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UV-B radiation (280–315 nm) is 
an integral part of solar radiation 

and has many harmful effects on plant 
growth and development. However, the 
molecular mechanism for the inhibition 
of plant growth by UV-B remains largely 
unknown. UV-B radiation induces vari-
ous responses such as growth inhibi-
tion, DNA damage and changes of gene 
expression. Recently, by using synchro-
nous root tip culture, we found that UV-B 
modulates the expression of cell cycle 
regulatory genes through DNA dam-
age. Western blotting analysis revealed 
that UV-B induced G

1
-to-S arrest did 

not correlate with the protein abundance 
of CDKB1;1 and CYCD3;1 gene regu-
lating proteins, but may with the post-
translational control. We extended the 
expression analysis of cell cycle related 
genes based on the published microar-
ray data and the results strengthen our 
assumption that cell cycle arrest could 
occur in plant under solar UV-B radia-
tion. Further study is needed to elucidate 
the relationship between cell cycle regu-
lation and protective pathway induced by 
low dose of UV-B radiation and the fun-
damental molecular mechanism for how 
plants respond to solar UV-B radiation.

Plants use the energy in sunlight for 
photosynthesis, but as a consequence are 
exposed to the harmful effects of UV-B 
radiation, resulting in decreased growth 
and productivity.1 DNA is one of the 
major targets of UV damage and UV-B 
radiation is capable of directly altering 
its structure. The majority of DNA dam-
age consists of cyclobutane pyrimidine 
dimers (CPDs, approx. 75%), while the 
(6-4) photoproducts (6,4-PPs) account 
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for most of the remainder.2 Plants have 
various mechanisms for coping with such 
UV-B-induced DNA damage, includ-
ing photoreactivation (photorepair) and 
nucleotide excision repair (dark repair).2 
However, the molecular mechanism for 
the relationship between UV-B induced 
growth inhibition and DNA damage is 
largely unknown.

Recently, we demonstrated that UV-B 
radiation resulted in the delay of G

1
-to-S 

transition,3 which may be a protective 
mechanism that prevents cells with dam-
aged DNA from dividing and may explain 
the plant growth inhibition under UV-B 
radiation. In a variety of eukaryotic cells, 
signals induced by UV or ionizing radia-
tion act at pre-replication (G

1
/S) and pre-

mitosis (G
2
/M) check-points to inhibit 

progression through the eukaryotic cell 
cycle.4,5 In plants, little is known about cell 
cycle arrest in response to UV-B radiation.

We found that the expression of 
Histone H4 and E2Fa, which are the 
marker genes of G

1
-to-S transition, were 

downregulated by higher level of UV-B 
(0.45 W m-2) in synchronous wild type 
root-tip cells. This phenomenon occured 
in the uvh1 mutant even under medium 
level of UV-B (0.25 W m-2), suggesting 
that the UV-B mediated expression of cell 
cycle genes resulted from DNA damage.3 
The expressions of other cell cycle related 
genes, such as CDKA;1, CDKB1;1 and 
CYCD3;1, were also suppressed by UV-B.3 
Because most of the cell cycle regulators 
are kinases and phosphatases, it is of great 
interest to assay the protein levels after 
UV-B treatment. However, only CDKA;1 
was decreased after prolonged UV-B 
treatment in synchronous root tips, but 
CYCD3;1 did not show any significant 
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responses, it is intriguing to ask whether 
cell cycle arrest occurs in plants under solar 
UV. We do not observe any expression 
changes of tested genes in wild type syn-
chronous root tip under medium level of 
UV-B for 6 h, which is a realistic UV irra-
diance in Guangzhou (23.1°N, 113.25°E; 
it should be noted that we used roots as 
a model to study cell cycle, though roots 
do not receive UV-B in nature). However, 
after performing an in silico expression 
of these genes from the published micro-
array data,7 we found that most of genes 
were downregulated in synchronous 
Arabidopsis after 15 min UV-B treatment 
(Fig. 2). The UV-B dose used for microar-
ray analysis7 was 1.062 kJ m-2, while the 
UV-B dose in our previous research3 was 
5.4 kJ m-2 (for comparison the daily UV-B 
summer dose in Guangzhou is about 4–6 
kJ m-2). All these UV-B dose were weighted 
by Caldwell’s “Generalized Plant Action 
Spectrum.”8 Under even lower UV-B dose 
(0.378 kJ m-2),9 genes putatively encoding 
cell cycle regulators were still suppressed 
(Table 1). However, whether such low 
dose of UV-B suppressed cell cycle-related 
genes expression is correlated with DNA 
damage is still unknown. But another 
study, using sun simulators, revealed 
that elevated solar UV-B doses increase 
the frequency of somatic homologous 
DNA rearrangements in Arabidopsis and 
tobacco plants, which was highly corre-
lated with DNA damage repair pathway.10 
This implies that cell cycle regulation may 
occur in plant under some area, where 
a higher dose of solar UV-B radiation is 
identified. Microarray analysis using field 
UV-B treated maize further confirmed 
that cell cycle regulation indeed occurs 
under natural condition.11

