
© Higher Education Press and Springer-Verlag Berlin Heidelberg 2013     July 2013 | Volume 4 | Issue 7 | 485   

Protein Cell 2013, 4(7): 485–492 
DOI 10.1007/s13238-013-3036-7 Protein    Cell&

Pr
ot

ei
n 

   
 C

el
l

&

UV-B-induced photomorphogenesis in 
Arabidopsis

EVIEWR

Jigang Li1,2, Li Yang1,2, Dan Jin2,3, Cynthia D. Nezames2, William Terzaghi2,4, Xing Wang Deng1,2

1 Peking-Yale Joint Center for Plant Molecular Genetics and Agro-biotechnology, State Key Laboratory of Protein and Plant Gene 
  Research, College of Life Sciences, Peking University, Beijing 100871, China
2 Department of Molecular, Cellular, and Developmental Biology, Yale University, New Haven, CT 06520, USA
3 Key Laboratory of Biotechnology and Crop Quality Improvement of Ministry of Agriculture, Biotechnology Research Center, 
  Southwest University, Chongqing 400716, China
4 Department of Biology, Wilkes University, Wilkes-Barre, PA 18766, USA
 Correspondence: xingwang.deng@yale.edu
Received May 1, 2013    Accepted May 17, 2013

ABSTRACT

Ultraviolet-B (UV-B) is a relatively minor component of 
sunlight, but can induce stress-related physiological pro-
cesses or UV-B-specifi c photomorphogenic responses in 
plants. In the last decade, signifi cant progress has been 
made in understanding the UV-B photomorphogenic 
pathway, including identifi cation of the key components 
in the pathway, molecular characterization of UV-B pho-
toreceptor and perception mechanism, and elucidation 
of the signal transduction mechanisms from the photo-
activated UV-B receptor to downstream gene expression. 
This review summarizes the key players identifi ed to date 
in the UV-B photomorphogenic pathway and their roles in 
mediating UV-B signal transduction.
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INTRODUCTION
Sunlight is of utmost importance to plants, not only as the 
primary energy source for photosynthesis, but also as an en-
vironmental signal regulating their growth and development 
throughout their entire life cycle. Ultraviolet (UV) light is part of 
the electromagnetic spectrum, and can be divided into three 
different bands according to wavelength: UV-A (315–400 nm), 
UV-B (280–315 nm) and UV-C (<280 nm). Solar UV-C and 
most UV-B is absorbed by the stratospheric ozone layer, 
therefore only UV-A and some UV-B reaches the surface of 
the earth, and inevitably irradiates the sessile plants. Although 
UV-B is a relatively minor component of sunlight, which ac-

counts for <0.5% of total light energy reaching the earth’s 
surface, it has the highest energy of the daylight spectrum and 
has a substantial impact on the biosphere (Jenkins, 2009; Hei-
jde and Ulm, 2012).

