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A novel sensor to map auxin response and
distribution at high spatio-temporal resolution
Géraldine Brunoud1, Darren M. Wells2*, Marina Oliva1*, Antoine Larrieu2,3*, Vincent Mirabet1, Amy H. Burrow4, Tom Beeckman3,
Stefan Kepinski4, Jan Traas1, Malcolm J. Bennett2 & Teva Vernoux1

Auxin is a key plant morphogenetic signal1 but tools to analyse
dynamically its distribution and signalling during development
are still limited. Auxin perception directly triggers the degradation
of Aux/IAA repressor proteins2–6. Here we describe a novel Aux/
IAA-based auxin signalling sensor termed DII-VENUS that was
engineered in the model plant Arabidopsis thaliana. The VENUS
fast maturing form of yellow fluorescent protein7 was fused in-frame
to the Aux/IAA auxin-interaction domain (termed domain II; DII)5
and expressed under a constitutive promoter. We initially show that
DII-VENUS abundance is dependent on auxin, its TIR1/AFBs
co-receptors4–6,8 and proteasome activities. Next, we demonstrate
that DII-VENUS provides a map of relative auxin distribution at
cellular resolution in different tissues. DII-VENUS is also rapidly
degraded in response to auxin and we used it to visualize dynamic
changes in cellular auxin distribution successfully during two
developmental responses, the root gravitropic response and lateral
organ production at the shoot apex. Our results illustrate the value of
developing response input sensors such as DII-VENUS to provide
high-resolution spatio-temporal information about hormone distribution and response during plant growth and development.
Central to auxin signalling is the ubiquitin- and proteasomedependent degradation of Aux/IAA catalysed by the SCF-type E3
ubiquitin-ligase complexes SCFTIR1/AFB1–5 (refs 2–6, 8). Aux/IAA
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repressors form heterodimers with transcription factors termed auxin
response factors (ARFs)9,10. Auxin directly promotes the interaction
between TIR1/AFBs auxin co-receptors and Aux/IAAs5, thus recruiting Aux/IAAs to the SCF complex3,6 and derepressing ARF-bound loci.
This allows the transcription of target genes including most Aux/IAA
genes, hence providing a negative feedback loop (Fig. 1a)2,10. The most
widely used tools to monitor auxin distribution in planta are DR5based auxin-inducible reporters whose promoter contains several ARF
binding sites11,12. However, as an output of the auxin response pathway
(Fig. 1a), reporter activity does not directly relate to endogenous auxin
abundance but also reflects the contribution of a complex signalling
pathway2.
Monitoring the degradation of an Aux/IAA-based green fluorescent
protein (GFP) reporter would provide a better target for an auxin
sensor as its signal can be related more directly to hormone abundance
(Fig. 1a)3,5,6,13. This has proved very challenging because Aux/IAA halflives are often shorter than GFP maturation time7,14–17. To overcome
this technical limitation, we fused the VENUS fast maturing yellow
fluorescent protein (YFP)7 to the auxin-interaction domain (termed
domain II; DII)5 from several Aux/IAA proteins and expressed these
fusion proteins under the constitutive 35S promoter (Fig. 1b and
Supplementary Fig. 1a, b). Confocal imaging of transgenic root apical
tissues revealed similar fluorescence patterns but the strongest signal
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Figure 1 | DII-VENUS degradation is dependent on auxin, TIR1/AFBs and
proteasome activity. a, Schematic representation of auxin signalling. b, Design
of DII-VENUS; NLS, nuclear localization signal. c, d, DII-VENUS fluorescence
in absence (c) or presence (d) of 1 mM indole-3-acetic acid. e, Dose-dependent
degradation of DII-VENUS in wild-type and mutant roots. f, IAA28 domain II
peptide pull-down assay with Flag–TIR1 in the presence of indole-3-acetic acid.
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g, h, mDII-VENUS fluorescence in the absence (g) or presence (h) of 1 mM
indole-3-acetic acid. i, DII-VENUS signal in co-receptor quadruple mutant.
j, DII-VENUS signal upon 1 mM indole-3-acetic acid and proteasome inhibitor
(MG132) co-treatment. Green channel, VENUS; red channel, FM4-64. Scale
bar, 50 mm. Error bars, s.d. (WT, n 5 2; mutant, n 5 3).
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the TIR/AFBs is also expected to confer a lower sensitivity to auxin in
the root cap (Supplementary Fig. 5a–d). In both cases, this will lead to
an underestimation of auxin levels by DII-VENUS. Analyses of TIR/
AFBs co-receptor distribution and of 35S promoter activity are thus
essential to interpret the DII-VENUS pattern.
