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DNA structure (1953)

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

Focus on composition of DNA molecules rather than order



The analyses in Table I are consistent with the
formulas for the purified RNAs.?

Alanine RNA: pGp[(Ap)(Cp)as(Gp)u( Up)u( PaUpl] A

Valine RNA: pGpl(Ap)(Cp)aa(Gp ) Up he( PaUpJ] A

Tyrosine RNA: pGp{(Ap)(Cpla(Gplis(Up h(PaUpl] A

As indicated in Table I, the partition coef-
ficients of the valine and tyrosine RNAs in the

TasLe I
NUcLEOTIDE COMPOSITIONS OF PURIFIED ALANINE-, VALINE-
AND TYROSINE-ACCEPTOR RIBONUCLEIC AcIDS OF YEAsT®

RNA, Mole %
Nucleatide Alasine Valine Tyrosine
Ap® 12.1 19.1 21.7
Cp 29.9 27.5 26.7
Gp 33.7 20.5 30.2
Up 20.8 19.0 17.1
PsUp 3.7 4.9 4.4
Partition coeflicient® 0.12 0.21 4.2
Alkalme hydrolysates of 1 mg. of the RNAs were chro-~
d on Dowex 1 0.2 X 15 cm. according to

the procedure of W. E. Cobn and E. Volkin, Nature, 167, 483
(1951). The values given are averages of three or more
determmauons. and are not corrected for the terminal

and ® The abbrevia-
tions used are: Ap, adenylic acid; Cp, cytidylic acid;
Gp, guanylic acid; Up, uridylic ncnd and PsUp, pseudo-
uridylic acid. ¢ Partition coefficients of the purified RNAs
in a countercurrent distribution solvent system composed
of phosphate buffer, formamide and 2-propanol (see ref. 1).

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

RNA-seq precedes DNA seq
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Advent of PAGE, Maxam and Gilbert and Sanger
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FiG. 2. i from an

R4 as primer on the complementary strand j oX174 l)NA.lﬂndi-
tions were as in Fig. 1 with the following exce) used
as inhibitor instead of araCTP. After incubation of the solutions at
room temperature for 15 min, 1 ul of 0.5 mM dATP and 1 ul of re-
striction enzyme Hae 111 (4 units/ul) were added and the solutions
were incubated at 37° for 10 min. The Hae 111 cuts close to the HindIl
site and it was used because it was more readily available. The elec-
trophoresis was on a 12% acrylamide gel at 40 mA for 14 hr. The top
10.5 ¢m of the gel is not shown.
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Advent of PAGE, Maxam and Gilbert and Sanger
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site and it was used because it was more readily available. The elec-
trophoresis was on a 12% acrylamide gel at 40 mA for 14 hr. The top
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Large-Scale and Automated DNA Sequence
Determination

T.HUNKAPILLER, R_J. KAISER, B. £ KOOP, AND L HOOD Authors Info & Affiliations

SCIENCE - 40ct1991 - Vol 254, Issue 5028 - pp. 59-67 - DOL 10.1126/science.1925562

0

Abstract
X ?: Yo p: ” L Abstract | DNA sequence analysis is a multistage process that includes the preparation of
e 8 8 U o o o ”u p References DNA, its fragmentation and base analysis, and the interpretation of the resulting v
v 5 TE Ty T sequence information. New technological advances have led to the automation of
o certain steps in this process and have raised the possibility of large-scale DNA se- &
, quencing efforts in the near future [for example, 1 million base pairs (Mb) per @
! ) ot o year]. New sequencing methodologies, fully automated instrumentation, and im-
" l" o - provements in sequencing-related computational resources may render genome-
wh-o : o \;/ - oi-od-odo g, ) size sequencing projects (100 Mb or larger) feasible during the next 5 to 10 years.
C-519 T-526 <

Science (1991) 254:59



Sequencing the human genome

DNA extraction

DNA fragmentation

Clone into Vectors
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Generating a sequencing library

