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From Live Organism to Cleared Tissue Imaging
w/ superb optical quality
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Mouse brain

Z-stack in tiling

CellTracker™ CM-DiI Dye for vaaculature

Erin Diel & Doug Richardson

Harvard U. HCBI, Cambridge, USA

Tribolium castaneum (Flour beetle)

Multiview z-stack in time series

Nuclear GFP expression

Nipam Patel

U. of California, Berhkeley, USA
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10x/0.5 W

20x/1.0 W 40x/1.0 W

Light sheet Cleared Tissue Imaging
Basic Optics
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Light sheet Cleared Tissue Imaging
Focus shift introduced by higher RI media
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Focus shift due to refractive index variations. Left: water immersion, right: chamber filled with
a medium of higher RI.

refractive index (𝐧) =
speed of light in vacuum (𝐜)

speed of light in medium (𝐯)



Light sheet Cleared Tissue Imaging
RI mismatch and spherical chromatic aberration
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Spherical aberration, when not all rays of a focused cone of light convene in a common focus point. 
The axial rays meet in the red focus point, whereas the rays at the edge of the cone have a different 
focus point.



Light sheet Cleared Tissue Imaging
Focus shift introduced by higher RI media
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Focus shift occurs in an objective-chamber combination that is designed for one imaging 
medium (refractive index n₀) and used with another medium (nₓ)



Light sheet Cleared Tissue Imaging
Compensation of focus shift via focusable optics
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Compensating focal shift for a wide range of refractive indices (1.33 to 1.58)
by focusing the objectives.



Light sheet Cleared Tissue Imaging
RI mismatch and longitudinal chromatic aberration
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𝐴𝑏𝑏𝑒 − 𝑛𝑢𝑚𝑏𝑒𝑟: 𝑣546 =
𝑛546 − 1

𝑛488 − 𝑛640

𝑅𝐼 𝑣𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛: 1.33 < 𝑛 < 1.57
𝐷𝑖𝑠𝑝𝑒𝑟𝑠𝑖𝑜𝑛 var. : 19 < ν < 56

The design of the detection objective 5×/0.16 foc achieves minimal wavelength-dependent focus shifts  (longitudinal 
chromatic aberrations) for a multitude of important imaging media (marked in green). However, extreme cases cannot
be covered completely. For water (low dispersion) the objective selection for water should be used. For multi-color imaging 
in ethyl cinnamate appropriate image acquisition strategies or post processing channel alignment to compensate for
chromatic effects is recommended.



Light sheet Cleared Tissue Imaging
Compensating for dispersion
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The strong dispersion of ethyl cinnamate induces a focal shift in the PSFs between the four wavelength channels. 
Furthermore, each channel shows a broadened extension along the optical (z) axis. This is most prominent for short 
wavelengths, where dispersion is strongest. The examples are given for the Clr Plan-NEOFLUAR 20×/1.0 nd=1,53, 
which was designed for U.Clear and shows excellent color correction for this and similar imaging media (see the small
PSF on the right).



Light sheet Cleared Tissue Imaging
Compensating for dispersion
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Refractive indices for various common imaging media. The broad range of main refractive
Indices as well as the range of dispersions are clearly visible. 
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Light sheet Cleared Tissue Imaging
Compensating for dispersion



ZEN functions: channel shift & channel aligment
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raw data:

red and green channels

Set off due to ECi dispersion

after Channel Aligment in ZEN

Axolotl limb cleared and imaged

in Ethyl Cinnamate at RI=1.57

Courtesy of Tanaka lab, IMP, Vienna, Austria

Light sheet Cleared Tissue Imaging
Compensating for dispersion



Light sheet Cleared Tissue Imaging
Enable transparency of larger specimen
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▪ Clearing solutions are used to match the refractive 

index within the tissue while maintaining 3D 

structure, fluorescent activity

▪ Light-scattering structures (e.g. – lipid membranes, 

water) within the sample are removed/exchanged

▪ Image deeper, non-invasively, without need for 

physical sectioning

▪ Typical Range: RI = 1.38 – 1.57

Absorption and scattering in opaque tissue

Transparent tissue after optical clearing

(Chung et al , Nature 2013)



Light sheet Cleared Tissue Imaging
Challenges for clearing
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Experimental factors:

▪ There is no single method for all tissue types and/or experiments:

• Antibody staining

• Lipid dyes

• Dye tracing experiments

▪ Limited preservation of fluorescence / quenching possible

▪ Sample mounting 

▪ No living sample experiments

Economical factors:

▪ Price vs. effort vs. time

▪ Large file sizes -> big data storage

Safety:

▪ Toxic and irritating chemicals



Light sheet Cleared Tissue Imaging
A variety of approaches for animal tissue clearing
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Light sheet Cleared Tissue Imaging
A variety of media for animal tissue clearing
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Light sheet Cleared Tissue Imaging
Menu of clearing methods



Light sheet Cleared Tissue Imaging
The Art of Tissue Clearing



Light sheet Cleared Tissue Imaging
BB MS (Spalteholtz) (Werner Spalteholz (1861 – 1940)



Claim:

Replacing the water in the specimen by a liquid having 

approximately the same refractive index as protein. As a 

consequence, light scattering is strongly reduced, and the specimen 

becomes translucent.

