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Extended Data Fig. 2 | Loss of TIR1 AC activity does not affect the auxin- 
induced degradation of Aux/IAAs. a. The representative images of the two 
separate channels showing the cvxIAA-induced DII degradation in different 
genetic background. F1 seedlings were treated with 200 nM cvxIAA for 1 h and 
the images were taken. Merged images of both channels for DII and mDII from 
the indicated dashed boxes are showed in Fig. 1a. 2 independent technically 
replicates with similar results. b. The degradation dynamics of different UBQ10:: 
Aux/IAA-Luc reporters. Three Aux/IAA-Luc reporter lines were respectively 

crossed into the indicated genetic background. The time course of the residual 
Aux/IAA-Luc intensity in the indicated F1 seedlings on medium containing 
200 nM cvxIAA is shown. Data are presented as Mean +/− SD, n = 10 (TIR1-IAA6), 
n = 11 (ccvTIR1-IAA6), n = 11 (ccvTIR1ACm1-IAA6), and n = 9 (ccvTIR1ACm3-IAA6); 
n = 9 (TIR1-IAA7), n = 10 (ccvTIR1-IAA7), n = 10 (ccvTIR1ACm1-IAA7), and n = 9 
(ccvTIR1ACm3-IAA7); n = 10 (TIR1-IAA8), n = 9 (ccvTIR1-IAA8), n = 9 (ccvTIR1ACm1-
IAA8), and n = 8 (ccvTIR1ACm3-IAA8) roots. One-way ANOVA, ** p ≤ 0.01,  
*** p ≤ 0.001. 2 independent technically replicates showed the similar results.



Extended Data Fig. 3 | Lability of Aux/IAAs and the induction of the 
stabilized axr3 variants. a. The degradation dynamics of Aux/IAAs in different 
UBQ10::Aux/IAA-Luc lines as indicated. Seedlings were transferred onto the  
½ MS medium containing 200 μg/mL cycloheximide. Time interval = 2 min. 
Mean + SD, n = 10 (IAA6), n = 12 (IAA7), n = 12 (IAA8), and n = 13 (IAA17) roots.  
2 independent technically replicates showed the similar results. b. Induced 
expression of XVE>>axr3-mCherry and axr3 fused with different AC enzymes 
as indicated. Shown are confocal images of mCherry channel in the root tips  
of XVE>>axr3-mCherry, XVE>>axr3-mCherry-KUP5, XVE>>axr3-mCherry-KUP5m, 
XVE>>axr3-mCherry-LRRAC1, and XVE>>axr3-mCherry-LRRAC1m transgenic 
seedlings after induction with 1 μM β-estradiol for 4 h.
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Extended Data Fig. 4 | Most Aux/IAAs transcripts are downregulated in the 
XVE>>axr3-mCherry line. The expression levels of the selected Aux/IAA genes 
before and after auxin treatment were largely reduced in the XVE>>axr3- 
mCherry transgenic line induced by β-estradiol. Seedlings were pre-treated 
with Mock or β-estradiol for 4 h, and were then treated with the same medium 

containing 100 nM IAA for different time periods. Gene expression level was 
determined by RT-qPCR. Data are presented as Mean + SD from more than  
2 biologically replicates. Two-way ANOVA, p ≤ 0.05. Different lowercase letters 
indicate significant differences.



Extended Data Fig. 5 | AC activity of TIR1 plays a key role in auxin-induced 
transcriptional response. a. Quantification of DR5::Luc intensity in Fig. 2a.  
All data are normalized to the average of the respective Mock group. Mean + SD, 
n value is indicated. Two-way ANOVA, p ≤ 0.05. 2 independent technically 
replicates showed the similar results. b. The Venn diagram shows the number of 
differentially expressed genes with a Log2FC ≥ 1 and p adj ≤ 0.001 in different 
transgenic lines, comparing Mock to cvxIAA treatment. c. Expression levels of 
the selected auxin-responsive genes in the indicated transgenic lines. Seedlings 
were treated with 200 nM cvxIAA for 3 h. RT-qPCR was performed with PP2A as 
the internal control. Relative expression values were normalized to the average 
of the respective Mock group. Mean + SD from 3 biological replicates. Two-way 
ANOVA, p ≤ 0.05. Different lowercase letters indicate significant differences (c).
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Extended Data Fig. 6 | Crucial roles of TIR1 AC activity in auxin-regulated 
development. a. Quantification of lateral root density of the indicated 10-day- 
old seedlings. Mean + SD, n value of roots are indicated. One-way ANOVA, p ≤ 0.05. 
b. The indicated complementation lines were transferred to new medium for 
1.5 days, and root hair length was measured. Mean ± SD, n value of root hairs are 
indicated. One-way ANOVA, p ≤ 0.05. c. Quantification of lateral root density. 
Seedlings of the indicated genotypes were transferred onto 200 nM cvxIAA- 
containing medium for 4 days. Mean + SD, n value of roots are indicated. Two-way 
ANOVA, p ≤ 0.05. d. Quantification of root hair length. Seedlings of the indicated 
genotypes were transferred onto medium with 10 nM IAA for 1.5 days. Mean ± SD, 
n value of root hairs are indicated. Two-way ANOVA, p ≤ 0.05. 2 independent 
technically replicates showed the similar results. Different lowercase letters 
indicate significant differences.



