
Figure S1. Root growth of ZFP3 overexpressing plants in Col-0 wild type, abi5 and abi4 mutant
background. 5 days-old seedlings were transferred to culture media supplemented by 5 µM
estradiol and 0, 5, 10 or 20 µM ABA and plantlets were cultured on vertical plates. Root lengths
were measured after 7 days of growth. Error bars indicate standard deviation (N=35).
Significant differences between root lenghts of ZFP3 overexpressing plants and their respective
backgrounds are shown by * (p<0.05) and ** (p<0.01) (Ttest).
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Figure S2. Positions of T-DNA insertions disrupting ZFP1, ZFP3, ZFP4 and ZFP7 genes. A)
Schematic map of the ZFP genes, indicating the positions of T-DNA insertions, the T-DNA-
encoded genes and the primers used for genotyping and qRT-PCR analysis. A blue arrow in
the ZFP3 gene indicates the position of the predicted short ORF which may encode a
truncated protein. B) Relative transcript levels of the genes in the homozygous mutants. 1
corresponds to the transcript of Col-0 wild type plants.

Mutant Gene Rel.expr. SD
SAIL_657_E10 ZFP1 7.09 1.48

GK-177E02 ZFP3 0.61 0.13
SALK_038923 ZFP4 0.94 0.07
SALK_045674 ZFP8 0.89 0.14
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Figure S3. Expression of ZFP1, ZFP3, ZFP4 and ZFP7 genes in silenced Arabidopsis lines.

ZFP genes were repressed with artificial microRNA constructs controlled by the CaMV35S

promoter. Relative transcript levels of 12 independent lines for each constructs are shown,

where 1 corresponds to expression in Col-0 wild type plants. The lines with most efficient

silencing were used for further analysis.
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Figure S4. Rosette images of Arabidopsis plants grown in phenotypic platform for 30 days. 
RGB images were masked to remove the background. Typical plants from Col-0 wild type, 
ZFP3 overexpressing lines (35S-ZFP3g2, 35S-ZFP3h1, 35S-ZFP3h2), zfp3 T-DNA insertion 
mutant and the zfp3amiR-1 silenced line are shown. 
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Figure S5. Rosette sizes of transgenic plants with silenced ZFP1, ZFP3, ZFP4 and ZFP7 genes. 
Plants were grown in a plant phenotyping platform (PSI) and rosette sizes were 
photographed between day 27 to 31 at daily intervals. Analysis of variance was performed  
(Kruskal-Wallis) with pairwise Wilcoxon test / Mann-Whitney test of significance. Different 
letters indicate significant differences (N=40, p-value < 0.05). 
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Figure S6. Cell size and shape distribution of epidermal cells on adaxial leaf surface of wild

type (Col-0) and ZFP3 overexpressing plants. Images were taken by scanning electron

microscopy as shown on Figure 3A, and cell sizes were measured with modified PlantSize

software (Faragó et al., 2018, Front Plant Sci 9: 219). Plots of Perimeter (pixels) and Area

(pixels) and Circularity and Area are shown, each dot represent a single cell. Note that Area

