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Abstract With the rapid development of genomic science, portable nanopore sequencing technology has become a revolutionary
progress in the field of bioinformatics due to its unique portability, real-time capabilities, and high-throughput sequencing capacity.
This paper comprehensively analyzes the principles and characteristics of portable nanopore sequencing technology and its wide
applications in environmental monitoring, epidemic prevention and control, and on-site rapid diagnosis. Through practical cases, it
demonstrates how this technology provides efficient and real-time new solutions for biological research and public health emergency
response. Meanwhile, it discusses the challenges faced by this technology, including data accuracy, sequencing costs, and data
processing issues, and looks forward to the future development trends and application prospects. Portable nanopore sequencing
technology not only promotes research in the field of bioinformatics but also has a profound impact on the formulation of public
health monitoring and disease control strategies.
Keywords Portable nanopore sequencing; Bioinformatics; Environmental monitoring; Epidemic prevention and control; Rapid
diagnosis; Public health emergency response

Introduction
Since the development of the first generation of DNA sequencing technology by Frederick Sanger in 1977,
genome sequencing technologies have evolved rapidly. From the initial Sanger sequencing to the second
generation of high-throughput sequencing (HTS) technologies (Pareek et al., 2011), and to the recently developed
third generation sequencing technologies such as single-molecule real-time sequencing (SMRT) and nanopore
sequencing technology (Yanhu et al., 2015), there have been qualitative leaps in the speed, cost, and accuracy of
genome sequencing. The advancements in genome sequencing technologies have not only accelerated research in
life sciences, facilitated the implementation of precision medicine and personalized treatments, but also shown
tremendous potential applications in fields such as agricultural improvement, microbiology, and environmental
science (Zheng et al., 2023).

With the advancement of technology and increasing research demands, higher requirements have been placed on
genome sequencing technologies, particularly in terms of flexibility, speed, and portability (Chen et al., 2023).
The advent of portable nanopore sequencing technology, which allows for direct sequencing of DNA and RNA
using miniaturized devices, enables its use outside of the laboratory and provides real-time sequencing data
(Samarakoon et al., 2020). The development of this technology marks a new era in genomics research, making it
possible to perform genome sequencing in field environments, clinical settings, and even in space (Pomerantz et
al., 2018).

Portable nanopore sequencing technology has attracted widespread attention in the field of bioinformatics due to
its unique technical advantages. Its innovation lies not only in the portability of the equipment but also in its
ability to provide long reads, which are crucial for solving complex genomic regions assembly, identifying
repetitive sequences, and detecting epigenetic modifications. Additionally, the capability of this technology to
analyze data in real-time offers new solutions for rapid response to public health events, environmental
monitoring, and on-site diagnostics, showcasing its broad application prospects across multiple fields.
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1 Overview of Portable Nanopore Sequencing Technology
1.1 Principle of the nanopore technology
Portable nanopore sequencing technology is a revolutionary method of genome sequencing that utilizes tiny
channels (nanopores) to detect the DNA or RNA sequences of individual molecules. Its working principle is based
on guiding single-stranded DNA or RNA molecules through a nanopore embedded in a membrane made of a
resistive material. As the molecule passes through the nanopore, it causes changes in the electrical current. These
changes are specifically associated with the nucleotide sequence passing through the pore, thereby allowing
real-time sequence identification of the molecules passing through the nanopore (Cummings et al., 2017).

During the sequencing process, a voltage is applied across the membrane containing the nanopore, prompting the
charged molecules to pass through the pore. As the molecules pass through the nanopore, the changes in current
caused by the nucleotides are detected and recorded. By analyzing the patterns of these electrical signals, the
nucleotide sequence of the molecule can be determined (Figure 1).

Figure 1 Schematic of DNA sequencing using a nanopore. DNA passing through a nanopore membrane with electrical signal
generation and base identification (Cummings et al., 2017)

1.2 Technical features
The main advantages of portable nanopore sequencing technology include its compact size, portability,
independence from biochemical reagents, and the ability to perform readings using physical methods directly.
This technology is less complex, cost-effective, and capable of sequencing purified genomic DNA, PCR
amplicons, cDNA samples, or RNA in real-time and rapidly (Cummings et al., 2017). Additionally, this
technology also enables single-molecule sequencing without PCR (Chen et al., 2023).

1.3 Technology development
Since the first observation of nucleic acids translocating through nanopores in the 1990s, nanopore sequencing
technology has evolved from laboratory experiments to commercial tools. Although the current technology has
not yet achieved single-nucleotide resolution sequencing of deoxyribonucleic acid, there have been multiple
reports using α-hemolysin protein nanopores for basic DNA analysis, as well as the manufacture of various
synthetic nanopores. The commercialization of these technologies has begun, turning nanopore sequencing
devices into an inexpensive, fast genomic tool that not only allows for reading lengths exceeding 100 kb but also
features portability, low cost, and speed (Rhee and Burns, 2006; Bayley, 2015).

