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World's First Gomplete Next-
generation Sequencing System to
Identify Genetic Variants
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IN1975, Frederic Sanger, a Nobel Laureate, invented
the Dideoxy termination method, which was adopted
as a primary technique in the “first generation” of DNA
sequencing applications. Laying a solid foundation
for DNA sequencing research, Sanger’s discovery
leads human beings to move beyond macroscopic
perspective to microscopic DNA sequence to analyze
chemical interactions of organisms. However, the
disadvantages of Sanger sequencing, such as high cost,
low throughput, and time consuming, make related
applications difficult to popularize. Therefore, with huge
contributions in various countries, the emergence of
Next Generation Sequencing (NGS) not only reduces
sequencing cost, but also allows multiple genes to be
analyzed at once and can detect all types of variants.

Professor Jui-Hung Hung of the Department of
Computer Science at NYCU specialized in next-
generation sequencing algorithms and Bioinformatics.
Last September Professor Hung and his team won
the 2021 FUTEX Future Tech Award from the Ministry
of Science and Technology, which was evaluated
by two criteria: scientific breakthrough and industrial
practicability, for their work "Genetic variant discovery
SoC for analyzing Next-generation sequencing
data" that can be widely used in high-speed disease
detection, biomedical diagnosis, bioinformatics analysis,
and species detection, etc. The award-winning work
is the first complete NGS data analysis system in the
world. Integrating with a SoC, a customized circuit
board and peripheral circuits which were designed by
the team, the system can reach the fastest computing
speed in the world. Their work achieved 66 times
speed-up compared to existing high-level GPU
platforms. Meanwhile, the SoC supports four kinds of
operations: data preprocessing, short reads mapping,

haplotype search, and genome variations detection.
This work was also exhibited in the Consumer
Electronics Show (CES) in January 2022.

Integrating the sBWT algorithm developed by the
team with the existing genome analysis suite, the
winning work achieved an accuracy as consistent
as the software platform. In addition, the SoC,
manufactured by TSMC's 28nm process, can run at
a maximum of 400MHz with a power consumption
of 0.975W, and completes an entire genetic data
analysis in 37 minutes. Compared to existing high-
level GPU platforms, the system not only significantly
accelerated the analysis, but also increased energy
efficiency and area efficiency by several orders of
magnitude. Meanwhile, combining high parallelism,
hardware sharing, complexity reduction, and other
hardware optimization techniques, the work achieved
high performance and low power consumption. The
SoC comprised two main computing units, "multiplex
sequencing engine" and "dynamic programming
processing engine", to handle the complicated
operations of the entire sequencing data analysis.
Furthermore, the system integrated a Synopsys
ARC processor, which could be used for file transfer
interface, memory data and IP control, etc., to
increase system flexibility. In addition to the system
accuracy of 99.6 validated on standard test data of
FDA, the customized GUI of the system could also
offer real-time interpretation.

Because of the limits of computing power in the past, it
would take more than three days to analyze a complete
sequence of the human genome using common DNA
data analysis tools even with a high-end GPU. The
award-winning work "Genetic variant discovery SoC
for analyzing Next-generation sequencing data" adopts
a workflow with short reads mapping, haplotypes
reconstruction using de Bruijn graph for sequence
assembly, and comparison with the DNA database
to efficiently identify the variant position and deliver a
complete analysis in 40 minutes. It significantly reduces
the time of genome sequencing while maintaining high
accuracy. The technique of rapidly identifying gene
variants can be used not only for disease diagnosis,
but also for virus gene evolution tracking and fetal
genetic testing, etc. Therefore, it can be seen as an
important milestone in the development of genetic
engineering. Once again, congratulate Professor Jui-
Hung Hung and his team on their success!




