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Early during seedling development and
throughout their lives, plants sense and
adapt to their constantly changing envi-
ronment. Germinated seedlings perceive
light, which triggers a major developmen-
tal switch ultimately leading to photoau-
totrophic growth. This complex process,
referred to broadly as photomorphogen-
esis, involves the perception of light
through photoreceptors followed by ama-
jor reprogramming of the transcriptome
(Chen et al., 2004). A complex network
of transcription factors tightly controls
these light-induced transcriptional pro-
grams. One key transcription factor is
ELONGATED HYPOCOTYL5 (HY5), and
its absence results in plants not being able
to respond properly to light (Koornneef
et al., 1980). HY5 has been implicated in
many biological processes by regulating
the expression of thousands of genes
(Gangappa and Botto, 2016). However,
to date, a consensus model for HY5-
mediated transcriptional activation and/
or repression is missing.

In this issue of The Plant Cell, Burko
et al. (2020) investigated in detail how
HY5 regulates transcription both in the
dark and in the light. To do so, they le-
veraged transcriptionally activating or re-
pressing HY5 chimeras with a stringent
filtering strategy to define high-confidence
HY5 direct targets. The authors found that
HY5 primarily works as a transcriptional
activator that requires cofactors for activa-
tion. Furthermore, they showed that HY5
directly promotes the expression of SPA/
COP1. In the dark, interaction with SPA/
COP1 leads to the degradation of HY5 and
its cofactors, thus creating a negative feed-
back loop that maintains HY5-mediated
transcriptional activation at a low level
(see figure).

Several criteria were applied to estab-
lish that HY5 functions primarily as
a transcriptional activator. First, HY5
binding sites were obtained by chromatin
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Model of HY5’s Activating Function and Negative Feedback Regulation Interacting with SPA/

COP1.

In the dark, low levels of HY5 slightly activate its target genes, such as SPA and COP1. Interaction
with SPA/COP1 results in the degradation of HY5, thus creating a negative feedback loop. In the
light, HY5 cannot interact with SPA/COP1, so high levels of HY5 can activate its target genes.

(Adapted from Burko et al. [2020], Figure 6.)

immunoprecipitation followed by se-
quencing (ChlP-seq). Next, the transcrip-
tomes of plants expressing HY5-VP16
(chimeric activator) and HY5-SRDX (chi-
meric repressor) were profiled and com-
pared with those of hy5 loss-of-function
and HY5-overexpressing plants. Genes
upregulated or downregulated in these
four genetic backgrounds were cross-
referenced to define 297 high-confidence
HY5-regulated genes. Most of these genes
were less expressed in the hy5 mutant,
indicating that HY5 primarily functions as
a transcriptional activator. Finally, ChIP-
seq measurements also showed that
most of these 297 genes were bound by
HY5, thus indicating that these genes are
direct HY5 targets.

In darkness, HY5 is degraded by direct
interaction with SPA/COP1 (Ang et al.,
1998). During photomorphogenesis and
deetiolation, COP1 is inactivated via the
action of photoreceptors, leading to an
accumulation of HY5 that stimulates SPA
and COP1 expression. Increased SPA
and COP1 production then mitigates the
hyperaccumulation of HY5. To dissect
this feedback loop, Burko and colleagues

(2020) overexpressed truncated versions
of HY5 and HY5-VP16 that are not recog-
nized or degraded by SPA/COP1 (see
figure). The results of these experiments
showed that HY5 requires SPA/COP1-
targeted cofactors for transcriptional
activation. This was further supported
by the observation that, in contrast to
HY5-VP16, HY5 alone was not able to
activate a luciferase reporter in Drosoph-
ila S2 cells.

To expand the scope of their findings,
the authors showed that chimeric HYS
activators and repressors can be used
to alter tomato (Solanum lycopersicum)
growth and development. This proof-of-
principle experiment suggests that mod-
ulating HY5 levels could be an effective
approach to control plant growth and im-
prove crop productivity.
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