Even considering these biases (Supplementary Information), DIIVENUS quantification indicates that auxin levels are reproducibly
higher in the first two tiers of columella cells and initials, the quiescent
centre, the stele initials and early daughters and the differentiating xylem
cells (Fig. 2b and Supplementary Fig. 4)22. The other cells in the root
meristem have lower levels of auxin, with minima observed in the
epidermis and cortex, but auxin levels significantly increased close to
the start of the elongation zone. This increase occurs closer to the root tip
in the epidermis and vasculature compared to the cortex (Fig. 2b). The
DII-VENUS fluorescence map thus confirms the local maximum of
auxin at the quiescent centre and in the columella cells11 but also allows
visualizing the distribution of auxin in the entire root tip. It also reveals a
previously unsuspected auxin accumulation starting at the transition
zone between the meristem and the elongation zone. These results are in
partial agreement with measurements of auxin concentrations in root
tissues obtained after cell sorting23, the differences being possibly due to
the higher resolution achieved using DII-VENUS.
We also detected differential distributions of DII-VENUS fluorescence in the vegetative shoot apical meristem (SAM), in the vascular
tissues of the hypocotyl (Fig. 2f, g) and later during development in
the inflorescence SAM and young floral meristems (Supplementary
Fig. 7a–d)18. As in the root, reduced differential expression with mDIIVENUS, partly complementary DR5::VENUS patterns and distribution
of TIR1/AFB1–3 co-receptors (Fig. 2h, i and Supplementary
Fig. 5e–h) indicate that the distribution of DII-VENUS fluorescence
is primarily controlled by auxin levels in the shoot apex (Supplementary Information)18. DII-VENUS is therefore able to report relative
auxin distribution at high spatial resolution in various tissues and
developmental stages. In addition, in both root and shoot tissues,
DII-VENUS is degraded not only in cells where DR5 is expressed
but also in cells that do not express DR5 (Figs 1c, 2a–f and Supplementary Fig. 7 and Supplementary Information)18. This observation
demonstrates that the Aux/IAA-ARF signalling pathway contributes
significantly to the definition of the DR5 expression pattern.
To analyse the temporal resolution of the DII-VENUS sensor, we
compared dynamic changes in DII-VENUS and DR5::VENUS signals

was obtained using domain II of the most stable Aux/IAA used, IAA28
(Fig. 1c and Supplementary Fig. 1c–f). We thus focused our analyses
on this form of the sensor, henceforth called DII-VENUS.
We tested on root tissues the relationship between auxin, its response
components and DII-VENUS in several independent ways. First, the
DII-VENUS signal was sensitive in a dose-dependent fashion to exogenous auxin treatment (Fig. 1c–e). Second, the DII peptide interacted
with its co-receptors TIR1 (Fig. 1f), AFB1 and AFB5 (ref. 18) in an auxindependent manner. Third, introducing a mutation in the domain II
sequence of DII-VENUS (mDII-VENUS), that disrupts the interaction
between Aux/IAA, auxin and the TIR1/AFBs5, reduced the differential
distribution of fluorescence (Fig. 1g; see below for description of pattern)
and blocked its auxin-induced degradation (Fig. 1h). Fourth, DIIVENUS fluorescence was ubiquitously distributed in roots of the most
strongly affected tir1 afb1 afb2 afb3 quadruple mutant4 (Fig. 1i) and the
mutants were significantly less sensitive to auxin treatment (Fig. 1e).
Fifth, disruption of ubiquitin-dependent breakdown of Aux/IAA
proteins using proteasome inhibitors stabilized DII-VENUS and
blocked its auxin-induced degradation (Fig. 1j and Supplementary
Fig. 2). We conclude that DII-VENUS abundance is regulated by auxin
via its receptors, consistent with the model for Aux/IAA degradation
(Fig. 1a)2. We also demonstrated that DII-VENUS does not disrupt the
activity of the auxin response machinery (Supplementary Fig. 3 and
Supplementary Information). Hence, DII-VENUS directly reports, but
does not interfere with, the input into the auxin signalling pathway.
We next took advantage of the simple cellular organization of the
root apex to quantify the distribution of DII-VENUS fluorescence with
cellular definition (Fig. 2a, b and Supplementary Fig. 4). Because the
TIR1/AFB1-3 co-receptor distribution shows only limited variations
in the root meristem region (except in the root cap; Supplementary
Fig. 5a–d)19, this will confer a homogeneous perception capacity.