and Perimeter correlate positively, while Circularity has a reverse correlation with Area.
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Figure S7. Cell size and shape distribution of epidermal cells on abaxial leaf surface of wild type
(Col-0) and ZFP3 overexpressing plants. Images were taken by scanning electron microscopy as
shown on Figure 3A, and cell sizes were measured with modified PlantSize software (Faragó et al.,
2018, Front Plant Sci 9: 219). Plots of Perimeter (pixels) and Area (pixels) and Circularity and Area
are shown, each dot represent a single cell. Note that Area and Perimeter correlate positively,
while Circularity has a reverse correlation with Area.
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Figure S8.  
Summary of the ZFP3 transcript profiling experiment. (A) MD plot of misregulated gene sets from
short (6 h) and long (continuous) estradiol-treated plants. Mean Difference plot indicates the 
log2(Fold Change) values versus mean logCPM expression values, highlighted genes have 
FDR<0.05. + and - values indicate up and down regulation, respectively. (B) Number of up and 
downregulated genes (at least 2.5 fold change) in ZFP3 overexpressing plants. Short E. and Long E. 
indicates 6 h or continuous estradiol treatment of XVE-ZFP3h1 plants. 
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Figure S9 .  
GO term categories of genes 
downregulated by 6 hours of ZFP3 
overexpression (short treatment). 
Data obtained with g:Profiler: 
https://biit.cs.ut.ee/gprofiler/gost.
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Figure S10. GO term categories of genes downregulated by continuous ZFP3 overexpression (long 
treatment). Data obtained with g:Profiler: https://biit.cs.ut.ee/gprofiler/gost
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Figure S11. GO term categories of genes upregulated by 6 hours of ZFP3 overexpression (short 
treatment). Data obtained with g:Profiler (https://biit.cs.ut.ee/gprofiler/gost).
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Figure S12. GO term categories of genes upregulated by continuous ZFP3 overexpression (long 
treatment). Data obtained with g:Profiler: https://biit.cs.ut.ee/gprofiler/gost. 
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Figure S13. Verification of RNAseq transcript profiling data in independent expression analysis. a)
Transcript levels of ZFP3 in XVE-ZFP3h1 plants after short and long estradiol treatment, with
detection of RNAseq and qRT-PCR method. b) Relative transcript levels of four cell wall genes
determined in RNAseq experiment. Expression is show in log scale, where 1 corresponds to wild
type plants (=1). c) qRT-PCR analysis of the four cell wall genes. Transcript levels were
determined in two independent XVE-ZFP3h and zfp3amiR lines. Error bars indicate standard
deviation (N=3), significant differences between transcript levels of Col-0 and transgenic plants
are shown by * (p<0.05) and ** (p<0.01) (Ttest).
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Figure S14. Root hair formation of Arabidopsis zfp1, zfp3 and zfp4 single, zfp1zfp3,
zfp1zfp4 and zfp3zfp4 double and zfp1zfp3zfp4 triple mutants and Arabidopsis lines
with silenced ZFP1, ZFP2, ZFP4 and ZFP7 genes and combination of amiR silenced
ZFP1,ZFP3, ZFP1,ZFP4 and ZFP4,ZFP7 genes. Seeds were germinated and seedlings
cultured on vertical ½ MS media agar plates. Roots were photographed on 7 days-old
seedlings. A) Number of root hairs on 7 days-old seedlings. B) Average lengths of root
hairs on 7 days-old seedlings. Root hair lengths were measured with the ImageJ
software and normalized to average of wild type plants. Error bars on diagrams indicate
standard error.
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Figure S15. Expression of ZFP3 in wild type Arabidopsis plants. A) Transcript levels of ZFP3
gene in shoots and roots of Col-0 wild type plants subjected to short and long estradiol
treatments (SE and LE, respectively). Relative transcript levels are shown in logarithmic scale
using reference genes UBIQ10 and GAPDH2. B) pZFP3-GUS activity in roots and root hairs.
Histochemical staining was made on roots of pZFP3-GUS expressing plantlets (Joseph et al.,
2014, Plant Physiol 165(3): 1203-1220). Scale bar = 200 µm.
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Figure S16. Transcript analysis of ZFP3 in Arabidopsis shoots and roots. a) Transcript levels in
shoots and roots of the zfp3 mutant and silenced lines ZFP3amiR3/5 and ZFP3amiR3/15. b)
Transcript levels of ZFP3 in Col-0 wild type plants and transgenic plants overexpressing ZFP3
under the control of pCaMV35S promoter. c) Transcript levels in wild type and transgenic
plants with estradiol-inducible ZFP3 constructs (XVE-ZFP3h1, XVE-ZFP3h2) under short and
long estradiol treatments. Relative transcript levels are shown in log scale. 1 corresponds to
the average transcript levels of UBIQ10 and GAPDH2 reference genes.
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Figure S17. Summary of transcript profiling of ZFP7 overexpressing plants. (A) MD plot of
misregulated gene sets from short (6 h) and long (continuous) estradiol-treated plants. Mean
Difference plot indicates the log2(Fold Change) values versus mean logCPM expression values,
highlighted genes have FDR<0.05. (B) Number of up and downregulated genes (at least 2.5
fold change) in ZFP3 overexpressing plants. Short E. and Long E. indicates 6 h or continuous
estradiol treatment of XVE-ZFP3h1 plants.
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Figure S18. GO term categories of genes upregulated by 6 hours of ZFP7 overexpression
(short treatment)

