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General introduction 

 

Ambient ultraviolet radiation (UVR) causes deleterious effects in organisms through the induction of 

cytotoxic DNA lesions and the production of reactive oxygen species. Recently, more attention is 

paid for those effects because of attenuation of stratospheric ozone layer. Solar UVR is divided into 

UVC (200–280 nm), UVB (280–315 nm), and UVA (315–400 nm). According to their wavelengths 

and constitution ratio on the earth ground, around 300 nm exert the strongest biological impact on 

organisms. 

Terrestrial animals are generally thought to be well protected from UV damage by their exoskeletons, 

coats or plumage, and/or effective mechanisms for repairs of UV damage. However, recent studies 

demonstrated the vulnerability of plant-dwelling mites to solar and artificial UV radiation; e.g., 

irradiation with UVB causes lethal damage to the two-spotted spider mite, Tetranychus urticae Koch. 

The UVB effect on terrestrial organisms has not been well studied, thus far there is little information. 

Most previous studies have been conducted using aquatic animals. The verification about UVB 

effect using terrestrial organisms could be the first to beginning of ecological and physiological 

evaluation for terrestrial adaptation to solar UV. 

One of the most important targets of UVB harmful effects is DNA. UVB radiation causes DNA 

damage in organisms, including the formation of pyrimidine dimers such as cyclobutane pyrimidine 

dimers (CPD) and pyrimidine (6-4) pyrimidone photoproducts of which the cytotoxicity have been 

well studied. On the other hand, the photoreactivation phenomenon has been demonstrated in aquatic 

organisms and bacteria, which UVB-irradiated individuals are recovered by exposure to visible light 

(VIS) and UVA. Photo-enzymatic repair (PER) on UV-induced DNA damage have been being 

regarded as a proximate factor of photoreactivation. In PER, DNA lesions are directly repaired by a 

photolyase using energy from absorbed VIS and UVA. However, PER mechanism is not present in 

all taxa, the distribution of photolyase lacks coherence among organisms. As well as UVB effects, 

photoreactivation and its proximate mechanism hardly studied in terrestrial organisms. 

In this study, I verified the UVB-induced biological impact and photoreactivation effect on T. urticae. 

This will be the first assessment on terrestrial arthropods. 

In the terrestrial ecosystems, organisms potentially exposable to direct solar UV radiation and thus 

the biological impact might be larger than aquatic ecosystems with surrounding water. Detailed 

information about UVB damage and photoreactivation effect on T. urticae fitness could lead better 

understanding of the adaptation to solar radiation and enable to evaluate its significance for the 

biological evolution. In addition, T. urticae are ubiquitous polyphagous arthropods which can feed 

on pretty board range of plant species and thus an economically important agricultural pest 

worldwide. Recently, companies and research institutions have attempted to apply UVB lethal effect 



to pest management as physical strategy. Understanding how UVB affect T. uritcae and elucidating 

its physiological mechanisms should contribute to developing the new mite management system. 

 

 

 

UVB-induced Damage of the Two-spotted Spider Mite Tetranychus urticae 

 

The vulnerability to UVB was evaluated by precise laboratory experiment on T. urticae egg, larva, 

teleiochrysalis, and adult female. As a result of UVB irradiation treatment with various combinations 

between dose rate (W m
−2

) and irradiation time length (min), UVB-induced mortality was positively 

correlated with cumulative UVB dose regardless of dose rate and irradiation time. The 

developmental ratio of larvae and egg production of adult female were negatively correlated with 

UVB dose, thus the reciprocity law was applicable on UVB-induced biological effect in T. urticae. 

Using probit analysis, the regression lines were calculated and LD50 values of UVB dose were 

determined. However, LD50 of eggs exposed to UVB lamp on laboratory experiment was much 

lower than that exposed to solar UVB on field experiment. As sunlight includes intense visible light, 

I assumed that a photoreactivation would play an important role in the survival of T. urticae under 

solar radiation. 

 

 

 

Photoreactivation in T. urticae 

 

Assessed the capacity for photoreactivation in T. urticae eggs, I found the photoreactivation efficacy. 

Egg hatchability exposed to VIS (+PR) increased much more than that kept under dark condition 

(−PR) after UVB irradiation (hatchability on +PR: 64.8%; −PR: 13.0%). I examined some factors 

affecting photoreactivation in eggs and larvae. As a result of exposure to VIS with various 

combinations between dose rate and irradiation time after UVB irradiation, recovery ratio of 

UVB-induced individuals were positively correlated with cumulative dose of VIS, thus the 

applicability of reciprocity law in photoreactivation efficacy was proved. In verification of time lag 

effect, the photoreactivation efficiency decreased with an increasing time lag between UVB 

irradiation and VIS irradiation. In larvae, photoractivation efficiency was more drastic. Almost all 

the individuals exposed to VIS after UVB irradiation developed to adult normally, whereas all 

individuals kept under dark condition after UVB irradiation died. In addition, as a result of 

verification of effect of wavelength-filtered VIS and UVA on photoreactivation efficiency, I detected 



that radiation in the range from UVA to green (≤ 500 nm) was effective for photoreactivation in T. 

urticae. 

