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Research Article
Development and Applications of Plant Tissue-Clearing Technology

Yuki Sakamoto
Department of Biological Sciences, Graduate School of Science, Osaka University

Abstract
Plants harbor various pigments, which are serious barriers to fluorescence observation since they absorb and scatter
light. Plant tissue-clearing technologies have been developed to remove these pigments and improve optical conditions;
however, they require a long incubation time to enhance the transparency of specimens. We have newly developed
iTOMEI in which a decolorizing solution, including caprylyl sulfobetaine, excludes chlorophylls efficiently and
reactivates GFP quenched by fixation. iTOMEI achieved clearing within 27 hours while maintaining GFP fluorescence.
This technology can be adapted to Arabidopsis thaliana, Oryza sativa, and Marchantia polymorpha.
Keywords: plant tissue-clearing technology, deep imaging, microscope

Introduction
Many biological tissues do not allow light to pass
through. Biologists have embedded the specimens
in resin and paraffin and cut thin sections to observe
the inner structure of tissues and organs in detail.
Although imaging using thin sections is sufficient
for observing local structures, it is not suitable for
obtaining a whole image of the tissue due to the loss
of positional information of the sections. Therefore,

biological tissue-clearing technologies have been
developed for microscopic observation of the inner
structure through transparent outer tissues. Because the
history, basics, and applications to animals of tissue
clearing technologies were explained by Dr. Suzaki in a
previous TCIMAIL,1 this paper focuses on plant tissueclearing technologies and their applications.

Development of plant tissue-clearing technology
Plant tissues contain various pigments, such as
chlorophylls, carotenoids, and flavonoids. Among
them, chlorophylls, photosynthetic pigments, are the
major obstacles to fluorescence observation because
they are abundantly contained in chloroplasts and emit
strong autofluorescence. To resolve this problem, plant
tissue-clearing technologies were developed in which
chlorophylls were excluded from cells, and tissues were

2

made transparent without inactivation of fluorescent
proteins (FPs).
Littlejo h n et a l. su ccessfu lly in creased the
transparency of A. thaliana leaves while maintaining
FP fluorescence by infiltrating fluorocarbon, which
has a refractive index (RI) similar to living cells and
can unify the RI throughout the leaves.2,3 This method
differs from other clearing methods in that it can treat
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living cells but does not remove chlorophylls from
chloroplasts; hence the transparency is not high.
Warner et al.’s method is based on ScaleA2,
an animal brain-clearing technique. 4,5 They fixed
Nicotiana benthamiana leaves expressing FPs in
paraformaldehyde (PFA) solution and treated them with
a clearing solution containing urea, glycerol, and Triton
X-100 for 3 weeks. They succeeded in chlorophyll
removal and high transparency while maintaining the
fluorescence of FPs.
In PEA-CLARITY, A. thaliana and N. benthamiana
leaves were fixed in a hydrogel solution containing PFA
and acrylamide. After polymerization of acrylamide,
leaves embedded in the acrylamide gel were treated
with a detergent solution containing sodium dodecyl
sulfate for 4-6 weeks to achieve high transparency
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while maintaining the fluorescence of FPs.6 Subsequent
cell wall digestion and antibody treatment enabled
immunofluorescent staining.
In ClearSee ® , A. thaliana shoots, leaves, and
pistils were fixed with PFA solution and incubated in
ClearSee solution containing xylitol, urea, and sodium
deoxycholate for 4 days to several weeks to achieve
high transparency while maintaining fluorescence of
FPs. 7 In 2021, it was found that ClearSee solution
oxidizes polyphenols such as proanthocyanidins in plant
tissues, leading to the deposition of brown pigments.8
Since the brown pigments reduce light transmission,
the addition of a reducing agent suppressed tissue
browning and elevated transparency in the new method
ClearSee alpha.8

