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2017

nature!methods

Techniques fer life scieatists and chemists

3

W Imaging cancer metastasis

W FP maturation: 3 systematic study
W Usknewn metabolite identification
W A more accurate mRNA reporter

B METHOD OF THE YEAR 2017

Nature Methods — Method of the Year

AANuARv zow v(x ! Non

nature!methods

Tochniques for e sclantists and chemists

M IMAGING IN FREELY BEHAVING ANIMALS
M Human organoid reproducibility

W Deep learning enables cross-modality imaging
M Droplet sequencing for any RNA

W Approaches for expansion microscopy

2022

www.nature.com/nmeth / anuary 2023 Vol 20 Ne.

nature methods

Method of the Year 2022:
Long-read sequencing

ure.com/nmeth January 2020 Vol. 17 No. 1

nature methods

METHOD OF THE YEAR 2019

Localization microscopy twice as precise

A cryo-EM-based structural proteomics approach
Time-resolved crystallography at the European XFEL
Magnetic resonance at high speed

2020

e.com/nmeth/ January 2021 Vol.18 N

nature methods

Method ofthe Year 2020:
Spatially resolved transcriptomics

www.nature.com/nmeth / December 2023 Vol 20 No.12

nature methods

Method of the Year 2023:
methods for modeling development

2024

www.nature.com/nmeth / December 2024 ¥

nature methods

Method of the Year 2024:
spatial proteomics




2019

nature methods

METHOD OF THE YEAR 2019
Localization microscopy twice as precise

A cryo-EM-based structural proteomics approach
Time-resolved crystallography at the European XFEL
Magnetic resonance at high speed

Single-cell
multimodal omics

Nature Methods — Method of the Year

2020

nature methods

Method of the Year 2020:
Spatially resolved transcriptomics

2022

nature methods

Method of the Year2022:
Long-read sequencing

Spatially resolved
transcriptomics

Long-read
sequencing

2024

naturemethods

Method of the Year 2024:
spatial proteomics

Spatial proteomics



We are living in the OMICS era...
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Web of Science database search (Jan 2025) of papers containing keywords: omics, genomics, transcriptomics, proteomics, metabolomics



We are living in the OMICS era...
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Term “proteomics” first coined
Term “genomics” first coined Human Genome Project

Web of Science database search (Jan 2025) of papers containing keywords: omics, genomics, transcriptomics, proteomics, metabolomics



Sequencing and MS technologies revolutionized omics

b Illumina/Solexa
Solid-phase amplification
One DNA molecule per cluster

Sample preparation
DNA (5 pg)

Template
dNTPs

and
polymerase

Bridge amplification



Spatial information is often lost in omics methods

Cell lysis

Tissue homogenization




Spatial information is often lost in omics methods




Proximity labeling is one way to preserve spatial information...




Proximity labeling is one way to preserve spatial information...
...but on sub-cellular scales

Protein-protein interactions
Protein-RNA interactions
Protein-DNA interactions

Organelle-organelle interactions
Cell-cell interactions




Spatial omics

biomolecule cell tissue organ

What are the transcriptomic/proteomic profiles of each cell
in the context of a complex cell network?




Spatial omics

What are the transcriptomic/proteomic profiles of each cell

in the context of a complex cell network?
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Spatial
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Spatial
transcriptomics
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Imaging-based spatial transcriptomics
In-Situ Hybridization (ISH)



Imaging-based spatial transcriptomics
In-Situ Hybridization (ISH)
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B rRNA and rDNA in Xenopus laevis oocytes visualized in first radioactive ISH in 1969
B Visualize DNA or RNA with radiolabeled/biotinylated/fluorescent complementary strands

B No need for denaturation for RNA visualization

Purdue, M. L.; Gall, J. G. Proc. Natl. Acad. Sci. 1969, 64, 600.; Review: Levsky, J.M.; Singer, R.H. J. Cell Sci. 2003, 116, 2833.