 

 

 

Photo-enzymatic Repair of UVB-induced DNA Damage in T. urticae 

 

Although UVB radiation potentially exerts various effects on organismal cells, the most important 

target may be DNA. UVB-induced DNA lesions are caused by the formation of CPD and 6-4PP. I 

attempted to show DNA lesions generated by UVB irradiation and the reduction of those by 

photoreactivation treatment. As a result, CPD and 6-4PP were increased with increasing of UVB 

dose. The UVB dose-dependent increases in CPD and 6-4PP frequencies and mortality support that 

the formation of DNA lesions is a major factor in the biological impact of UVB irradiation in T. 

urticae. After UVB irradiation, CPD was decreased by exposure to VIS. The correspondence 

between an increasing pattern of survivorship and a reduction in CPD by VIS irradiation indicates 

that PER of CPDs is a major factor in the photoreactivation of T. urticae. In contrast, 6-4PP 

decreased little regardless of whether they were exposed to VIS after UVB irradiation. In verification 

of gene expression analysis, CPD photolyase gene expression was never varied by UVB and VIS 

irradiation. Unexpectedly, the expression of XPA gene which is one of the core factors of nucleotide 

excision repair (NER) which is most common DNA repair derived from not photo energy but 

chemical energy was upregulated by both UVB and VIS irradiations. Thus, there is a possibility that 

the proximate cause of photoreactivation phenomena is not only due to PER but also to NER 

induced by UVB and VIS irradiation. 

 

 

 

Chrysalis Phase-specific Mortality in UVB-irradiated T. uritcae Larvae 

 

About the effect of UVB radiation, the phase-specific mortality is observed in T. urticae eggs and 

larvae. In the case of larvae, the individuals exposed to UVB radiation seemed phenotypically 

normal. However, when they developed to the next protochrysalis stage, UVB-induced death 

eminently occurred. Many individuals fault moulting and trapped in old epidermis, or stop 

development and shrinking. UVB-induced DNA damages, CPD and 6-4PP inhibit the transcription 

and replication of DNA. During dynamic differentiation in chrysalis, many gene expressions and 

DNA replications were expected. Therefore, I hypothesized that DNA damages generated by UVB 



irradiation at larval stage disarranged transcriptions and replications essential for physiological 

change during chrysalis stage. 

As a result of the observation of larvae exposed to high lethal level of UVB, all individuals died by 

UVB irradiation (2.088 kJ m
−2

). Among them, ~80% developed to protochrysalis and died by 

developmental stop or failure to moult in that phase. Whole transcriptome profiling between 

individuals exposed to same UVB irradiation and non-UVB irradiation control indicated the 

UVB-induced distinctive variations of cuticle protein gene expressions. About the life cycles of 

arthropods, the moulting, in which the old integument was shed and the new one is regenerated, is 

necessary. The protochrysalis phase-specific death occurred through moult failing, morphological 

defect, and developmental stop without peeling off and with abnormal contraction of integuments. 

Therefore, UVB-induced depression of genes about integument tissues might be one of the main 

causes of these specific lethal effects. 

 

 

 

General discussion 

 

This study demonstrated the UVB-induced damage and importance of photoreactivation. This would 

be the first report to prove the UV-induced DNA lesions and importance of physiological repair 

mechanism on small terrestrial arthropod. 

Significant changes of mite survival by UVB and VIS irradiation strongly suggest that solar 

radiation deeply affects their fitness in terrestrial natural ecosystem. UV-induced DNA damages, 

CPDs and 6-4PPs, were found on UVB-irradiated T. urticae larvae. This would be the important 

evidence that UVB radiation physiologically affects the organisms being adapted for terrestrial 

environment. In terms of photoreactivation mechanism, VIS-induced decrease of CPD was proved 

on larvae, suggesting the CPD photolyase function. It suggests the existence and importance of PER 

mechanism for physiological adaptation to UVB stress. About UVB damage, though the 

UVB-induced mortality was previously reported in many organisms, such phase-specific severe 

mortality has never been reported in metazoan. This new finding is the novel information to reveal 

its physiological mechanism. 

From the view point of pest management, information provided in this study can contribute to UVB 

application for controlling mites. The reciprocity law in UVB-induced mortality provides the 

information how mortality is induced by the dose of UVB lamp. Hence, it will be the criterion to set 

up the time and intensity of UVB irradiation for practical application. Conventionally, exposure to 

UVB for pest management had been recommended to conduct in the day time. However, since the 



high photoreactivation efficacy was experimentally demonstrated here, night time application of 

UVB irradiation without solar VIS radiation may be preferable also in agriculture. 

Solar UVR is the essential original energy source, but it has various ecological impacts including 

serious cause of physiological damage. The studies about such effects have just started and are now 

gathering great attention. UVB damage and photoreactivation effect presented here can provide the 

novel perspective on the evaluation of terrestrial small ecosystem and important clues for 

improvement of agriculture and environmental conservation. Therefore, UV adaptation in terrestrial 

organism is the important research topic. 

 




