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DNA structure (1953)

Focus on composition of DNA molecules rather than order

by Odile Crick in Nature 171 (1953) Franklin, R.E. and Gosling, R. Nature 171 (1953):740



Holley et al J. Am. Chem. Soc. (1961): 4861 Holley et al J. Biol. Chem. (1965): 2122 

RNA-seq precedes DNA seq



J. Mol. Biol. (1975) 94:441, Genomics (2016) 107(1):1, PNAS 74:560, PNAS 74:5463

Advent of PAGE, Maxam and Gilbert and Sanger

Sanger Maxam-
Gilbert





J. Mol. Biol. (1975) 94:441, Genomics (2016) 107(1):1, PNAS 74:560, PNAS 74:5463

Advent of PAGE, Maxam and Gilbert and Sanger

Sanger Maxam-
Gilbert



ABI 370 prototype 

Science (1991) 254:59



Sequencing the human genome



“Adaptors”

Generating a sequencing library



“Adaptors”

Source of nucleic acid? Quantity available?

Quality?

Delrue et al 2012

Source material considerations



“Adaptors”

Fragmentation technique?

Sonication

“Tagmentation”

Penkov et al 2023

Covaris

Ways to fragment DNA



Every single fragment from the cell? Or enrich areas of 
interest? What’s in a genome?

Telomeres
Centromeres 
rDNA
Introns
Exons
Promoters
Repetitive DNA
“Junk DNA” 
Transposable elements

What is the region of interest



Single molecule array
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T G C T A C G A T …

Sequencing 

Sequencing by synthesis



“Adaptors”

Ribosomal RNA 

Transfer RNA 

mRNA 

Sequencing RNA



How about single-cell RNA-seq?



Total RNA RNAseq

Gene Expression level

Gene 1 10,000

Gene 2 1,000

Gene 3 5,000

Gene 4 200*

Gene 5 0

Gene Expression level

Gene 1 60,000

Gene 2 0

Gene 3 1000

Gene 4 200

Gene 5 0

Gene Expression level

Gene 1 0

Gene 2 2000

Gene 3 1000

Gene 4 800

Gene 5 0

Gene Expression level

Gene 1 0

Gene 2 1000

Gene 3 1000

Gene 4 0

Gene 5 250

Gene Expression level

Gene 1 0

Gene 2 2000

Gene 3 1000

Gene 4 0

Gene 5 0

Gene Expression level

Gene 1 0

Gene 2 0

Gene 3 21 000

Gene 4 0

Gene 5 0

Global RNAseq tells a very different story than single cell RNAseq

*:limit of detection



Lineage tracing – cells grouped according to similarity,
reveal developmental relationships

Cell atlas – revelation of specialized cell types in organs

Nat. Med. 26, 171–177 (2020)
Nat. Rev. Genet. 23, 395–410 (2022).
Nat. Rev. Genet. 21, 410–427 (2020).

Understanding disease mechanisms, cellular crosstalk

Global RNAseq tells a very different story than single cell RNAseq



Single cell RNA seq timeline

Huang et al. Journal of Hematology & Oncology (2023) 16:98



Single cell wet lab workflow

Lafzi et al Nature Prot 2018What could go wrong?



Template-switching



10X genomics



Template-switching with cell barcode



Unique Molecular Identifier

PCR

4 8 2

8 9 3



Unique Molecular Identifier

PCR

4 8 2

4 8 2

counting UMIs instead of transcripts



SPATIAL GENE EXPRESSION
Visualize Gene Expression within Tissue Organization



Genome

Transcriptome

Epigenome

Proteome

Metabolome

Bulk Single Cell Spatial



Patrik L. Ståhl et al. Science 2016;353:78-82

Mouse olfactory bulb
Bulk RNAseq

Microdissect and 
RNAseq

Dissociate tissue and 
single cell RNAseq
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In situ RNAseq

Spatial transcriptomics



Patrik L. Ståhl et al. Science 2016;353:78-82

Spatial transcriptomics workflow



Patrik L. Ståhl et al. Science 2016;353:78-82

500 um



Patrik L. Ståhl et al. Science 2016;353:78-82

40 um



Patrik L. Ståhl et al. Science 2016;353:78-82



10x genomics Visium



Place tissue on slide
H&E stain

Permeabilize and capture
H&E stain

Prepare libraries
Sequence



How to make this compatible for FFPE?



Visium HD



Visium HD



10x genomics Xenium/Atera
Imaging-based transcriptomics



Can you use probes for fixed single cells?



Probe-based gene expression – 10x Flex

Slides by Sydney Blattman



Blattman, Maslah, Varela et al Biorxiv 2026

Slides by Sydney Blattman



Slides by Sydney Blattman



Single cell DNA studies



Contactless piezo 
electric dispenser

high throughput 
dispensing of

 individual cells from 
cell suspensions 

50 pl to 1 ul

Direct Library PrepDirect Library Prep



Real-time object recognition during dispensation
On-board fluorescent module

Imaging of cells on chip
Link cell state to sequencing data

Direct Library PrepDirect Library Prep



Direct Library PrepSingle cell DNA libraries



Direct Library PrepData analysis to look at copy number aberrations



The nanopore

Mutated residues

Pore



Nanopore DNA/RNA sequencing

Motor protein

Nanopores, allowing ion flow, are
created in a membrane

Bases caused characteristic disruption in the current
which is read and analyzed in real time



Direct sequencing Ultra-long reads

Real-time analysis Scalable technology

Why nanopore sequencing?

Enrichment via 
“adaptive sampling”



ADAPTIVE SAMPLING

On-target DNA
Off-target DNA

Accepted

Entire fragment is 
sequenced

Partial fragment is 
sequenced (~800 bases)

Rejected
Requirements

ü Target .bed file 
(genomic coordinates)
 
ü Reference .fasta file



Zehir A, et al., Nat Med. 2017

BACKGROUND

Overview of MSK-IMPACT clinical workflow.
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Pre-
Sequencing

MSK-IMPACT 505 + 3 20kb20kb

Buffer regions

2.4% 

• Reference .fasta file

• Target .bed file

GRCh38

ADAPTIVE SAMPLING WORKFLOW



Patient (R-1925) with a germline alteration in BARD1 gene

313 bp deletion

Pathogenic BARD1 SV
Chr2: Exon 9 deletion (SVLEN=313)



Patient (R-1933) with multiple germline alterations

III. Pathogenic RAD51C SV
Chr17: 5-exon deletion (SVLEN=36372)

KolmogorovLab/Severus

RAD51C



Sequencing by synthesis - cost

$3,000 | Gb

$2 | Gb 8000 Gb | Day
>1500x reduction

>26,000x increase

2007

2023

New York City
$2,000 | 6 hours

Paris, France
$1.33 | 1 sec

0.3 Gb | Day