In general, UV-B can induce two distinct categories of re-
sponses in plants: stress responses and photomorphogenic 
responses. The type of responses that are induced by UV-B 
is primarily determined by the fl uence rate of exposure, and 
also dependent on whether the plants have been acclimated 
by prior exposure to UV-B. High UV-B fluence rates induce 
stress-related physiological processes in plants, including DNA 
damage, production of reactive oxygen species (ROS), and 
impairment of cellular processes (Ulm and Nagy, 2005; Jen-
kins, 2009; Heijde and Ulm, 2012). These types of responses 
appear to be mediated by signaling pathways that are not spe-
cifi c to UV-B, because many of the responsive genes can be 
regulated by other stresses such as DNA damage, pathogen 
defense or wounding (Ulm and Nagy, 2005; Jenkins, 2009). By 
contrast, low UV-B fl uence rates promote photomorphogenic 
responses in plants, characterized by the inhibition of hypocotyl 
growth, cotyledon expansion, biosynthesis of anthocyanins and 
fl avonoids, and stomatal opening (Kim et al., 1998; Ulm and 
Nagy, 2005; Jenkins, 2009). These responses are mediated 
by a recently characterized photoreceptor UV RESISTANCE 
LOCUS 8 (UVR8), and are required for plants’ acclimation to 
UV-B stress (Ulm and Nagy, 2005; Jenkins, 2009; Rizzini et al., 
2011). It was shown recently that the two pathways are largely 
independent of each other, but both are important for plants to 
achieve full UV-B tolerance (Gonzalez Besteiro et al., 2011). 
However, it should be noted that there is substantial overlap in 
the fl uence rates that initiate the different types of responses 
(Jenkins, 2009).
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UV-B illumination was its interaction with the E3 ubiquitin ligase 
CONSTITUTIVELY PHOTOMORPHOGENIC 1 (COP1; see 
below). It was shown that UVR8 interacted directly with COP1 
in the nucleus in a rapid, UV-B-dependent manner, and both 
proteins were required for the UV-B photomorphogenic re-
sponse (Favory et al., 2009). Moreover, a 27 amino acid region 
near the C-terminus of UVR8 was shown to be both necessary 
and suffi cient for interaction with COP1, and deletion of this 
region abolished UVR8 function in plants (Cloix et al., 2012). 
The importance of UVR8-COP1 physical interaction in UV-B 
signal transduction was further supported by the fi nding that 
single amino-acid changes in UVR8 and COP1 proteins that 
abrogate direct interaction with their partner proteins caused 
aberrant UV-B signaling (Favory et al., 2009).

The breakthrough of the field was made in 2011, when 
Rizzini et al. described that UVR8 was the long-sought-after 
UV-B photoreceptor. Before that, it had been discussed for 
many years whether plants possess such a UV-B-specific 
photoreceptor. The lack of information about its biochemical 
and photobiological properties and the fact that many cellular 
components (such as nucleic acids and proteins) absorb UV-B 
had hindered the identifi cation of such a putative photoreceptor 
(Jenkins, 2009). Nevertheless, Rizzini et al. (2011) employed in 
vitro and yeast heterologous biochemical systems, as well as 
genetic approaches, to show that a UVR8 dimer is the UV-B 
receptor. The authors also proposed that a number of highly 
conserved tryptophan residues, with tryptophan285 as a key 
residue, serve as light sensors in UVR8. Upon illumination with 
UV-B, UVR8 rapidly becomes a monomer and interacts with 
COP1 (Rizzini et al., 2011). Therefore, UVR8 monomerization 
is the likely molecular mechanism of UV-B photo-activation, 
which leads to the interaction of UVR8 with COP1 and the re-
lay of the UV-B signal.

The work by Rizzini et al. opened the door for rapid pro-
gress in this fi eld. For example, the determination of the crystal 
structure of UVR8 enabled the elucidation of its photochem-
istry (Christie et al., 2012; Wu et al., 2012). It was shown that 
the homodimer of UVR8 is maintained by salt-bridge interac-
tions between charged amino acids at the dimeric interaction 
surface. Unlike other known photoreceptors, two tryptophans, 
W233 and W285, collectively serve as the chromophore of 
UVR8, and are present at the dimeric interface adjacent to salt-
bridging amino acids. Absorption of UV-B photons by these 
two tryptophans destabilizes the salt-bridges, resulting in dimer 
dissociation and signal initiation (Christie et al., 2012; Wu et al., 
2012). Similarly, the importance of these UVR8 chromophore 
tryptophans in vivo was recently demonstrated by a mutagen-
esis study, which showed that mutation of either tryptophan 
to alanine impaired photomorphogenic responses of UVR8 
in transgenic Arabidopsis plants (O’Hara and Jenkins, 2012). 
Interestingly, the UVR8 photoreceptor is capable of redimeriza-
tion in vivo, a process mediated by REPRESSOR OF UV-B 
PHOTOMORPHOGENESIS 1 (RUP1) and RUP2 (see below), 
thus restoring the homodimeric ground state (Heilmann and 
Jenkins, 2013; Heijde and Ulm, 2013).