Imaging-based spatial transcriptomics

Single molecule Fluorescence In-Situ Hybridization (smFISH)
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» - :

Femino, A. M.; Fay, F. S.; Fogarty, K.; Singer, R. H. Science 1998, 280, 585.



Imaging-based spatial transcriptomics

Single molecule Fluorescence In-Situ Hybridization (smFISH)

B-actin - M
y-actin M ~
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Femino, A. M.; Fay, F. S.; Fogarty, K.; Singer, R. H. Science 1998, 280, 585.



Imaging-based spatial transcriptomics

Single molecule Fluorescence In-Situ Hybridization (smFISH)

B-actin - M
y-actin M ~
® »

B |ndividual mRNA molecules resolved

B Quantitative measure of transcripts

Femino, A. M.; Fay, F. S.; Fogarty, K.; Singer, R. H. Science 1998, 280, 585.



Imaging-based spatial transcriptomics
sequential FISH (seqFISH)

MRNA seqFISH+ DNA seqFISH+ @® Chr
mESCs mESCs

——

PSRl © Thx3

N  Z(p42
il o Pousfi
e Esrb
o Krt8

NMUMG cells ¢ anyas

—_—

00000000000000000000
X '61-14D

10 pm : ; e Emp1
4 e Pmepail
e Others
Long Cai
Caltech

Takei, Y.; Yang, Y. ... Cai, L. biorXiv 2023

Lubeck, E.; Coskun, A. F.; Zhiyentayey, T.; Ahmad, M.; Cai, L. Nat. Methods 2014, 711, 360.



Imaging-based spatial transcriptomics
sequential FISH (seqFISH)

Gene 1

Lubeck, E.; Coskun, A. F.; Zhiyentayey, T.; Ahmad, M.; Cai, L. Nat. Methods 2014, 711, 360.



Imaging-based spatial transcriptomics
sequential FISH (seqFISH)

A set of 20-30 FISH probes specific to each gene

Sy S

Gene 1

Lubeck, E.; Coskun, A. F.; Zhiyentayey, T.; Ahmad, M.; Cai, L. Nat. Methods 2014, 711, 360.



Imaging-based spatial transcriptomics
sequential FISH (seqFISH)

e

<1 Gene 1
P

Lubeck, E.; Coskun, A. F.; Zhiyentayey, T.; Ahmad, M.; Cai, L. Nat. Methods 2014, 11, 360.
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Lubeck, E.; Coskun, A. F.; Zhiyentayey, T.; Ahmad, M.; Cai, L. Nat. Methods 2014, 711, 360.

Imaging-based spatial transcriptomics

Gene 1

Gene 2

Gene 3

Gene N

sequential FISH (seqFISH)



Imaging-based spatial transcriptomics
sequential FISH (seqFISH)

#1 #2 #3 #M
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Gene 1
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B Combinatorial labeling with color-based barcodes and sequential hybridization

Lubeck, E.; Coskun, A. F.; Zhiyentayey, T.; Ahmad, M.; Cai, L. Nat. Methods 2014, 11, 360.



Imaging-based spatial transcriptomics
sequential FISH (seqFISH)

#1 #2 #3 #8
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Gene 1

A A
z >/A

Gene 2
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Gene 3

-
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A
4

Gene N

B Combinatorial labeling with color-based barcodes and sequential hybridization

In theory, four colors & eight rounds can cover entire genome (48=65536)

Lubeck, E.; Coskun, A. F.; Zhiyentayey, T.; Ahmad, M.; Cai, L. Nat. Methods 2014, 11, 360.



Imaging-based spatial transcriptomics
sequential FISH (seqFISH)
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Round 1
FISH probe set

Lubeck, E.; Coskun, A. F.; Zhiyentayey, T.; Ahmad, M.; Cai, L. Nat. Methods 2014, 711, 360.