Method:

We dehydrated the organs using an ascending ethanol series (50%, 

80%, 96%, 100%). Then, the organs were cleared in a solution 

containing 2 part benzyl benzoate and 1 part benzyl alcohol (BABB).

Imaging solution:

BABB. Ethyl Cinnamate

Refractive index: 1,55

Sample tissues:

Brain

Light sheet Cleared Tissue Imaging
BABB (Murray’s Clear)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2878751/


Claim:

Highly reproducible and versatile clearing procedure

Method:

Dehydration in THF and clearing in organic clearing reagents.

Imaging solution: DBE

Refractive Index: 1,56

Sample tissues:

Brain, spinal cord, immune organs and tumors.

Light sheet Cleared Tissue Imaging
3DISCO



Claim:

Simple, rapid,and inexpensive method, that permits whole-mount 

immunolabeling with volume imaging of large cleared samples.

Method:

Dehydrate in methanol series, followed by dichloromethane (DCM) 

and dibenzylether (DBE).

Imaging solution: DBE

Refractive Index: 1,56

Sample tissues:

Ranging from perinatal mouse embryos to adult organs, such as 

brains or kidneys.

Light sheet Cleared Tissue Imaging
iDISCO



Claim:

A pressure driven, nanobody based whole-body immunolabeling 

technology to enhance the signal of fluorescent proteins by up to 

two orders of magnitude.

Method:

After the staining, animals are cleared using a 3DISCO based 

passive whole-body clearing protocol optimized for big samples. 

The samples are dehydrated in a tetrahydrofuran dilution series, 

followed by 3 hours in dichloromethane and finally in BABB.

Imaging Solution: BABB

Refractive Index: 1,559

Sample Tissues:

Whole-body neuronal connectivity of an entire adult mouse; brain 

trauma induced degeneration of peripheral axons; meningeal 

lymphatic vessels and immune cells through the intact skull and 

vertebra in naive animals and trauma models.

Light sheet Cleared Tissue Imaging
vDISCO (Ruiyao Cai et al and Ali Ertürk, Bioxiv (2018))



Claim:

Ethyl cinnamate rapidly cleared all tested organs, including calcified 

bone, but the fluorescence of proteins and immunohistochemical 

labels was maintained over weeks.

Clearing Method:

Passive clearing in EtCi following ethanol dehydration.

Imaging Solution:

EtCi

Refractive Index: 1,56

Sample tissues:

Kidney

Light sheet Cleared Tissue Imaging
Eci (Ethyl cinnamate)



Claim:

Here, we describe 2Eci, which can be used to clear a wide range of 

tissues in as little as 1-5 days, while preserving a broad range of 

fluorescent proteins, including GFP, mCherry, Brainbow and Alexa-

conjugated fluorophores.

Clearing Method:

Dehydration in 4-butanolph 9 or 1-propanolph9 followed by passive 

clearing in EtCi.

Imaging Solution:

EtCi

Refractive Index: 1,56

Sample tissues:

Human organoids, Drosophila melanogaster, zebrafish, axolotl and 

Xenopus laevis.

Light sheet Cleared Tissue Imaging
2Eci (2nd generation ethyl cinnamate-based clearing)



Claim:

PEGASOS rendered nearly all types of tissues transparent and 

preserved endogenous fluorescence. Bones and teeth could be 

turned nearly invisible after clearing. The PEGASOS method 

turned the whole adult mouse body transparent and we were able 

to image an adult mouse head composed of bones, teeth, brain, 

muscles, and other tissues with no blind areas.

Method:

Tissue samples are fixed in PFA, and immersed in 20% EDTA for

4 days. Samples are then decolorized with Quadrol decolorization

and ammonium solution, followed by delipidation in gradient tB

delipidation solutions and tB-PEG for dehydration. Finally, 

samples are immersed in BB PEG medium for clearing.