Extended Data Fig. 7 | cAMP can bypass Aux/IAA degradation and activate 
auxin-responsive transcription. a. The typical conserved AC motif is shown 
in the upper part. The sequence of the AC motif from LRRAC1 or KUP5 and its 
mutated form LRRAC1m and KUP5m is shown below. Red font indicates the 
core animo acid site. Blue font indicates the mutant form. b. The plasmid 
structure showing the fusion of the AC enzyme (KUP5 or KUP5m or LRRAC1 or 
LRRAC1m) to stabilized axr3-mCherry driven by the β-estradiol-inducible 
promoter. c. d. Induction of axr3-LRRAC1 activates DR5::Luc expression. 
Montage of false colour images show DR5::Luc activity in the root tip of 
DR5::Luc signal in root tips of XVE>>axr3-mCherry-LRRAC1 (axr3-LRRAC1) or 
-LRRAC1m (axr3-LRRAC1m) in the DR5::Luc background after treatment with 
1 μM β-estradiol. Frames represent 10 min interval (c). Quantification data are 
shown with a time interval of 2 min. All data were normalized to the average of 
the respective values at 210 min. Significant differences (*** p ≤ 0.001) were 
observed starting from 340 min. Mean + SD, n = 14 (axr3-LRRAC1) and n = 17 
(axr3-LRRAC1m) roots, t test, one-sided (d). e. Similar accumulation of  
axr3-LRRAC1 and axr3-LRRAC1m after induction with 1 μM β-estradiol. The 
normalized fluorescence intensity of mCherry in the indicated transgenic lines 
is shown at the different time points after β-estradiol treatment. All data are 
normalized to the intensity at 185 min. Mean + SD, n = 9 roots, t test, one-sided. 
ns p > 0.5, * p ≤ 0.05. f-h. The LRRAC1 fused to the stabilized axr3 inhibits primary 
root elongation rate and promotes lateral root formation. The XVE>>axr3 
(axr3), axr3-LRRAC1 and (axr3-LRRAC1m seedlings were transferred to Mock or 
1 µM β-estradiol-containing medium, and the root elongation rate was calculated 
and normalized to the value of the first 2 h. Mean + SD, n = 10 roots (f); n = 10 
(axr3, axr3-LRRAC1m-1# and -4#), and n = 9 (axr3-LRRAC1-15# and -23#) roots (g). 
The statistical analysis for (f, g) is included in the Source Data. For the 
quantification of lateral root density (lateral root number/ main root length), 
XVE>>axr3 (axr3), axr3-LRRAC1 and axr3-LRRAC1m seedlings were transferred 
onto medium containing 1 µM β-estradiol for 4 days (h). n value is indicated (h). 
Mean + SD. Two-way ANOVA, p ≤ 0.05 (h). Different lowercase letters indicate 
significant differences.
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Extended Data Fig. 8 | A simplified scheme summarizing the novel insights 
for auxin signalling pathway. (i) Auxin induces Aux/IAA degradation and 
cAMP production in parallel, resulting in transcriptional auxin responses in 
undisturbed situation. (ii) When AC activity of TIR1/AFBs is eliminated (ACm), 
auxin normally induces the degradation of Aux/IAAs but cannot activate ARF- 
dependent transcription. (iii) Interaction between TIR1/AFBs and Aux/IAAs is 
necessary for both Aux/IAA degradation and cAMP production. Stable aux/iaa, 
cannot interact with TIR1/AFBs, and prevent cAMP production. (iv) Local 
production of cAMP at the Aux/IAA-ARF regulatory niche bypasses auxin 
perception, Aux/IAAs’ degradation and activates ARF-mediated transcription.
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Statistics
For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

n/a Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided 
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested

A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient) 
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted 
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code
Policy information about availability of computer code

Data collection The microscope images were collected using ZEN 2011 (blue edition)

Data analysis Root length was measured using the segmentation plugin Simple Neurite Tracer in Image J ( ImageJ bundled with 64-bit Java 8 for windows, 
DOI: 10.1093/bioinformatics/btr390); 
GraphPad Prism 10.2.2 and 8.0.1 were used for graph preparation and statistical analysis. 
The differential expression analysis of RNA-Seq data was performed with DESeq2 package. 
The figure panels were designed using Adobe Illustrator 2021.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and 
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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Data
Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable: 
- Accession codes, unique identifiers, or web links for publicly available datasets 
- A description of any restrictions on data availability 
- For clinical datasets or third party data, please ensure that the statement adheres to our policy 

 

All data generated or analysed during this study are included in this published article. The RNA-seq datasets are available from the National Center for 
Biotechnology Information, under SRA accession numbers SAMN43777066-SAMN43777083.

Research involving human participants, their data, or biological material
Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation), 
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender N/A

Reporting on race, ethnicity, or 
other socially relevant 
groupings

N/A

Population characteristics N/A

Recruitment N/A

Ethics oversight N/A

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size No sample-size calculation was performed. Sample sizes were chosen according to experience or preliminary tests. 

Data exclusions No data were excluded from the analysis.

Replication All the data were repeated independently at least twice. All the experimental findings were reproducible.

Randomization Sample allocation was random.

Blinding The analysis was performed blindly wherever possible. For those cases in which blinding was not possible, because sample allocation, data 
collection and data analysis were done by the same investigator, we guarantee that all of them were done in a strictly objective way.

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material, 
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response. 
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Methods
n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used Anti-GST-tag, HRP-conjugated monoclonal antibody (Agrisera, AS18 4188);Anti-FLAG-Peroxidase (Sigma, SLCF0816).

Validation The antibodies were used for western blot experiments. They are commercially available, validated by the producers, and routinely 
used in many labs.

Novel plant genotypes Does not involve novel plant genotypes.

Seed stocks The Arabidopsis seeds used in the study are all previously published and appropriately cited or acknowledged in the manuscript

Authentication The transgenic seeds were either generated in our group or provided by the authors of publication. And no authentication was done 
by the authors.
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