Hence, the spatial distribution of DII-VENUS fluorescence is likely
to represent an inverted auxin distribution map in the root tip. This
conclusion is further supported by the more homogeneous fluorescence distribution of mDII-VENUS (Fig. 2c and Supplementary
Fig. 6) and by the complementary patterns of DII-VENUS and
DR5::VENUS expression in the quiescent centre, columella and differentiating xylem cells (Fig. 2d, e)11,20,21. However, mDII-VENUS fluorescence distribution suggests a higher 35S promoter activity in the
epidermis and cortex in the elongation zone and in the most external
root cap cells (Fig. 2c and Supplementary Fig. 6). Lower expression of
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Figure 2 | DII-VENUS provides a sensor to map
auxin distribution in plant tissues. a–d, Root
meristematic tissues. a, b, DII-VENUS fluorescence
(a) and corresponding map of relative auxin
distribution (b; top) using the same look-up table.
EZ, elongation zone. Tissue-specific changes in
auxin levels along the root axis are shown
(b; bottom). QC, quiescent centre. c, Fluorescence
map of mDII-VENUS control. d, DR5::VENUS. X,
xylem axis. e, DII-VENUS (blue) and DR5::GFP
(yellow). f–i, DII-VENUS (f, g), mDII-VENUS
(h) and DR5::VENUS (i) in the vegetative shoot apex
(f, h, i) and hypocotyl (g). M, meristem; L, leaves; V,
vasculature. Green or blue channel, VENUS; yellow
channel in e, GFP; red channel, FM4-64 (d, e) or
autofluorescence (f–i). In f–i the transmission
channel has been added. Scale bars, 50 mm.
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in roots following exogenous auxin treatment (Fig. 3a, b and Supplementary Movie 1). Time-lapse confocal imaging revealed that the
DII-VENUS signal was rapidly lost from all root tissues, whereas the
signal in untreated roots remained stable (Fig. 3a and Supplementary
Movie 1). Quantification of VENUS fluorescence in the root tip
showed that a reduction in the DII-VENUS signal was detected
minutes after auxin addition and the signal was abolished within
60 min (Fig. 3b). In contrast, an increase in the DR5::VENUS signal
was first detected only after 120 min (Fig. 3b). This delay is due to posttranscriptional processes, because quantitative reverse transcriptionPCR (qRT–PCR) detected VENUS messenger RNA minutes after
auxin treatment (Fig. 3b). We could further show that the DIIVENUS degradation kinetics upon auxin treatment is very similar in
different root tissues, but is slower in the root cap (Supplementary Fig.
8). These results indicate similar auxin sensitivity throughout the root
except for a lower sensitivity in the root cap, as already suggested by the
distribution of the TIR/AFBs (Supplementary Fig. 5a–d). We also
observed that the global dynamics of degradation of DII-VENUS
was similar in the vegetative and inflorescence SAM, with a minimal
fluorescence reached after 1 h (Fig. 3c and Supplementary Fig. 9). We
conclude that DII-VENUS responds almost immediately and similarly

to exogenous auxin application in various tissues. This observation
strengthens our conclusion that DII-VENUS fluorescence is directly
related to auxin levels in both shoot and root meristematic tissues but
that co-receptor distribution needs to be considered.
Finally, we used DII-VENUS to follow changes in auxin distribution
during developmental processes. Roots have been proposed to bend in
response to gravity by accumulating auxin on the lower side of root
apical tissues21,24,25. Consistent with this model, induction of the DR5
reporter occurs after 1.5–2 h in the lateral root cap (LRC) and epidermis
on the lower side of the root (Supplementary Fig. 10)21. By contrast,
within 30 min of a 90u gravity stimulus the DII-VENUS signal was
entirely lost in these tissues on the lower side, whereas fluorescence
was stable on the upper side (Fig. 4a). A decrease in DII-VENUS fluorescence was also observed in the cortex and endodermis on both sides of
the root and to a lesser extent in vascular tissues. Hence, DII-VENUS
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Figure 3 | DII-VENUS monitors changes in auxin response and
distribution at high temporal resolution. a, Time-course of DII-VENUS
fluorescence following either a mock or an auxin treatment (1 mM
1-naphthaleneacetic acid; NAA). b, Quantification of DII-VENUS and
DR5::VENUS fluorescence and of DR5::VENUS mRNA levels in root apices
treated with 1 mM NAA. c, Time-course of DII-VENUS fluorescence in the
shoot apex upon 1 mM indole-3-acetic acid treatment; images are projections of
10 confocal serial sections. Green channel, VENUS. In a the transmission
channel has been added. Scale bars, 50 mm.