Create library

rimer



Source material considerations

Source of nucleic acid? Quantity available?
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Ways to fragment DNA
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Fragment genome
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What is the region of interest
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Sequencing by synthesis
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Sequencing RNA
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How about single-cell RNA-seq?
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Global RNAseq tells a very different story than single cell RNAseq
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Global RNAseq tells a very different story than single cell RNAseq
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Lineage tracing — cells grouped according to similarity,
reveal developmental relationships
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Understanding disease mechanisms, cellular crosstalk

Duct epithelium shared across organs:
KRT19, SOX9, TSPANS, KRT7,
LCN2, WFDC2, PROM1

Simple acinar:
parotid (salivary) glands

‘doo Serous acini: LPO, S100A1, LTF
-
e

Myoepithelial: EDN3, DLK1, WIF1

KRT14, KRT5, KRT17, ACTA2, TAGLN, MYLK,
MYH11, TPM2

Found in:
salivary glands, sweat
glands, mammary glands,
lacrimal glands

Mucous acini: MFSD4, ERN2, GRIA2

Coiled tubular:
eccrine (sweat) glands

Branched acinar:
b i) gland
Allsweat cells: AQPS, DCD, SCGB1D2 ssbecsausloflgland
Clear cells: CA2 1 Sebaceous gland cells:
Dark cells: MUCL1, SCGB1B2P e MGST1, APOE, TKT, FASN

Compound acinar:
mammary glands

Branched tubular: lacrimal (tear) glands

gastric

Pit cell: GKN1, GKN2, IL1R2, IL1IRN A Luminlall o
Parietal cell: ATP4A, ATP4B, CKB, CPAZ, - LTF (also expressed in
GUCA28B ® 85— lacrimal and parotid
Neck cell: MUC6, AQPS, FMOD, FUT9, b serous acinar cells)

GP2, MSMB @, Luminal 2

Chief cells: PGC, CHIA, LIPF, PGAS KRT18, ANKRD30A, AGR2

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).



Single cell RNA seq timeline
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Single cell wet lab workflow

(1) Sample prepraration
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Template-switching

(v) Single-cell capture”
and cell lysis
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10X genomics




Template-switching with cell barcode
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Unique Molecular Identifier
lPCR
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Unique Molecular Identifier
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counting UMIs instead of transcripts



Visualize Gene Expression within Tissue Organization

l SPATIAL GENE EXPRESSION
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Spatial transcriptomics workflow

Staining/Imaging tissue

Tissue section
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removal

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

Imaging gene expression



Hematoxylin & Eosin

500 um

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



40 um

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



—mRNA
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Capture
Areas

10x genomics Visium

Capture
Area

High-Diversity Gel Bead Pool

Fiducial
Frame

Primers

TruSeqRead1 |, Poly(dT)VN

Spatial
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10x Barcode Poly(dT)VN

Here's how...



Place tissue on slide
H&E stain

Permeabilize and capture
H&E stain

Reactions on slide Capture Areas

—-_—
. Read 1 SpatialUMI Poly(dT)VN
Barcode l Tissue Permeabilization
FAhang,
. A4 — 5
. l Reverse Transcription
4
AAM“‘A_
o
1 Template Switch Oligo Priming
Argy, TS0
A4 — 6rGrG I
o
l Transcript Extension
AAaaq,,
A e— 166G I—
o
l Second Strand Synthesis Priming
= —
===
Second Strand Primer
l Second Strand Synthesis
| —
—
l Denaturation
H —
e I—
Read 1SpatialuMI Poly(dT)VN 50
Barcode

Prepare libraries
Sequence

UMI Count

Cell
barcode UMI RNA
ACAGTATAAAGACT. ........... GGGCCCCG
TGACAATAAAGACT............ TCTAGCTG
CGTTAGGTTACGTC............ GATTATAG
TGACAAGTTACGTC............ ACAATGCT
GTTAGCTGATGCCG. . .......... CTTTGCAT
GTTAGCTGATGCCG. . .......... TCTCGACT
CGTTAGTGATGCCG. . .......... CCTCGAGC
ACAGTAGTTACGTC. ........... GTCACATC
TGACAATGATGCCG. . .......... GTCACATC
ACAGTATGATGCCG. . .......... TCGACGAT
GTTAGCTAAAGACT. ........... ACATGCTG



How to make this compatible for FFPE?
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Visium HD

