


Extended Data Fig. 6 | Indaziflam and DCB treatment mitigates the root 
phenotype of arf1-1 mutants. a, Comparison of primary root lengths in WT, 
arf1-1, and OE-ARF1 seedlings grown for 5 days on normal (n) and dense (c) 
media. Each group shows roots grown with mock (DMSO, left two roots) or  
(150 pM Indaziflam, right two roots). Scale bar: 1 cm. b, Quantification of root 
lengths from (a). The experiment was repeated thrice, consistently yielding 
similar trends (n = 10 plants per trial). Statistical analysis was performed using 
two-way ANOVA followed by Tukey test. Different letters denote significant 
differences at 0.05 level. The p (interaction) = 0.001. c, Comparison of primary 

root lengths in WT, arf1-1, and OE-ARF1 seedlings grown for 5 days on normal  
(n) and dense (c) media. Each group shows roots grown with mock (DMSO) and 
50 nM DCB treatments. Scale bar: 1 cm. d, Quantification of root lengths from (c). 
The experiment was repeated thrice, consistently yielding similar trends 
(n = 10 plants per trial). Statistical analysis was performed using two-way ANOVA 
followed by Tukey test. Different letters denote significant differences at 0.05 
level. The p (interaction) <0.0001. Box plots show 50th percentile median (centre), 
25th-75th percentiles (box), and minimum to maximum range (whiskers)  
in (b) and (d).
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Extended Data Fig. 7 | The arf1 root phenotype is rescued in arf1cesa6 
double mutant line. a, Root penetration phenotype and length of WT, arf1-1, 
cesa6 and arf1cesa6 seedlings grown on normal and dense media conditions 
for 5 days. The experiment was conducted in triplicate, yielding consistent 
trends. Scale bar=1 cm. b, Statistical analysis (n = 15 plants per trial) of (a) was 

performed on one replicate using two-way ANOVA followed by Tukey  
test. Different letters denote significant differences at 0.05 level. The  
p (interaction)<0.0001. Box plots show 50th percentile median (center),  
25th-75th percentiles (box), and minimum to maximum range (whiskers).



Extended Data Fig. 8 | Locations for measuring the thickness of the 
epidermal and cortical cell walls. a, Semi-thin sections (2 µm thickness, 1 cm 
from root tip) of WT, arf1-1, OE-ARF1, cesa6 and arf1cesa6 lines. Scale bar=50 µm. 
b, Magnified views of root epidermis and cortex sections from WT, arf1-1, 

OE-ARF1, cesa6, and arf1cesa6 lines. Measurement of cell wall thickness were 
done on walls facing intercellular spaces to ensure capturing a single walls 
(indicated by red boxes). The experiment was repeated five times. Scale bars: 
5 µm for epidermis and 1 µm for cortex regions.
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Extended Data Fig. 9 | Cell wall thickness variation analyses of single root 
cortex cell. Cell wall thickness and statistical analysis of individual WT cells, 
divided into 8 segments to evaluate cell wall thickness variations. Fifteen 
points were measured per segment to determine cell wall thickness. Scale bar, 

200 nm in segmental micrographs, 2 µm in the central micrograph. Statistical 
analysis was performed using one-way ANOVA and no significant difference  
of variance was detected. Box plots show 50th percentile median (centre),  
25th-75th percentiles (box), and minimum to maximum range (whiskers).



Extended Data Fig. 10 | OsARF1 functions downstream of ethylene in soil 
compaction responses of roots. a, ProOsARF1:GUS seedling roots were grown 
for 48 h on media supplemented with mock (DMSO), IAA (10 µM), ABA (25 µM), 
or ACC (100 µM), then stained for GUS activity and imaged using a stereoscope  
(n=18). Longitudinal sections (50 µm thickness) were prepared using a vibratome. 
Scale bar: 200 µm. EZ: elongation zone, MZ: division meristem zone, e: epidermis, 
c: cortex, en: endodermis, st: stele. b, GUS quantification (change in MU protein 
amount per unit time) for samples in (a). Each treatment had 16 replicates. 
Statistical analysis was performed using Dunnett test (two-sided P values are 
shown.). c, OsARF1 expression levels in the elongation zone of WT seedling 
roots after 48-hour treatment with mock (DMSO), IAA (10 µM), ABA (25 µM),  
or ACC (100 µM). Samples were collected from six seedling root tips per group, 

with the experiment repeated three times. Statistical analysis was performed 
using Dunnett test (two-sided P values [range] is shown.). Bars indicate mean  
± s.d. d-e, Root sections from the elongation zones of 5-day-old WT, ein2,  
and eil1eil2 seedlings grown on media supplemented with DMSO (mock) or 
Indaziflam. Measurements were taken from 40 cells across 5 sections per 
genotype. The experiment was conducted in triplicate with consistent trends. 
Statistical analysis was performed from one replicate using two-way ANOVA 
followed by Tukey test. Different letters denote significant differences at 0.05 
level. The p (interaction) = 0.0211. Box plots show 50th percentile median 
(centre), 25th-75th percentiles (box), and minimum to maximum range (whiskers) 
in (b) and (d).
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