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Introduction
In addition to visible light, ultraviolet light (UV) has 

speciϐic properties that are exploited in agriculture and the 
food industry. There is notably growing evidence that UV-B 
and UV-C light can be used to stimulate plant defenses [1-6]. 
Surprisingly, Aarrouf and Urban [7] found both in lab and 
greenhouse conditions that ϐlashes of UV-C light of less than 2s 
stimulate plant defenses against fungal diseases substantially 
better than conventional (the 60s) exposures, for the same 
amount of cumulated energy. Moreover, Ledermann, et al. [8] 
observed that UV-C light ϐlashes can be used to boost plant 
defenses against Erysiphe necator under vineyard conditions 
and, therefore, help reduce fungicide use. However, further 
research is needed to improve our understanding of the 
mechanisms of perception and defense stimulation by UV-C 
light ϐlashes. One objective is to identify markers of UV-C light 
perception that could be used to maximize the effectiveness 
of UV-C light treatments in the ϐield. UVR8, the photoreceptor 
of UV-B light, is a good candidate since its action spectrum 
overlaps in the UV-C domain [9]. Absorption of UV-B light by 
tryptophane dissociates the UVR8 dimer into monomers that 
migrate into the nucleus, initiating signal transduction through 

interaction with CONSTITUTIVELY PHOTOMORPHOGENIC1 
(COP1). It is believed that this interaction orchestrates the 
expression of more than 100 genes [10]. Here we present 
preliminary observations made by using confocal microscopy, 
showing that UV-C light, notably under the form of ϐlashes, is 
perceived by UVR8. 

Material and methods
The cellular localization of UVR8 was studied by confocal 

microscopic, using transgenic plants of Arabidopsis thaliana 
UVR8pro: GFP-UVR8 expressing the protein fused to the Green 
Fluorescent Protein (GFP) [10]. The DAPI (4',6-diamidino-
2-phenylindole, dihydrochloride) staining technique was 
used to visualize DNA in cells (10, 11). Plants were grown 
for 5 weeks in a phytotron at constant conditions (daytime 
ϐluence of 50 μmol photons/m2/s, photoperiod of 12h/12h, 
day/night temperatures of 21 °C/20 °C). After a night in the 
dark, the plants were treated with UV-B and UV-C light, the 
former under the form of either ϐlash (1s) or continuous 
exposures (the 60s). Observations were made using a confocal 
microscope (Leica TCS SP8, Leica Microsystems GmbH, 
Wetzlar, Germany). Leaf samples of 1 cm2 were cut with a 
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scalpel and then placed between the slide and coverslip in a 
drop of DAPI. After 5 minutes, cells of the upper epidermis 
were observed. UV-B ϐluorescent tubes (Viber, model T-15M 
OC, https://www.vilber.com/uv-tubes) and UV-C ϐluorescent 
tubes Philips, model TUV PL-L 95W HO/4P) were used for 
light treatments. The emission spectra of the sources were 
designed with the Iliad software (Spectroradiometer Hera 
compact, Admesy b.v., Ittervoort, The Netherlands) (Figure 1).
The two doses of ϐlashes of UV-C light (200 and 400 J/m2) 
were obtained by modifying the distance of lamps to plants.

Results and discussion
For plants treated with UV-B light, the ϐluorescence of GFP 

in the nucleus of epidermal cells can be observed (Figure 2).
The colocalization of GFP and DAPI in confocal images 
conϐirms the accumulation of the UVR8 protein in the nucleus 
after plant treatment. Plants treated with UV-C ϐlash at 200 
J/m2 also shows a slight GFP ϐluorescence in the nucleus, 
which becomes much more marked with the 400 J/m2 doses 
(Figure 2). Kaiserli and Jenkins [10,11] similarly found that 
doses of UV-B light matter for the response of UVR8. Here we 
provide evidence for the ϐirst time that the UVR8 is a UV-C light 

receptor. The absence of response with the 400 J/m2 doses 
under the form of continuous illumination, suggests moreover 
that ϐlashes are essential for penetration and effect and 
explains why ϐlashes have superior effects than continuous 
exposures for the same amount of cumulated energy [7]. 

Our observations give support to the idea that UV-C light 
needs to be delivered in the form of ϐlashes for efϐicient 
perception by UVR8. Further research will need to be conducted 
with the objective of understanding the role of UVR8 in the 
stimulation of the signaling and metabolic pathways involved 
in plant defense. Besides, it cannot be out ruled that other 
mechanisms of light perception are involved in the effects of 
ϐlashes of UV-C light. At any rate, ϐlashes of UV-C light emerge 
as a promising technique of plant treatment, well-suited for 
ϐield use since light ϐlashes can be supplied by lamps attached 
to tractors moving at a normal speed between rows and they 
moreover do not leave any residues on crops.
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Figure 1: Emission spectraof UV-C (Peak wavelength: 254 nm) and UV-B (Peak wavelength: 312 nm) fl uorescent tube.
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Figure 2: Confocal images of DAPI (excitation of 405 nm and emission range o f412-483 nm) and GFP (excitation of 488 nm and emission range 
of 498–5420 nm) fl uorescence in leaf epidermal tissue of 35-day old UVR8proGFP-UVR8 transgenic Arabidopsis untreated (A) or exposed to UV-B 
continuous with 500 J/m2 (B); to UV-C fl ash with 200 J/m2 (C), to UV-C fl ash with 400 J/m2 (D), to UV-C continuous with 400J/m2 (E). Bar = 20 μm.
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