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Supplementary information



Supplementary Figure 1. CRWN4 expression pattern in Arabidopsis thaliana
GUS signals in 8-day-old seedlings of pCRWN4::CRWN4-GUS. Scale bars = 100 μm.
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Supplementary Figure 2. CRWNs affected chromatin distribution pattern
a Fluorescent in situ hybridization (FISH) analyses of WT and crwn single and double mutants. The
FISH probe is a 180-bp repeat enriched in the pericentromeric regions of all chromosomes. In the
merged panels, FISH signals and DAPI fluorescence are red and cyan, respectively. Quantification
data are represented as histograms in the right panels. Different letters indicate significant differences
(chi-squared test, p < 0.05). The number of nuclei is indicated in the right side. b, c Box plots show
the size (b) and fluorescence intensity (c) of FISH signal in WT and crwn1crwn4. Significance was
determined using unpaired two-sided t-test. Boxplots are shown as median (middle bar), 25th and
75th percentiles (upper and lower limits of the box) and 1.5× interquartile range (whiskers). Each
data point represents a cross mark and the number of signals is indicated in the graph.
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Supplementary Figure 3. Similar transcript levels of CA genes between crwn2crwn3 andWT
CA gene transcript levels in 2-week-old WT and crwn2crwn3 plants as determined by RT-PCR
analysis. Data were normalized to EF1a mRNA levels and are expressed as mean± SEM relative to
the WT value (defined as 1). Significance was determined using unpaired two-sided t-test. (n ≥ 5
individual experiments). Each data point represents a cross mark.
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Supplementary Figure 4. Similar transcript levels of CSD genes between crwn1crwn4 andWT
RT-PCR analysis of CSD gene transcript levels in 4-, 6-, and 9-day-old WT and crwn1crwn4 under
normal and excess copper conditions. Data were normalized to EF1a mRNA levels and are expressed
as mean ± SEM relative to the value of 4-day-old WT under normal condition (defined as 1).
Significance was determined using unpaired two-sided t-test (n ≥ 3 individual experiments).
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Supplementary Figure 5. Transformants overexpressing CA genes
CA gene transcript levels detected in 2-week-old plants as determined by RT-PCR analysis. Data were
normalized to EF1a mRNA levels and are expressed as mean± SEM relative to the value of 4-day-
old WT under normal condition (defined as 1). Significance was determined using unpaired two-sided
t-test (n ≥ 4 individual experiments). Each data point represents a cross mark.
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Supplementary Figure 6. CRWNs interact with PR1 promoter and pericentromeric region
ChIL-qPCR analyses using primer pairs designed within the PR1 promoter (n = 4 individual
experiments) and pericentromeric region (n = 3 individual experiments) under normal conditions.
Data are expressed as mean ± SEM relative to the GFP value (defined as 1). Significance was
determined using unpaired two-sided t-test. Each data point represents a cross mark.
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Supplementary Figure 7. H3K27me3 shows a similar distribution pattern between WT and
crwn1crwn4
ChIP assay for H3 lysine 27 trimethylation in the CA gene locus under normal and excess copper
conditions. Data are expressed as mean ± SEM. Significance was determined using unpaired two-
sided t-test (n = 3 individual experiments). Each data point represents a cross mark.
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Supplementary Figure 8. CRWN1 localizes at the nuclear periphery under both normal and
excess copper conditions
CRWN1-EYFP signals in root epidermal cells of 9-day-old seedlings grown under normal and excess
copper conditions. Images show confocal optical section. Scale bar = 10 µm.
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Supplementary Figure 9. There is no difference in the size of nuclei isolated from 9-day-old
seedlings of WT and crwn1crwn4
a A FISH signal in an elongated nucleus was observed. Scale bar = 10 µm. Data are from single
representative experiments that were reproduced three times. b Box plot shows the sizes of isolated
nuclei used for padlock FISH measured from DAPI-stained images. Significant differences between
WT and crwn1crwn4 were not detected. Significance was determined using Tukey–Kramer method.
Boxplots are shown as median (middle bar), 25th and 75th percentiles (upper and lower limits of the
box) and 1.5× interquartile range (whiskers). Each data point represents a cross mark and the
number of samples is indicated in the graph.



AGI code Gene name

AT5G52670 Copper associated 1 (CA1)

AT5G52680 CA2

AT5G52690 CA3

AT5G52700 CA4

AT5G52710 CA5

AT5G52720 CA6

AT5G52730 CA7

AT5G52740 CA8

AT5G52750 CA9

AT5G52760 CA10

AT5G52770 CA11

Supplementary Table 1. AGI codes and names of CA genes


