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 39 

Figure 3. WRKY18 and WRKY53 directly bind to the promoters of GPT2, DFR, and 40 

CHS.  41 

A–B. Phenotype (A) and measurement (B) of anthocyanin accumulation in the seedlings of 42 

wrky18, wrky53, and w18 w53. 7-day-old seedling plants grown on MS medium with 1% 43 

sucrose were treated with 6% (about 333 mM) Glc or Mtl for 3 d. Scale bar, 1 mm. 44 

C. Relative expression of DFR and CHS in w18 w53 as compared with Col-0 in response to 45 

Glc. Col-0 and w18 w53 seedlings were treated with 15 mM Glc for 3 h. UBQ1 was used as 46 

an internal control. Mean ± SD (n = 3). 47 

D–E. ChIP-qPCR assay of fragments containing the putative W-Box cis-elements in the 48 

promoter regions of GPT2, DFR, and CHS using anti-GFP to precipitate the WRKY18-GFP 49 

and WRKY53-GFP fusion proteins expressed in Arabidopsis overexpression lines treated 50 

with 15 mM Glc or Mtl for 3 hours. The positions of the various cis-elements and fragments 51 

used for ChIP-qPCR are shown in panel D: black lines represent the W-Box (including 52 

TTGACT/C and the pure W-Box: TGAC). The red line indicates the P3 region of the GPT2 53 

promoter. The ChIP results, as percent of input, are shown in E and the promoter region of 54 

ACTIN12 (ACT) was used as the negative control. Mean ± SD (n=3). * P <0.05, ** P <0.01 55 

in B–E.  56 
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 57 

Figure 4. WRKY18 and WRKY53 physically interact with HAC1 in vitro and vivo. 58 

A. The position of various fragments of HAC1 used for yeast two-hybrid assays (Y2H). TAZ: 59 

transcription adaptor putative zinc finger domain; ZZ: Zinc DNA-binding domains; PHD: 60 

plant homeodomain. The number indicates the amino acid position. 61 

B. Y2H assays showing the interaction of the HAC1 fragments (shown in A) with WRKY18 62 

(W18) and WRKY53 (W53). The full-length, N-, or C-terminal of HAC1 was fused with the 63 

DNA binding domain of GAL4 (BD); full-length WRKY18 and WRKY53 were fused with the 64 

activation domain of GAL4 (AD).  65 

C–D. BiFC (C) and LCI (D) assays for the physical interaction of HAC1 with WRKY18 and 66 

WRKY53 in planta. The full-length, N-, or C- terminal of HAC1 was fused with N-terminal of 67 

YFP or LUC; WRKY18 or WRKY53 was fused with the C-terminal of YFP or LUC, 68 

respectively. Empty vectors were used as negative controls.  69 

E. Co-IP assay of the interaction of HAC1 with WRKY18 and WRKY53 in planta. Proteins 70 

were extracted from the leaves of N. benthamiana infiltrated with a construct expressing 71 

HAC1-myc alone or co-infiltrated with constructs expressing GFP, WRKY18-GFP, or 72 

WRKY53-GFP. The red arrowhead indicates the HAC1-specific band. 73 
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 74 

Figure 5. WRKY18, WRKY53, and HAC1 coordinately regulate the sugar response. 75 

A. Phenotype (leaf) and measurement of anthocyanin contents (right) in 7-day-old wild-type 76 

and hac1-4 mutant seedlings after 6% (about 333 mM) Glc or Mtl treatment for 3 d. Scale 77 

bars: 1 mm. 78 

B. RT-qPCR assays showing Glc-induced expression of GPT2, DFR, and CHS in the hac1 79 

mutant after Glc treatment. Mean ± SD (n = 3).  80 

C. Reduced anthocyanin accumulation in the 4-week-old plants of w18 w53 (ww) and 81 

hac1-4 under shor day conditions (8 h light/16 h dark). The contents of anthocyanin of 82 

leaves 6–8 are indicated on the right. Scale bars: 1 cm. * P <0.05, ** P <0.01 in A–C. 83 

D. Venn diagram showing the overlap of WRKY18, WRKY53, and HAC1 co-regulated 84 

genes after 15 mM Glc treatment compared with dark treatment.  85 

E. The diagram shows the numbers of genes with significantly repressed induction in w18 86 

w53, and hac1-4 as compared with Col-0 in the Glc-induced group. 87 
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F. Distribution of W-Box abundances in the promoters of the 358 overlapping genes shown 88 

in Figure E.  89 

G. Heatmap representing the Log2FPKM of 358 Glc-induced genes in Col-0, w18 w53, and 90 

hac1-4 treated with Glc or not.  91 

H. Box graphs representing the expression of sugar-responsive genes in w18 w53 and 92 

hac1-4 as compared with Col-0. Center lines are the medians; box limits indicate the 25th 93 

and 75th percentiles, whiskers extend 1.5 times the interquartile range from the 25th and 94 

75th percentiles. 95 

  96 

 www.plantphysiol.orgon June 25, 2019 - Published by Downloaded from 
Copyright © 2019 American Society of Plant Biologists. All rights reserved.

http://www.plantphysiol.org


 

 7 

 97 

Figure 6. HAC1 mediates sugar responses by facilitating the acetylation of H3K27. 98 

A. Immunoblot analysis showing changes in the levels of H3K27ac, H3K9ac, H3K14ac, and 99 

H3ac in response to treatment with 15 mM Glc or Mtl in the 7-day-old wild-type seedlings. 100 

H3 proteins were used as loading controls.  101 

B. ChIP-qPCR assays of histone acetylation levels in the promoter regions of GPT2, DFR, 102 

and CHS in response to treatment with 15 mM Glc or Mtl for the indicated times.  103 

C. Immunoblot analysis showing the accumulation of H3K27ac in wild-type and hac1-4 104 

mutant plants. Bands were quantified with ImageJ in A and C.  105 

D. ChIP-qPCR assays for enrichment of H3K27ac in the promoter regions of GPT2, DFR, 106 

and CHS in hac1-4 and w18 w53 (w w) mutants in response to Glc treatment. The 107 

fragments used for ChIP-qPCR assays in B and D are shown in Figure 3D. The ACT12 108 

promoter was used as a negative control. * P <0.05; ** P <0.01 in B and D. 109 

E. A working model for the involvement of WRKYs and HAC1 in the response to Glc. After 110 

the plant perceives the increased glucose signal, WRKY18 and WRKY53 bind to the W-Box 111 

cis-elements and then recruit HAC1 into the promoter regions of sugar-responsive genes 112 

through physical interactions. The subsequent acetylation of H3K27 further promotes the 113 

transcription of downstream targets. 114 
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