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[ Abstract ]| Compared to the commonly used second-generation sequencing (NGS), long-read sequencing (LRS) is
capable of continuously reading millions of base pairs. This article reviews the recent progress in the applications of single-
molecule real-time sequencing technologies, Oxford nanopore sequencing technologies and novel single-molecule LRS
technologies. LRS technologies facilitate the detection of genomic variations, including structural variations, copy number
changes, gene fusions, etc. Moreover, LRS technologies provide an effective tool for profiling transcriptome and epigenetic
modification. LRS can also solve part of the technical bottleneck of the NGS and help to reveal the complexity of biological
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macromolecule in health and disease conditions, which may provide a new theoretical basis for better understanding the

mechanisms of carcinogenesis and malignant progression, subsequently leading to development of novel therapeutic

strategies and drugs. Besides, this review outlines the potential advantages of the application of LRS in clinical practice of

oncology.
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Fig1 Schematics of PacBio SMRT and ONT nanopore sequencing procedure

A: A schematic diagram of PacBio SMRT sequencing. A SMRTbell template consists of a double-stranded region flanked by 2 hairpin

loops. The DNA template is replicated by polymerase chain reaction (PCR), then sequenced by PacBio SMRT. Bases can be identified

by different fluorescence colors and intensities. B: A schematic diagram of ONT nanopore sequencing. A single-stranded DNA

molecule is ligated with adapters and motor proteins so it can pass through the nanopore. Changes in electrical current or tunneling

currents are used to read off the chain of bases. PacBio: Pacific Biosciences; SMRT: Single molecule real-time; ONT: Oxford

Nanopore Technologies; SMRTbell: Single molecule real-time bell; ANTP: Deoxyribonucleoside triphosphate; a.u.: Absorbance unit.
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Fig2 Workflow of novel single-molecule LRS technologies

A: Workflow of stLFR-seq. The Tn5 transposase inserts a hybridized sequence with a molecular tag into the DNA to encode each
long DNA molecule. Then PCR products are collected and quantified, followed by MGISEQ-2000 DNB-based library preparation

and sequencing. B: Workflow of TELL-seq. TELL beads and barcodes are used to fragment DNA, and then Illumina sequencing

is performed after PCR amplification and library construction. C: Workflow of scNanoATAC-seq. Unfragmented DNA is tagged

by Tn5 transposase. Single nuclei are sorted into lysis buffer containing inner barcode. After performing PCR with outer barcode

primers, long reads are sequenced by ONT PromethION 48. LRS: Long-read sequencing; stLFR-seq: Single-tube long fragment

read sequencing; TELL-seq: Transposase enzyme-linked long-read sequencing; scNanoATAC-seq: Single-cell assay for transposase-

accessible chromatin on nanopore sequencing platform; PCR: Polymerase chain reaction, DNB: DNA nanoball; ONT: Oxford

Nanopore Technologies.
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Tab 1 Comparison of long- and short-read sequencing technologies

Cost per Cost per Maximum
S ncine technol lane of million Runtime/ throughput Average Maximum Read Error profile
cquencing technology acell/ reads/ h read/kilo- read/bp  read/bp  accuracy/% orpro
USD  USD read

PacBio Sequel 1 1025 2050 10-20 500 20000 50000 83-91/99.9 Homopolymers
(maximum 8 cells) (CCS)
PacBio Sequel I 2 050 410 10-30 4000 30000 130 000 83-91/99.9 Homopolymers
(maximum 16 cells) (CCS)
ONT Flongle 82 400 0.1-12 200 30000 60 000 96-99  Homopolymers
ONT MinIlON 615 615 0.1-48 1000 50000 23000000  96-99  Homopolymers
ONT GridION (maximum 5 FCs) 615 615 48 1000 50000 23000000 96-99  Homopolymers
ONT PromethION 1435 256 72 6000 30000 330 000 96-99  Homopolymers
(maximum 48 FCs)
Illumina NovaSeq S4 5126 2.6 44 2000 000 250 290 99.9 Low-quality ends
(2X'150 bp PE, maximum 4 lanes)
Illumina MiSeq 2 050 103 56 20 000 550 590 99.9 Low-quality ends

(2X300 bp PE, maximum 2 lanes)
PacBio: Pacific Biosciences; ONT: Oxford Nanopore Technologies; FC: Flow cell; PE: Paired-end; USD: United States dollar;

CCS: Circular consensus sequencing.
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Tab 2 Impact of different LRS strategies on ability to detect structure variation

Sequencing strategy Sequencing depth Advantage and disadvantage
Whole coverage All samples were tested for LRS (coverage>40) (de novo Comprehensive detection of structure
assembly to detect structure variation) variation and identification of rare variants

Mixed-coverage Key samples were tested for LRS at high-coverage (>>30) and the High sensitivity and cost-effective
remaining samples at low-coverage (>5)

Hybrid 10%-20% of all samples were tested for LRS (coverage>>30) and Allele frequencies of identifying structure
the remaining samples for short-read sequencing (coverage>>20)  variation but omission of rare variants

LRS: Long-read sequencing.
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