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Figure S1. bZIP63 regulates PRR7 transcript accumulation and confirmation of 

KIN10 overexpression. Related to Figure 1. (D) bZIP63 transcripts have circadian 

oscillations in abundance that peak prior to PRR7. bZIP63 transcript abundance 

peaked at ZT6 and PRR7 transcript abundance peaked at ZT8 (n = 2). Data 



   

comprise a 48 h timecourse of transcript abundance in constant light extracted from 

data deposited at http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE19271. 

(B) bZIP63 transcript abundance in bzip63 mutants and transgenic lines at ZT0. 

Plants were grown for 30 days under 100 µmol m-2 s-1 of cool white fluorescent light, 

and photoperiod of 12 h light 12 h dark. RNAi lines 1 and 2 and HA-bZIP63-ox 2 

were within the Ws background, and HA-bZIP63-ox 1 was in a homozygous line 

harbouring the T-DNA FLAG_610A08 within the bZIP63 coding sequence. (C) 

Confirmation that bZIP63 transcript accumulation is reduced in the bzip63-1 mutant. 

Seedlings were grown in MS/2 liquid medium for 7 days under continuous 60 µmol 

m-2 s-1 photon flux of cool white fluorescent light, and transferred to dark for 24 hours 

(Dark), or maintained under light for the same conditions (Light). (D) Transcript 

abundance of the starvation marker DIN6 under high and low light conditions, 

immediately before dawn and immediately before dusk (ZT24). Photosynthetically 

active radiation (PAR, µmol m-2 s-1) indicated below graph panels. (B-D) Transcript 

abundance is the mean of three biological replicates (n = 3) normalized to PP2AA3 

and analyzed using Student's T-test; *** = P < 0.001; ** = P < 0.01; * = P < 0.05. (E) 

Transcript abundance of PRR7, CCA1 and the direct CCA1 target GBS1 in Ws and 

bzip63-2 plants grown for 30 days under 12 h light / 12 h dark cycles of 

100 µmol m-2 s-1 white light. (F) Western blot analysis confirms KIN10 protein 

overexpression in KIN10-ox line [S1]. KIN10 protein abundance shown relative to the 

Rubisco large subunit band (RbcL) on the same blot stained with Ponceau red. 

Samples were collected and processed in parallel, with L. er. and KIN10-ox samples 

run on separate gels. (D, F) Grey panels on timecourses indicate subjective dark 

period.  



   

 

Figure S2. Interaction between circadian regulation and sugar signalling. 

Related to Figure 3. (A) Circadian oscillations of CCA1:luc activity in L. er. wild type 

and two constitutive KIN10 overexpressors under high light (50 µmol m-2 s-1). 



   

Circadian periods were L. er. 23.5 ± 0.1 h; KIN10-ox (5.7) 23.6 ± 0.1 h; KIN10-ox 

(6.5) 23.6 ± 0.1 h. n = 6 ± s.e.m. (B) DIN6 transcript abundance in seedlings under 

cycles of 12 h high light / 12 h darkness. (C) DIN6 transcript abundance under 

continuous light in seedlings entrained previously to cycles of 12 h light / 12 h 

darkness. Experiments performed without sucrose supplementation. n = 3; ± s.e.m 

under 50 µmol m-2 s-1 photon flux. (D-F) In silico analysis reveals intersection 

between transcripts that were altered in lines where the KIN10 pathway was 

misregulated [S1, S2]. (D) Statistically significant sets of transcripts are regulated by 

both KIN10 and Tre6P, demonstrated by intersections between transcripts 

upregulated by KIN10 overexpression and downregulated by high [Tre6P] (which 

would be predicted to suppress KIN10 activity), and transcripts downregulated by 

KIN10 overexpression and upregulated by high [Tre6P] (which would be predicted to 

increase KIN10 activity). The representation factor (r. f.) is the actual number of 

transcripts in the overlaps, divided by the expected number of transcripts in the 

overlap if the interaction were random. (E) Rhythmic transcripts identified from two 

light/dark experiments [S3, S4] and (F) three circadian experiments in constant light 

[S5-S7] that are also regulated by Tre6P/KIN10. Transcripts are plotted by phase, 

showing upregulated (black bars) and downregulated (white bars) transcripts. Each 

overlap plotted as a proportion of the total number of rhythmic transcripts in each 

phase bin. * indicates overlaps having more transcripts than expected than by 

chance, # indicates overlaps with fewer transcripts than expected by chance. 

Statistical significance and representation factor were estimated using a 

hypergeometric test [S8]. Overlaps with P < 0.01, and representation factor < 0.5 (#) 

or > 2 (*) were considered significant. Overlaps identified as statistically significant in 

all three circadian datasets are coloured red. In all panels, light and dark grey 



   

shading indicates actual and subjective darkness, respectively. 