The past decade has witnessed dramatic progress in under-
standing the mechanisms underlying UV-B-induced photomor-
phogenesis in higher plants. With the molecular characteriza-
tion of UVR8 as a UV-B photoreceptor (Rizzini et al., 2011) and 
elucidation of its crystal structure (Christie et al., 2012; Wu et 
al., 2012), it has become increasingly clear how UV-B light sig-
nals are perceived and transduced to generate a wide range 
of photomorphogenic responses. This review aims to highlight 
some of the most recent progress in elucidating the molecular, 
cellular and biochemical mechanisms of UV-B perception and 
signal transduction in Arabidopsis.

UVR8: A UV-B PHOTORECEPTOR
The history of UVR8, a seven-bladed β-propeller protein, es-
sentially parallels the history of molecular genetic analysis of 
the UV-B photomorphogenic pathway. UVR8 was fi rstly identi-
fi ed in a screen of the Arabidopsis mutants that were hyper-
sensitive to UV-B light (Kliebenstein et al., 2002). Sequence 
analysis of the UVR8 protein revealed its homology to human 
guanine nucleotide exchange factor, Regulator of Chromatin 
Condensation 1 (RCC1). Subsequent studies identifi ed more 
uvr8 alleles, and demonstrated that UVR8 is the fi rst UV-B-
specifi c signaling component that is absolutely required for the 
UV-B photomorphogenic pathway (Brown et al., 2005; Favory 
et al., 2009). Transcriptome analysis revealed that UVR8 
regulates a range of genes with important roles in UV protec-
tion and the repair of UV damage (Brown et al., 2005), thus 
explaining the sensitivity of uvr8 mutants to UV-B.

The UVR8 protein was shown to be localized in both the 
cytoplasm and nucleus, and UV-B irradiation promoted its ac-
cumulation in the nucleus (Brown et al., 2005; Kaiserli and Jen-
kins, 2007). Interestingly, the abundance of UVR8 seemed to 
be constitutive and not affected by any light treatments includ-
ing UV-B, therefore UV-B irradiation may cause the redistribu-
tion of UVR8 in the cell (Kaiserli and Jenkins, 2007). Nuclear 
accumulation of UVR8 occurred very rapidly (within minutes) 
and at low fl uence rates (Kaiserli and Jenkins, 2007). Nuclear 
localization was required for UVR8 activity, but constitutively 
nuclear-localized UVR8 with a nuclear localization signal (NLS) 
still required UV-B illumination to stimulate UVR8 function (Kai-
serli and Jenkins, 2007). In the nucleus, UVR8 was shown to 
associate with the chromatin of UV-B-responsive genes, such 
as the promoter region of ELONGATED HYPOCOTYL 5 (HY5; 
see below), suggesting that UVR8 may be directly involved 
in the transcriptional regulation of its target genes (Brown et 
al., 2005; Cloix and Jenkins, 2008). UVR8 may associate with 
chromatin by interaction with histones, and it is notable that 
both UVR8 and human RCC1 share the feature of chromatin 
association (Brown et al., 2005; Cloix and Jenkins, 2008). 
However, the biological signifi cance of UVR8 association with 
chromatin remains largely unknown and there is no evidence 
so far to support a direct role of UVR8 in transcriptional regula-
tion.

Another important discovery regarding UVR8 activity upon 
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regulate the stability of UVR8 although it does so to other plant 
photoreceptors such as phytochromes and cryptochromes 
(Shalitin et al., 2002; Seo et al., 2004; Saijo et al., 2008; Jang 
et al., 2010).