Portable nanopore sequencing technology has shown its potential in multiple fields, including microbial diversity
research, disease diagnostics, drug target discovery, species conservation, SARS-CoV-2 detection, and
applications in microgravity environments (Benítez-Páez et al., 2015; McIntyre et al., 2015; Chen et al., 2023).
Furthermore, this technology has also demonstrated potential in forensic analysis, potentially becoming a viable
solution for small to medium-sized forensic laboratories (Hall et al., 2020). As nanopore sequencing technology
continues to improve and application tools are integrated, its incorporation into laboratory or remote field
workflows will further simplify the sequencing process (Pomerantz et al., 2018; Hall et al., 2020).
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2 Applications of Portable Nanopore Sequencing Technology
The development of portable nanopore sequencing technology has brought revolutionary advances to the field of
bioinformatics, especially showing its unique value and broad application prospects in environmental monitoring,
epidemic prevention and control, and onsite rapid diagnosis. In environmental monitoring, portable nanopore
sequencing technology has been used to study microbial diversity. For example, studies have shown that the
MinION™ system can analyze microbial communities through 16S rRNA gene sequencing, allowing for
classification and measurement of relative abundance at the species level (Benítez-Páez et al., 2015; Benítez-Páez
and Sanz, 2017). This is very valuable for understanding the composition and dynamics of microbes in complex
ecosystems.

In the area of epidemic prevention and control, the technology has proven to be able to quickly and accurately
identify and monitor pathogens. For instance, MinION™ has been used for the detection and surveillance of
pathogen outbreaks, as well as the study of human genome variations (Benítez-Páez and Sanz, 2017; Magi et al.,
2017). This rapid sequencing capability is crucial for responding to public health emergencies.

In onsite rapid diagnostics, portable nanopore sequencing technology provides a method for species identification
under field conditions. Research indicates that using the MinION device and portable laboratory equipment,
researchers can generate high-accuracy consensus sequences less than 24 hours after collecting samples, thereby
achieving species resolution (Pomerantz et al., 2018). This is significant for conservation efforts and speeding up
species identification in research facilities in developing countries.

Overall, portable nanopore sequencing technology demonstrates great application potential in environmental
monitoring, epidemic prevention and control, and onsite rapid diagnostics. It not only accelerates scientific
research but also plays a crucial role in biodiversity conservation, public health emergency response, and
enhancing research capabilities in developing countries.

3 Challenges and Prospects of Technology
Portable nanopore sequencing technology is a cutting-edge genomics technology based on single-molecule
detection, which identifies nucleotide sequences by monitoring the changes in electrical current as DNA
molecules pass through a nanopore. Despite this technology's significant potential in genetic testing, it still faces a
range of technical challenges.

3.1 Technical challenges
The challenges of nanopore sequencing include effectively detecting signals from specific bases, controlling the
size and surface characteristics of the nanopore, and regulating the speed and behavior of DNA molecules as they
shuttle through. A key challenge is achieving high-quality nanopore fabrication, which requires the assistance of
modern micro and nano-fabrication technologies (Liu et al., 2016). Additionally, even though Oxford Nanopore
Technologies (ONT) has made notable advancements in the past two years, using nanopore data to detect small
variations remains challenging. Currently, it requires combining with complementary short-read sequencing to
reduce the inherent biases of nanopore sequencing technology (Magi et al., 2017).

3.2 Solutions
To overcome these challenges, researchers have developed a multitude of algorithms and tools for base calling,
data processing, read mapping, de novo assembly, and variant detection. The development of these tools and
algorithms helps to enhance the efficiency of nanopore data utilization, especially in genome de novo assembly
and structural variation discovery, achieving unprecedented accuracy and resolution (Magi et al., 2017). The
research field of solid-state nanopore sequencing is also continuously expanding in terms of materials, device
assembly, manufacturing methods, the shuttling process, and specific challenges (Yang et al., 2013).
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3.3 Prospects
As a fourth-generation sequencing technology, nanopore sequencing offers advantages such as low cost, long
reads, and ease of integration onto chips. With the rapid development of semiconductor technology, it is now
possible to manufacture high-speed, high-throughput nanopore gene sequencing microchips (Chen et al., 2014).
Furthermore, the latest technological innovations of Oxford Nanopore Technologies (ONT) hold promise for
addressing the implementation challenges in clinical laboratories, such as high costs, lengthy result times, and the
demand for specialized technical and bioinformatics expertise. The ONT sequencing platform has become an
attractive option for clinical laboratories due to its low cost, fast turnaround time, and user-friendly bioinformatics
workflow (Petersen et al., 2019).

In summary, despite facing a series of challenges, portable nanopore sequencing technology still has a very broad
prospect in genomic research and clinical diagnostics. As the technology continues to advance and optimize, these
challenges will be gradually overcome, and nanopore sequencing is expected to become an important tool for
future genetic sequencing.
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