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2011

Humans differ for >3000 deletions sizing >500bp

~5% of human genome is duplicated
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Greenfield G et al. J Hematol Oncol, 2021

Dohner H et al. Blood, 2022Duncavage EJ et al. Blood, 2022
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Epigenetic Regulation

Preissl S et al. Nature Rev Genet, 2023
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Structural Variants (SV)

3D structure og genome

The operational range of SVs includes events > 50bp. Alkan C, Nat Rev Genet, 2011

SVs contribute to germline and somatic diseases. Talkowski M, Cell, 2012

SVs are complex and important driver of human evolution.

GnomAD SV v4

Soto DC, Am J Biol Anthropol, 2023

Epigenetic Patterns

Structural Variants



Long-Read Sequencing (LRS)



LRS technologies

Nanopore Seq

Single-Molecule Real-Time Seq



E. Coli genome: 4.6x106 bp

Whole Genome Sequencing (WGS)

short-read

long-read

Telomere-to-Telomere (T2T) CHM13 release: 
3.055 billion bp with gapless assemblies for all chr (-Y)

Nurk S et al. Science, 2022 



Monmia S et al. Leukemia Res, 2007

Ex3 Ex35

Detection of Gene Fusions

CBFB::MYH11 calling

Romagnoli S et al. Biomark Res, 2021

PDGFRα, PDGFRβ, FGFR1, PCM1::JAK2 characterization



Variant Phasing

Allele A

Allele B

CEBPA mut phasing

Long reads

Short reads

Cumbo C et al. Genes, 2019

Cai L C et al. poster Ass Mol Path, 2020



Variant Phasing

Germline variation at the 9p24.1 risk haplotype confers 
elevated risk of acquiring JAK2 V617F mutations

370/562 (65.8%) patients had JAK2 V617F mutation in cis with 
the risk haplotype 

MF with high-frequency JAK2 mCAs have marked reductions in 
telomere length suggesting a relationship between telomere 
biology and clonal expansion.



Rapid Time-to-Results



ID CHROM POS ALT SEQUENCE SV TYPE SV LENGTH DR DV TIME
12 chr13 28034134 GAGATCATATTCATA INS 18 13537 2971 7h
13 chr13 28034132 ATTGTAAGGCTACCAAACTCTAAATTTTCTCTTGGAAACTCCCATTTGAGATCATATTCATAT INS 63 26122 25 8h
18 chr13 28034132 AAATTTTCTCTTGGAAACTCCCATTTGAGATCATATTCATAT INS 42 129125 1252 4h45’
25 chr13 28034130 CCCATTTGAGATCATATTCAT INS 21 22854 2397 6h45’

8 chr13 28034176 AGGTGGTAAATTTTCTCTTGGAAACTCCCATTTGAGATCATATTCATATTCTCTGAAATCAACGTAGAAG
TACTCATTATCTGAGGAGCCGGT INS 93 117411 338 7h30’

16 chr13 28034154 GATCATATTCATATTCTCTGAAATCAACGTAGAAGT INS 36 5772 549 7h
52 chr13 28034158 TTCATATTCTCTGAAATCAACGTAGAAGTACTC INS 33 4990 562 6h15’
54 chr13 28034133 CTCTTGAAATCAGGGATTCATATT INS 24 30342 3930 4h30’

59 chr13 28034181 GGGGGCCTAAATTTTCTCTTGGAAACTCCCATTTGAGATCATATTCATATTTCTTGAAATCAACGTAGAA
GTACTCATTCTGTAAAAGTATCAGTCACCT INS 99 139003 167 8h

61 chr13 28034138 AAAAAACTCCATTTGAGATCATATTCATATTCTCTG INS 36 36898 254 5h
39 chr13 28034137 AATGAGATCATATTCATATTCTCT INS 24 3189 966 6h

Sample RNA FLT3 exon 13-16
cDNA

PCR and 
Adapter ligation

Load & Run Live Alignment Live ITD-calling

2h 2h 1’-3h
live analysis

Rapid Time-to-Results



SMRT sequencing Nanopore Sequencing

Sedlazek FJ et al. Nature Rev. Gen., 2018

Fu Y et al. Nature Rev. Gen., 2025

LRS Direct Methylation Calling

Umair M et al. Nature Comm., 2023



Simultaneous SV and Methylation profiling
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Simultaneous SV and Methylation profiling
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Simultaneous SV and Methylation profiling
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Major Challenges of LRS
Error rate

Annotation
• Few public dataset
• Pop SV repostory (GnomAD

SV v4)
• Mapping • Read N50 of 54 kbp

• Mean coverage 37x
• ~24,500 SVs per genome
Gustafson JA et al. Genome Res.,  2024 

Sample requirements

• Amount of sample (1ug)
• Stringent quality (FFPE)
• Fragmentation

Computational burden

• Large file per Gb (especially for raw data)
• Unstandardized algorithms to handle LRS data
• Powerful computing resources required

• Standard 87-98% reads Q20 
• HiFi: 99.9% reads Q20
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