HY5: BZIP TRANSCRIPTION FACTOR, 
A  PREDOMINANT DOWNSTREAM EFFECTOR OF 
THE UV-B PATHWAY
HY5, a constitutively-nuclear bZIP protein, is the fi rst known 
and most extensively studied transcription factor involved in 
promoting photomorphogenesis under a wide spectrum of 
wavelengths, including far-red (FR), red (R) and blue (B) light 
(Koornneef et al., 1980; Oyama, et al., 1997; Osterlund et al., 
2000). It was shown that the abundance of HY5 protein is di-
rectly correlated with the extent of photomorphogenic develop-
ment (Osterlund et al., 2000). Recent chromatin immunopre-
cipitation (ChIP)-chip studies revealed that HY5 directly binds 
to a large number of genomic sites, mainly at the promoter 
regions of annotated genes (Lee et al., 2007; Zhang et al., 
2011). HY5 directly mediates both the up- and down-regulation 
of gene expression by light, and controls the expression of 
~20% of light-regulated genes in Arabidopsis (Ma et al., 2002). 
Therefore, HY5 is likely a fundamental hierarchical regulator 
of the transcriptional cascades involved in seedling photomor-
phogenesis (Lee et al., 2007).

The involvement of HY5 in UV-B-activated gene expres-
sion was fi rst identifi ed in a genome-wide expression analysis 
by Ulm et al. in 2004. Subsequent studies established that 
HY5 is a key effector of the UV-B pathway since hy5 mutants 
displayed reduced tolerance to UV-B (Brown et al., 2005; 
Oravecz et al., 2006). A HY5p:LUC reporter (the fi refl y gene 
encoding luciferase driven by the HY5 promoter) was used to 
screen for mutants altered in UV-B-induced HY5 expression, 
and led to the identifi cation of new cop1 and uvr8 alleles (Fa-
vory et al., 2009). This indicates that HY5 acts downstream of 
COP1 and UVR8, and is transcriptionally activated by UV-B 
in a UVR8- and COP1-dependent manner. It has been shown 
that HY5 and its homolog HYH redundantly regulated the 
expression of most UVR8-inducible genes, with HY5 playing 
a more predominant role (Brown et al., 2005; Brown and Jen-
kins, 2008). However, it was also shown that transcriptional 
activation of a subset of UVR8- and COP1-dependent genes 
was not dependent on HY5/HYH (Feher et al., 2011), indicat-
ing that other transcription factors may also be involved in 
transmitting UV-B signals. Other signaling intermediates of the 
UV-B photomorphogenic pathway are also emerging, such as 
SALT TOLERANCE (STO; also known as BBX24), a B-box 
zinc finger protein, which was shown to negatively regulate 
UV-B signaling by interacting with COP1 and repressing HY5’s 
transcriptional activity (Jiang et al., 2009, 2012). In addition to 
transcriptional activation of HY5 expression, HY5 protein is 
also stabilized by UV-B, and it is evident that COP1-mediated 
degradation of HY5 is inhibited under UV-B (Favory et al., 
2009). The underlying mechanisms remain to be investigated. 

COP1: E3 UBIQUITIN LIGASE, A CRITICAL 
POSITIVE REGULATOR OF THE UV-B 
PHOTOMORPHOGENIC PATHWAY
COP1, which encodes a conserved RING fi nger E3 ubiquitin 
ligase, was fi rst cloned and characterized in the model plant 
Arabidopsis as a repressor of light-regulated plant develop-
ment (Deng et al., 1991, 1992). After more than 20 years of 
study, COP1 has been shown to be involved in multiple pro-
cesses in many different organisms, including plant develop-
ment and mammalian cell survival, growth, and metabolism 
(Yi and Deng, 2005; Lau and Deng, 2012). COP1 contains 
three domains: a RING fi nger domain in its N-terminal region, 
a WD40 repeat domain in its C-terminus, and a coiled-coil 
domain in the middle (Deng et al., 1992; Yi and Deng, 2005). 
COP1 is a central repressor in light signaling which acts as an 
E3 ligase targeting several photomorphogenesis-promoting 
proteins for degradation, including HY5 (Osterlund et al., 2000) 
and HY5 HOMOLOG (HYH; Holm et al., 2002).

