
Effect of ClearSee on leaf under two-photon
fluorescence excitation microscopy 

Littlejohn et al. Imaging perfluorocarbon-mounted plant leaves

FIGURE 1 | Arabidopsis leaf anatomy, chemical structures of
perfluorocarbons used in this study and a typical image of
Pseudomonas infected leaves. (A) Diagrammatical representation
showing the anatomical features of the Arabidopsis leaf in relation to
the optical set-up. Abbreviations used are obj, objective lens; imm,
immersion fluid; cov, coverslip; mnt, mountant; cut, cuticle; ad. ep,
adaxial epidermis; st, stomatal pore; sp, spongy mesophyll; a.s,

airspace; pal, palisade mesophyll; v.b, vascular bundle; ad. ep, adaxial
epidermis. Cell walls are indicated by black lines (reproduced with
permission from Littlejohn and Love, 2012). (B,C) chemical structures of
(A) PFD and (B) PP11. (D) Z-stack reconstruction of GFP-expressing
Pseudomonas syringae pv. tomato DC3000 infected Arabidopsis leaf.
GFP signal is shown in green and chlorophyll autofluorescence in red.
Scale bar is 25 µm.

have had numerous positive reports from users of PFD and some
studies have now been published (Johnson et al., 2011; Knapp et al.,
2012; Tschiersch et al., 2012; Carrión et al., 2013; Gest et al., 2013;
Hoepflinger et al., 2013; Hutt et al., 2013; Mansfield et al., 2013;
Wright et al., 2013).

In this paper, we report that the optical qualities of plant
mesophyll can be further improved by infiltration with perflu-
oroperhydrophenanthrene (PP11, Figure 1C), a perfluorocarbon
(PFC) that has a refractive index that is better matched to that
of living cells. To measure the improvement in image qual-
ity more objectively, we developed a method of autocorrelation
that quantifies the sharpness of the images acquired at vary-
ing depths within the leaf. Finally, using SRS microscopy we
have shown that both PFD and PP11 are undetectable in living
cells, but infiltrate the mesophyll airspaces homogenously. Fur-
thermore, SRS imaging of PFCs in vivo may be used to delimit
the “negative space” within plant leaves, i.e., the area within the
leaf that is involved in gaseous exchange and pathogen inva-
sion. We have advocated the application of PFC mounting of
samples to studies of pathogenesis in plants and experiments to
date are promising. For example, Figure 1D shows an example
image of an Arabidopsis thaliana leaf infected with the pathogenic
bacterium, Pseudomonas syringae pv. tomato (DC3000 express-
ing GFP), taken under the same conditions as those used in
Hutt et al. (2013).

MATERIALS AND METHODS
PLANT CULTURE AND SAMPLE MOUNTING
Arabidopsis thaliana (Col-0 ecotype) and transformants that sta-
bly and constitutively express a cytoplasmically localized “Venus”
yellow fluorescent protein (SEYFP-F46L; Nagai et al., 2002) were
used in this study. Seeds were surface sterilized for 3 min with
70% ethanol and then for 5 min with 10% sodium hypochlorite.
Seeds were washed five times in water and suspended in 0.1%

agar. Seeds were stratified at 4◦C, in the dark, for 48 h before being
sown on compost and grown at 20◦C, in a 16 h/8 h light/dark
photoperiod.

Mature leaves were excised from plants aged approximately
3-weeks and sections floated in H2O, PFD, or PP11 for 5 min
according to the methods described in Littlejohn et al. (2010),
Littlejohn and Love (2012). Samples were mounted in the same
medium and imaged by LSCM, TPF, SHG, and SRS microscopy.

LSCM IMAGING
Confocal imaging was performed using a Zeiss Axiovert 510
Meta LSCM equipped with a 40x/1.30 oil DIC immersion
C-Apochromat lens. Immersion medium was Zeiss immersol.
Light paths and wavelengths were controlled by a 458/514 nm
dichroic mirror. The pinhole was set at 70 µm. Images were
integrated and processed using Zeiss 510 software. Images of
Venus and chlorophyll fluorescence in intact Arabidopsis leaves
were collected with excitation at 514 nm using a 30 mW
argon laser, 6.1 A, 21.8% transmission intensity. Emission
was recorded at 518–604 nm for Venus and at 647–690 nm
for chlorophyll. Z-stacks containing 100 z-planes taken with
1 µm step size were collected for each of five samples incu-
bated in PFD, PP11, or H2O for 5 min before imaging and
mounted in the same medium for imaging. Figures were
assembled in Adobe Indesign. Figure 2 LSCM images were
generated by using the “cut” function in Zeiss LSM Image
Browser software, where the plane presented represents a cut
through the entire z-stack from top to bottom taken at an
angle of −24◦. The images therefore show a progression
through the stack from top to bottom. Single z-planes are
presented in Figure 3. GFP-expressing Pseudomonas (made
according to Lambertsen et al., 2004) and chlorophyll shown
in Figure 1D were excited respectively with 488 and 633 nm
laser lines and emission captured from 505 to 570 nm (GFP)
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Background:
Imaging techniques for visualizing and analyzing precise morphology and gene expression patterns 
are essential for understanding biological processes during development in all organisms. However, 
it has been challenging to visualize 3D morphology with gene expression in intact plant tissues at 
the cellular level, for example, because of;

• Non-specific background fluorescence due to autofluorescent compounds
• Light scattering due to various compounds with different refractive indexes
• Exasperating sectioning required for high resolution images of deep plant tissues
• Difficulty to reconstruct a 3D presentation of gene expression patterns from mechanical sections

Technology:
Nagoya University researchers have invented an aqueous chemical reagent, termed ClearSee, that
renders fixed plant tissues transparent to allow deep imaging by chemical screening. ClearSee
rapidly diminishes chlorophyll autofluorescence while preserving the fluorescence of fluorescence
proteins. Multicolor imaging with ClearSee enables observation of the precise 3D structure and
specific gene expression patterns.Moreover, ClearSee is applicable to whole-rootand leaf imaging.

Technology Partnership of Nagoya University, Inc. 

Advantages:
• Applicable for a variety of organs: leaf, root, pistil and seeding
• Deep imaging of the whole leaf and root by not only two-photon excitation fluorescence 

microscopy but also confocal laser scanning microscopy (CLSM)
• Also Applicable to A. thaliana and moss P. patens; not only to angiosperm tissues but also non 

vascular plant tissues
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ClearSee: a rapid optical clearing reagent 
for whole-plant fluorescent imaging