Imaging Solution: BB PEG Clearing Medium

Refractive Index: 1,543

Sample Tissues:

See claims above

Light sheet Cleared Tissue Imaging
PEGASOS (Polyethylene glycol (PEG) associated solvent system)



Claim:

“RTF can not only efficiently clear embryos, neonatal brains and 

adult brain blocks, but also preserve fluorescent signal of both

endogenous fluorescent proteins and lipophilic dyes, and be 

compatible with virus labeling and immunostaining“.

Method:

For RTF, the samples were incubated in three solutions of 

triethanolamine and formamide in distilled water sequentially.

Imaging Solution: unknown

Refractive Index: unknown

Sample Tissues:

Embryos, neonatal and adult brains

Light sheet Cleared Tissue Imaging
RTF (Rapid clearing method based on triethanolamine and formamide)



Claim

TDE solution is a rapid and useful method for optical clearing of 

fixed specimens expressing fluorescent proteins

Method:

Samples are immersed in various concentrations of TDE in PBS 

(0%, 30%, 60%, and 97%) for 6 h to 7 days.

Imaging Solution:

TDE Solution

Refractive Index: see fig.

Sample Tissues:

Brains, brain slices

Light sheet Cleared Tissue Imaging
TDE



Claim:

An easy to use method, clearing-enhanced 3D (Ce3D), which 

generates excellent tissue transparency for most organs, 

preserves cellular morphology and protein fluorescence, and is 

robustly compatible with antibody-based immunolabeling.

Method:

Stained and washed tissues are placed in Histodenz-based Ce3D 

medium inside a chemical fume hood and incubated at room 

temperature on a rotor for 12-72 hours.

Imaging Solution: Ce3D medium

Refractive Index: 1,49 – 1,5

Sample Tissues:

Mouse brain, muscle, lung, intestine, liver, thymus, bone

Light sheet Cleared Tissue Imaging
Ce3D



Claim:

A water-based optical clearing agent, SeeDB, clears fixed brain 

samples in a few days without quenching many types of fluorescent 

dyes, including fluorescent proteins and lipophilic neuronal tracers.

Method:

Fixed (agarose embedded) samples are serially incubated in 20%, 

40% and 60% fructose. Samples are then incubated in 80% fructose 

for 12 h, 100 % fructose for 12 h and finally in SeeDB (80.2% 

fructose) for 24h. The concentration of fructose could be increased 

up to 86.7% (SeeDB37) when clearing was performed at 37 °C. All 

fructose solutions contained 0.5% α-thioglycerol

Imaging solution:

80% 2,2′-thiodiethanol (SeeDB). 90% 2,2′-thiodiethanol (SeeDB37).

Refractive index: 1,49 – 1,5

Sample tissues:

Mouse brain, olfactory bulb.

Light sheet Cleared Tissue Imaging
SeeDB



Claim:

An optimized optical clearing agent for high-reso-lution fluorescence 

imaging (SeeDB2). SeeDB2 matches the refractive indices of fixed 

tissues to that of immersion oil (1.518), thus minimizing both light 

scattering and spherical aberrations.

Method:

Fixed tissue samples are incubated 2% saponin overnight, followed 

by incubation in different concentrations of Omnipaque 350 in water 

with 2% saponin.

Imaging solution:

RIMS (Histodenz)

Refractive index: 1,518

Sample tissues:

Mouse embryos, brains, and brain sections, fly brain (for high and 

superresolution microscopy)

Light sheet Cleared Tissue Imaging
SeeDB2



Claim

A SeeDB derived volume independent optical clearing method

which retains the advantages of SeeDB, particularly compatibility

with lipophilic tracers. 

Clearing procedure:

Fructose / urea / α-thioglycerol -based passive clearing

Imaging Solution:

Fructose / urea / α-thioglycerol cocktail

Refractive Index: ~1,48

Sample tissues:

Brain

Light sheet Cleared Tissue Imaging
FRUIT



Claim

Clearing method for enhanced visualization of cell morphology 

and connections in neuronal and non-neuronal tissue. Embryos, 

whole mounts and thick brain sections can be rapidly cleared with 

minimal volume changes. They preserve lipophilic dyes, 

fluorescent tracers and immunohistochemical labeling, and GFP.

Method:

20%, 40%, 80% and 95% formamide solutions

Imaging Solution:

Formamide solution

Refractive Index: 1,44

Sample Tissues:

Brain, mouse embryos

Light sheet Cleared Tissue Imaging
ClearT



Claim

Clearing method for enhanced visualization of cell morphology 

and connections in neuronal and non-neuronal tissue. Embryos, 

whole mounts and thick brain sections can be rapidly cleared with 

minimal volume changes. They preserve lipophilic dyes, 

fluorescent tracers and immunohistochemical labeling, and GFP.