  



   

 

Figure S3. bZIP63 interacts with CHE and CHE regulates CCA1 in a sucrose-

dependent manner. Related to Figure 3. (A) Yeast two-hybrid (Y2H) assay 

demonstrating interaction between bZIP63 and CHE proteins. bZIP63 and CHE full-



   

length coding sequence cloned in pDEST32 were used as bait, and bZIP63 in 

pDEST22 as prey. The combinations between empty pDEST32 and empty pDEST22 

or pDEST22:bZIP63; pDEST32:CHE or pDEST32:bZIP63 and empty pDEST22 

vectors were used as negative controls for protein interaction. The combination of 

pDEST32:bZIP63 and pDEST22:bZIP63 was used as positive control, since bZIP63 

can form strong homodimers [S9]. Yeast growth of pDEST32:bZIP63 + pDEST22 

can be attributed to bZIP63 transactivation activity.  (B) Confocal laser scanning 

microscopy images of bimolecular fluorescence complementation (BiFC) of protein 

fusions bZIP63-YFPN, bZIP63-YFPC and CHE-YFPC transiently expressed in 

Nicotiana benthamiana leaves. The combinations YFPN + YFPC and bZIP63-YFPN + 

bZIP63-YFPC were used as negative and positive control for protein interaction, 

respectively (bZIP63 can form homodimers). Arrowheads indicate position of the 

nucleus of abaxial epidermal cells. Images were obtained three days after infiltration 

with Agrobacterium tumefaciens carrying the constructs, and are representative of at 

least 30 independent observations for each vector combination. (C) Response of 

CHE transcripts to 1 h pulse of 90 mM sucrose; mean from two independent 

experiments (n = 3 in each) analysed using Mann-Whitney U test. (D, E) CHE 

modulates the sensitivity of CCA1 amplitude to sucrose under light/dark cycles (10 

µmol m-2 s-1), n = 6 +/- s.e.m. Amplitude (E) is calculated from (D) and statistical 

significance from one-way ANOVA and post-hoc Tukey analysis. Grey panels on 

timecourse indicate periods of darkness. (F) Upregulation of the CCA1 promoter by a 

90 mM sucrose pulse at ZT3, under low light conditions (10 µmol m-2 s-1 photon flux), 

does not require the CHE-interacting TCP transcription factor binding site (TBS) 

within the CCA1 promoter. In CCA1(TBSm):luc, the TBS was removed from the 



   

CCA1 promoter [S10]. Fold induction of the CCA1 promoter, 3 h after treatment with 

90 mM sucrose is indicated on right hand graph (mean from 4 independent 

experiments each with n = 6; P = 0.535 from t test). *** = P < 0.001; * = P < 0.05; 

N.S. = P ≥ 0.05. 

  



   

Primer Sequence 

Forward primer for cloning 
bZIP63 CDS (overexpressor) 

TCTAGAATGGAAAAAGTTTTCTCC 

Reverse primer for cloning 
bZIP63 CDS (overexpressor) 

GGATCCCTACTGATCCCCAACGCT 

Forward primer for cloning 
bZIP63 CDS (RNAi) 

AAGCTTGGTACCTCACTGGTCGGTTAATGG 

Reverse primer for cloning 
bZIP63 CDS (RNAi) 

TCTAGACTCGAGCACTTGTTATAGCACTGC  

Forward primer for cloning 
DIN6 promoter 

CGTGGTACCTGGACATGAGTGCATGAC 

Reverse primer for cloning 
DIN6 promoter 

GCGAAGCTTGAAGAAAGTGAAAAAGATCACG 

PRR7 qRT-PCR primer 
(forward) 

TTCCGAAAGAAGGTACGATAC  

PRR7 qRT-PCR primer 
(reverse) 

GCTATCCTCAATGTTTTTTATGT  

PP2AA3 qRT-PCR primer 
(forward) 

CATGTTCCAAACTCTTACCTG  

PP2AA3 qRT-PCR primer 
(reverse) 

GTTCTCCACAACCGCTTGGT  

CHE qRT-PCR primer 
(forward) 

TAATGGGTGGTGGTGGTTCTG  

CHE qRT-PCR primer 
(reverse) 

TAATGGGTGGTGGTGGTTCTG  



   

DIN6 qRT-PCR primer 
(forward) 

TTCACCTTTCGGCCTACGAT 

DIN6 qRT-PCR primer 
(reverse) 

ATCGGCATGTTGTCAATTGC  

ACT2 qRT-PCR primer 
(forward) 

TGAGAGATTCAGATGCCCAGAA 

ACT2 qRT-PCR primer 
(reverse) 

TGGATTCCAGCAGCTTCCAT  

ChIP PRR7 primer pair 1 
(forward) 

GACGTTTTCCTTACCCACCA  

ChIP PRR7 primer pair 1 
(reverse) 

ATTGGCGAGGATTAGTGACG  

ChIP PRR7 primer pair 2 
(forward) 

TGCTTTTGTATGGTTGGATTTTT  

ChIP PRR7 primer pair 2 
(reverse) 

TGCTTTTGTATGGTTGGATTTTT  

BiFC CHE cloning primer 
(forward) 

TAAGCAGGATCCATGGCCGACAACGACGGAGC  

BiFC CHE cloning primer 
(reverse) 

TAAGCAGGTACCACGTGGTTCGTGGTCGTC  

BiFC bZIP63 cloning primer 
(forward) 

TAAGCAGGATCCATGGAAAAAGTTTTCTCCG  

BiFC bZIP63 cloning primer 
(reverse) 

TAAGCAGGTACCCTGATCCCCAACGCTTC  

Y2H bZIP63 cloning primer CACCATGGAAAAAGTTTTCTCCGAC  



   

(forward) 

Y2H bZIP63 cloning primer 
(reverse) 

CTACTGATCCCCAACGCTTC  

 

Table S1: Cloning and qRT-PCR primers. Related to STAR Methods. 
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