Development and applications of iTOMEI
We have attempted to develop a novel plant tissueclearing technology with an emphasis on the time
required. Transparent plant Organ Methods for Imaging
(TOMEI), in which high RI reagent 2,2’-thiodiethanol
is used, was developed in 2016.9 There are two types
of TOMEI, TOMEI-I and TOMEI-II. In TOMEI-I,
A. thaliana leaves were fixed and decolorized with a
solution containing ethanol and acetic acid and then
incubated in 2,2’-thiodiethanol solution. TOMEI-I
provides high transparency within only several hours
but FPs are quenched completely hence TOMEI-I
is not used for observation of FPs. In TOMEI-II, A.
thaliana leaves were fixed with PFA solution and then
replaced with 2,2’-thiodiethanol solution in a stepwise
manner to alleviate FP quenching. TOMEI-II also
completes the clearing within several hours, however,
the transparency is not high because chlorophylls
partly remained. In addition, it was reported that high
concentration 2,2’-thiodiethanol negatively affected
FP fluorescence, 10–12 although TOMEI-II can be used
for observation of FPs. In other words, TOMEI-II left
room for improvement. Therefore, we have developed
improved TOMEI (iTOMEI) which greatly ameliorated
transparency and suppressed FP quenching compared
with TOMEI-II. 13 In iTOMEI, A. thaliana seedlings
were fixed in PBS containing formaldehyde (FA) and
then treated with a decolorizing solution including

caprylyl sulfobetaine which elutes chlorophylls
effectively. Additionally, bright GFP fluorescence was
maintained in iTOMEI because the decolorization
solution was prepared at pH 8.0 to reactivate GFP
inactivated by FA fixation. After decolorization, the
samples were treated with a high RI mounting solution
containing iohexol to unify the RI in the samples.
iTOMEI made A. thaliana seedlings transparent
within 27 hours (Fig. 1). Histone H2B-GFP expressing
A. thaliana seedlings were treated with iTOMEI, and
the cells at a depth of 20 μm from the adaxial surface of
the cotyledons were observed by confocal microscopy.
Compared with control plants, much brighter GFP
was detected in iTOMEI-treated plants. The thallus of
M. polymorpha was also cleared by iTOMEI. Histone
H2B-tdTomato expressing thallus was cleared and
stained with calcofluor white, a cell wall staining
reagent, and observed by confocal microscopy (Fig. 2).
Subsequently, the cleared gemma cup of M. polymorpha
was observed using two-photon excitation microscopy
(Fig. 2c). The gemmae of various sizes can be observed
through the wall of the gemma cup. In addition, it was
verified that iTOMEI was suitable for observation of
young O. sativa leaves, roots, and floral meristems.13,14
It can also be applied to the clearing of mouse brains
by modifying the procedure. The reagents used for
iTOMEI are manufactured and sold by TCI.
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Conclusions
Although several plant tissue-clearing technologies
have been developed, each has its own advantages and
disadvantages. The most appropriate clearing technique
should be selected according to the plant species, the
type of tissues or organs, the organelles or proteins
to be observed, the required tissue transparency, and
the type of microscope used for observation. In some
cases, it is necessary to try several clearing techniques,
which may seem complicated. However, the advantage

of these technologies is that they are much cheaper and
easier to do than installing an expensive multiphoton
excitation microscope system for deep tissue imaging
(of course, additive effects can be expected when
combining the technologies with the microscope
system). We hope that this paper will provide you with
an opportunity to try deep tissue imaging using the
clearing technologies.

Figure 1.  Clearing of Arabidopsis thaliana seedling using iTOMEI
Images of PBS- and iTOMEI-treated seedlings (upper panels). Cotyledons, expressing histone H2B-GFP, were fixed with 4% FA and treated with PBS or
iTOMEI. Fluorescence images were taken at a depth of 20 μm from the adaxial surface of cotyledons using a confocal laser microscope (lower panels).
Dotted lines indicate outlines of a seedling. The scale bar is 50 μm. The images were partially modified from Ref. 12 (CC-BY-4.0).