Despite the extensive studies of the roles of COP1 in pho-
tomorphogenesis induced by other wavelengths, the involve-
ment of COP1 in UV-B-induced photomorphogenesis was fi rst 
reported by Oravecz et al. in 2006. Interestingly, in contrast 
to its repressor function in photomorphogenesis induced by 
visible-light, COP1 acts as a critical positive regulator of UV-B-
induced photomorphogenic responses (Oravecz et al., 2006). 
In addition, COP1 is required for the activation of HY5 gene ex-
pression in response to UV-B (Oravecz et al., 2006), whereas 
in dark-grown seedlings COP1 acts as an E3 ubiquitin ligase 
directly targeting HY5 for degradation (Osterlund et al., 2000). 
Moreover, COP1 accumulates in the nucleus in response to 
UV-B (Oravecz et al., 2006), also contrasting with the nuclear 
exclusion of COP1 in response to visible light (von Arnim and 
Deng, 1994; Subramanian et al., 2004). COP1 forms protein 
complexes with four WD40-repeat proteins, SUPPRESSOR 
OF PHYA-105 (SPA1) and its related proteins SPA2, SPA3, 
and SPA4 (Hoecker et al., 1998; Hoecker and Quail, 2001; 
Laubinger and Hoecker, 2003; Saijo et al., 2003; Seo et al., 
2003; Laubinger et al., 2004; Zhu et al., 2008). In all other 
responses tested, the SPA proteins are required for COP1 
function (Laubinger et al., 2004); however, the SPA proteins do 
not seem essential in the response to UV-B, and COP1 can 
function properly without the SPA proteins in the UV-B photo-
morphogenic pathway (Oravecz et al., 2006).

As mentioned above, both UVR8 and COP1 are required 
for UV-B-induced photomorphogenesis, and interaction of 
UVR8 monomers with COP1 may be the mechanism of UV-B 
signal transduction from photo-activated UVR8. However, how 
COP1 transduces the UV-B signal to downstream effectors re-
mains largely unknown. There is no evidence so far that COP1 
also acts as an E3 ubiquitin ligase in the UV-B photomorpho-
genic pathway. In addition, UVR8 seems to be quite stable 
(Kaiserli and Jenkins, 2007; Heilmann and Jenkins, 2013) and 
levels of UVR8 protein are similar in wild-type and cop1-4 mu-
tant plants (Favory et al, 2009), suggesting that COP1 may not 
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It is not known whether UV-B-specifi c interaction of UVR8 with 
COP1 changes the E3 activity of COP1 or leads to reduced 
interaction of COP1 with HY5, which ultimately stabilizes HY5 
protein in response to UV-B (Heijde and Ulm, 2012).

RUP1 AND RUP2: DWD-FAMILY PROTEINS, 
NEGATIVE REGULATORS OF THE UV-B 
PHOTOMORPHOGENIC PATHWAY
RUP1 and RUP2 belong to the WD40-repeat protein super-
family, whose members contain at least one copy of a con-
served motif (named WD40 motif) of ~40 amino acids typically 
ending in Trp-Asp (van Nocker and Ludwig, 2003). Within 
proteins the WD motif is typically found as multiple (4–10) tan-
demly repeated units. Both RUP1 and RUP2 consist of seven 
WD40-repeats without other apparent domains (Gruber et al., 
2010). As mentioned above, the COP1 and SPA proteins also 
contain WD40-repeats, and together with RUP1 and RUP2 
belong to a subfamily characterized by a conserved 16-aa 
DDB1-binding WD40 (DWD) motif within the WD40 domain 
(Lee et al., 2008). Consistently, COP1 and SPA proteins were 
shown to interact with DDB1 and form a series of CUL4-DDB1-
COP1-SPA E3 ligase complexes (Chen et al., 2010). However, 
whether RUP1 and RUP2 could also interact and work in con-
cert with DDB1 awaits further investigation.

