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Abstract: Nanopore sequencing, as an emerging hotspot in sequencing technology, demonstrates
tremendous potential in species identification, genome assembly, variant detection, and
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transcriptome analysis, owing to its distinctive advantages including extended read lengths, rapid
detection capabilities, and compact instrumentation. However, nanopore sequencing data are
characterized by high error rates and presence of insertions and deletions, which pose novel
challenges for the application of conventional sequence alignment tools and the construction of
reference databases. Focusing on the characteristics of nanopore data, this paper systematically
sorts out sequence alignment tools suitable for nanopore sequencing, and elaborates on their
advantages and limitations in processing sequence data for five different application scenarios:
long-read sequencing, real-time sequencing, error rate compatibility, metagenomics, and structural
variation detection. Meanwhile, from the perspective of data sources, this paper conducts multi-
dimensional classification and organization of reference genome databases, and sorts out the key
technologies for constructing high-quality nanopore databases. Through the collaborative analysis
of alignment tools and databases, this paper provides references for the optimization and innovation
of nanopore sequencing data analysis, and promotes the in-depth transformation of metagenomic
sequencing from data generation to functional analysis.
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Comparative analysis of comparison tools under different application dimensions

Comparison  Representative tools Core algorithms and features Advantages Limitations
dimensions
Long-read Minimap2, GraphMap, Seed-based chaining combined  Fast (Minimap2); Extremely long repetitive
sequence NGMLR, Winnowmap?2 with dynamic programming; accurate (GraphMap) regions can reduce
alignment error-tolerant alignment alignment accuracy
strategies (Minimap2)
Real-time UNCALLED, Signal-level alignment; end-to-  Highly real-time Requires high-performance
sequencing DeepSelectNet, Read end neural classification; performance; rapid hardware and pre-trained
alignment Until, PROFIT-seq differentiable modeling target sequence models
frameworks identification
Error-rate Minimap2, GraphMap2, Error-tolerant anchoring; Can accommodate Trade-offs between speed
tolerant NGMLR, Winnowmayp, heuristic z-drop; convex gap error rates up to 19%  and accuracy depending on
alignment LRA, LAST penalty models application context
Metagenomic DeSAMBA, Minimap?2, Pseudo-alignment using de Efficient handling of ~ Limited scalability for
alignment Winnowmap?2, Bruijn graphs; sparse k-mer high-throughput novel species and
GraphMap2, Kraken?2, indexing strategies metagenomic datasets incomplete reference
Centrifuge genomes
Structural Minimap2-cuteSV, Chained anchoring with High topological Accuracy constrained by
variation NGMLR-SVIM, dynamic programming and SV-  sensitivity for signal-level modeling or
(SV) Winnowmap-Sniffles2, specific recognition modules detecting complex improper parameter tuning
detection RawAlign, HQAlign SVs
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