Figure 2.  Clearing of Marchantia polymorpha using iTOMEI
a Images of PBS- and iTOMEI-treated thallus. b Thalli, expressing histone H2B-tdTomato (magenta), were treated with iTOMEI, stained with calcofluor
white (cyan), and observed using a confocal laser microscope. The scale bar is 20 μm. c Gemmae in the gemma cup were observed through the wall of the
gemma cup using the two-photon excitation microscope. pMpRSL1::tdTomato-NLS is magenta and calcofluor white is cyan. The scale bar is 50 μm. The
images were modified from Ref. 12 (CC-BY-4.0).
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Chemistry Chat
Encouragement of Research (Part 2)
– Output of Research Results –
Nagatoshi Nishiwaki
School of Environmental Science and Engineering, Kochi University of Technology

As you proceed with your research, you will obtain some results. It is said that your research has not been completed
until outputting the obtained results. For researchers in universities, it is done through publication in a scientific journal
or presentation at an academic conference, and for researchers in companies, through a patent or commercialization. If
you do not do output, you may be considered to have done nothing even if you have actually conducted research.

Article
When you do a web search on the theme of “what
it means to be an adult,” you will find a great variety of
expressions ranging from “someone who can earn money
on one’s own” and “someone who can take responsibility
for one’s own life” to “someone who can accept giving
up” and “someone who is a younger idol making
one’s debut”. If it is considered from the standpoint of
chemistry, it could be expressed as “a person who can
reduce entropy”. As infants, it is their job to make a
mess, but as they grow up, they are able to clean up after

priorities.
Some faculty members cannot write papers even
though they often give conference presentations. In the
latter case, divergence is allowed to a certain extent. On
the other hand, when it comes to writing a paper, it is
an endothermic process because it is in the direction of
lowering entropy, and a lot of energy has to be expended.
That is why papers account for such a large percentage
in the evaluation of research achievements. Although it is
better to publish a paper in a journal with a high impact

themselves. In this sense, people who have messy rooms
and desks may not be fully grown up yet. I instruct my

factor, it is worthwhile to summarize your work as a
paper. To use a baseball analogy, a home run and a run

students to always keep things in order. This is because
organizing lab benches, notebooks, samples, spectral
data, computer desktops, etc., will help them organize
their minds and see what they should do next with their

from an infield hit are both runs. It is good to always aim
for a home run, but it is also good to take the attitude that
a long ball is an extension of a hit.

Conference
Giving a presentation at a conference is a good
opportunity to organize your data and mind as you are
in the process of writing a paper. You can also gain

be useful for preparation of the paper in the near future.
However, academic conferences have other roles as well.
In other words, they are places for networking and self-

new insights through questions and discussions with
participants. It is needless to say that such a process will

promotion.
By meeting with each other at conferences, we can
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build deeper human relationships. Indeed, on the basis of
my own experience, there have been times when it has

your own research, but also actively ask questions at the
presentations by other people. Audiences on the floor do

led to collaboration, and when I have received help and
cooperation in places unrelated to academic conferences.
There have also been times when I have asked for

not actually remember what kind of questions you asked,
but they well remember who asked the question. Indeed,
one of my students, who often asked questions, was

employment for the students I supervise. As I get older, I
realize that there is only so much I can do by myself, and
the importance of meeting people at conferences becomes

scouted as an assistant professor by a professor from a
university with which he had no connection.
Even at a small conference, it is important to

more apparent to me. In the last two years, conferences
are now held online due to the pandemic, and I think
many people may feel sad that the function of conference

show your best performance. I myself was asked by
a professor on the floor to write a review article and to edit
a book. Even though you are in a less fortunate research

as a meeting place is diminishing.
For young researchers, academic conferences are
a place for self-promotion. You should not only present

environment, if you work hard, there will always be
someone who will see and appreciate your efforts.
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New Products Information
Highly Active Palladium Catalyst Applicable to Various Coupling Reactions
Organ's Catalyst (1)

Product Number: B6199
1g 5g 25g

Organ’s catalyst (1) is a palladium catalyst developed by Organ et al.1,2) 1 contains an NHC ligand and shows
high catalytic activity in Suzuki-Miyaura cross-coupling, Negishi coupling and Buchwald-Hartwig amination reactions.
In addition, a coupling product can be obtained in a high yield even with a small amount of catalyst as shown in the
following example. Therefore, 1 is expected to be widely used as a catalyst for coupling reactions in drug discovery
research and material development.