Method:

20%, 40%, 80% and 95% formamide / 20 % PEG solutions

Imaging Solution:

95 % Formamide / 20 % PEG solution

Refractive Index: 1,44

Sample Tissues:

Embryos, whole mounts and thick brain sections

Light sheet Cleared Tissue Imaging
ClearT2



Claim

Scale, an aqueous reagent that renders biological 

samples optically transparent but completely preserves 

fluorescent signals in the clarified structures.

Method:

Imaging Solution: Sca/e A2, Sca/e  B4

Refractive Index: 1.38

Sample Tissues: Brain

Light sheet Cleared Tissue Imaging
Sca/e



Claim

ScaleS, a sorbitol-based optical clearing method that provides 

stable tissue preservation for immunochemical labeling and three-

dimensional (3D) signal rendering.

Method:

Permeability enhancement; incubation in urea-containing and salt-

free Scale solutions that gradually clear the sample; restoration of 

sample and mounting in imaging solution.

Imaging Solution:

ScaleA4

Refractive Index: 1,38

Sample Tissues:

Brain

Light sheet Cleared Tissue Imaging
Sca/eS



Claim:

CUBIC-perfusion protocol enables rapid whole-body and whole-

organ imaging at single-cell resolution by using light-sheet 

fluorescent microscopy. The CUBIC protocol is also applicable to 

3D pathology, anatomy, and immunohistochemistry of various 

organs.

Method:

Fixed organs were immersed in or perfused with CUBIC-1 and 

CUBIC-2 reagent.

Imaging Solution: Mineral oil Sigma-Aldrich, M8410

Refractive Index: 1.467 

Sample Tissues:

Whole mouse

Light sheet Cleared Tissue Imaging
CUBIC



Claim:

A fluorescent-protein-compatible, whole-organ clearing and 

homogeneous expansion protocol based on an aqueous chemical 

solution.

Method:

Clearing by expansion.

Imaging Solution:

Refractive Index:

Sample Tissues:

Whole mouse brain

Light sheet Cleared Tissue Imaging
CUBIC X



Claim:

CLARITY is a newly developed technology that can

be used to transform intact biological tissue into a

hybrid form in which tissue components are removed

and replaced with exogenous elements for increased

accessibility and functionality.

Method:

Electrophoresis of hydrogel embedded tissue in sodium borate

buffer (200 mM, pH8.5) containing 4% (wt/vol) SDS.

Imaging solution:

FocusClear or 80% glycerol

Refractive Index: 1,45

Sample tissues:

Mouse brain, fish, plant

Light sheet Cleared Tissue Imaging
CLARITY (Clear Lipid-exchanged Acrylamide-hybridised Rigid Imaging/Immunostaining/In situ-hybridisation-compatible Tissue-hYdrogel)



Claim:

Bone tissue clearing is able to provide fast and comprehensive 

visualization of biological processes in intact bone tissue.

Method:

The bone is decalcified to increase light and molecular penetration 

while leaving a framework of bone matrix. Bone CLARITY uses an 

acrylamide hydrogel to support the tissue structure and minimize 

protein loss before the delipidation step.

Imaging Solution:

RIMS

Refractive Index: 1,47

Sample Tissues:

Tibia, femur and vertebral column of mouse

Light sheet Cleared Tissue Imaging
Bone CLARITY



PEA-CLARITY
Plant-Enzyme-Assisted (PEA)-CLARITY

Claim:

Plant-Enzyme-Assisted (PEA)-CLARITY, has allowed deep optical 

visualisation of stains, expressed fluorescent proteins and IgG-

antibodies in Tobacco and Arabidopsis leaves. 

Method:

PEA-Clarity involves hydrogel fixation, tissue clearing and 

enzymatic degradation, without loss of structural integrity.

Imaging Solution: PBS

Refractive Index: 1,33

Sample Tissues:

Plant, Tobacco and Arabidopsis leaves

Light sheet Cleared Tissue Imaging
PEA-CLARITY (Plant-Enzyme-Assisted-CLARITY)



Claim

ACT-PRESTO allows for tissue clearance within several hours and 

enables rapid immunolabeling with conventional methods and 

accelerates antibody penetration into the deep layer of densely 

formed, thick specimens by applying pressure or convection flow.

Method:

Electrophoretic tissue clearing (ETC) of polymerized sample.

Imaging Solution:

Cubic Mounting Solution.

Refractive Index: ~1,45

Sample Tissues:

Mouse brain

Light sheet Cleared Tissue Imaging
ACT-PRESTO (Active clarity technique–pressure related efficient and stable transfer of macromolecules into organs)



CRISTAL

Claim

CRISTAL is a resin-based embedding method that optically clears 

the specimen while allowing sectioning and preventing degradation.