20 h

Figure 4 | DII-VENUS allows visualization of changes in auxin distribution
during development. a, Changes in DII-VENUS fluorescence during a root
gravitropic response; g, gravity vector; a line was drawn near equivalent cells in
the LRC and epidermis on the lower (L) and upper (U) side. b, Auxin build-up
during organ initiation at the shoot apex visualized using DII-VENUS; arrow,
site of new organ initiation; asterisks, groups of nuclei showing notable changes
in fluorescence; F, flower. Yellow or green channel, VENUS; red channel,
propidium iodide. Scale bars, 50 mm.
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indicates that the changes in auxin concentration are not restricted to
the LRC and epidermis during the gravitropic response. We next used
DII-VENUS to follow auxin-dependent organ initiation at the SAM
(Fig. 4b)26,27. DII-VENUS allowed the visualization of the progressive
build-up of auxin triggering the formation of a new organ (Fig. 4b). It
also demonstrated significant redistribution of DII-VENUS fluorescence throughout the SAM, most probably reflecting the dynamics
of auxin transport in the tissue27. Taken together, our observations
demonstrate that, during both shoot and root development, DIIVENUS detects dynamic changes in endogenous auxin distribution
and responses that are more complex than previously thought. By
demonstrating that DII-VENUS and DR5 fluorescence patterns are
only partly complementary, we also provide evidence that the auxin
signalling pathway has a key role in the spatial control of transcription
in response to auxin during developmental processes. Finally, several
other plant hormones have been shown to signal through degradation
of key signalling regulators28–30. Our work provides the foundation for
building synthetic signalling sensors for different hormones to explore
their role during development.
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METHODS SUMMARY
Generation and characterization of DII-VENUS reporter plants. Aux/IAA
degron sequences16 were fused to VENUS-NLS under the control of the 35S
promoter (Supplementary Fig. 1) and recombined into gateway binary vector
pH7m34GW (http://gateway.psb.ugent.be/). Plasmids were transformed into
Col-0 plants by floral dipping.
Microscopy, live imaging and chemical treatments. All images were obtained
using laser-scanning confocal microscope. Tissue organization was visualized
using FM4-64, propidium iodide, transmission or chlorophyll autofluorescence.
For live imaging of shoot meristems, plants were grown on the auxin transport
inhibitor 1-N-naphthylphthalamic acid (NPA) to produce naked apices before
transferring to a new medium without NPA. To generate maps of relative auxin
distribution in the root meristem, a cellular grid was generated from a median
optical section and for each cells fluorescence was extracted from the optical
section cutting the nucleus at its most median part.
For analysis of chemically treated roots, 5-day-old DII-VENUS seedlings were
transferred to media containing the chemicals at the stated concentration. For root
live imaging, immediately following transfer, the seedlings were scanned every 2 to
5 min for 2 h. The fluorescence intensity over identical scanned portion of the root
(corresponding approximately to the first 200 mM from the root tip) was extracted
at each time point. For tissue-specific kinetics, fluorescence was extracted from
groups of nuclei with nearly identical fluorescence in the different tissues. For the
vegetative SAM, 5-day-old DII-VENUS seedlings were mounted in water after
removing one cotyledon to allow observation of the vegetative shoot apex before
treating with the stated concentration of auxin.
Pull-down assays. Pull-down assays were performed using a 35S:Flag-TIR1 line
and biotinylated IAA28 peptide. The immunodetection of TIR1/AFB–Flag was
performed with a 1:5,000 dilution of anti-Flag 2-peroxidase (HRP) antibody followed by chemiluminescent detection with ECL plus reagents.
Full Methods and any associated references are available in the online version of
the paper at www.nature.com/nature.
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METHODS
Plant material, growth conditions and plant treatments. All transgenic plants
were generated in the Columbia ecotype (Col-0). The tir1 afb1 afb2 afb3 quadruple
mutant, DR5::GFP line and TIR1/AFB1–AFB3 GUS translational fusions have been
described4,19,31. DR5::VENUS transgenic plants were generated by transforming a
DR5::VENUS plasmid27 by floral dipping32. Plants were cultivated in vitro on MS
medium supplemented with 1% sucrose at 22 uC and under long-day conditions
(16 h light/8 h darkness). For analysis on roots, the chemical treatments were done
on 5-day-old plants by transferring them to liquid MS supplemented with the
chemicals or on an MS agar supplemented with the chemicals for root live imaging.
