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Sucrose Induction of Anthocyanin Biosynthesis Is 
Mediated by DELLA

Dear Editor,
While they affect all aspects of plant life, the exact molecu-

lar mechanisms involved in sugar sensing and signaling are 
still mostly unknown. However, using the induction of antho-
cyanin biosynthesis as a convenient readout and tool, the 
DELLA proteins can be identified as key positive regulators 
in sucrose-specific signaling and a point of integration of 
diverse metabolic and hormonal signals.

As photo-autotrophic and sessile organisms, plants are con-
stantly challenged by stressful conditions that not only cause 
physical damage, but also limit nutrient and energy supply. 
Hence, plants use a variety of ‘sugar signals’ generated in 
photosynthesis and carbon metabolism to act as a readout of 
cellular and whole-plant carbon and energy status, modulat-
ing the most vital physiological and developmental processes, 
and ensuring an optimal use of resources for survival and 
reproduction in a continuously changing environment. While 
significant progress has already been made and the role of 
sugars as regulatory molecules is now generally recognized, 
the dynamic nature of primary carbon metabolism (with 
efficient invertase-mediated conversion of sucrose to glu-
cose and fructose) and complex interactions with hormone 
signaling pathways (Rolland et al., 2006; Ramon et al., 2008; 
Smeekens et al., 2010; Ruan, 2012) are significantly complicat-
ing detailed elucidation of the exact signaling mechanisms. 
Over the years, very diverse screens have been carried out to 
isolate mutants with altered sugar sensitivity, but most turned 
out to be affected in hexokinase (HXK)-dependent and ABA-
mediated glucose signaling (Ramon et al., 2008). But, while 
research has focused on glucose as the main regulatory sugar, 
for example, identifying HXK (the first enzyme in glycoly-
sis) as a genuine glucose sensor (Moore et al., 2003), specific 
effects have also been described for fructose (Li et al., 2011) 
and sucrose (Ruan, 2012), the major non-reducing trans-
port sugar in plants and the standard carbon source in plant 
growth media. Sucrose, for example, rather specifically trig-
gers anthocyanin biosynthesis through induction of the PAP1/
MYB75 transcription factor (Teng et al., 2005). Interestingly, 
different growth-limiting stress conditions as well as senes-
cence are associated with sucrose and anthocyanin accumula-
tion. However, while this has important implications for crop 
yields, very little is known about sucrose-specific signaling 
and the molecular mechanisms involved.

In Arabidopsis seedlings, sucrose is significantly more effi-
cient than glucose in inducing anthocyanin biosynthesis (Teng 
et al., 2005) and, to identify specific regulatory components, 

we evaluated the reported interactions of this response 
with very diverse hormone signaling pathways (Loreti et al., 
2008; Jeong et al., 2010; Lewis et al., 2011; Das et al., 2012) 
(Supplemental Figure 1A and 1B). Most distinctly, gibberellin 
(GA4) effectively blocks the sucrose response, suggesting that 
the sucrose and GA signaling pathways share common com-
ponents or converge on the control of PAP1/MYB75 expres-
sion. Interestingly, PAP1/MYB75 is a putative early DELLA 
target (Gallego-Bartolomé et al., 2011). We therefore turned 
our attention to the DELLA proteins that act as important 
negative regulators in GA signaling and are major points of 
integration of many different (hormone) signals. In the quad-
ruple gai-t6 rga-t2 rgl1-1 rgl2-1 (della) mutant, anthocyanin 
accumulation and seedling growth inhibition with increasing 
sucrose concentrations are significantly reduced (Figure  1A 
and Supplemental Figure  1C). Consistently, sucrose induc-
tion of anthocyanin biosynthesis-related gene expression 
(PAP1/MYB75; CHS, encoding chalcone synthase, upstream 
in flavonoid metabolism; and DFR, encoding dihydroflavonol 
4-reductase, catalyzing the first committed step in anthocya-
nin biosynthesis) is also significantly affected in this mutant 
background (Figure 1B). In addition, the inhibiting effect of 
sucrose on skotomorphogenic hypocotyl elongation is also 
largely abolished in the della mutant (Figure 1C). Together, 
these results suggest that the DELLA proteins act as a key 
positive regulator in the sucrose signaling pathway control-
ling anthocyanin biosynthesis and growth. Single DELLA KO 
mutants show intact sucrose responses, indicating functional 
redundancy (Supplemental Figure 1D) and explaining why no 
della mutants were previously picked up in any of the sucrose 
screens (Ramon et al., 2008).