Method:

Ethanol dehydration series, Xylene

Imaging Solution:

Resin NOA68 and NOA71 embedded.

Refractive Index: 1,556

Sample Tissues:

Lung

Light sheet Cleared Tissue Imaging
CRISTAL



Claim:

Novel electrokinetic method termed for rapid nondestructive

processing of porous samples. Completely clears mouse organs 

within 1–3 days and stains them with nuclear dyes, proteins, and 

antibodies within 1 day.

Method:

Uses a rotational electric field to selectively disperse highly 

electromobile molecules throughout

a porous sample without displacing the low-electromobility

molecules that constitute the sample.

Imaging Solution: Custom made RIMS

Refractive Index: Unknown

Sample Tissues:

Mouse brain and intestine

Light sheet Cleared Tissue Imaging
Stochastic Electrotransport



Claim:

SWITCH uniformly secures tissue architecture, native 

biomolecules, and antigenicity across an entire system by 

synchronizing the tissue preservation reaction.

Method:

Tissue preservation by synchronized dialdehyde-tissue-gel 

formation. Aqueous clearing solution containing SDS, lithium

hydroxide, boric acid, and anti-browning agent. Samples were

incubated at 60–80°C until clear. The method also comprises

specific staining procedures.

Imaging Solution: PBST

Refractive Index: 1,33

Sample Tissues:

Rodent brain

Light sheet Cleared Tissue Imaging
SWITCH



Claim:

When applied to tissue, SHIELD combined with SWITCH enables 

uniform, organ-wide preservation of fluorescent protein activity, 

proteins, transcripts, and their probe-binding properties without 

loss of tissue architecture.

Method:

Fixation by perfusion with SHIELD solution, followed by incubation 

in SHIELD-OFF solution for 24 h. Samples are then placed in 

SHIELD-ON solution and incubated for 24 h. SHIELD-fixed organs 

are then delipidated, either passively in SDS-based clearing 

buffer, or rapidly using stochastic electrotransport. Delipidated 

tissues are then incubated in Protos-based immersion media for 

optical clearing and imaging.

Imaging Solution: Protos-based immersion media (recipe 

provided in paper)

Refractive Index: 1.458 

Sample Tissues: Mouse and rat, biopsies

Light sheet Cleared Tissue Imaging
SHIELD (Stabilization to harsh conditions via intramolecular epoxide linkages to prevent degradation)



Claim:

A novel and highly reproducible muscle tissue clearing protocol.

Method:

Samples are infiltrated with hydrogel monomer solution, 

polymerized, and stained. Lastly, samples are incubated in 88% 

glycerol at room temperature for a minimum of

24 h for RI matching and long-term storage

Imaging Solution: 88% glycerol

Refractive Index: 1,45

Sample Tissues:

NMJs in adult hindleg extensor digitorum longus muscles from 

wildtype and diseased mice; adult mouse diaphragm muscles; 

Can be used for different staining agents, including toxins, lectins, 

antibodies, and nuclear dyes.

Light sheet Cleared Tissue Imaging
MYOCLEAR

https://www.frontiersin.org/articles/10.3389/fncel.2019.00049/full


Claim

A non-toxic medium supplement that allows refractive index 

matching in live specimens and thus substantially improves image 

quality in live-imaging 

Method:

Histodenz solutions

Imaging Solution:

RIMS

Refractive Index: adjustable

Sample Tissues:

Live primary cell cultures, planarians, zebrafish and human 

cerebral organoids.

Light sheet Cleared Tissue Imaging
RIMS (Refractive Index Matching Solution)



Claim:

PACT, RIMS, and PARS are compatible with endogenous-

fluorescence, immunohistochemistry, RNA single-molecule FISH, 

long-term storage, and microscopy with subcellular resolution.

Method:

PFA-fixed tissue sections are incubated acrylamide and then 

brought to 37 °C to initiate tissue-hydrogel hybridization. Tissue-

hydrogel matrices were transferred into 8% SDS in PBS, and 

depending on tissue size, were incubated for 2–5 days at 37 °C 

with shaking, prior to immunostaining and incubation in imaging 

media (RIMS). For PARS, all subsequent PACT and 

immunolabeling reagents are continuously circulated through 

rodent vasculature via a peristaltic pump.

Imaging Solution: RIMS

Refractive Index: 1,46

Sample Tissues:

Rat brain, spinal chord and peripheral organs

Light sheet Cleared Tissue Imaging
PACT, PARS (Bin Yang, others and Viviana Gradinaru)



Claim:

The present study aims to improve upon and optimize the original 

PACT procedure for an array of intact rodent tissues, including the 

whole central nervous system (CNS), kidneys, spleen, and whole 

mouse embryos.