Indole-3-acetic acid (Sigma) or 1-naphthaleneacetic acid (NAA; Sigma) was dissolved in ethanol and used at the indicated concentration. MG132 and clastolactacystin-b-lactone (lactacystin; Sigma) were dissolved in dimethylsulphoxide
(DMSO) and used at the final concentration of 50 mM for 2.5 h or 20 mM for 8 h
respectively. For MG132/indole-3-acetic acid co-treatments, plants were pretreated
with MG132 for 1.5 h before adding indole-3-acetic acid. For analysis on the vegetative shoot apex, 5-day-old seedlings were used after removing one cotyledon to allow
observation of the vegetative shoot apex. Seedlings were mounted in water and
treatments were done by replacing by capillarity the water with indole-3-acetic acid
at the indicated concentration. For the inflorescence apex, the plants were transferred to water containing indole-3-acetic acid at the indicated concentration.
Generation of DII-VENUS transgenic plants. The DII-VENUS binary vectors
were generated using Gateway technology and following the Multisite Gateway
three-fragment vector construction kit protocol (Invitrogen). To generate the
different versions of the DII-VENUS sensor (Supplementary Fig. 1), we used the
region of IAA8, IAA9 and IAA28 starting from the conserved lysine up to the end
of domain II (IAA8, amino acid positions 107–178; IAA9, 120–195; IAA28, 28–61;
Supplementary Fig. 1). IAA8, IAA9 and IAA28 were chosen because their basal
half-lives were potentially long enough16 (ranging from 15–20 min for IAA8 and
IAA9 to 80 min for IAA28) to allow for the maturation of the fast-maturing YFP
variant VENUS and thus for visualization of its fluorescence. We cloned the IAA8,
IAA9 and IAA28 cDNAs by standard RT–PCR from inflorescence mRNA. The
different wild-type sequences were then amplified by PCR (see Supplementary
Table 1 for primers) and cloned in pDONR 221 by recombination. We then
mutated the conserved lysine (K to R mutation) by introducing this mutation in
the forward primers (sequence in bold replaced by AGA: see Supplementary Table
1). To generate mDII-VENUS, site-directed mutagenesis (using standard inverted
PCR procedures) was used to introduce the P53L mutation in the wild-type IAA28
sequence in pDONR 221 (Supplementary Fig. 1)33. The sequence of VENUS fused
to the N7 nuclear localization signal34 was amplified by PCR (see Supplementary
Table 1 for primers) from a VENUS-N7 sequence cloned in pBG36 and cloned into
pDONR P2R-P3 by recombination. Finally Aux/IAA-derived sequences were
fused in-frame to VENUS-N7 (Supplementary Fig. 1) and put under the control
of the strong constitutive CaMV 35S promoter, using a 35S promoter cloned in
pDONR P4-P1R and recombination into the gateway-compatible pH7m34GW
binary vector35 (hygromycin resistance). The different plasmids were then introduced in plants by floral dipping32.
Confocal microscopy, live imaging and quantification of fluorescence.
Imaging was performed either on either a LSM-510 laser-scanning confocal
microscope (Zeiss), a SP5 spectral detection confocal microscope (Leica) or an
Eclipse Ti 2000 laser-scanning confocal microscope (Nikon). For visualization of
the root organization the roots were stained either with FM4-64 (Invitrogen) as
previously described36 or propidium iodide (Sigma). To quantify fluorescence with
cellular resolution in DII-VENUS and mDII-VENUS root meristems and generate
maps of relative auxin using DII-VENUS, serial optical sections were obtained. A
cellular grid was generated from the propidium iodide channel of the most median
optical section using Merrysim37. For each cell defined in the grid, we then selected
the optical section passing through the centre of each nuclei. Fluorescence was
then summed inside the corresponding cell from that section. The loss of fluorescence due to tissue absorbance was also estimated using the spatial distribution
of the propidium iodide channel and used to correct the fluorescence values. To
obtain the changes in auxin levels along the root axis in the different tissues,
fluorescence distribution was extracted and curvatures were smoothed using a
Gaussian kernel with a sigma value of 5.
