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Innovative solution for single RNA molecule detection in tissues with high signal and low 
background
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TISSUE CELLS

PERMEABLIZE
cells or tissue

STEP 1: PERMEABILIZE 
CELL OR TISSUE
Fixed tissue sections or cells on 
slides are pretreated with the 
RNAscope pretreatment 
reagents to block endogenous 
peroxidase activity and optimally 
permeabilize samples to allow 
target accessibility.

HYBRIDIZE
to target RNA

ZZ
RNA Target

STEP 2: HYBRIDIZE 
PROBE TO TARGET 
RNA
With ~20 specific double Z 
probe pairs per target, 
probes hybridize to target 
RNA molecules.

AMPLIFY
signal

Label Probe

STEP 3: AMPLIFY 
SIGNAL
Detection reagents amplify 
the hybridization signal via 
sequential hybridization of 
amplifiers and labelled 
probes.

VISUALIZE
with morphology

x20RNAscope
Double Z Probe

STEP 4: VISUALIZE 
WITH MORPHOLOGY
Each punctuated signal dot 
represents a single target RNA 
molecule and can be visualized 
with a microscope.

Preamplifier
Binding Site

STEP 5: QUANTIFY 
SINGLE-CELL EXPRESSION
Single-molecules signals can be 
quantified on a cell-by-cell basis by 
manual counting or automated image 
analysis.

QUANTIFY
single-cell expression

ZZ

Pre-amplifier
Amplifier

RNAscope
Double Z

Probe

STEP 1: Pretreatment of samples
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STEP 2: Hybridization of the RNAscope Target Probes to the target RNA
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Perineuronal Nets Suppress Plasticity of Excitatory Synapses on CA2 Pyramidal 
Neurons2

Reported by Carstens et al., J Neurosci, 2016 
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Differential maturation of vesicular glutamate and GABA transporter expression in the 
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CCL5 mRNA in the Rat Brain14

Reported by Lanfranco et al., Frontiers in Neuroanatomy, 2018  
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Mechanically activated Piezo channels mediate touch and suppress acute mechanical 
pain response in mice15

et al.
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Piezo2

Piezo2 et al. Cell Reports

2019.
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Detection of mRNA in axons or in astrocyte processes

Related publications

16

 et al.

Elavl2

 2017.

Translation in astrocyte distal processes sets molecular heterogeneity at the 
gliovascular interface17

Reported by Boulay et al., Cell Discovery, 2017
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Subcellular transcriptomes and proteomes of developing axon projections in the 
cerebral cortex18
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 in vivo
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Detection of soluble factors in the nervous system

Related publications

cognitive impairment19
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Glast Bdnf et al., Neuron

thermogenesis to regulate energy metabolism20

et al. Il-6

28



Il-6 Rbfox3 Gfap
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Detection of RNA in post-mortem human brain samples

Related publications

adult brain21

Reported by Lake et al., Nature Biotechnology, 2016

et al.

0

20

40

10

30

BA8

RNAscope®

BA17

RELN+/ISST+

P
e

rc
e

n
t 

C
o

-e
x

p
re

s
s

io
n

RNAseq

0

40

80

20

60

RNAscope®

P
e

rc
e

n
t 

C
o

-e
x

p
re

s
s

io
n

RNAseqL1

L4

L5

L6

L2/3

Total PDE9A

PDE9A Co-stained

with GAD1 or SLC17A7

Im
a

g
e

 F
ie

ld

0 2 4 6 8 10

0 1 2 3 4 5 PDE9A GAD1

PDE9A

SLC17A7

PDE9A

RELN SST

GAD1 SLC17A7

et al., Nature Biotechnology

30



multiple sclerosis 22

et al. 

CHI3L1 

CHI3L1 CHI3L1 IBA1 or 

GFAP

et al., Acta Neuropathol Commun

23

Reported by Selvaraj et al. Nature Communications, 2018

GluA1

GluA1 et al.

GluA1

GluA1-4

GluA1

GluA1

31



RNAscope Neuroscience eBook

GluA1

GluA1

GluA1

et al., Nature Communications

32



Utilization of the RNAscope assay on whole mount samples
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The HisCl1 histamine receptor acts in photoreceptors to synchronize Drosophila 
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Ort HisCl1

• Ort

• HisCl1

HisCl1 present in 2 
photoreceptor layers: 
proximal and distal

HisCl1 is expressed in 
the Rh6+ yR8 retinal 
photoreceptors

HisCl1 is expressed in 
the Rh6+ H-B eyelet

Ort was detected in 
interneurons but not in  
Rh6+ photoreceptors

No HisCl1 was detected 
in HisCl1134 mutant 
photoreceptors

Distal

Proxim
al

Wild Type HisCl1134 mutant

HisCl1 Ort HisCl1 Ort

Rh6 et al., Cell Rep, 2019.     
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In situ detection of GPCRs in the nervous system using the 
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In situ detection of ion channels in the nervous system using 

the RNAscope Assay 

Kcnj3  
Asic1 

Asic1

Kcnj3

Related publications

Weight29

Reported by Branco et al., Cell, 2016

Agrp or Pomc et al.

41



RNAscope Neuroscience eBook

Agrp

Pomc et al., Cell

Shedding light on human cerebral cortical folding and channelopathies30

Reported by Smith et al., Neuron, 2018

et al.

SCN3A SCN3A

SCN1A

SCN3A

SCN3A

42



SCN3A 

TBR2

VIM  SCN3A 

NeuN RBFOX3 GFAP et al., 

Neuron

 

43



RNAscope Neuroscience eBook

Neat1 Malat1

Neat1  
Malat1 

Neat1 Malat1

 

Related publications

44



postnatal neural stem cells31
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Probe E1/E2 detects EGFR

Probe E7/E8 detects EGFR
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Probe E8/E9 detects EGFR and EGFRVIII

EGFR EGFRVIII.

EGFR EGFRvIII

EGFR EGFRvIII. 

Related publications

A novel ultrasensitive in situ hybridization approach to detect short sequences and 
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Reported by Erben et al., Molecular Neurobiology, 2017 
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In situ detection of circular RNAs using BaseScope Assay
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Related publications

Annotation and functional clustering of circRNA expression in rhesus macaque brain 
during aging41

et al.
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Pre-run checklist: Check that all required materials are available

Tissue and sample preparation essentials
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Altered cell morphology and unexpected staining patterns

Polr2a
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Tissue detachment

Sample preparation  
and pretreatment  

steps

Sample preparation  
and pretreatment  

Bake for  
30 min  
at 60°C

Baking/ 

Bake and  
 

samples
H202

Target  
retrieval

Protease

I II
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Sample preparation  
and pretreatment  

steps

Sample preparation  
and pretreatment  

Omit target retrieval and extend  
protease time to 45 min if above 

Air dry at  
–20°C  

for 2 hrs

 
4% PFA for  

15 min–2 hrs  
at RT

Bake slides  
at 60°C  

for 30 min

Fix samples 
sucrose  

gradient OCT

Section  
samples air dry 

at –20°C for 
20 min

H202 target 
retrieval

Protease

I II III

IV

2
0

2

• 

• ™

• 

• 

Sample preparation  
and pretreatment  

steps

Sample preparation  
and pretreatment  

 
to 1 hr at 4°C

Bake slides  
at 37°C  

for 30 min

Snap freeze  
OCT  

Cryosection

Fix with  
10% NBF or  
4% PFA for  

15 min at 4°C

Dehydrate Protease

I II
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