TCI Practical Example: Synthesis of 2 using 1
To a 100 mL 4-neck flask under nitrogen atmosphere, 2-([1,1'-biphenyl]-3-yl)-4-chloro-6-phenyl-1,3,5-triazine (1.10 g,
3.20 mmol), 4-(9H-carbazol-9-yl)phenylboronic acid pinacol ester (1.42 g, 3.85 mmol, 1.2 eq.), potassium carbonate
(0.89 g, 6.40 mmol), THF (20 mL), water (8 mL), 1 (2.2 mg, 3.2 µmol, 0.1 mol%) were added, and the reaction mixture
was refluxed for 1 hour. After confirming the disappearance of the raw material, the reaction mixture was cooled to
room temperature, and then water (20 mL) was added and the precipitated solid was filtered out. The obtained crude
product was filtered through a short pad of silica gel eluting with CH2Cl2 and the filtrate was evaporated in vacuo to
give a white solid. The solid was washed with methanol to give 2 (1.70 g, 96% yield) as a white powder.

References

1)	C. J. O'Brien, E. A. B. Kantchev, C. Valente, N. Hadei, G. A. Chass, A. Lough, A. C. Hopkinson, M. G. Organ, Chem. Eur. J. 2006, 12,
4743.
2)	M. G. Organ, M. Abdel-Hadi, S. Avola, I. Dubovyk, N. Hadei, E. A. B. Kantchev, C. J. O'Brien, M. Sayah, C. Valente, Chem. Eur. J. 2008,
14, 2443.

Related Products

4-(9H-Carbazol-9-yl)phenylboronic Acid Pinacol Ester			
1g
2-([1,1'-Biphenyl]-3-yl)-4-chloro-6-phenyl-1,3,5-triazine			
1g
Potassium Carbonate				

8

5g
5g
300g

T3452
B5803
P1748
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Building Block for Polycyclic Aromatic Compounds: Biphenylene
Biphenylene (1)

Product Number: B6284
200mg 1g

Biphenylene (1) with strained four-membered ring moiety can be cleaved by transition metal complexes. The
metal-complexes is utilized in the formation of new carbon-carbon bonds with various chemical species. In recent
years, 1 has been used to synthesize polycyclic aromatic compounds by reacting with various chemical species.1)
Itami and co-workers successfully established annulative cross-coupling with 1. They synthesized 3a and 3b as a
separable mixture of diastereomers from 1 and 1,5,9-trichlorotriphenylene (2).2) Zhang et al. developed the palladiumcatalyzed cross-coupling reaction of 2-alkylphenyl bromides (4) with 1 through C(sp3)−H activation.3) Therefore, the
development of polycyclic aromatic compound research using 1 is expected.

References

1)	H. Takano, T. Ito, K. Stephen Kanyiva, T. Shibata, Eur. J. Org. Chem. 2019, 2019, 2871.
2)	S. Matsubara, Y. Koga, Y. Segawa, K. Murakami, K. Itami, Nat. Catal. 2020, 3, 710.
3)	B. Wan, Z. Lu, Z. Wu, C. Cheng, Y. Zhang, Org. Lett. 2021, 23, 1269.

