
Protocol for combining CUBIC with OmniStain deep immunostaining 
CUBIC provides superior tissue clearing with robust performance, while OmniStain provides fast and uniform 
deep multiplexed immunolabeling. This combined method preserves endogenous fluorescent proteins (EGFP, 
mCherry signal etc) for tracer and connectomics studies based on CUBIC, while enabling the use of fast, deep 
and uniform immunolabelling for 3D molecular phenotyping based on OmniStain. 

This protocol serves to illustrate a merging of the CUBIC clearing protocol with OmniStain deep 
immunolabeling, as specified for a whole adult mouse brain or 1cm3 tissue volumes. The volumes can be 
scaled accordingly. 

For detailed operations, notably the choice of appropriate staining containers, please refer to the standard 
OmniStain protocol. 
 
Reagent set-up 

4% PFA  4% w/v paraformaldehyde. 
PBSN  1x PBS with 0.02% w/v sodium azide 
PBS with 0.05M alpha-
cyclodextrin 

 1x PBS with 0.05M alpha-cyclodextrin  

CUBIC-L  As commercially acquired 
CUBIC-R+(M)  As commercially acquired 
Half-diluted CUBIC-L  1:1 v/v mixture of CUBIC-L and water 
Half-diluted CUBIC-R+(M)  1:1 v/v mixture of CUBIC-R+(M) and water 
2x OmniStain buffer A  As commercially acquired 
1x OmniStain buffer B  As commercially acquired 
1x OmniStain buffer C  As commercially acquired 

 
Overview 

The protocol basically consists of a series of incubation steps under different conditions for different durations. 

Purpose Incubation solution Condition Repeats? 
Fixation 4% PFA 4°C, 24h - 
Wash PBS + 0.01% w/v NaN3 r.t., 2h 2x 

Delipidation 
Half-diluted CUBIC-L r.t., >6h - 
CUBIC-L 37°C, 2d 3x 

Wash PBS r.t., 2h 3x 

Transition 
PBS + 0.05M alpha-cyclodextrin r.t., 2h 3x 
PBSN r.t., 2h 3x 

Pre-incubate 1x OmniStain buffer A 37°C, o/n or >6h - 
Immunostaining Antibodies in 1x OmniStain buffer A r.t., 5d - 
Post-incubate 1x OmniStain buffer B r.t., o/n or >6h - 
Wash PBSN r.t., 2h 3x 

Clearing 
Half-diluted CUBIC-R+(M) r.t., o/n or >6h - 
CUBIC-R+(M) r.t., o/n or >6h - 
CUBIC-R+(M) r.t., 24h - 

* r.t.: room temperature, h: hours, d: days, o/n: overnight 

 
 

  



Detailed step-by-step protocol 
CUBIC 1st half protocol 

The following steps were described in detail in the Advanced CUBIC protocol (https://doi.org/10.1038/s41596-
019-0240-9, p.3525 step 1 to step 4(A)(iii)), which are summarized as below. 

1. Obtain perfusion-fixed mouse brains with 4% PFA, and post-fix the dissected organs in 4% PFA with 
gentle shaking at 4°C for 12-24 hours. 

2. Wash the fixed organs with PBS with 0.01% w/v sodium azide at room temperature for 2 hours, repeat 
two times. 

3. Washing off PFA. Immerse the fixed organ in 10ml of half-diluted CUBIC-L with gentle shaking at 
37°C for at least 6 hours.  

4. Delipidation. Replace the half-diluted CUBIC-L solution with at least 10ml of non-diluted CUBIC-L 
solution and continue gentle shaking at 37C for 6 days. Refresh the CUBIC-L solution every 2 days.  

5. Washing off CUBIC-L. Wash the CUBIC-L-treated organ with at least 10ml of PBS with gentle shaking 
at room temperature for 2 hours. Repeat at least three times. 

 

CUBIC-to-OmniStain transition 

These steps serve to complex any remaining Triton X-100 within the tissue to ensure they will not precipitate 
with OmniStain A buffer components. 

6. Further washing 1. Wash the brain carefully in at least 10ml of PBSN with 0.05M alpha-cyclodextrin 
with gentle shaking at room temperature for 2 hours. Repeat this washing step more than three times. 

7. Further washing 2. Wash the brain carefully in at least 10ml of PBSN at room temperature for 2 hours. 
Repeat this washing step more than three times. 

 

OmniStain protocol 

The following steps are described in detail in the OmniStain protocol (https://illumos.co/wp-
content/uploads/2025/01/protocol-insert-illustration_2025.pdf, steps 4 - 15), which are summarized as below. 

8. Pre-incubate the tissue in 1x OmniStain buffer A at 37°C overnight. 
9. [Optional preparation of nucleic acid probe]. Mix 200nmol probe and 1x OmniStain buffer C in a 1:1 

v/v ratio. The initial precipitates will redissolve on pipetting. 
10. Prepare the staining solution as follows (please refer to the OmniStain staining steps as described in 

the link above), for a whole mouse brain or 1cm3 tissue: 
a. Start with 0.25ml 2x OmniIStain buffer A 
b. Add primary antibodies (10μg each). 
c. Add prepared nucleic acid probe in 1x OmniStain buffer C (if desired) 
d. Add fluorophore-labeled secondary antibody Fab fragments or nanobodies, with the same ug 

amount of the corresponding primary antibody used. You can also include fluorescently labelled 
lectins here (~10μg recommended) 

e. Adjust the volume to a final 0.5ml with PBSN. 
f. Add the tissue to the staining solution, and stain at room temperature for 5 days (instead of 3 

days) with gentle shaking, protected from light. 
11. Post-incubate the tissue in 3ml 1x OmniStain buffer B at room temperature overnight with gentle 

shaking. Place the tube horizontally to ensure adequate shaking. 
12. Wash the tissue in at least 10ml PBSN at room temperature for 2 hours, repeat 3 times. Shake the tube 

placed horizontally. 
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CUBIC 2nd half protocol 

The following steps are described in detail in the Advanced CUBIC protocol (https://doi.org/10.1038/s41596-
019-0240-9, p.3526 step 4(A)(vi) to step 4(A)(vii)), which are summarized as below 

13. Immerse the sample in at least 5ml of half-diluted CUBIC-R+(M) with gentle shaking at room 
temperature for at least 6 hours or overnight. 

14. Immerse the sample in at least 5 ml of non-diluted CUBIC-R+(M) and gently shake at room 
temperature overnight.  

15. Replace the reagent with at least 5ml fresh non-diluted CUBIC-R+(M) and incubate further with gentle 
shaking at room temperature for at least 24 hours.  

 

Proceed to gel-embedding or imaging directly. 

 

___________________________________________________________________________________ 
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