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Asymmetric auxin distribution is instrumental for the differential
growth that causes organ bending on tropic stimuli and curvatures
during plant development. Local differences in auxin concentrations
are achieved mainly by polarized cellular distribution of PIN auxin
transporters, but whether other mechanisms involving auxin
homeostasis are also relevant for the formation of auxin gradients
is not clear. Here we show that auxin methylation is required for
asymmetric auxin distribution across the hypocotyl, particularly
during its response to gravity. We found that loss-of-function
mutants in Arabidopsis IAA CARBOXYL METHYLTRANSFERASE1
(IAMT1)Q:10 prematurely unfold the apical hook, and that their hypo-
cotyls are impaired in gravitropic reorientation. This defect is linked
to an auxin-dependent increase in PIN gene expression, leading to
an increased polar auxin transport and lack of asymmetric distribu-
tion of PIN3 in the iamt1 mutant. Gravitropic reorientation in the
iamt1 mutant could be restored with either endodermis-specific
expression of IAMT1 or partial inhibition of polar auxin transport,
which also results in normal PIN gene expression levels. We propose
that IAA methylation is necessary in gravity-sensing cells to restrict
polar auxin transport within the range of auxin levels that allow for
differential responses.

hormone regulation | auxin metabolism | homeostasis | gravitropism

The plant hormone auxin has long been known to act not only
as a key morphogenetic component of differentiation path-

ways, but also as a coordinator of plant growth in response to
environmental stimuli (1, 2). Particularly interesting is the in-
volvement of auxin in the generation of curvatures, such as the
apical hook of etiolated seedlings (3, 4), and in the reorientation
of organ growth on lateral illumination or in response to gravity
(5–7). An essential feature that explains the relevant role of
auxin in these processes is the robust mechanism that directs the
movement of this hormone through the plant, known as polar
auxin transport (PAT) (8–10). Among other consequences, PAT
allows the establishment of asymmetric distribution of auxin,
which results in differential triggering of auxin responses in dif-
ferent parts of a given organ.
In the case of tropic responses, such as phototropism and

gravitropism, it has been estimated that the concentration differ-
ence across the hypocotyl may range between 1.5-fold and 2-fold
(11–13), similar to the difference in the root tip that triggers
gravitropic reorientation (14). The fact that this small difference is
sufficient to cause differential growth responses implies that the
levels of auxin must be well maintained within a very specific range
to ensure that this gradient is informative. Although regulation of
the expression, tissue distribution, and cellular localization of the
PIN-FORMED (PIN) auxin efflux carriers is presumably the most
important mechanism for the maintenance of local auxin maxima
(15, 16), it is likely that other mechanisms, such as the regulation of
auxin homeostasis, also contribute to this effect (17–19).
Among the pathways that contribute to auxin homeostasis

(2), conversion of indole-3-acetic acid (IAA) into methyl-IAA

(Me-IAA) by an IAA CARBOXYLMETHYLTRANSFERASE
(IAMT) could be relevant, because ectopic overexpression of
IAMT1 in Arabidopsis disrupts gravitropic responses (20). The
specificity of IAMT1 on IAA has been demonstrated for the
orthologs in rice and Arabidopsis (21, 22). It has been reported
that silencing of IAMT1 in Arabidopsis using an RNAi strategy
causes a dramatic phenotype that might be explained by simul-
taneous repression of additional members of the SABATH
family (20), which includes methyltransferases for jasmonic acid
and other substrates (Fig. 1A). Current models consider Me-IAA
an inactive form of IAA, because the phenotype caused by
IAMT1 overexpression resembles that of auxin-deficient or
auxin-resistant mutants (20), and also because exogenous ap-
plication of Me-IAA produces the same effects as IAA appli-
cation (23), which can be explained by hydrolysis of Me-IAA by
auxin methyl esterases (24). Given that there is no indication of
the physiological relevance of IAA methylation in the generation
of differential auxin distribution, we identified and examined the
behavior of single iamt1 loss-of-function mutants under grav-
istimulation, and found that IAA methylation is required for
asymmetric auxin distribution across the hypocotyl.

