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The photoperiodic flowering of Arabidopsis is shown to be
explained in part by the Biinning’s external coincidence model in
which clock-controlled expression of CO and stabilization of CO
protein by light have important roles. The floral activators, GI
and CO, together with ZTL, FKF and CDF1 have been shown
to be central for the induction of FT expression during evening
to promote the photoperiodic flowering of Arabidopsis. Here we
discuss a role of diurnal accumulation of a floral repressor SVP
protein in the repression of the F7 and SOCI expression during
daytime. A punctual coordination of the diurnal regulation of both
positive and negative regulators by circadian clock appears to be
important for the photoperiodic flowering in Arabidopsis.

Circadian clock generates oscillations in the biochemical, physi-
ological and behavioral functions of organisms that occur with
approximate 24-h time periods with no external timing cues. This
process enables an organism to phase its biological activities to the
correct time of day. In higher plants, the circadian clock affects
various processes, including the expression of many genes, leaf
movement, petal opening, hypocotyl elongation and photoperiodic

flowering time.!
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Molecular genetic studies on a Long-day (LD) plant Arabidopsis
and a Short-day (SD) plant rice have identified more than two
dozens of key factors including both activators and repressors for the
photoperiodic flowering.!> However, mechanisms on coordination
of a balance between floral activators and repressors for the precise
control of flowering have been largely unknown. Recent studies by
Fujiwara et al., and Li et al., have demonstrated that a floral repressor
complex SHORT VEGETATIVE PHASE (SVP)—FLOWERING
LOCUS C (FLC) as well as activators FLOWERING LOCUS T
(FT), SUPPRESSOR OF CO OVEREXPRESSION 1 (SOC1)
and LEAFY (LFY), integrate flowering signals from various genetic
pathways.>* These studies have also shown that temporal and spatial
regulations of these positive and negative integrators of flowering
make a signal to fine-tune the appropriate timing for flowering on
each species living in their environments.>4

In Arabidopsis, LATE ELONGATED HYPOCOTYL (LHY)
and CIRCADIAN CLOCK ASSOCIATED 1 (CCA1) are two
closely related MYB proteins with redundant functions.>® LHY,
CCA1 and PSEUDO RESPONSE-REGULATOR (PRR) proteins
such as PRR1/TOCI, PRR5, PRR7 and PRRY are thought to be
essential clock components.!> LHY and CCAL1 play important roles
in photoperiodic flowering by controlling the rhythmic expression of
flowering-time genes such as GIGANTEA (GI), CONSTANS (CO)
and FT in light/dark cycles such as LD and SD.”*8 FT is believed to
be a part of the floral hormone “florigen”.”1°

GI, FLAVIN-BINDING, KELCH REPEAT, F-BOX 1 (FKF1)
and CYCLING DOF FACTOR 1 (CDF1) are shown to be required
for the rhythmic expression of CO mRNA.®!1:12 However, the
molecular mechanism underlying the cooperation between the GI
and FKF1-CDF1 was less understood.

Recently it has been demonstrated that blue light stabilizes
molecular interaction between GI and ZTL proteins.!? ZTL-GI
interaction controls accumulation of the clock component TIMING
OF CAB EXPRESSION 1 (TOC1), thus allowing robust circadian
oscillations in gene expression.!> CDF1 functions as a transcriptional
repressor of flowering via repression of CO expression.!? Formation
of an FKF1-GI protein complex is also induced by blue light and
this in turn targets CDF1 for degradation.!* Degradation of CDF1
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protein results in increase of the CO mRNA and CO protein levels
to promote FT expression and flowering under LD. 4

These recent studies on FKF1-GI and ZEITLUPE (ZTL)-GI
have provided us molecular mechanistic views on how the circadian
clock controls the upregulation of F7 transcription just after evening
under the inductive LD condition.!>!% However, these studies raise
several further questions. How is the F7 expression kept at trough
level? FT gene expression does not go up without activation of CO?
What roles do the floral repressors play in the photoperiodic flow-
ering, particularly during the light period to keep F7T expression from
active state? What are happening during the light period just before
dusk under LD?