Imaging-based spatial transcriptomics
sequential FISH (seqFISH)

#1 #2 #3 #8

Gene 1

Gene 2

Gene 3

Gene N

Round 1
FISH probe set

Lubeck, E.; Coskun, A. F.; Zhiyentayey, T.; Ahmad, M.; Cai, L. Nat. Methods 2014, 11, 360.



Imaging-based spatial transcriptomics
sequential FISH (seqFISH)
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Round 1
FISH probe set

Lubeck, E.; Coskun, A. F.; Zhiyentayey, T.; Ahmad, M.; Cai, L. Nat. Methods 2014, 711, 360.



Imaging-based spatial transcriptomics
sequential FISH (seqFISH)

#1 #2 #3 #8

Gene 1
Gene 2
Gene 3
Gene N
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Round 1 Round 2
FISH probe set FISH probe set

Lubeck, E.; Coskun, A. F.; Zhiyentayey, T.; Ahmad, M.; Cai, L. Nat. Methods 2014, 11, 360.



Round 1
FISH probe set

Lubeck, E.; Coskun, A. F.; Zhiyentayey, T.; Ahmad, M.; Cai, L. Nat. Methods 2014, 11, 360.

Imaging-based spatial transcriptomics
sequential FISH (seqFISH)

#1
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Gene 2
Gene 3
Gene N
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Round 2
FISH probe set

#2

#3

Round 3
FISH probe set

#8



Round 1
FISH probe set

Imaging-based spatial transcriptomics
sequential FISH (seqFISH)

#1
Gene 1
Gene 2
Gene 3
Gene N
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Round 2
FISH probe set

#2

#3

Round 3
FISH probe set

#8

Round 8
FISH probe set

Lubeck, E.; Coskun, A. F.; Zhiyentayey, T.; Ahmad, M.; Cai, L. Nat. Methods 2014, 11, 360.



Imaging-based spatial transcriptomics
sequential FISH (seqFISH)
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Lubeck, E.; Coskun, A. F.; Zhiyentayey, T.; Ahmad, M.; Cai, L. Nat. Methods 2014, 11, 360.



Imaging-based spatial transcriptomics
sequential FISH (seqFISH)

#1 #2 #3 #8

Gene 1
Gene 2

Gene 3 @ 1

Gene N

Round 1
FISH probe set

Lubeck, E.; Coskun, A. F.; Zhiyentayey, T.; Ahmad, M.; Cai, L. Nat. Methods 2014, 11, 360.
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#1

#2

Imaging-based spatial transcriptomics
sequential FISH (seqFISH)

#3 #8

Lubeck, E.; Coskun, A. F.; Zhiyentayey, T.; Ahmad, M.; Cai, L. Nat. Methods 2014, 711, 360.



Gene 1

Gene 2

Gene 3

Gene N

#1
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Imaging-based spatial transcriptomics
sequential FISH (seqFISH)

#3 #8
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Lubeck, E.; Coskun, A. F.; Zhiyentayey, T.; Ahmad, M.; Cai, L. Nat. Methods 2014, 11, 360.



Imaging-based spatial transcriptomics
sequential FISH (seqFISH)

Lubeck, E.; Coskun, A. F.; Zhiyentayey, T.; Ahmad, M.; Cai, L. Nat. Methods 2014, 11, 360.
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Imaging-based spatial transcriptomics
sequential FISH (seqFISH)

#3 #8
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Lubeck, E.; Coskun, A. F.; Zhiyentayey, T.; Ahmad, M.; Cai, L. Nat. Methods 2014, 11, 360.
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Gene N

Imaging-based spatial transcriptomics
sequential FISH (seqFISH)

#3 #8

(® ,

DNase | treatment & photobleaching

Lubeck, E.; Coskun, A. F.; Zhiyentayey, T.; Ahmad, M.; Cai, L. Nat. Methods 2014, 11, 360.
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Imaging-based spatial transcriptomics
sequential FISH (seqFISH)