Results and Discussion
We selected two T-DNA insertion lines (iamt1-1 and iamt1-2 in
Col-0 and Ler backgrounds, respectively), the former of which
would putatively render a truncated version of IAMT1 lacking
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part of the active site (20) (SI Appendix, Fig. S1A). Hormone
quantification in etiolated seedlings (Fig. 1B and SI Appendix,
Fig. S2A) and light-grown seedlings (SI Appendix, Fig. S1B)
showed at least a 50% decrease in the levels of Me-IAA in iamt1

mutants, confirming in vivo that IAMT1 encodes an IAA meth-
yltransferase and suggesting that other methyltransferases can
also act on IAA or, alternatively, that the truncated proteins
encoded by the two iamt1 alleles might retain some activity. It is
also important to note that the decrease in Me-IAA was not
accompanied by a significant increase in free IAA levels (Fig.
1B), indicating that Me-IAA represents a small proportion in the
total IAA pool, in accordance with the observation that iamt1-1
mutant plants do not display any obvious morphological defects
that resemble IAA overaccumulation (SI Appendix, Fig. S1C).
To investigate if a reduction in IAA methyltransferase activity

has an impact in the formation of auxin redistribution, we first
examined the dynamics of apical hook development and the
hypocotyl response to a gravitropic reorientation, two processes
that involve auxin-dependent differential growth (4, 6, 25). The
iamt1 mutants did not display any severe defect in the formation
or maintenance of the apical hook, showing only slightly faster
opening of the hook (Fig. 1C and SI Appendix, Fig. S2B). In
contrast, the ability of the mutant hypocotyls to reorient after
gravistimulation was largely impaired (Fig. 1D and SI Appendix,
Fig. S2C). Importantly, this different behavior of iamt1 with re-
spect to the two processes was correlated with the ability of the
mutant to redistribute auxin across the hypocotyl in each situa-
tion. The asymmetry in the activity of the auxin signaling re-
porter DR5::GFP across the apical hook was similar in 3-d-old
etiolated wild-type (WT) and iamt1-1 mutant seedlings, despite
the higher reporter signal in the mutant (SI Appendix, Fig. S3),
suggesting no apparent defect in differential auxin distribution
during hook formation in etiolated iamt1-1 seedlings. Nonethe-
less, the seemingly high auxin signaling in the mutant apical hook
might be the cause of its premature opening (Fig. 1C). On the
other hand, gravistimulation of iamt1-1 mutant hypocotyls did
not provoke the typical accumulation of the DR5 reporter ob-
served on the lower side of WT hypocotyls (6); instead, a simi-
larly high signal was observed on both sides of the mutant
hypocotyl before and after the stimulus (Fig. 2 A and B). This

Fig. 1. IAMT1 is necessary for proper differential growth. (A) Phylogenetic
tree of Arabidopsis methyltransferases. Numbers in red represent bootstrap
values. (B) Levels of IAA and Me-IAA in 3-d-old etiolated seedlings of the
iamt1-1 mutant. Asterisk indicates that the difference is statistically signifi-
cant (Student’s t test, *P < 0.05). (C) Apical hook dynamics in the iamt1-1
mutant. (D) Gravitropic reorientation of iamt1 mutant hypocotyls.

A

C D

B

Fig. 2. IAMT1 modulates auxin levels in the hypocotyl.
(A) DR5::nGFP signal in the hypocotyl of 3-d-old etio-
lated seedlings before and 4 h after gravistimulation.
(B) Levels of DR5::nGFP in either side of the hypocotyl.
(C) DII-Venus signal in the hypocotyl of 3-d-old etio-
lated seedlings before and 4 h after gravistimulation.
(Scale bars: 100 μm.) (D) Levels of DII-Venus signal in
either side of the hypocotyl. D, down; L, left; R; right;
U, up. Asterisks indicate that the difference is statisti-
cally significant (Student’s t test, *P < 0.001).
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defect in the asymmetric auxin response is very likely caused by the
inability of the iamt1-1 mutant to differentially accumulate auxin,
as indicated by the loss of signal of a more direct auxin reporter,
DII-Venus, on both sides of the hypocotyl (Fig. 2 C and D).
The findings of no change in the amount of free IAA in whole

seedlings in the iamt1-1 mutant (Fig. 1B) and defects in local
auxin distribution on gravistimulation (Fig. 2) suggest that al-
terations in PAT may contribute to the iamt1 phenotype. In fact,
auxin transport along the hypocotyl, measured using 3H-IAA,
was nearly twofold higher in the iamt1-1 mutant compared
with the WT (Fig. 3A). In both cases, transport was inhibited by
incubation with 1-naphthylphthalamic acid (NPA), confirming
that enhanced IAA movement was due to increased PAT.
To investigate the observed increase in the IAA transport in

iamt1-1 correlates with the agravitropic phenotype of the mutant,
we measured PAT in WT and mutant seedlings with or without
gravistimulation. Interestingly, PAT was enhanced in the wild-
type and the iamt1-1 mutant after reorientation (Fig. 3B). We
next assayed the capacity of WT and mutant seedlings to reorient
in the presence of NPA. As expected, the gravitropic reor-
ientation of the hypocotyls of WT seedlings was gradually re-
duced with increasing doses of NPA (Fig. 3C). In contrast, low
NPA doses promoted reorientation of iamt1 seedlings and only a
high concentration (10 μM) of NPA abolished it (Fig. 3C and SI
Appendix, Fig. S5A). Remarkably, the same amount of NPA
restored both the reorientation ability and auxin transport to WT
levels in the mutant (Fig. 3 A and C and SI Appendix, Fig. S5A).
These results suggest a causal connection between the increased
PAT in the iamt1 mutant and its agravitropic phenotype.
The confirmation that a reduction of PAT alleviates the