For root live imaging, immediately after the beginning of the treatment, the
seedlings were scanned every 2 min for 2 h to follow the evolution of the DIIVENUS signal. To quantify fluorescence in the root tip, the average fluorescence
intensity over identical scanned portion of the root (corresponding approximately
to the first 200 mM from the root tip) was extracted using EZ-C1 software (v3.9,
Nikon) and the values analysed using Microsoft Excel. For tissue specific kinetics,
the seedlings were scanned every 5 min and fluorescence was extracted from
groups of nuclei with nearly identical fluorescence (variations , 30%) in the different tissues. The fluorescence intensity of nuclei was extracted from the different

tissues using the ROI tool of Fiji software (http://fiji.sc/wiki/index.php/Fiji)
and the values analysed using Microsoft Excel. For dose-dependent quantification of DII-VENUS signal upon auxin treatment, fluorescence was measured 1 h
after treatment using two and three roots for wild-type and tir1 afb1 afb2 afb3,
respectively.
For the vegetative shoot apex, seedlings were mounted into water in between
slide and cover slip. For live imaging of vegetative shoot apex, five plants were
treated after observation at t 5 0 and followed over 90 min. For the inflorescence
apex, observation was performed as described38. Live imaging of the inflorescence
apex was performed on plants grown on the auxin transport inhibitor NPA then
transferred to a new medium without NPA as previously described39. Initiation of
a new organ was confirmed a posteriori by visual inspection of the apex.
Root growth analysis, gravitropic assays and flower production rate. For analysis of root growth, plants were grown near-vertically and root length was measured at the indicated time. For gravitropic assays, plants were grown as detailed
previously40 and imaged at 30 min intervals following a 90u gravi-stimulus. Root
tip angle was measured using modified RootTrace software41 (http://www.cpib.
ac.uk/tools-resources/roottrace). Estimation of flower production rate was done as
described42.
IAA28–Flag–TIR1 pull-down assays. To generate the 35S::Flag-TIR1 transgenic
Arabidopsis line a plant expression vector containing a 33Flag was first created by
annealing complementary 101-base-pairs oligonucleotides including the 33Flag
coding sequences (see Supplementary Table 1) and cloning this fragment into
XbaI and SalI sites of the vector pFP101. The Gateway C1 cassette (Invitrogen
Gateway vector conversion reagent system) was then introduced into this plasmid
by blunt-end ligation following SalI digestion and end-filling by Klenow reaction
to create the destination vector pFP3FLAGSII. The full-length coding sequence for
TIR1 was amplified from an Arabidopsis cDNA library using Gateway-compatible
primers (see Supplementary Table 1) and incorporated into the Gateway donor
vector pDONR207 by BP reaction (Invitrogen). The TIR1 coding sequence was
then incorporated into pFP3FLAGSII via a Gateway vector. LR reaction was used
to form plasmid pFP3FLAGSII-TIR1. Wild-type Arabidopsis plants were subsequently transformed using the floral dip method32 and homozygous lines with
single-site were selected from the T3 generation. Extracts of 10-day-old 35S::FlagTIR1 seedlings were made as described previously6 and used in pull-down assays
by combining 2.5 mg of crude extract with 5 mg of biotinylated IAA28 domain II
peptide (biotinyl-NH-EVAPVVGWPPVRSSRRN-COOH, synthesized by Thermo
Scientific), and 65 ml 50% streptavidin-agarose suspension. The assays were incubated for 1 h at 4 uC with mixing then washed three times for 5 min in extraction
buffer (0.15 M NaCl, 0.5% Nonidet P40, 0.1 M Tris-HCl pH 7.5, containing 1 mM
phenylmethylsulphonyl fluoride, 1 mM dithiothreitol, 10 mM MG132) containing
the appropriate auxin treatment. The final processing of the pull-down assays including electrophoresis and western transfer were performed as described previously6.
The immunodetection of TIR1/AFB–Flag was performed with a 1:5,000 dilution of
anti-Flag 2-peroxidase (HRP) antibody (Sigma) followed by chemiluminescent
detection with ECL plus reagents (Amersham).
Transcript profiling. Total RNA was extracted from roots using an RNeasy Plant
Micro Kit (Qiagen), including on-column DNase digestion to eliminate genomic
DNA from the samples. A 500-ng aliquot of RNA was reverse-transcribed using a
Transcriptor First Strand cDNA synthesis kit (Roche) and anchored-oligo (dT)18.
Real-time qPCRs were performed on a Roche Light Cycler 480 system using the
prevalidated single hydrolysis probes, Sensimix probe master mix (Quantace), and
gene-specific primers (see Supplementary Table 1).
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