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Light signaling induces anthocyanin biosynthesis
via AN3 mediated COP1 expression
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Light signaling plays a pivotal role in controlling plant
morphogenesis, metabolism, growth and development. The
central process of light signaling pathway is to build the
link between light signals and the expression of genes
involved. Although studies focused on light signaling
toward metabolism have been documented well in the
past several decades, most regulation networks of light
signaling in a specific metabolic production largely
remained unknown. Anthocyanin accumulation in plant
tissues depends on the availability of light signals, but only
little is known about the potential regulation network
underlying light signal controls anthocyanin biosynthesis.
Here, we briefly review the recent progress on the light-
triggered anthocyanin biosynthesis via ANGUSTIFOLIA3
(AN3) and CONSTITUTIVE PHOTOMORPHOGENIC1 (COP1)
network in Arabidopsis.

Light signaling plays a pivotal role in controlling plant mor-
phogenesis, metabolism, growth and development. Light signal-
ing is able to activate various physiological processes by different
photoreceptors such as the red- and far-red light-sensing phyto-
chromes, the blue/ultraviolet (UV)-A-perceiving cryptochromes
and phototropins, and the UV-B-sensing photoreceptor
UVRS."* With light activation photoreceptors can induce devel-
opmental and growth responses, for example, seedling de-etiola-
tion, phototropism and the induction of flowering, as well as
alternations in metabolism. Like anthocyanin, a natural pigment,
its accumulation in plant tissues typically depends on the avail-
ability of light signals, but limited is known about the potential
regulation network underlain light signal controls anthocyanin
biosynthesis.

Anthocyanins play critical roles in diverse physiological pro-
cesses, such as producers of photoprotective screens in vegetative
tissue, visual attractors in pollination and seed dispersal, and anti-
microbial agents and feeding deterrents in the defense response.”
Although the processes of anthocyanin biosynthesis are compli-
cated, studies have revealed that the biosynthetic pathway of
anthocyanin usually is activated by diverse Anthocyanin Biosyn-
thesis Genes (ABGs), including the EBGs (early biosynthesis
genes, involved in the initial stage of anthocyanin biosynthesis)
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such as chalcone synthase, chalcone isomerase (CHI), flavanone 3-
hydroxylase and flavonoid 3'-hydroxylase (F3'H), and the LBGs
(late biosynthesis genes, involved in the late stage of anthocyanin
biosynthesis) such as dibydroflavonol 4-reductase, leucoanthocyani-
din oxygenase, anthocyanidin reductase, and flavonoid 3-O-glucosyl-
transferase.’ Moreover, the anthocyanin biosynthesis is largely
influenced by various plant hormones such as auxin,” ABA,? gib-
berellins,” cytokinin'® and ethylene.'" In particular, the anthocy-
anin biosynthesis is greatly regulated by light signaling in that the
anthocyanin biosynthesis is usually suppressed without light
signals.

In the anthocyanin biosynthesis, the COP1 (CONSTITU-
TIVE PHOTOMORPHOGENICI) is usually thought to be a
central regulator in the light signaling pathway, where COP1
acts as a repressor to promote the ubiquitination and degradation
of the positive regulators and itself is regulated by multiple pho-
toreceptors.'” Specifically, COP1 interacts with the MYB tran-
scription  factors  PRODUCTION OF ANTHOCYANIN
PIGMENT1 (PAPI) and PAP2, 2 members of a small protein
family that is required for anthocyanin accumulation and for the
expression of structural genes in the anthocyanin biosynthesis
pathway.'> The copl mutants are able to produce anthocyanins
in the dark.'”” Besides, it was found that SUPPRESSOR OF
PHYA (SPA) genes were required for down-regulating PAPI and
PAP2 transcript levels in dark-grown seedlings, implying that
SPA genes were necessary for the transcriptional control of PAP1
and PAP2 via light."*"> In particular, the complex COP1/SPA
ubiquitin ligase consisting of 2 COP1 and 2 SPA proteins was
thought to be the central regulator for activating or repressing
anthocyanins biosynthesis in light or in darkness, as cop! and spa
mutants produce anthocyanins also in the dark.'*'® Further, a
few targets of the COP1/SPA ubiquitin ligase have been identi-
fied, including the transcription factors LONG HYPOCOTYL 5
(HY5) and its homolog HYH, plus HFR1, LAF1, and STH and
its homologs.'” These studies concluded that COP1 formed a
complex COP1/SPA ubiquitin ligase, which directly degraded
the critical regulators (such as PAP1 and PAP2) resulting in the
expressional suppression of structural genes in the anthocyanin
biosynthesis pathway, leading to the suppression of the anthocya-
nin biosynthesis in darkness. In addition, the photoreceptors
phytochrome A and B and cryptochrome 2 are subject to
COP1-/SPA-mediated degradation, participating in mediating
anthocyanin biosynthesis.'”*°

Very recently, Meng’s study®' found a novel regulator AN3
(ANGUSTIFOLIA3) for negatively regulating upstream the
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Figure 1. AN3 is not associated to promoters of TT6, FLS and CHI. (A-C). A chromatin immunoprecip-
itation (ChIP) analysis. Enrichment of particular chromatin regions with anti-HA antibody (as a con-
trol) or anti-GFP antibody in 35S:AN3-GFP transgenic plants as detected by real-time PCR analysis.
Quantifications were normalized to the expression of UBQ5. Error bars represent SD (n = 3). In put is

regulate the main flavonoid biosynthetic
and regulatory genes such as CHI,
F3'H, and FLS by binding the cis-ele-

ments in the promoter regions of these

genes, results showed that AN3 was not
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Figure 2. A working model is proposed for AN3 function in Arabidopsis
anthocyanin accumulation. AN3 is recruited to the promoters of COPT by
protein X and regulates the expression of key genes such as COP1 that
are required for anthocyanin accumulation. Light signal generated from
PET activates the MYB/bHLH/TTG1 (MBW) regulatory complex(20). COP1
interacts with the MYB transcription factors PAP1 and PAP2 (belonging
to MBW) (12).

expression of the COP! in the anthocyanin biosynthesis. The
AN3 was found to be a growth regulating factor coactivator
(GIF1), tightly associated with the Growth regulating factorl
(GRF1), involved in mediating leaf morphogenesis in Arabidop-
sis.”>* In the expression profiles of the #73—4 mutant, many
anthocyanin biosynthesis-related genes in seedlings were lower
expressed compared to the wild types.** Particularly, several fla-
vonoid biosynthetic and regulatory genes (e.g., encoding CHI,
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directly bound with those promoter
regions (see Fig. 1). AN3 trans-repressed COPI expression and it
directly regulated the expression of COPI, leading to the expres-
sional changes of the anthocyanin biosynthetic and regulatory
genes as a consequence. A network of anthocyanin biosynthesis
was proposed, as is showed in Figure 2.

This study not only demonstrated the first direct evidence for
AN3 mediated anthocyanin biosynthesis by negatively regulating
the expression of COPI, enriched the regulation network of
anthocyanin biosynthesis, but also provided a novel insight in
understanding the mechanism of anthocyanin biosynthesis regu-
lated by light signaling. However, how light induces the activity
of AN3 and what relationships between photoreceptors and AN3
remain unknown. It is possible that AN3 has a similar function
to photoreceptors and its function is independent of photorecep-
tors. Thus, further research is necessary to discover the mystery
of AN3 in mediating anthocyanin biosynthesis with light
signaling.
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