Related Products

Palladium(II) Chloride			1g
Tris(4-methoxyphenyl)phosphine			
5g
Cesium Carbonate			
25g
Palladium(II) Acetate			
1g
Tri( p-tolyl)phosphine			
5g
Potassium Carbonate				
Tetrabutylammonium Bromide (= TBAB)		
25g
100g

5g
25g
100g
5g
25g
300g
500g

P1489
T0861
C2160
A1424
T0862
P1748
T0054
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Raw Material for Polyimides that Exhibit Excellent Heat Resistance
2,3,6,7-Naphthalenetetracarboxylic 2,3:6,7-Dianhydride (= 2,3,6,7-NTCDA) (1)
Product Number: N1128
1g 5g
Polyimides, with their high heat resistance and insulation properties, also play as an important role in electronic
components. 2,3,6,7-NTCDA (1) is a new acid anhydride with naphthalene as the core structure. 1 can be combined
with diamines to synthesize various polyimides. The acid anhydride moiety of 1 is a 5-membered ring, which has a
higher reactivity, and thus it exhibits higher polymerization properties than 1,4,5,8-NTCDA, which has a 6-membered
ring acid anhydride moiety.1) In addition, it is also reported that 1 is more stable toward hydrolysis than pyromellitic
dianhydride. The polyimide films obtained from 1 exhibit a glass transition temperature exceeding 400 °C due to
its rigid structure.1,2) Since 1 is an electron acceptor, it is also expected to be applied to low molecular or polymeric
n-type organic semiconducting materials.

References

1) M. Hasegawa, S. Horii, Polymer J. 2007, 39, 610.
2) M. Hasegawa, Y. Hoshino, N. Katsura, J. Ishii, Polymer 2017, 119, 91.

Related Products

Naphthalene-1,4,5,8-tetracarboxylic Dianhydride (= 1,4,5,8-NTCDA)			
Pyromellitic Dianhydride		 25g
4,4'-Diaminodiphenyl Ether			
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25g
100g
25g

250g
500g
500g

N0369
B0040
O0088
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Methylene-Bridged [6]CPP
Methylene-bridged [6]cycloparaphenylene (1)

Product Number: M3419
10mg 50mg

Methylene-bridged [6]cycloparaphenylene (= CPP) (1), in which each benzene ring is tethered to its neighbor rings
by methylene units, is the first methylene-bridged CPP synthesized by Itami et al.1) This skeleton is the substructure of
Haeckelite nanotube and C80 (Figure 1). 1 has narrower bandgap than [6]CPP by the enhancement of π-conjugation
by methylene bridges. In addition, 1 forms a supramolecular structure by incorporation of small molecules into the
cyclic skeleton. Furthermore, the methylene groups of this product can be selectively functionalized2) (Figure 2) and
further derivatization or extension of skeleton of 1 could be expected.

Figure 1. Substructures of Haeckelite nanotube, C80 and 1

Figure 2. Selective functionalization of methylene moieties of 1

References

1) Y. Li, Y. Segawa, A. Yagi, K. Itami, J. Am. Chem. Soc. 2020, 142, 12850.
2) X.-S. Du, D.-W. Zhang, Y. Guo, J. Li, Y. Han, C.-F. Chen, Angew. Chem. Int. Ed. 2021, 60, 13021.

Related Products

[5]Cycloparaphenylene			
20mg
[6]Cycloparaphenylene				
[7]Cycloparaphenylene				
[8]Cycloparaphenylene				
[9]Cycloparaphenylene				
[10]Cycloparaphenylene				
[11]Cycloparaphenylene				
[12]Cycloparaphenylene				
(6,6)Carbon Nanobelt Bis(tetrahydrofuran) Adduct				
Iodomethane (stabilized with Copper chip)		
10mL
100mL
Potassium tert-Butoxide		
25g
100g

100mg
20mg
10mg
20mg
20mg
20mg
10mg
10mg
10mg
300mL
500g

C2931
C3386
C3571
C3544
C3465
C3493
C3536
C2449
I1078
I0060
P1008
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CC Chemokine Receptor-1 (CCR1) Antagonist
BX 471 (1)