GO biological process



Figure S19. GO term categories of genes downregulated by 6 hours of ZFP7 overexpression
(short treatment)



Figure S20. Transcript data of dehydration and ABA-responsive genes and genes implicated in
cell wall formation, root hair growth in ZFP7 overexpressing plants. Transcript levels of the
genes which were listed in Figures 4 and 5 are shown here. Relative transcript levels are show
in log scale (log2(FC), compared to wild type plants (Col-0=0). StdErr indicates standard error.
SE: short estradiol treatment, LE: long estradiol treatment.
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Figure S21. Transcript analysis of selected cell wall and root hair-related genes in
ZFP7 overexpressing plants. Relative transcript levels were determined by qRT-
PCR. Expression is show in log scale, where 1 corresponds to non-treated control
plants (=1). Error bars indicate standard deviation (N=3). These genes were
downregulated by ZFP3 overexpression (Figure 5).
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Figure S22. Comparison of root hair formation in Col-0 and ZFP7 overexpressing
plants. Seeds were germinated and plantlets were grown on ½ MS medium
complemented by 5 µM estradiol. Roots were photographed and number and size of
root hairs were determined on 7 days-old plants. Error bars show standard deviation
(root hair numbers: n=8, root hair sizes n=160).
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Supplemental method: ImageJ script to measure rosette areas in vitro

Supplemental Method: ImageJ script to measure rosette areas in vitro

setBatchMode(true)
path=getDirectory("Choose a Directory");
list=getFileList(path);
for(i=0;i<list.length;i++) {

open(path+list[i]);

run("Lab Stack");
run("Stack to Images");

selectWindow("L*");
run("Grays");
run("Invert");
run("8-bit");
run("Set Measurements...", "mean redirect=None decimal=3");
run("Measure");
mean = getResult("Mean");
run("Subtract...", "value=" + mean);
run("Clear Results");

selectWindow("a*");
run("Grays");
run("Abs");
run("8-bit");
run("Measure");
mean = getResult("Mean");
run("Subtract...", "value=" + mean);
run("Clear Results");

selectWindow("b*");
run("Grays");
run("8-bit");
run("Measure");
mean = getResult("Mean");
run("Subtract...", "value=" + mean);
run("Clear Results");

imageCalculator("Average create", "L*","b*");
imageCalculator("Average create", "Result of L*","a*");
selectWindow("Result of Result of L*");
setThreshold(27, 255);
setOption("BlackBackground", true);
run("Make Binary");

run("Close-");
saveAs("Jpeg", path+list[i]);

run("Set Measurements...", "area redirect=None decimal=3");
run("Analyze Particles...", "size=100-Infinity show=Masks display clear add in_situ");
run("Flatten");
saveAs("PNG", path+list[i]);

selectWindow("Results");
saveAs("txt", path+list[i]);

while (nImages>0) {
selectImage(nImages);
close(); } };

if (isOpen("Results")) {
selectWindow("Results");
run("Close"); };

if (isOpen("ROI Manager")) {
selectWindow("ROI Manager");
run("Close");


