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Photoreceptors exhibit complex regulation of many aspects 
of growth and development, including developmental-, spatial- 
and temporal-specific photoregulatory responses. Such diverse 
regulation has been noted for all major classes of photoreceptors 
in plants, including red/far-red (R/FR) absorbing phytochromes 
and blue/UV-A (B/UV-A) light-absorbing cryptochromes and 
phototropins. However, the most insight into spatiotemporal 
responses has been reported for phytochromes both at the physi-
ological and, more recently, at the molecular levels. Through 
tissue-specific degradation of the phytochrome chromophore, my 
laboratory recently demonstrated that phytochromes exhibit light-
dependent, spatiotemporal control over de-etiolation responses in 
Arabidopsis thaliana. Mesophyll-localized phytochrome A (phyA) 
controls numerous far-red high irradiance responses (FR-HIR) 
in Arabidopsis. Meristem- and/or leaf primordia-localized phyto-
chromes are involved in the regulation of leaf development. In this 
addendum, I provide additional novel evidence for spatial-specific, 
blue-light-dependent signaling roles of phytochromes.

Introduction

Phytochromes are plant photoreceptors that perceive maximally 
in the red and far-red regions of the visible spectrum and control 
many aspects of plant growth and development throughout the life 
cycle of plants. Phytochromes regulate early responses, including 
seed germination and seedling de-etiolation, as well as advanced 
stages of the life cycle such as the induction of flowering and senes-
cence (reviewed in refs. 1–3). Phytochromes are composed of two 
components—an apoprotein (encoded by a family of genes) and a 

linear tetrapyrrole chromophore (a single molecular species named 
phytochromobilin). In recent years, a great deal has been learned 
about how phytochromes operate at the molecular level to regulate 
gene expression intracellularly in response to light.4,5 This gene 
expression response involves light-dependent movement of phyto-
chromes from the cytosol into the nucleus of cells.

Spatial-Specific Plant Photoreceptor Responses

The roles of localized pools of phytochromes in the regulation 
of distinct light-dependent responses have long been recognized 
at the physiological level (reviewed in refs. 3, 6 and 7). However, 
only recently has molecular evidence for such spatial-specific light 
responses been reported.8-11 Enhancer trap-induced expression of 
PHYB in phyB-deficient background showed that mesophyll-local-
ized phyB regulates the inhibition of hypocotyl elongation.10 PhyB 
also regulates an intertissue signal between the mesophyll and vascular 
bundles through suppressing the expression of flowering regulator 
FLOWERING LOCUS T (FT) as a part of the phyB-dependent 
control of flowering time.10 Tissue-specific expression of CRY2 in a 
cry2-deficient background similarly led to insights into the areas of 
action of cry2 in the regulation of flowering.8 Analyses of these lines 
indicate that in the cotyledon, cry2 exhibits cell-autonomous control 
over the expression of FT in its regulation of flowering time.8

In recent work, we investigated the regulatory roles of spatial-
specific pools of phytochrome, particularly during de-etiolation, in 
Arabidopsis.11 These studies depended upon site-specific enzymatic 
depletion of the phytochrome chromophore through transgenic 
expression of a gene encoding biliverdin reductase (BVR) in plants.11 
As has been shown in prior studies, expression of BVR in transgenic 
plants results in depletion of the phytochrome chromophore through 
reduction of biliverdin, a key substrate in the biosynthesis of the 
phytochrome chromophore.12-14 In our recent study, we selectively 
expressed the BVR gene using spatial-specific promoters. Analyses 
of the resulting transgenic lines provided novel molecular evidence 
for the regulatory roles of localized pools of phytochrome in specific 
aspects of photomorphogenesis.11

