the computational requirements of NGS secondary analysis. We surveyed dozens of software tools from all the three major problems in secondary analysis – sequence mapping, de novo assembly, and variant calling – to select seven popular tools and a workflow for an in depth analysis. We performed runtime profiling of the tools using multiple real datasets to find that the majority of the runtime is dominated by just four building blocks – Smith Waterman alignment, FM-index based sequence search, Debruijn graph construction and traversal and pairwise hidden markov model algorithm. Together, these building blocks cover 80.5%-98.2% of the runtime for sequence mapping, 63.9%-99.4% of the runtime for De novo assembly, and 72%-93% of the runtime for variant calling. The beauty of this result is that by just tailoring our software and hardware for these building blocks, we can get a major performance improvement of NGS secondary analysis.
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