As DELLA protein degradation upon GA perception by the 
GID receptors is the main regulatory mechanism in GA signal-
ing, we analyzed the effect of sucrose supply on DELLA stabil-
ity. Remarkably, GA-mediated degradation of RGA (REPRESSOR 
OF GA1-3) in wild-type (Ler) plants is inhibited in the presence 
of 100 mM sucrose, but not in the presence of mannitol (as 
an osmotic control) (Figure 1D). The quadruple della mutant 
serves as a negative and paclobutrazol (PAC) treatment as 
a positive control. Results are also confirmed with RGA–GFP 
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transgenic seedlings (Fu and Harberd, 2003) and anti-GFP anti-
bodies (Supplemental Figure 1E). Remarkably, RGA stabilization 
appears to be specific for sucrose, as glucose only has limited 

effect (Figure 1E). Consistently with a role for DELLA stabiliza-
tion, the gain-of-function gai mutant (with stabilized GAI pro-
tein) shows reduced growth as well as increased anthocyanin 

Figure 1. Sucrose Signaling Mediated by DELLA Protein Stabilization.

(A) Anthocyanin accumulation and growth defect phenotype in Ler wild-type and quadruple gai-t6 rga-t2 rgl1-1 rgl2-1 (della) mutant seedlings 
treated with 200 mM mannitol (wild-type control) or sucrose (Suc).
(B) The expression of anthocyanin biosynthesis-related genes in Ler wild-type and della mutant seedlings treated with 100 mM Suc. MYB75 
(At1g56650), CHS (At5g13930), DFR (At5g42800).
(C) Skotomorphogenic hypocotyl growth with increasing Suc concentrations (0 mM, 100 mM, and 200 mM) in Ler wild-type and della mutants.
(D) RGA protein stability after addition of 10 μM gibberellin (GA4) in the presence of 100 mM mannitol (Mtl) or sucrose (Suc). The quadruple della 
mutant serves as a negative control and paclobutrazol (PAC) treatment as a positive control. Ponceau staining and aspecific bands (*) serve as 
equal loading controls.
(E) RGA protein stability after addition of 10 μM gibberellin (GA4) in the presence of 100 mM mannitol (Mtl), glucose (Glc), and sucrose (Suc).
(F) Anthocyanin accumulation and growth defect in Ler wild-type and gain-of-function gai (stabilized GAI) mutants in the absence of Suc 
supplementation.
(G) Basal MYB75, anthocyanin biosynthesis-related and DFR (dihydro-flavonol reductase, At5g42800) target gene, and GA3OX1 (GA3 oxidase1, 
At1g15550) and GA20OX1 (GA20 oxidase1, At4g25420) DELLA target gene expression in Ler wild-type and gai mutants in the absence of Suc 
supplementation.
(H) Summarizing figure. Sucrose blocks GA-mediated degradation of DELLA proteins, inhibiting growth and activating MYB75 gene expression 
and anthocyanin biosynthesis.
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levels in the absence of sucrose (Figure  1F). In addition to 
increased GA3OX1 and GA20OX1 (established DELLA target 
gene) expression, PAP1/MYB75 and DFR expression levels are 
also significantly increased (Figure  1G). Interestingly, treha-
lose-6-P (T6P) was identified as a signaling molecule reflecting 
sucrose status and inhibiting SnRK1 activity (Zhang et al., 2009). 
However, in tps1 tilling and KIN10 OX plants (both showing 
reduced induction of anthocyanin biosynthesis), no consist-
ent change in DELLA target gene expression can be observed 
(Supplemental Figure 1F), suggesting that T6P–SnRK1 signaling 
is not directly involved in sucrose-mediated DELLA stabilization.

The identification of DELLA as a new component in sucrose 
signaling (Figure 1H) will not only contribute to elucidation 
of the complex and important network of sugar and hormone 
interactions in plants. It might also explain the anthocyanin 
accumulation and growth arrest in stress conditions associ-
ated with sucrose accumulation and the long-known and 
exploited effects of GA biosynthesis blocking (DELLA stabiliz-
ing) compounds like daminozide (also known as Alar) or the 
triazole fungicide paclobutrazol in horticulture, where they 
promote fruit coloration (normally triggered by sucrose accu-
mulation) while delaying maturation and ripening, maintain-
ing fruit firmness, and avoiding premature abscission.

SUPPLEMENTARY DATA
Supplementary Data are available at Molecular Plant Online.
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