In our examination of BVR lines exhibiting meristematic and/or 
leaf primoridia-specific phytochrome deficiencies, we observed photo-
period-specific defects in leaf development such that MERI5::pBVR 
lines exhibited larger rosette diameters due to an increase in size of 
individual leaves.11 For mesophyll-specific depletion of phytochromes 
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new insight into the molecular bases of spatial-specific environmental 
responses. Recent reports and new data presented here provide break-
throughs in our understanding of the sites of photoperception and 
sub-organismal locations of pools of photoreceptors that control 
distinct aspects of light-dependent growth and development. These 
results and other recent reports provide new molecular information 
about a subset of photoreceptor-dependent responses that have long 
been recognized at the physiological level based on experiments using 
selective irradiation and dissected plant parts.7 Additional investiga-
tions using emergent technologies and the development of additional 
methods for probing spatiotemporal responses will allow continued 
progress on understanding the molecular bases of these important 
aspects of plant photomorphogenesis.
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in CAB3::pBVR lines, we noted unique defects in FR-HIR responses, 
including the inhibition of hypocotyl elongation, opening of cotyle-
dons, suppression of negative gravitropism, and the FR-dependent 
induction of anthocyanin accumulation.11 As all responses in FR 
are controlled primarily by phyA,15 we concluded that mesophyll-
specific phyA regulates a suite of FR-HIR responses, including the 
control of an intercellular signal between cotyledons and hypocotyls 
that regulates the inhibition of hypocotyl elongation. The attribution 
of this mesophyll-specific response to phyA is in agreement with 
prior findings demonstrating that phyA is the phytochrome respon-
sible for the FR-dependent inhibition of hypoctyl elongation.16-18 
Of note was the novel finding that hypocotyl-localized phyA may 
contribute to the regulation of cell elongation in Arabidopsis.11

Spatial-Specific Regulation of Blue-Light-Dependent 
Responses by Phytochrome A

In addition to R and FR light, the wavelengths of light that phyto-
chromes absorb maximally, phytochromes are capable of absorbing 
light in the blue region of the visible spectrum19 and plants exhibit 
phytochrome-dependent, blue light responses. Specifically, phyA 
has a role in inhibiting hypocotyl elongation in continuous blue 
(Bc) light.15,18,20-22 It has been shown that phyA has additional 
roles under Bc, including activation of chloroplast transcription in 
mature leaves under B.23 Furthermore, it was reported recently that 
phyA has a major role in the early induction of gene expression for 
GUN4 and CHLH in Bc light.24 Results from prior studies demon-
strated that 35S::pBVR lines exhibit elongated hypocotyls under Bc 
light.12 This latter observation, taken together with the identified 
roles for phyA in regulating plant responses to B illumination, led to 
an investigation of the impact of Bc light on seedling development 
in BVR lines. I compared the responses of BVR lines exhibiting 
spatial-specific phytochrome deficiencies to WT and 35S::pBVR 
plant lines. As shown in Figure 1, mesophyll-specific inactivation 
of photoactive phytochromes results in elongated hypocotyls under 
increasing fluences of Bc. The pattern observed for a representative 
CAB3::pBVR3 line, CAB3::pBVR2, is similar in degree to that 
observed for the constitutively BVR-expressing 35S::pBVR3 line 
(Fig. 1A). In contrast, there was no difference observed between the 
Bc-dependent inhibition of hypocotyl elongation for No-O WT 
and MERI5::pBVR1 plant lines (Fig. 1B). Thus, mesophyll-specific 
phytochromes regulate hypocotyl elongation under increasing 
fluences of blue light. Given earlier findings discussed above that 
phyA has a role in inhibiting hypocotyl elongation under blue illu-
mination, the phenotype observed may be associated with the action 
of mesophyll-localized phyA. However, a physiological role for phyC 
in this process cannot be ruled out as a prior report described a 
modulatory effect of phyC on the inhibition of hypocotyl elongation 
under Bc illumination.25 Nevertheless, this BL-dependent regulation 
likely involves a phytochrome-dependent inter-organ signal between 
cotyledons and hypocotyls, similar to that proposed to be active in 
phyA-dependent regulation of the inhibition of hypocotyl elongation 
under FRc.11

Conclusions

Spatiotemporal regulation of plant growth and development is 
not a new phenomenon (reviewed in ref. 7). However, emerging 
tools and biochemical approaches are allowing researchers to gain 

Figure 1. Fluence response curve for hypocotyl length of wild-type and trans-
genic BVR seedlings. CAB3::pBVR2 and MERI5::pBVR1 lines are compared 
with No-O WT and 35S::pBVR3 seedlings grown at 20°C on Phytablend 
medium containing 1% sucrose for 7 d under continuous blue light of 
various fluence rates. Data points represent mean (+SD) of hypocotyl lengths 
measured for 10 to 25 seedlings in each of three independent experiments, 
and correspond to No-O WT (■), 35S::pBVR3 (●) and CAB3::pBVR2/
MERI5::pBVR1 (▲, gray).
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