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SABER: DNA-reagent based method for highly multiplexed  
& amplified tissue imaging

1. Highly multiplexed (spectrally unlimited) 
2. Amplified signal: high sensitivity and throughput  
3. Applicable to proteins, RNA/DNA; FFPE and fresh-frozen tissues 
4. Accessible: DNA-reagents based, compatible with common imaging platforms 

and workflow

Saka*, Wang*,  ….,  Yin. Nature Biotech,  2019
Kishi*, Beliveau*, Lapan*, West*, … Cepko+, Yin+  Nature Methods. 2019

Sinem Saka Yu Wang Josie Kishi
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Project updates

• Immuno-SABER has been published in Nature Biotechnology

✓ identified the ideal length range of concatemers for signal amplification and penetration
✓validated the penetration of SABER reagents beyond >150 µm 
✓started our websites for protocol sharing and FAQ

• SABER-FISH has been published in Nature Methods

✓applied the method on fixed cryosections, whole mount preparations, FFPE human tissues
✓ implemented simultaneous linear and branched amplification for tuning the signal level
✓demonstrated tunable 5 to 180-fold amplification for IF (2’ Ab to TSA range) 
✓simultaneous 10-color amplification
✓performed in situ crosstalk validation for 30 sequences
✓combined with Expansion Microscopy to enable multiplexed super-resolution imaging of proteins

✓apllied the method on cultured cells, fixed cryosections, and whole mount preparations
✓demonstrated tunable 5 to 450-fold amplification for RNA-FISH
✓simultaneous 17-color linear amplification for DNA-FISH (metaphase chromosomes)
✓ released in silico designed orthogonal sequence library (80 bridge barcodes and 50 primer/imagers)

Saka*, Wang*,  ….,  Yin. Nature Biotech,  2019
Kishi*, Beliveau*, Lapan*, West*, … Cepko+, Yin+  Nature Methods. 2019
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Immuno-SABER
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Quantification of SABER signal amplification in tissues
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Branching
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Saka* and Wang* et al. (In prep). 2018

Proliferating 
cell marker:  

Ki-67

Nuclear 
marker: 
DAPI

Iterative SABERWithout amplification Round 1 Round 2 Round 3

Saka*, Wang*,  ….,  Yin. Nature Biotech,  2019
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IgMKi67CD8aIgA
Fluorophore Target Exposure 

time
ATTO488 IgA 1.22 ms

ATTO565 CD8a (branched) 6.69 ms

Alexa647N Ki67 (branched) 2.66 ms

Alexa750 IgM (Fab2) 18.8 ms
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Exchange-SABER
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Exchange-SABER: 7-color imaging of FFPE human tonsils

Saka*, Wang*,  ….,  Yin. Nature Biotech,  2019
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10-color imaging in mouse retina cryo-section

Saka*, Wang*,  ….,  Yin. Nature Biotech,  2019
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Penetration of SABER 
concatemers into whole 

mount mouse retina

Saka*, Wang*,  ….,  Yin. Nature Biotech,  2019
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SABER-FISH
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We are using this concatemerization 
as a method for signal amplification

(Light) Signal Amplification By Exchange Reaction

Kishi*, Beliveau*, Lapan*, West*, … Cepko+, Yin+  Nature Methods. 2019
Brian 

Beliveau
Sylvain 
Lapan

Emma 
West

Jocelyn 
Kishi

(Cepko lab) (Cepko lab)
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Branched SABER

[2] Kishi*, Beliveau*, Lapan*, West*, et al. Nature Methods. 2019

465-fold
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Exchange-SABER increases multiplexing level

Kishi*, Beliveau*, Lapan*, West*, … Cepko+, Yin+  Nature Methods. 2019
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Exchange-SABER for DNA-FISH

Kishi*, Beliveau*, Lapan*, West*, … Cepko+, Yin+  Nature Methods. 2019

17-plex simulatneou amplification

16



Project updates

• Immuno-SABER has been published in Nature Biotechnology

✓ identified the ideal length range of concatemers for signal amplification and penetration
✓validated the penetration of SABER reagents beyond >150 µm 
✓started our websites for protocol sharing and FAQ

• SABER-FISH has been published in Nature Methods

✓applied the method on fixed cryosections, whole mount preparations, FFPE human tissues
✓ implemented simultaneous linear and branched amplification for tuning the signal level
✓demonstrated tunable 5 to 180-fold amplification for IF (2’ Ab to TSA range) 
✓simultaneous 10-color amplification
✓performed in situ crosstalk validation for 30 sequences
✓combined with Expansion Microscopy to enable multiplexed super-resolution imaging of proteins

