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Light is one of the most important
environmental signal for plants.
Involvement of hormones, such as gibber-
ellic acid, in light regulated development
has been known for many years, though
the molecular mechanisms remain still
largely unknown. To shed light on
possible interactions between phyto-
hormones and photoperceptive photo-
receptors of tomato, in a recent work
we investigated the molecular effects of
exogenous gibberellin to cryptochrome
and phytochrome transcripts in wild type
tomato as well as in a mutant genotype
with a non-functional cryptochrome 1la
and in a transgenic line overexpressing
cryptochrome 2. Results highlight that
following addition of gibberellin, crypto-
chrome and phytochrome transcription
patterns are strongly modified, especially
in cryptochrome la deficient plants. Our
results suggest that cryptochrome medi-
ated light responses can be modulated by
gibberellin accumulation level, in tomato
plants.

Many growth and development processes
of plants, are regulated by both internal
signals, such as hormones and environ-
mental cues. Light, one of the most impor-
tant environmental signal for plants, is
perceived by at least four different types of
photoreceptors: the red (R)/far-red (FR)
light sensing phytochromes and the UV-A
blue light sensing cryptochromes, photo-
tropins and zeitlupes.! In tomato Solanum
lycopersicum phytochromes are encoded
by five genes (PHYA, PHYBI, PHYB2,
PHYE and PHYF),* whereas four cryp-
tochrome genes have been discovered and

analyzed so far: two CRYI-like (CRYIa
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and CRY1b), one CRY2 and one CRY-
DASH gene.>*

Involvement of plant hormones, such
as gibberellic acid (GA), in light regulated
development, which includes seed germi-
nation and seedling photomorphogenesis,
has been known for many years.” GAs can
modulate several molecular processes dur-
ing the plant life cycle including germi-
nation, vegetative growth and flowering
through transcriptional regulation of tar-
get genes.® This transcriptional regulation
also relies upon the activity of the nuclear
GA-regulated DELLA proteins.”

Photoreceptor-hormone  interactions
have been reported to regulate a number
of light responses; phytochromes and
GAs are indeed involved (together with
auxins and ethylene) in regulating shade-
avoidance responses, that maximize light
capture by positioning the leaves out of
the shade.® Several other examples could
be reported; however there is little or no
information about effects of phyto-hor-
mones over photoreceptor proteins and
their gene transcripts.

To gain information on possible inter-
action between phyto-hormones and pho-
toperceptive photoreceptors of tomato, in
a recent work in reference 9, we investi-
gated the molecular effects of exogenous
GA, to CRYs and PHYs transcripts in wz
tomato as well as in a mutant genotype
with a non-functional CRYla (cryla),”
and in a transgenic line overexpressing
the cryptochrome 2 (CRY20X)." Tomato
plants were grown hydroponically for 28
days under a light cycle of 16 h light/8 h
darkness (LD) with a full nutrient solu-
tion;'? GA3 was added to nutrient solu-
tion of testplants on 29" day of growth,
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whereas control-plants were let in the
standard nutrient solution.

The aerial parts of treated and con-
trol (without hormone) plants for each
genotype (wt, c¢rylas and CRY20X)
were harvested at distinct time points:
ZTO (ZT-Zeitgeber time = number of
hours after the onset of illumination),
ZT6, ZT12, ZT16 e ZT20. Total RNA
extracted was reverse-transcribed and first
strand cDNA achieved was used as tem-
plate for cryptochrome and phytochrome
gene expression assays by quantitative
RT-PCR.’ Results highlight that, follow-
ing addition of GA, cryptochrome and
phytochrome transcription patterns are
strongly modified, especially in cryla-
plants (Fig. 1). In the latter genotype, GA,
produces strong downregulation of both
cryptochrome and phytochrome tran-
scripts at almost all the tested time points.
Thus, the lack of a functional CRY1a pro-
tein produces a generic and strong signal
of downregulation of the photoperceptive
apparatus of tomato in GA, treated plants
with regard to the untreated ones, suggest-
ing a pivotal role for CRY1la in mediating
light and gibberellin stimuli.

Analyzing the behavior of crypto-
chrome transcripts following GA| treat-
ment in wt plants, we report they are
less affected by rapid change of hormone
concentration in the culture medium
(Fig. 1).

The transcription pattern of the phyto-
chrome gene family, following treatment
with GA,, evidenced an opposite response
in c¢ryla-plants with respect to wr and
CRY20X tomatoes. Indeed, when a func-
tional form of CRY1a protein is absent, all
five phytochromes are constantly down-
regulated; while, when CRY1a works nor-
mally (in wrand CRY20X plants) the same
genes appear to be mostly upregulated
(Fig. 1). We demonstrated that exogenous
GA,, in tomato, is able to modify the diur-
nal expression pattern of several photore-
ceptor genes, especially when a working
form of cryptochrome la is absent. These
results suggest the existence, in tomato, of
a molecular network among cryptochrome
la, GA, and the other photoreceptor genes.

Recent studies'>' have indicated that,
in Arabidopsis, 1-2 type cryptochromes
are able to control not only the GA content
but also the GA sensing and/or signaling
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Figure 1. Representation of the behavior of each gene transcript encoding cryptochromes and
phytochromes after GA, treatment in different genotypes. A square above x-axis represents a
time point in which is present upregulation (p < 0.05) of the considered gene, a square below x-
axis symbolizes downregulation (p < 0.05); different colors are used for each genotype.

during fundamental biological plant
processes like phototropism. Moreover,
Achard and colleagues” showed that phy-
tochromes cause a decrease of GA level
in the hypocotyl with concomitant accu-
mulation of DELLA proteins. They also
suggested additional photoreceptors could
be involved in the regulation of photomor-
phogenesis via effects on DELLA function.
Our results showed a significant effect of
CRY1a on the transcription level of several
photoreceptor genes of tomato plants after
the addition of exogenous GA,. Given the
copious evidences that assign DELLA pro-
teins a key switching role between light
and GA signals, we suggest a sort of CRY1
induced stabilizing effect on DELLA,
antagonistic to the well known GA induced
degradation, could take place. Following
this hypothesis, in wr tomato during the
day, accumulation of DELLA would
depend on the divergent action of GA and
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CRYla (and possibly other photorecep-
tors) and this would determine a fine mod-
ulation of responsiveness to light signals
(Fig. 2A). On the other hand, the absence
of a working CRY1a protein and the addi-
tion of exogenous GA, would unbalance
the system toward degradation of DELLA;
this would cause the activation of COP
and PIF signals and by consequence an
overall reduction of responsiveness to light
signals (Fig. 2B). We suppose the observed
downregulation of CRY and PHY pho-
toreceptor transcripts in cryla-tomatoes,
after GA, treatment, could be the result
of a negative feedback effect of the light
signal transduction pathway in response to
the reduced sensitivity to light signals (Fig.
2B). We are aware that further studies will
be needed to confirm this hypothesis and
to elucidate the complex network among
cryptochromes and phytochromes, gibber-
ellin and its signal transduction pathway.
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Figure 2. Proposed model of interactions between CRY1a, GA and DELLAs in tomato. Arrows represent activation; lines with flat ends represent inhibi-
tion. New interactions hypothesized in this study are shown as dashed lines.
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