Therefore, cell cycle regulation plays an 
important role in protecting the plant from 
solar UV-B radiation and might be one of 
the primary responses to solar UV-B radi-
ation. But the molecular mechanisms of 
UV-B induced cell cycle regulation need 
to be established. Further research on how 
plants sense the DNA damage induced by 
UV-B, and how the cell cycle regulation 
coordinates the following protective path-
way are necessary to elucidate the whole 
responsive mechanisms.

rather than as a secondary consequence of 
resource limitation. Use of DNA damage 
repair systems by plants to minimize the 
DNA damage induced by UV-B radiation 
is closely coordinated with cell cycle regu-
lators. Atypical E2F transcription factor 
DP-E2F-like1 (E2Fe/DEL1), an impor-
tant regulator of endocycle onset, is iden-
tified as a transcriptional repressor of the 
type-II CPD photolyase DNA repair gene 
PHR1.6 Surprisingly, E2Fe/DEL1 knock-
out plants had improved DNA repair 
abilities under UV-B.6 Thus, it could be 
proposed that cell cycle regulation is the 
primary adaptation response to UV-B 
induced DNA damage.

Plants are inevitably exposed to solar 
UV-B radiation. Because of the impor-
tance of cell cycle regulation in UV-B 

changes (Fig. 1). Though CDKB1;1 pro-
tein showed a mild increase in the UV-A 
control, its abundance was still lower after 
UV-B treatment, except there was a dra-
matic decline at 2 h (Fig. 1). These results 
suggest that the delay of G

1
-to-S transi-

tion by UV-B is not always correlated 
with the protein abundance of CDKs and 
CYCD3;1, but may due to posttransla-
tional control. A similar protein pattern of 
cell cycle regulators was verified in the salt 
stressed Arabidopsis roots.12

Despite the recognized importance of 
UV-B radiation in limiting plant growth 
and cause inhibition of biomass accumu-
lation,1 little is known about the under-
lying molecular mechanisms. Here, we 
propose that plants reduce their growth 
as a primary adaptation response to UV-B 

Figure 1. the protein profiles of cdKa;1, cdKB1;1 and cYcd3;1 after uV-B radiation. One-week-old 
arabidopsis root tips were synchronized by hydroxyurea (2.5 mm) for 18 h and then washed by 
mS liquid medium, followed by uV-B treatment (0.45 W m-2) for indicated times. (there was little 
uV-a in uV-B treatment that cannot be filtered out, so the same level of uV-a was used as control). 
the protein profiles were detected by western blotting with cdKa;1-, cdKB1;1- and cYcd3;1-
specific antibodies, respectively.

Table 1. cell cycle related genes that downregulated by 15 min uV-B treatment

Time after 15 min UV-B 
treatment (0.42 Wm-2)

Accession No. Annotation

1 h

at1g51060 Histone H2a, putative

at3g45930 Histone H4

at1g06760 Histone H1, putative

at5g06270 B-type cyclin-related

at4g27230 Histone H2a, putative

at3g53730 Histone H4

at5g54640 Histone H2a

6 h

at1g76540 cell division control  protein, putative

at3g25980 mitotic checkpoint protein related

at1g34460 cyclin, putative

at1g44110 cyclin, putative

data are extracted from ulm et al.9
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Figure 2. In silico expression of cell cycle related genes from published micorarray data.7 time indicated represents 15-min uV-B treatment and the time 
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