✓apllied the method on cultured cells, fixed cryosections, and whole mount preparations
✓demonstrated tunable 5 to 450-fold amplification for RNA-FISH
✓simultaneous 17-color linear amplification for DNA-FISH (metaphase chromosomes)
✓ released in silico designed orthogonal sequence library (80 bridge barcodes and 50 primer/imagers)

Saka*, Wang*,  ….,  Yin. Nature Biotech,  2019
Kishi*, Beliveau*, Lapan*, West*, … Cepko+, Yin+  Nature Methods. 2019
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http://saber.fish 

http://immuno-saber.net
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Next year deliverables

• Optimized protocols
‣ Antibody conjugation, 
‣ Concatemer generation
‣ SABER staining 

• List of orthogonal antibody barcodes and amplifier sequences

• List of antibody clones that are validated (mostly immune markers for human FFPE 
tissues)

• 20-30 target multiplexed dataset for human tonsil FFPE’s

• Publicly available software tools
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Collaboration projects

Sample Type Group (Institution) Application Status

Mouse lung tissues

(FFPE or frozen)
Pehr Harbury

&
Tushar Desai

(Stanford)

Combining SABER  with 
active electrophoretic 
reagent delivery for 

volumetric multiplexed 
imaging

- exchanged protocols and know-how
- cross-validating the methods

Human kidney 
tissues 

(FFPE or frozen)

Sanjay Jain (Uni 
Washington) 

&
 Kun Zhang (UCSD)

Comparative/ correlative 
analysis with SABER-FISH 

and scRNA-Seq

- testing SABER-FISH and Immuno-
SABER on cryosections from Sanjay to 
validate the compatibility 
- designing FISH probes and preparing 
antibody-oligo conjugates 

Mouse uterine 
tissues 

(frozen)

 Julia Laskin (Purdue)
&

 Kristin Burnum-Johnson 
(Pacific Northwest National 

Laboratory)

Comparative/ correlative 
analysis of SABER with 

imaging mass spectrometry

- planning the workflow details
- settling on the targets based on Nano-

DESI/ nanoPOTs results

Barriers:
• Distance between labs
• Lack of expertise with the tissue type, preparations, markers, protocols
• Time investment
• Difficulty to develop the project scope within the time and staff limitations
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some cool science ... or tech ... 

What can DNA do for imaging

1. SABER for signal amplification 
- Immuno-SABER: multiplexed & applied protein 
- SABER-FISH: multiplexed & applied DNA/RNA 

2. DNA-Exchange for rapid sequential multiplexing 
- Exchange-PAINT (2014), super res 
- DNA-Exchange-Imaging (2017), super+diff. res  
- Exchange-SABER  (2019), amplified 
- Exchange-Expansion-SABER  (2019), amplified & expanded 
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Agasti et al Chemical Sciences, 2017,  Wang et al Nano Letters, 2017

CellTissue section (0)
Stain with

DNA-barcoded antibodies
(Slow, hours to over night)

(1.a)
Introduce P1

(Fast, minutes)

(1.b)
Image T1

P1*

(2.a)
Exchange P1*

with P2*
(Fast, minutes)

P2*

P1*
Tn

Pn

(2.b)
Image T2

Computational
reconstruction

n rounds
exchagne/imaging

T2

P2

T1

P1

Tn

T2
T1

Tn

Pn
T2

P2

T1

P1

T1

P1P1*

Tn

Pn
T2

P2

Tn

Pn

T1

P1

T2

P2P3*

Exchange-PAINT (2014)

DNA-Exchange-Imaging (2017)
 Jungmann et al Nature Methods (2014)

Exchange-SABER (2019)

DNA-Exchange for rapid multiplexing

Super-res, 10 nm 
Transient binding

Amplified 
Long concatamer 

Kishi et al Nature Methods. 2019; Saka et al Nature Biotech 2019

Super+standard res  
(semi-)Stable binding 

Exchange-STORM/SIM/STED 
Exchange-Confocal
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Exchange    -   Expansion   -    SABER    (E2-SABER)

50 µm 50 µm 15 µm 50 µm

high multiplexing  &  resolution   &  throughput

Saka, Wang  et al Nature Biotech 2019

DNA-Exchange for rapid multiplexing
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Molecular Systems Lab at Harvard http://molecular.systems
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