Method:

PACT modification as described in paper

Imaging Solution:

Nycodenz-based Refractive Index Matching Solution

Refractive Index: 1,42 (at 60%)

Sample Tissues:

Mouse brain, kidney, spleen, whole embryos

Light sheet Cleared Tissue Imaging
psPACT, mPact



Claim:

The main differences between our CLARITY method and the 

previously published protocol involve the reduction in clearing 

reagent use and the simplification of the protocol.

Method:

Hearts are fixed in paraformaldehyde and polymerized in 

acrylamide solution. Tissues are then rinsed with PBS, placed in 

clearing solution (SDS and boric acid), and incubated until clear. 

Imaging Solution:

RIMS (Histodenz)

Refractive Index:

Sample Tissues:

Mouse heart

Light sheet Cleared Tissue Imaging
SCM (Simplified Clarity method)



Claim:

FxClear is a very simple and fast tissue clearing protocol, which 

involves acrylamide-free electrophoretic tissue clearing (ETC).

Method:

Samples are processed for electrophoretic tissue clearing (ETC) 

in 2% SDS and 200 mM boric acid. After tissue clearing, all 

samples are washed in PBS to remove SDS.

Imaging Solution:

Cubic mouse solution

Refractive Index: 1,38 – 1,48

Sample Tissues:

Mouse brain slices, whole brain, embryos, kidney, liver

Light sheet Cleared Tissue Imaging
FxClear (Jungyoon Choi, Eunsoo Lee, June Hoan Kim, Woong Sun (2019))



Light sheet Cleared Tissue Imaging
Emerging media for plant tissue clearing
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Light sheet Cleared Tissue Imaging
Enable transparency for plant tissue

54



Light sheet Cleared Tissue Imaging
Enable transparency for plant tissue
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Root nodule

Maize leaf



Syringe Glass Capillaries

Typical Procedure:

Bring the capillary close to the 

sample.

Move the plunger upwards to suck

in some agarose, before sucking in

the sample.

Proceed gently to not damage the

sample at the edge of the capillary

while it enters. Hold the capillary

horizontally if necessary.

Take the capillary out of the tube

when the sample is embedded.

Start rotating the capillary, while

holding it horizontally until agarose is

solid. Cut off extra agarose .

See full sample preparation movie on You Tube!

Start: Put sample into tube. Add liquid agarose.

Light sheet sample mounting for horizontal design
Non-Clearing & Live Animal Samples
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Light sheet sample mounting for horizontal design
Non-Clearing & Live Plant Samples (using FEP tubes and capillaries)



Only with very low agarose concentration does the embryo develop normally.

Multilayer mounting enables long-term imaging of zebrafish development in a light sheet microscope

Anna Kaufmann, Michaela Mickoleit , Michael Weber and Jan Huisken
Development 139, 2012

Light sheet sample mounting for horizontal design
FEP tubes for customized sample mounting options



Light sheet sample mounting for horizontal design
Gluing for cleared samples



Light sheet sample mounting for horizontal design
Mounting unknown samples are always a challenge …



* ok, almost always

Light sheet sample mounting for horizontal design
... but you will always* find a solution!



Light sheet sample mounting for horizontal design
It can be surprisingly simple!



Zebrafish
Gentle 3D Imaging of Large Living Specimen

Dr Lingfei Luo’s Lab, Southwest University in China



Drosophila Embryo
Gentle 3D Imaging of Large Living Specimen

Amat, F. et al, Nature Methods, Vol 11, 2014



Plant Imaging
Natural Growth in a Horizontal Microscope

Axel Mithöfer (Max-Planck-Institute for Chemical Ecology, Jena)



A. Thaliana Model System
Root Formation and Actin Cytoskeleton Dynamics

Ovečka, M., Vaškebová, L., Komis, G. et al. Nat Protoc 10, 1234–1247 (2015)

Actin cytoskeleton in cotyledon epidermal cells of light-grown A. 

thaliana seedling carrying fluorescent F-actin marker FABD2-GFP
Lateral root formation in A. thaliana line carrying 

fluorescent microtubule marker GFP-TUA5



More Sensitivity and Speed in Live Imaging
Long term Observation of Plant Development

Arabidopsis Flower

Light Sheet Microscopy allows to visualize and study the structural 
development of entire Arabidopsis flowers at subcellular resolution 
over 5 days.

This is an excellent example of gentle long term live imaging with 
Light Sheet Fluorescence Microscopy (LSFM).