Visium Spatial Capture Area with Visium Gene
Gene Expression ~5000 Barcoded Expression Barcoded
Slide Spots Spots
EE —
&z — «— 6.5 mm—

Partial Read 1 Poly(dT)

+«— 6.5 mMm—

Fiducial frame

- 8 x 8l mm
a0 — ”
8 x 8 um bin
[:] — M
e e e
2pum 2 um
}me
L1
O
I
Capture Area with Grid of 2 x 2 um barcoded squares,
binned to 8 x 8 um

Visium HD Slide, continuous lawn of oligos,
6.5 mm 6.5 x6.5 mm



Visium HD
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10x genomics Xenium/Atera
Imaging-based transcriptomics

Fig 1: Atera profiler
dimensions
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Fig. 2A (above):
schematic of
slides showing
possible tissue
placement
including tissue
micro-array on
the bottom can
maximize usage
of the slide.
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Fig. 2B (from left to right): in panel 1 slides are treated according to tissue preservation,
then incubated with probes as seen in panel 2. Hybridization to the target (purple) is
followed by rolling circle amplification. Panel 3 depicts staining with cell segmentation
markers after which the slides are loaded on to the Atera (panel 4)

Fig. 3: probe detection workflow on board the Atera: the
first panel shows cycles where fluorescent detection
probes hybridize to the rolling amplification product. The
signal from the probes is deconvoluted and assigned to
an RNA target (middle panel). Data may then be
visualized interactively using 10x Genomics software
(also see Figure 4 below).




Can you use probes for fixed single cells?
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Probe-based gene expression — 10x Flex

——————————————————————————————

cellsor ~
nuclei

"mRNA

“‘A’/
CHETTTenY

/
fixation ’

3 /LLLL.U_L-'-_L_U,.\JJJ\ 5+ SSDNA

| | | | 1l permeabilization probes

aanHiA T\ hybridization
probes v gapfil

lhybridization

¢ ligation 7
ligation )
= single-cell
barcoding

. ¥ £

: -— o ———

I cell final

droplet microfluidics . _ __ E)?r_c?(_j? ___________ '?’_°_°'f‘_°‘_ .5

Slides by Sydney Blattman



Blattman, Maslah, Varela et al Biorxiv 2026

Genotyping in Fixed
Transcriptomes (GIFT)
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GIFT readily scales to hundreds of targets
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Single cell DNA studies
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Direct Library Prep

high throughput
dispensing of
individual cells from
cell suspensions
50 plto 1 ul

Contactless piezo
electric dispenser



Direct Library Prep

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

Imaging of cells on chip
Link cell state to sequencing data
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Single cell DNA libraries
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Data analysis to look at copy number aberrations
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The nanopore

Pore
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Mutated residues



Nanopore DNA/RNA sequencing

Motor protein

Nanopores, allowing ion flow, are
created in a membrane

TCCCCCAACTTGATATTAATAACACTATAGACCACC

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



Why nanopore sequencing?
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ADAPTIVE SAMPLING

~
H A

Basecalling
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BACKGROUND

Overview of MSK-IMPACT clinical workflow.

Tumor Blood

2. Sample accessioning

1. Patient consent
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Zehir A, et al., Nat Med. 2017
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HYB CAPTURE

ADAPTIVE SAMPLING

DNA
extraction >

HMW DNA
extraction

DNA library
preparation

>

WORKFLOW COMPARISON

Hybridization

> Capture

(DNA probes)

DNA library
preparation

. Data
> Pool & QC >>

_ Data
> Sequencing > analysis



ADAPTIVE SAMPLING WORKFLOW

» Target .bed file

Sequencing

MSK-IMPACT 505 + 3
Pre-
|

 Reference .fasta file

GRCh38



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

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



Patient (R-1933) with multiple germline alterations

lll. Pathogenic RAD51C SV
Chr17: 5-exon deletion (SVLEN=36372)
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Sequencing by synthesis - cost

>1500x reduction o—

' $2|Gb | 8000 Gb | Day

2007 { ¥ |

2023

$3,000 | Gb &1 0.3 Gb | Day

—_—

>26,000x increase

New York City

______________ = . Paris, France
$2,000 | 6 hours $1.33 | 1sec

illumina