#3 #8

Round 2
FISH probe set

Lubeck, E.; Coskun, A. F.; Zhiyentayey, T.; Ahmad, M.; Cai, L. Nat. Methods 2014, 11, 360.
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Imaging-based spatial transcriptomics
sequential FISH (seqFISH)

#3 #8

Round 2
FISH probe set

Lubeck, E.; Coskun, A. F.; Zhiyentayey, T.; Ahmad, M.; Cai, L. Nat. Methods 2014, 11, 360.
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Gene 2

Gene 3

Gene N

Imaging-based spatial transcriptomics
sequential FISH (seqFISH)

#3 #8

(® ,

DNase | treatment & photobleaching

Lubeck, E.; Coskun, A. F.; Zhiyentayey, T.; Ahmad, M.; Cai, L. Nat. Methods 2014, 11, 360.
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Imaging-based spatial transcriptomics
sequential FISH (seqFISH)

#3 #8

Round 3
FISH probe set

Lubeck, E.; Coskun, A. F.; Zhiyentayey, T.; Ahmad, M.; Cai, L. Nat. Methods 2014, 11, 360.
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Imaging-based spatial transcriptomics
sequential FISH (seqFISH)

#3 #8

Round 8
FISH probe set

Lubeck, E.; Coskun, A. F.; Zhiyentayey, T.; Ahmad, M.; Cai, L. Nat. Methods 2014, 11, 360.
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Gene 2

Gene 3

Gene N

Imaging-based spatial transcriptomics
sequential FISH (seqFISH)

#3 #8

(®

Decoding of barcode reveals identity of single mRNA molecule

Lubeck, E.; Coskun, A. F.; Zhiyentayey, T.; Ahmad, M.; Cai, L. Nat. Methods 2014, 11, 360.



Imaging-based spatial transcriptomics
sequential FISH (seqFISH)

Lubeck, E.; Coskun, A. F.; Zhiyentayey, T.; Ahmad, M.; Cai, L. Nat. Methods 2014, 11, 360.



Imaging-based spatial transcriptomics
sequential FISH (seqFISH)
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B Meticulous probe design and use of pseudocolors improved efficiency/resolution/specificity

Eng, L. C. -H.; Lawson, M. ... Cai, L. Nature 2019, 568, 235.



Imaging-based spatial transcriptomics
sequential FISH (seqFISH)
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B Meticulous probe design and use of pseudocolors improved efficiency/resolution/specificity

B Error-correcting rounds can be added for missing signals

Eng, L. C. -H.; Lawson, M. ... Cai, L. Nature 2019, 568, 235.



Imaging-based spatial transcriptomics
Multiplexed Error-Robust FISH (MERFISH)

Chen, K. H.; Boettiger, A. N.; Moffitt, J. R.; Wang, S.; Zhuang, X. Science 2015, 348, aaa6090.



Imaging-based spatial transcriptomics
Multiplexed Error-Robust FISH (MERFISH)

Xiaowei Zhuang
Harvard / HHMI

®  Error-robust encoding scheme
B 140 RNA species (detect & correct errors)

B 1001 RNA species (detect but not correct errors)

Chen, K. H.; Boettiger, A. N.; Moffitt, J. R.; Wang, S.; Zhuang, X. Science 2015, 348, aaa6090.



Imaging-based spatial transcriptomics
Multiplexed Error-Robust FISH (MERFISH)

M

~ N
Gene 1 1100000100000100
Gene 2 0100000100100010
Gene 3 0100010000000110
Gene N 0100000010100100

Chen, K. H.; Boettiger, A. N.; Moffitt, J. R.; Wang, S.; Zhuang, X. Science 2015, 348, aaa6090.