Recently, it was shown that upon UV-B exposure the RUP1 
and RUP2 genes were transcriptionally activated in a UVR8-, 
COP1-, and HY5-dependent manner (Gruber et al., 2010). The 
rup1 rup2 double mutants showed an enhanced response to 
UV-B and elevated UV-B tolerance, whereas overexpression 
of RUP2 resulted in reduced UV-B responses and impaired 
acclimation (Gruber et al., 2010). Therefore, RUP1 and RUP2 
act to repress the UV-B signaling pathway, and the direct in-
teraction of RUP1 and RUP2 with UVR8 suggests that their 
repressive mechanism may be at the photoreceptor level 
(Gruber et al., 2010). Consistent with this assumption, a more 
recent study demonstrated that RUP1 and RUP2 mediate the 
redimerization of UVR8, which results in the disruption of the 
UVR8-COP1 interaction and reversion of the UVR8 monomers 
to the homodimeric ground state (Heijde and Ulm, 2013). This 
UVR8 “off switch” mechanism facilitated by RUP1 and RUP2 
could regenerate the reactivatable UVR8 homodimers, thus 
may play an important role for optimal growth and development 
of plants in sunlight (Heijde and Ulm, 2013; Heilmann and 
Jenkins, 2013). However, regarding whether or not COP1 is 
required for UVR8 redimerization, recent reports have reached 
different conclusions (Heilmann and Jenkins, 2013; Heijde and 
Ulm, 2013). Nevertheless, since the UV-B-responsive expres-
sion of RUP1 and RUP2 requires COP1 (Gruber et al., 2010), 
there is presumably sufficient basal level of RUPs if RUPs-
mediated UVR8 redimerization is independent of COP1.

FHY3: TRANSPOSASE-DERIVED TRANSCRIPTION 
FACTOR, A NEW PLAYER IN UV-B SIGNALING
FAR-RED ELONGATED HYPOCOTYL 3 (FHY3) and its 

homolog FAR-RED IMPAIRED RESPONSE 1 (FAR1) are 
transposase-derived transcription factors originally identifi ed as 
components of phytochrome A (phyA) signaling (Whitelam et 
al., 1993; Hudson et al., 1999; Wang and Deng, 2002; Hiltbrun-
ner et al., 2005, 2006; Lin et al., 2007; Genoud et al., 2008; Li 
et al., 2010). Studies conducted in recent years demonstrated 
that in addition to their critical role in phyA signaling, FHY3 and 
FAR1 also function redundantly in multiple developmental pro-
cesses in plants, such as the circadian clock, chloroplast de-
velopment, chlorophyll biosynthesis, and shoot branching, with 
FHY3 always playing a predominant role (Allen et al., 2006; Li 
et al., 2011; Ouyang et al., 2011; Stirnberg et al., 2012; Tang et 
al., 2012). Most of these processes are regulated by light, and 
the association of FHY3 with phyA in vivo (Saijo et al., 2008) 
suggests that FHY3/FAR1 may transmit the light signals direct-
ly from the photo-activated phytochromes. In addition, FHY3 
and FAR1 were shown to work in concert with other transcrip-
tion factors, such as HY5, PHYTOCHROME-INTERACTING 
FACTOR 1 (PIF1), CIRCADIAN CLOCK ASSOCIATED 1 
(CCA1) and LATE ELONGATED HYPOCOTYL (LHY), to fi ne-
tune the expression of their target genes (Li et al., 2010, 2011; 
Ouyang et al., 2011; Tang et al., 2012). The co-action of FHY3/
FAR1 with specific transcriptional repressors that regulate a 
distinct biological process may likely defi ne a common molecu-
lar mechanism underlying FHY3/FAR1 action.

Recently, it was reported that COP1 is also inducible by 
UV-B (Huang et al., 2012). Interestingly, FHY3 and HY5 di-
rectly bind to their respective cis-elements present within the 
COP1 promoter, and play essential roles in UV-B induced ex-
pression of COP1 (Huang et al., 2012). The fhy3 mutants dis-
played impaired UV-B-induced hypocotyl growth and reduced 
tolerance of UV-B damage, therefore FHY3 defines a new 
positive regulator in the UV-B signaling pathway. It was shown 
that both FHY3 and HY5 positively regulate the expression of 
COP1 (Huang et al., 2012), and because accumulation of HY5 
in UV-B light requires COP1 (Favory et al., 2009), it is likely 
that HY5 promotes COP1 expression via a positive feedback 
loop. Unexpectedly, the far1 mutants showed no apparent 
impairment, and the fhy3 far1 double mutants displayed no 
further impairment of UV-B-induced hypocotyl growth (Huang 
et al., 2012), indicating that FAR1 is not essential for the UV-B 
photomorphogenic pathway.