Recently we have found that in addition to repressing the
floral transition under SD and LD, the circadian clock proteins
LHY and CCAL also accelerate flowering
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Figure 1. A model showing a balance between repression of flowering by
SVP and FLC in LL and promotion of flowering by altering rhythms of “GI-CO-
FT/SOC1" transcription cascade in LD cycles.

under continuous light (LL).>7® LHY
and CCAl accelerated flowering in LL
by promoting F7" expression through a
genetic pathway apparently independent
of the canonical photoperiodic pathway
involving GI and CO proteins.® The
late flowering phenotype of the lhy;ccal
double mutant under LL was suppressed
by svp and fle mutations. SVP and FLC are
floral repressors of the MADS box protein
family.® Yeast two hybrid analysis demon-
strated an interaction between SVP and
FLC, and genetic analysis demonstrated
that these two proteins act as partially
redundant repressors of flowering time.?

photoperiod
pathway

Interestingly, we have demonstrated that
SVP protein was abundantly accumu-
lated in /hy;ecal plants grown under LL.3
We proposed a model in which LHY
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pathway
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and CCA1 accelerate flowering in part
by reducing the abundance of SVP and
thereby antagonizing its capacity to repress
FT expression under LL (Fig. 1).3
Although abnormal, the lby;ccal or
prr9;prr7;prr5 plants with severe defects in circadian function
showed rhythmic expression of clock-controlled genes such as Cab,
CCR2, GI and LHYLI under light/dark cycles.”#15 These suggest
that external rhythmic conditions such as light and temperature
can partially rescue some defects caused by loss of the internal clock
function. However, the roles of the circadian clock proteins in long-
term developmental control of animals and plants under continuous
conditions such as LL and continuous dark (DD) without any
rthythmic stimuli are not fully understood. Our results demonstrate

that both an internal biological clock and external rhythms are
3,15

see the text.

required for proper development of Arabidopsis.

Light appears to affect at least 4 processes involved in the control
of flowering (Fig. 2). First, light entrains circadian clock.1¢ Second,
light plays a key role in stabilization of CO protein in the process.!”
Third, the light-dependent regulation of CO expression by GI-ZTL/
FKF1-CDF1 has recently been demonstrated.!>!4 Fourth, we
propose a novel role of the LHY and CCAL in the GI-CO indepen-
dent process to regulate flowering.? This pathway probably includes
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Figure 2. A hypothetical model on the GI-CO independent pathway controlled by LHY/CCA1. For details,

the floral repressors encoding MADS box transcription factors SVP
and FLC, and regulates expression of F7 and other floral activator
gene(s).

Not only temporal but also spatial control of floral activator
genes have been shown to be crucial for the precise regulation of the
photoperiodic flowering.!® Recently, Li et al., have demonstrated
that the flowering repressor SVP is controlled by the autonomous,
thermosensory, and gibberelic acid (GA) pathways, and suppress
directly expression of SOC1 in the shoot apex and leaf.* FT expres-
sion in the leaf is also modulated by SVP. SVP protein associates with
the promoter regions of both #7"and SOC1 and FLC also binds these
regions. These findings are consistent with ours and suggest that the
interaction between SVP and FLC mediated by various flowering
genetic pathways governs the integration of flowering signals.

Li et al. provide mechanistic views on how FLC and SVP precisely
regulate expression of two floral activator genes, F7 and SOC]I, in
two different spaces, apical meristems and leaves.*
provide views on how day-night cycles affect SVP protein level to

By contrast, we
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regulate these floral activator genes.> Accumulation of SVP protein
showed diurnal rhythms. It started to accumulate just after dawn,
peak in midday, and gradually decreased to dusk, then kept low level
during the dark period. Levels of SVP transcripts were, however, not
changed during LD-cycle.? These complementary studies have raised
many questions. What factors control accumulation or stability of
SVP protein? For example, ZTL-FKF1-LKP2 family members or
CONSTITUTIVE PHOTOMORPHOGENESIS 1 (COPI1) are
involved in this process?!>141? What roles do photoreceptors have
in controlling the amount of SVP accumulation? These will help
us to understand a whole events occurring during a day to control
flowering time.
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