Imaging-based spatial transcriptomics
Multiplexed Error-Robust FISH (MERFISH)

— M —
Gene 1 1100000100000100
Gene 2 0100000100100010
Gene 3 0100010000000110
Gene N 0100000010100100

B Each gene encoded with M-bit binary word

Chen, K. H.; Boettiger, A. N.; Moffitt, J. R.; Wang, S.; Zhuang, X. Science 2015, 348, aaa6090.



Imaging-based spatial transcriptomics
Multiplexed Error-Robust FISH (MERFISH)

Gene 1 1100000100000100
Gene 2 0100000100100010
Gene 3 010001000000011 0
Gene N 0100000010100100

B Each gene encoded with M-bit binary word

B Each word has four ‘1’s

Chen, K. H.; Boettiger, A. N.; Moffitt, J. R.; Wang, S.; Zhuang, X. Science 2015, 348, aaa6090.



Imaging-based spatial transcriptomics
Multiplexed Error-Robust FISH (MERFISH)

Gene 1 1100000100000100
Gene 2 0100000100100010
Gene 3 0100010000000110
Gene N 0100000010100100

B Each gene encoded with M-bit binary word

B Each word has four ‘1’s

M Each word pair has a Hamming distance of 4

Chen, K. H.; Boettiger, A. N.; Moffitt, J. R.; Wang, S.; Zhuang, X. Science 2015, 348, aaa6090.



Imaging-based spatial transcriptomics
Multiplexed Error-Robust FISH (MERFISH)

Gene 1 1100000100000100
Gene 2 0100000100100010
Gene 3 0100010000000110
Gene N 0100000010100100

B Each gene encoded with M-bit binary word

B Each word has four ‘1’s

M Each word pair has a Hamming distance of 4

Chen, K. H.; Boettiger, A. N.; Moffitt, J. R.; Wang, S.; Zhuang, X. Science 2015, 348, aaa6090.



Imaging-based spatial transcriptomics
Multiplexed Error-Robust FISH (MERFISH)

Gene 1 1100000100000100
Gene 2 0100000100100010
Gene 3 0100010000000110
Gene N 0100000010100100

B Each gene encoded with M-bit binary word

B Each word has four ‘1’s

M Each word pair has a Hamming distance of 4

Chen, K. H.; Boettiger, A. N.; Moffitt, J. R.; Wang, S.; Zhuang, X. Science 2015, 348, aaa6090.



Imaging-based spatial transcriptomics
Multiplexed Error-Robust FISH (MERFISH)

Gene 1 1100000100000100
Gene 2 0100000100100010
Gene 3 0100010000000110
Gene N 0100000010100100

? 0000000010100100

Chen, K. H.; Boettiger, A. N.; Moffitt, J. R.; Wang, S.; Zhuang, X. Science 2015, 348, aaa6090.



Imaging-based spatial transcriptomics
Multiplexed Error-Robust FISH (MERFISH)

Gene 1 1100000100000100
Gene 2 0100000100100010
Gene 3 0100010000000110
Gene N 0100000010100100

? 0000000010100100

Chen, K. H.; Boettiger, A. N.; Moffitt, J. R.; Wang, S.; Zhuang, X. Science 2015, 348, aaa6090.



Imaging-based spatial transcriptomics
Multiplexed Error-Robust FISH (MERFISH)

Gene 1

Gene 2

Gene 3

Gene N

1100000100000100
0100000100100010
0100010000000110

0100000010100100 =

0000000010100100 —

Only a single M-bit word has Hamming distance of 1

Hamming
distance

1

Chen, K. H.; Boettiger, A. N.; Moffitt, J. R.; Wang, S.; Zhuang, X. Science 2015, 348, aaa6090.



Imaging-based spatial transcriptomics
Multiplexed Error-Robust FISH (MERFISH)

Gene 1

Gene 2

Gene 3

Gene N

1100000100000100
0100000100100010
0100010000000110 <

Hamming
distance

5
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0000000010100100 —

Only a single M-bit word has Hamming distance of 1

Chen, K. H.; Boettiger, A. N.; Moffitt, J. R.; Wang, S.; Zhuang, X. Science 2015, 348, aaa6090.



