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3: Our Goal

1: Read Mapping

Fact: it remains challenging to sequence the entire DNA molecule as a whole.

2: Problem

Calculating sequence alignment is a major
performance bottleneck:

Significantly reduce the time spent on calculating the sequence
alignment of short sequences using pre-alignment filtering.

As a workaround: high throughput DNA sequencing (HTS) technologies can
sequence only segments of the original molecule. This is relatively quick and
cost-effective but it results in an excessive number of genomic reads.

x Uses computationally expensive
dynamic programming algorithms.

To this end: We introduce new, fast, and very accurate pre-alignment
filters, SneakySnake (for CPU) and Snake-on-Chip (for FPGA).

¥ Bottlenecked by memory bandwidth,
e.g., lllumina NovaSeq 6000 generates 6
Terabases in < 24 hours

Hence we need read mapping to link the reads together and construct back
the donor’s complete genome by 1) determining the location of each read
within reference genome and 2) calculating its optimal sequence alignment.

Billions of Short Reads r\‘

ATATATACGTACTAGTACG

GA AGTACGTACG
ATATATACGTACTAGTACG Short Read

4: Key Ideas

Quickly and accurately filters out highly dissimilar sequence pairs
before applying sequence alignment algorithms.

A‘AAAG

x They are unavoidable as they provide
accurate information about the quality
of the alignment.

QOB-B-{P-OD

Provides fast and highly accurate filtering by reducing the
sequence alignment problem to single net routing (SNR) problem
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3AC GGGGAGTACGTACG reference genome do not align with a

given read due to high dissimilarity.

6: SneakySnake Walkthrough

Reference Genome

Judiciously leverages the parallelism-friendly architecture of
modern FPGAs to greatly speed up the SneakySnake algorithm.
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5: Single Net Routing (SNR) Problem
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7: Evaluation & Key Takeaways
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