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Overview

Nanopore direct RNA sequencing(DRS) ® Direct RNA sequencing (DRS) is a transformative
RNA technology that has emerged over the past
decade, leveraging long-read nanopore platforms to

directly sequence native RNA molecules.
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Highlight

This article emphasizes that nanopore direct RNA sequencing can
simultaneously resolve multiple layers of information from native RNA
molecules at single-molecule resolution.

This article systematically compares nanopore direct RNA sequencing
with short-read, long-read, and modification-specific approaches.

A This article adopts a task-oriented perspective to clarify the advantages of
nanopore direct RNA sequencing.

This article emphasizes confidence grading in the interpretation of
nanopore direct RNA sequencing results.

U This article proposes a layered benchmarking and validation framework.



The Evolution of Nanopore Direct RNA Sequencing
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Figure 1. Timeline of major innovations in RNA sequencing and RNA modification technologies



‘@)/}Wiew of Oxford nanopore direct RNA sequencing (DRS) technology, platforms, and software
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Figure 2. Overview of DRS technology, platforms, and software



Comparison of RNA sequencing strategies and the unique advantages of nanopore DRS
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Advantages and biological applications of DRS
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>ﬁ)‘d-to-end computational workflow for Oxford Nanopore DRS data analysis and downstream applications
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Experimental design and multi-layer benchmarking framework for DRS
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Standardization and validation are particularly crucial as
DRS research spans multiple levels of analysis, including
raw current signals, base recognition, alignment, transcript
reconstruction, poly (A) tail estimation, and RNA
modification detection. The article proposes that the DRS
analysis results should be evaluated using multiple types
of evidence, including ERCC, SIRV, modified coding IVT
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enzyme treated samples, etc. Different tasks should use
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Figure 8. Experimental design and multi-layer benchmarking framework for DRS
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By integrating with DNA sequencing, ATAC-seq, short-
read RNA-seq, metabolic labeling, LC-MS/MS, ribosome
profiling, and proteomics, DRS 1s expected to help
researchers trace regulatory information from genomic
variation and chromatin states to RNA processing, RNA
modifications, translational efficiency, and protein output,
thereby enabling the construction of a more

comprehensive RNA-centered regulatory network.

Figure 9. Nanopore direct RNA sequencing as a central hub for multi-omics integration
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_b) Summary

1 Nanopore direct RNA sequencing leverages the advantages of native RNA single-molecule long-
read sequencing, driving transcriptomics from single-layer expression analysis toward multi-layer

information integration.

1 Direct RNA sequencing holds broad application potential in complex transcriptome analysis, disease

feature discovery, and multi-omics integration.

 The reliable application of DRS still requires appropriate experimental design, well-established
computational workflows, advanced analytical tools, evidence-aware interpretation, and multi-
layer benchmarking and validation frameworks. In practical studies, DRS should be evaluated from

three key perspectives: application context, confidence of results, and validation strategy.
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