Imaging-based spatial transcriptomics
Multiplexed Error-Robust FISH (MERFISH)

Gene 1

Gene 2

Gene 3

Gene N

Only a single M-bit word has Hamming distance of 1

1100000100000100
0100000100100010
0100010000000110

0100000010100100

0000000010100100

Hamming
distance

5

Chen, K. H.; Boettiger, A. N.; Moffitt, J. R.; Wang, S.; Zhuang, X. Science 2015, 348, aaa6090.



Imaging-based spatial transcriptomics
Multiplexed Error-Robust FISH (MERFISH)

Gene 1 1100000100000100 <«
Gene 2 0100000100100010 <«
Gene 3 0100010000000110 <«
Hamming
distance
5
Gene N 0100000010100100
? 0000000010100100 =

Only a single M-bit word has Hamming distance of 1

Chen, K. H.; Boettiger, A. N.; Moffitt, J. R.; Wang, S.; Zhuang, X. Science 2015, 348, aaa6090.



Imaging-based spatial transcriptomics
Multiplexed Error-Robust FISH (MERFISH)

Gene 1

Gene 2

Gene 3

Gene N

Gene N

1100000100000100
0100000100100010
0100010000000110

0100000010100100 =

0000000010100100 —

Only a single M-bit word has Hamming distance of 1

Single-bit error correction possible

Hamming
distance

1

Chen, K. H.; Boettiger, A. N.; Moffitt, J. R.; Wang, S.; Zhuang, X. Science 2015, 348, aaa6090.



Imaging-based spatial transcriptomics
Multiplexed Error-Robust FISH (MERFISH)

Gene 1 1100000100000100
Gene 2 0100000100100010
Gene 3 0100010000000110
Gene N 0100000010100100

? 0100000000100000

Chen, K. H.; Boettiger, A. N.; Moffitt, J. R.; Wang, S.; Zhuang, X. Science 2015, 348, aaa6090.



Imaging-based spatial transcriptomics
Multiplexed Error-Robust FISH (MERFISH)

Gene 1 1100000100000100
Gene 2 0100000100100010
Gene 3 0100010000000110
Gene N 0100000010100100

? 0100000000100000

Chen, K. H.; Boettiger, A. N.; Moffitt, J. R.; Wang, S.; Zhuang, X. Science 2015, 348, aaa6090.



Imaging-based spatial transcriptomics
Multiplexed Error-Robust FISH (MERFISH)

Gene 1

Gene 2

Gene 3

Gene N

1100000100000100
0100000100100010
0100010000000110

0100000010100100 =

0100000000100000 —

Multiple M-bit words can have Hamming distance of 2

Hamming
distance

2

Chen, K. H.; Boettiger, A. N.; Moffitt, J. R.; Wang, S.; Zhuang, X. Science 2015, 348, aaa6090.



Imaging-based spatial transcriptomics
Multiplexed Error-Robust FISH (MERFISH)

Gene 1
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Gene N

1100000100000100
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0100010000000110
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0100000000100000

Multiple M-bit words can have Hamming distance of 2

Hamming
distance

2

Chen, K. H.; Boettiger, A. N.; Moffitt, J. R.; Wang, S.; Zhuang, X. Science 2015, 348, aaa6090.



Imaging-based spatial transcriptomics
Multiplexed Error-Robust FISH (MERFISH)

Gene 1

Gene 2

Gene 3

Gene N

1100000100000100
0100000100100010
0100010000000110

0100000010100100

0100000000100000

Multiple M-bit words can have Hamming distance of 2

Cannot correct double-bit errors

Hamming
distance

2

Chen, K. H.; Boettiger, A. N.; Moffitt, J. R.; Wang, S.; Zhuang, X. Science 2015, 348, aaa6090.



