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COP1 integrates light signals to ROP2 for cell cycle activation
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ABSTRACT
The exquisite regulation of cell division at the shoot apex according to the external environmental cues
enables plants to adapt the ever-changing environment. We have recently shown that light direct
signaling and carbohydrate (sugar) energy signaling are both essential for the activation of cell division at
the shoot apex. Light is converted to auxin signal to activate small GTPase 2 (ROP2). Subsequently, the
activated ROP2 directly interacts with Target of Rapamycin (TOR) protein kinase, a pivotal regulator of cell
division, to promote its kinase activity. However, neither light nor auxin alone can activate TOR kinase
without the presence of sugar. In this addendum, we showed that Constitutive Photomorphogenesis 1
(COP1) acts as an upstream factor of ROP2. COP1 regulates ROP2 and TOR activity in an auxin dependent
manner. The development of true leaves in the cop1–6 mutant under darkness is compromised by auxin
biosynthesis inhibitor yucasin and TOR chemical inhibitor torin2. Together, our results suggested that
COP1 regulates auxin-ROP2-TOR signaling in response to light.
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Cell division at the shoot apex underpins the above-ground
architecture throughout the life of the plant. To adapt the ever-
changing environment, plants need tightly regulated the cell
division according to the environmental cues. For instance,
light awaken the quiescence of cell division at shoot apexes after
the seedlings break up the soil. One of the striking differences
between dark- and light-grown seedlings is the emergence of
true leaves in the light grown seedlings but not in dark-grown
seedlings after seed germination. However, several constitutive
photomorphogenesis (COP) mutants such as cop1 can even
develop true leaves in darkness as grown in the light.1 COP1
functions as an E3 ubiquitin ligase, which facilitates the ubiqui-
tylation and proteolysis of positive regulators of photomorpho-
genesis, such as transcription factors HY5, HYH, HFR1 and
LAF1.2,3 Photoreceptors mediated light signals negatively regu-
late activity of COP1.4 The capacity of generating true leaves of
COP1 mutants suggests that COP1 functions as a negative reg-
ulator of cell division.

In addition to its direct signals role received by photorecep-
tors, light also fuels the carbohydrate (sugar) production via
photosynthesis, which underlines the complex roles of light in
regulating cell division in shoot apexes, nevertheless, was
largely debated and unclear before. Using mitotic quiescent
seedlings caused by depletion of endogenous sugars, photore-
ceptors mutants and photosynthesis inhibitors, we recently
distinguished the roles of light and sugar for the cell division at
the shoot apex.5 We showed that both light and sugar signals
are required to activate Target of Rapamycin (TOR), a con-
served eukaryotic protein kinase that controls many processes

including translation, transcription and cell division.5 Cell
division at the shoot apex cannot proceed in the tor mutant or
the seedlings treated with TOR chemical inhibitors rapamycin
or torin2. The metabolism of sugar through glycolysis and oxi-
dative-phosphorylation transmits the signal of sugar availabil-
ity to TOR, though the detailed mechanism of glucose to
activate TOR remains to be elucidated.6 Light, in the other trib-
utary, is perceived to activate cell division through triggering
accumulation of auxin in the shoot apex. Auxin then activates
Rho-like small GTPase 2 (ROP2), which subsequently pro-
motes the kinase activity of TOR. Consistently, the true leaves
development of a constant active ROP2 mutant only requires
glucose but no light, which suggests ROP2 specifically mediates
light signal.5

However, the mechanism how light signal is transduced to
auxin for ROP2 activation is still unknown. In this addendum,
we investigated whether COP1 functions upstream of ROP2.
The ROP2 activity in the cop1–6 is higher than in wild type
grown in darkness (Fig 1A, B), indicating that COP1 sup-
presses ROP2 activity. COP1 may regulate ROP2 activity via
affecting auxin level, as evident that the ROP2 activity in cop1–
6 can be decreased to low level by auxin synthesis inhibitor,
yucasin (Fig 1A, B).

Furthermore, we found increased TOR activity in the
cop1–6 mutant than wild type (Fig. 1C, D). Therefore,
COP1 functions as a negatively upstream regulator of the
auxin-ROP2-TOR axis. The seedlings of cop1–6 developed
true leaves in the darkness. However, the generation of true
leaves is abolished by yucasin and torin2 (TOR inhibitor)
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treatment (Fig. 1E). This suggests that TOR kinase activity
is required for the cell cycle activation in the dark- grown
cop1-6. Taken together, our data showed that the light sig-
naling integrator COP1 modifies auxin to regulate ROP2
and TOR in the processes of controlling true leaves devel-
opment (Fig. 1F).
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Figure 1. COP1 acts upstream of auxin-ROP2-TOR signaling pathway. ROP2 activity (A) and TOR activity (C) of dark grown wild type and cop1–6 seedlings treated with
25 mM torin2 or 100 mM yucasin. Quantification of ROP2 activity (B) and TOR activity (D) from 3 replicates. Error bar: SD, n.a.: not available, �� and � indicate significant dif-
ference, p<0.05 and p<0.01 respectively, ANOVA test, n D 3. (E)True leaves production in cop1–6. True leaves marked by red arrow. Typical images are presented, n>30.
Bar: 1 mm. (F) The model for COP1 mediated light signaling.
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