UV-B-REGULATED GENE EXPRESSION
In the last decade, transcriptome profi ling analyses with maize 
(Casati and Walbot, 2003, 2004; Casati et al., 2006) and Arabi-
dopsis (Brosche et al., 2002; Ulm et al., 2004; Brown et al., 
2005; Kilian et al., 2007; Brown and Jenkins, 2008; Morales et 
al., 2013) revealed a large number of UV-B-responsive genes. 
Consistent with the two distinct types of responses that can be 
induced by UV-B, high fl uence rates and short wavelengths of 
UV-B exposure induced many genes normally expressed in 
stress responses, including DNA damage, wounding and path-
ogen defense responses, whereas low fl uence rates (includ-
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ing brief exposure) and long wavelengths of UV-B exposure 
stimulate a range of genes involved in UV protection or the 
amelioration of UV damage (Ulm et al., 2004; Ulm and Nagy, 
2005; Brown and Jenkins, 2008; Jenkins, 2009). These studies 
provide valuable insights into the understanding of the complex 
responses induced by UV-B, although the functions of most of 
these UV-B-regulated genes remain largely unclear. However, 
gene profi ling studies followed by reverse genetic approaches 
facilitated the identifi cation of new players in the UV-B photo-
morphogenic pathway, such as HY5 (Ulm et al., 2004). In ad-
dition, the identifi cation of UV-B-responsive genes also made it 
possible to perform high-throughput genetic screens to isolate 
novel mutants that altered the UV-B-responsive gene expres-
sion, which was successfully used to identify new cop1 and 
uvr8 mutant alleles (Favory et al., 2009).

PERSPECTIVE
The last decade has seen signifi cant progress in unraveling 
the key components and signaling mechanisms of the UV-B 
photomorphogenic pathway. The characterization of UVR8 as 
the UV-B photoreceptor has opened the door for a better un-
derstanding of the molecular, cellular and biochemical events 
in response to UV-B, from activation of the photoreceptor itself 
to downstream UV-B-responsive gene expression. However, 
several important questions still remain to be answered. For 
example, how is UVR8 nuclear accumulation controlled? It was 
shown that UVR8 nuclear accumulation could be observed 
within 5 min of UV-B exposure, and its N-terminal 23-aa re-
gion is required for effi cient nuclear accumulation (Kaiserli and 
Jenkins, 2007). However, there is no NLS in this region. These 
observations invite the question of whether there is a nuclear 
transport system for UVR8, similar to the roles of FHY1 and 
FHY1-LIKE (FHL) in phyA nuclear accumulation (Hiltbrunner 
et al., 2005, 2006). In addition, the biological signifi cance of 
UVR8 association with chromatin is not yet clear. Other photo-
receptors, like phytochromes, have also been suggested to be 
associated with target gene promoters by interacting directly or 
indirectly with DNA-binding transcription factors (Martinez-Gar-
cia et al., 2000; Yang et al., 2009; Chen et al., 2012). However, 
UVR8 seems to associate with the promoters of target genes 
(like HY5) by interacting with histones (Brown et al., 2005), a 
feature shared by UVR8 and its human homolog RCC1. Nev-
ertheless, there is no evidence thus far to support a direct role 
of UVR8 in transcriptional regulation. Other important ques-
tions that need to be addressed include, but are not limited to, 
the molecular mechanisms by which COP1 transduces the 
UV-B signal, and by which UVR8 inhibits COP1-mediated deg-
radation of HY5. Further investigation and ultimate elucidation 
of these questions and others will undoubtedly shed more light 
on the signaling mechanisms of the UV-B photomorphogenic 
pathway.
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