Product Number: B6060
5mg 25mg

(1)
BX 471 (1) is a non-peptide CC chemokine receptor-1 (CCR1) antagonist.1) 1 is able to displace the CCR1 ligands
as shown in Table 1. 1 has also greatly higher selectivity for CCR1 than 28 other G-protein-coupled receptors on Ki
basis (>10000 fold).1)
He et al. showed that 1 attenuates systemic inflammatory response during sepsis. 2) Blocking CCR1 by 1
downregulated ICAM-1, P-selectin, and E-selectin expression at mRNA and protein levels. On the other hand, Lebre
et al. reported that 1 blocked CCL5/RANTES-induced migration of rheumatoid arthritis monocytes isolated from the
patients.3) Furthermore, Anders et al. showed that 1 blocks macrophage and T-cell recruitment to the renal interstitium
of autoimmune mice (MRLlpr/lpr).4)
Table 1. Competition of 1 with CCR1 ligands1)

References

CCR1 ligands

Ki ± S.E. (nM)

Macrophage inflammatory peptide-1α (MIP-1α)

1.0 ± 0.03

RANTES

2.8 ± 0.8

Monocyte chemotastic protein-3 (MCP-3)

5.5 ± 2.2

1)	M. Liang, C. Mallari, M. Rosser, H. P. Ng, K. May, S. Monahan, J. G. Bauman, I. Islam, A. Ghannam, B. Buckman, K. Shaw, G.-P. Wei,
W. Xu, Z. Zhao, E. Ho, J. Shen, H. Oanh, B. Subramanyam, R. Vergona, D. Taub, L. Dunning, S. Harvey, R. M. Snider, J. Hesselgesser, M. M.
Morrissey, H. D. Perez, R. Horuk, J. Biol. Chem. 2000, 275, 19000.
2)	M. He, R. Horuk, S. M. Moochhala, M. Bhatia, Am. J. Physiol. Gastrointest. Liver Physiol. 2007, 292, G1173.
3)	M. C. Lebre, C. E. Vergunst, I. Y. K. Choi, S. Aarrass, A. S. F. Oliveira, T. Wyant, R. Horuk, K. A. Reedquist, P. P. Tak, PLoS One 2011, 6,
e21772.
4)	H.-J. Anders, E. Belemezova, V. Eis, S. Segerer, V. Vielhauer, G. Perez de Lema, M. Kretzler, C. D. Cohen, M. Frink, R. Horuk, K. L.
Hudkins, C. E. Alpers, F. Mampaso, D. Schlöndorff, J. Am. Soc. Nephrol. 2004, 15, 1504.
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ROCK Inhibitor
Y 27632 Dihydrochloride (1)

Product Number: Y0018
50mg

(1)
Y 27632 is a cell-permeable and selective inhibitor of Rho-associated, coiled-coil-containing protein kinase
(ROCK) and 1 is its dihydrochloride. Y 27632 inhibits ROCK1 (Ki = 220 nM) and ROCK2 (Ki = 300 nM). The inhibition
manner of the enzymes by Y 27632 is competitive with ATP for binding to the catalytic site.1,2) Y 27632 also prevents
dissociation-induced apoptosis (anoikis) of human embryonic stem (ES) cells, when they are dissociated to single
cells. Therefore, cloning efficiency of human ES cells is increased by the use of Y 27632.3)

References

1)	S. P. Davies, H. Reddy, M. Caivano, P. Cohen, Biochem. J. 2000, 351, 95.
2)	T. Ishizaki, M. Uehata, I. Tamechika, J. Keel, K. Nonomura, M. Maekawa S. Narumiya, Mol. Pharmacol. 2000, 57, 976.
3)	K. Watanabe, M. Ueno, D. Kamiya, A. Nishiyama, M. Matsumura, T. Wataya, J. B. Takahashi, S. Nishikawa, S. Nishikawa, K. Muguruma,
Y. Sasai, Nat. Biotechnol. 2007, 25, 681.
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• The chemical, physical and toxicological properties of some chemicals have not been thoroughly investigated. Please handle with care.
• Chemicals itemized in this catalog are for research and testing purposes only. According to patent laws, use of listed chemicals outside of research and testing, voids any guarantees to properly work.
• Availability or specifications of the listed products are subject to change without prior notice.
• Reproduction is strictly forbidden without prior written consent from Tokyo Chemical Industry Co., Ltd.
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