Labels: H2B:mRuby2 for visualization of somatic nuclei. ASY1:eYFP 
expressed specifically in meiocytes.

Imaged with W Plan Apo 10x/0.5 and customized sample mounting 
and incubation chamber.

Illumination: 488 (< 1 %), 561 nm (7%)
pixel dimensions: 1920 x 1920 x 287
scaling: 0.31 x 0.31 x 1.68 micron
Image volume: 587 x 587 x 480 μm

Imaging plant germline differentiation within Arabidopsis flowers by light sheet microscopy.
Valuchova et al., eLife. 2020; 9: e52546., doi: 10.7554/eLife.52546



3D-Reconstruction in 2021
Mouse brain stained with CellTracker™ CM-DiI Dye, cleared with iDISCO+, and imaged in ethyl cinnamate

Sample courtesy of E. Diel, D. Richardson. Harvard University, Cambridge, USA



Flexibility in Resolution
Multi-scale Imaging: Overview and detail in one system

5x

Sample courtesy of Prof. C. Birchmeier and Dr. P.-L. Ruffault, Laboratory of Developmental Biology / Signal Transduction, Max Delbrück Center for Molecular Medicine, Berlin, Germany

20x

Mouse Trachea cleared in PEGASOS imaged in BB-PEG at RI of 1.54.

Imaged on a ZEISS Lightsheet 7, sample volume 2.57 x 2.58 x 2 mm

red / orange: neuronal markers, green: muscular membrane marker, blue: DAPI



725 GB
2 channels
45 tiles
90 z-stacks
All in split .czi files
Stitching Vision4D on HIVE
Channel alignment in v4D

Adult mouse brain hemisphere, sagittal view, Parvalbumin staining (red) with nuclear reporter (green)
cleared and imaged in U.Clear at RI=1.53, Courtesy of Zhuhao Wu, Icahn School of Medicine at Mount Sinai, USA



Lightsheet 7 with Clearing



We kept the horizontal design, 
for preserving all our previous strengths

Pivot off

Pivot on

Live

Clearing
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and introduce: New! objectives,
w/ focus rings or correction collars to adapt to RI

73

LSFM 5x/0.1 foc

illumination

LSFM 10x/0.2 foc

EC Plan-Neofluar

5x/0.16 foc

(WD=10.5 mm)

detection

73

Clr Plan-Neofluar

20x/1.0 Corr, n=1.53 

(WD=6.4 mm)

detection

Adjustable focus rings or correction collars
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New! chambers,
w/ spacious interior to mount larger samples

Chamber – Water

n=1.33
Chamber – Clr 20x

n=1.35-1.586
Chamber – Clr Large

n=1.33-1.58

Sample size:

10 x 10 x 20 mm3

Dedicated to live or clearing applications
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New! smart sample holder,
w/ claw mechanism to load samples outside the system

March 2020 75

75

shaft

connector

pedestal

disk

claw

stem
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Various 3D-printable sample holder
Tools for „very large“ or very specific samples



From Micro to Meso Scale Imaging
w/ dedicated optics and chambers

77

500 µm 2 mm 10 mm4 mm10 µm

cell organoid insect embryo zebrafish embryo mouse embryo adult mouse brain

Zebrafish brain

Ca2+ spikes

Christoph Gebhardt

Institute Curie, Paris,

F

3D cell spheroid

Vardan Andriasyan

Artur Yakimovich

U. of Zuerich,

CH

U2OS cells

microtubule stain

Peter Hemmerich

FMI, Jena,

D

50 µm

Drosophila melanogaster

Trachea development

Nipam Patel

U. of California, Berhkeley

USA

Mouse brain

dtTomato Parvalbumin

Erin Diel

Harvard U, Cambridge,

USA

Mouse embryo 10.5 dpf

Neuronal precursor cells

Jim Swoger

EMBL / CRGe, Barcona,

E



From single color to simultaneous dual color & multicolor
w/ dual camera setup

78

Lymph node 

CD8+ cells expressing GFP (yellow)

B cell follicles stinedwith B220 (cyan)

Vasculature network stained via CD31 (magenta)

J.Groom & B.Duckworth,

The Walter and Eliza Hall Institute, Parkville, AUS

Zebrafish embryo 2d

Endocradium / Blood vessel (red)

Myocardium (green)

Michaela Mickoleit, & Michael Weber 

MPI-CBG, Dresden, D



From water based imaging media to diverse clearing solutions 
w/ one chamber to rule them all

79

Inguinal mouse Lymph nodes

cleared an imaged in Ce3D at RI=1.49
Groom & Duckworth, WEHI, Parkville, Australia