Imaging-based spatial transcriptomics
Multiplexed Error-Robust FISH (MERFISH)

Single-bit error correction possible

Cannot correct double-bit errors

Chen, K. H.; Boettiger, A. N.; Moffitt, J. R.; Wang, S.; Zhuang, X. Science 2015, 348, aaa6090.



Imaging-based spatial transcriptomics
Multiplexed Error-Robust FISH (MERFISH)
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Single-bit error correction possible

Cannot correct double-bit errors

Chen, K. H.; Boettiger, A. N.; Moffitt, J. R.; Wang, S.; Zhuang, X. Science 2015, 348, aaa6090.



Imaging-based spatial transcriptomics
Multiplexed Error-Robust FISH (MERFISH)
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Single-bit error correction possible
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B 140 RNA species, 16 hybridization rounds
B Errors detected and corrected

Chen, K. H.; Boettiger, A. N.; Moffitt, J. R.; Wang, S.; Zhuang, X. Science 2015, 348, aaa6090.
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B 1001 RNA species, 14 hybridization rounds
B No error correction (modified Hamming distance 2)

Chen, K. H.; Boettiger, A. N.; Moffitt, J. R.; Wang, S.; Zhuang, X. Science 2015, 348, aaa6090.
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First used term “spatial transcriptomics”
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B oligo-dT primers on glass slide to capture mRNA
B spatial barcode to preserve spatial information of each transcript

B unique molecular identifier (UMI) for barcoding each transcript

Stahl, P. L.; Salmén, F; ... Lundeberg, J.; Frisén, J. Science 2016, 353, 78.
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Transcriptomics Proteomics
Easily amplified by PCR Cannot be amplified (picograms of total protein)
Well established sequencing technologies Limited by MS sensitivity and throughput
3x10°>mRNA molecules per Hela cell 1x109 protein molecules per HelLa cell

“Dark proteome”: highly dynamic, undetected

Nat. Methods 2023, 20, 317.
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Immunofluorescence (IF)
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B probing protein localization in cells heavily rely on antibody-based imaging methods
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Iterative Indirect Immunofluorescence Imaging (4i)
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B [terative immunofluorescence; use of specialized elution and imaging buffers
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Multiplexed antibody-based spatial proteomics

Iterative Indirect Immunofluorescence Imaging (4i)

B [terative immunofluorescence; use of specialized elution and imaging buffers

B Intracellular protein composition can be characterized

Gut, G.; Herrmann, M. D.; Pelkmans, L. Science 2018, 361, eaar7042.
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Iterative Indirect Immunofluorescence Imaging (4i)
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Iterative Indirect Immunofluorescence Imaging (4i)
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Iterative Indirect Immunofluorescence Imaging (4i)
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Iterative Indirect Immunofluorescence Imaging (4i)
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Iterative Indirect Immunofluorescence Imaging (4i)
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Proteome reorganization upon drug intake Cell heterogeneity based on protein relocalization upon external stimuli

Gut, G.; Herrmann, M. D.; Pelkmans, L. Science 2018, 361, eaar7042.
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MS-based spatial proteomics
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Multiplexed imaging
of tissue samples

MS-based spatial proteomics
Deep Visual Proteomics (DVP)

Al-based segmentation — Automated
and phenotyping laser microdissection

Mund, A. ... Horvath, P.; Mann, M. Nat. Biotech. 2022, 40, 1231.
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MS-based spatial proteomics
Deep Visual Proteomics (DVP)

Immunohistochemically stained melanoma tissue

CD146 (melanoma); SOX10 (melanocyte)

Multiplexed imaging
of tissue samples

Mund, A. ... Horvath, P.; Mann, M. Nat. Biotech. 2022, 40, 1231.
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MS-based spatial proteomics
Deep Visual Proteomics (DVP)

Cell classification based on CD146 and SOX10 staining intensity
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MS-based spatial proteomics
Deep Visual Proteomics (DVP)
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Deep Visual Proteomics (DVP)
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