Mouse Kidney, cleared in iDISCO and

imaged in Ethyl Cinnamate at RI=1.56

U. Roostalu, Gubra, Denmark

CLARITY cleared mouse brain

imaged in Easyindex at RI = 1.46

Erin Diel, Harvard University, Cambridge, USA

Mouse Trachea, cleared with PEGASOS

Ppotocol and imaged in BB-PEG at RI=1.54

Courtesy of Birchmeier lab, MDC, Berlin, Germany

Mouse brain hemisphere, cleared and

imaged in U.Clear at RI=1.53

CouZhuhao Wu, Mount Sinai, New York, USAy

Xenopus laevis, cleared in SeeDB and

imaged in PBS at RI=1.33

Jennifer Schmidt & Lennart Olssen, FSU, Jena, D



C57 BL6J mouse perfused with PBS and 4% PFA.  Brain

- cleared using iDISCO+ protocol

- stained with CellTracker™ CM-DiI Dye – a lipid dye to stain vasculature membranes

- imaged in Ethyl Cinnamate at RI of 1.565.

- imaged volume: 13.1 x 13.1 x 6 mm

Sample courtesy of Erin Diel & Doug Richardson, Harvard Center for Biological Imaging, 

Harvard University, Cambridge, USA

2.5x

20x

From low resolution to high resolution imaging
w/ detection optics ranging from 2.5x to 20x



Dr. Cathleen Teh.

IMCB, Singapore

Right SideLeft Side

Dual Side Fusion

Fusion Algorithms:

▪ Mean Fusion

▪ FFT Fusion

▪ Max Fusion

▪ Subset X Fusion

Fusion Options:
▪ Post-processing

▪ Online Processing

Illumination options
Single side versus dual side illumination



▪ Free 360° Rotation along gravitational Axis

▪ Flexibility in Sample Positioning

Multiview imaging
Complimentary information from different viewing angles



Sample and Data by Dr. Cecilia Lu, OIST, Okinawa, Japan

Selchow & Huisken, Biophotonik, 2013

Sequential acquisition of multiple z-stacks from different directions via sample rotation.

Registration (Alignment):

▪ Landmark based (Beads)

▪ Intensity based (Sample)

▪ Interactive (Manual)

Fusion:

▪ Full Mean Fusion

▪ Subset Z Mean Fusion

MultiView Processing Features:

Multiview imaging
Complimentary information from different viewing angles



An Additional Degree of Freedom
Multiview: Registration & Fusion

Sample and Data by Dr. Cecilia Lu, OIST, Okinawa, Japan

Z-Stack View 1 Z-Stack View 3Registration & Fusion
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New! guided workflows
w/ semi-automatic user interaction 

85

85

x

y

z

y

z

+

Light sheet adjustment

for optimal position of beam waist

Sample loading

for contamination free positioning
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New! data acquisition tools
w/ new possibilities in ZEN Black

86

Multidimensional image acquisition

- multiview, time series, z-stack, tiling, position

- all combinable (w/ exc. multiview & tiling)

3x Z-oversampling

- for better deconvolution

- for better multiview imaging

Z-offset compensation

- for accurate z-stacks

- for better depth penetration

Stepwise rotation

- for defined rotation w/ one click

- for easy Multiview setup

Multiview to bona fide Tiling

- centered, bounding grid, convex hall

- for easy setup for large sample imaging
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New! ZEN Blue migration
w/ data analysis and processing

87

3DxL viewer

- for large data sets

Stitching

- for tiled data sets

GPU based DCV

- for stacked data sets



New! Partnering w/ 3rd party,
w/ extension by OEM equipment

88

w

Translucence Mesoscale

Imaging SystemTM

- for fast imaging of large samples

Acquifer HIVE
- for Big Data and upscaling

Arivis Vision4D 
- for advanced processing pipelines

+
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New! addition,
Ring LED for plant growth



ZEISS Lightsheet 7
Versatility for Multiview Imaging of Living and Cleared Specimens

▪ Live organism and cleared tissue imaging

▪ Excellent image quality

▪ ZEISS Optics with adjustable RI from 1.33 to 1.58 

▪ Imaging platform from micro to meso scale

▪ Sensitive and fast in image acquisition with fast high QE cameras

▪ Robust & stable design for imaging from minutes to weeks

▪ Flexible in sample mounting

▪ Efficient in sample navigation

▪ Capable of acquiring, processing & analyzing data

▪ Easy-to-use ZEN Software and integration of 3rd party for highest 
productivity with efficient workflows

Largest Range of Applications
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91

From Live to Cleared Tissue

From Micro to Meso Scale

From Low to High Resolution

1

2

3

ZEISS Lightsheet 7
Take home message



w

Thank You for you attention!