agravitropic phenotype of iamt1 mutants suggests that PAT re-
striction by IAA methylation is an important element in asym-
metric auxin redistribution. Given that auxin has been proposed to

indirectly regulate its own transport (26–28), we hypothesized that
the primary effect of the auxin overaccumulation in iamt1 mutants
could in fact be an increase in the expression of PIN genes. To test
this hypothesis, we measured the transcript levels of PIN1, PIN2,
PIN3, and PIN7 in 3-d-old etiolated seedlings and found at least
twofold higher expression levels in iamt1 mutants (Fig. 3D and SI
Appendix, Figs. S4 and S5B). Moreover, transcriptional regulation
of PIN genes by IAMT1 activity may be physiologically relevant for
differential auxin distribution, since gravistimulation provoked not
only an increase in PAT in WT seedlings (Fig. 3B), but also an
increase in the expression of PIN1 and PIN3, albeit with different
kinetics (SI Appendix, Fig. S4A), and, to a lesser extent, of PIN2 and
PIN7 (SI Appendix, Fig. S4B). The expression of PIN genes in the
iamt1-1 mutant followed the same transient induction on reor-
ientation as in the wild-type, but with higher transcript levels (SI
Appendix, Fig. S4 A and B). More importantly, the increased ex-
pression of PIN genes in the iamt1-1 mutant was restored by in-
cubation with NPA at a concentration that rescued gravitropic
reorientation (Fig. 3D and SI Appendix, Fig. S4C), indicating that
enhanced PAT and increased local accumulation of auxin in the
iamt1 hypocotyls are caused by a perturbance of the auxin-
dependent feed-forward loop that promotes auxin transport.
The increase in PIN3 gene expression in the iamt1-1 mutant

also resulted in higher levels of PIN3 protein, as indicated by
the comparably stronger GFP signal in PIN3::PIN3-GFP lines
throughout the mutant hypocotyls (Fig. 4). Gravistimulation of
WT hypocotyls provokes the gradual asymmetrical redistribution
of PIN3 to the inner side of endodermal cells in the upper half of
hypocotyls (5, 6), being proposed as a major mechanism explaining
how the gravity vector is translated into the directional auxin fluxes
both in roots and shoots (29). However, we observed that the
PIN3-GFP signal in the iamt1-1mutant remained in the outer side
of endodermal cells even 6 h after gravistimulation (Fig. 4). This
explains the mutant defects in both the gravity-mediated asym-
metric auxin distribution and hypocotyl bending (Figs. 1D and 2 C
and D and SI Appendix, Fig. S2C). Interestingly, we found that
expression of IAMT1 in the endodermis, but not in the epidermis,
was able to rescue the agravitropic phenotype of iamt1 mutants
(Fig. 5 and SI Appendix, Fig. S6), indicating that IAA methylation
acts locally in the endodermis to establish adequate rates of polar
auxin transport. If Me-IAA is simply an inactive form of IAA,
methylation could be a fine-tuning mechanism to correct local
concentrations of auxin in the tissue that responds to gravity. On
the other hand, the possibility that a reduction in auxin methyl-
ation can indirectly affect auxin conjugation, or that Me-IAA itself
has a direct role as a modulator of auxin signaling or transport,
cannot be ruled out. To evaluate this latter possibility, we resorted
to orthogonal systems, which allowed the assessment of these
processes in a context devoid of other endogenous components
that may potentially affect the study. We first reconstructed the
IAA perception complex in mammalian cells to observe the event
of perception using a ratiometric sensor for auxin (30). Our results
showed that Me-IAA neither mimicked the response to IAA
in the activity of the auxin coreceptor complex nor interfered with
the response triggered by IAA (SI Appendix, Fig. S7). Similarly,
the presence of intracellular Me-IAA in auxin transport assays
using Xenopus oocytes (31) reduced PIN1- and PIN3-mediated
IAA efflux to the same extent as IAA itself (SI Appendix, Fig.
S8), suggesting that Me-IAA can be transported by PINs and
compete with IAA, and that it is rather unlikely that it acts as an
allosteric inhibitor of these transporters.
In summary, we propose that IAA methylation is a biologically

relevant mechanism in the endodermis for the maintenance of
auxin homeostasis and the appropriate expression levels of PIN
genes that allow asymmetric auxin distribution under certain cir-
cumstances, such as during gravitropic reorientation (Fig. 5B). Our
results are in line with recent reports highlighting the importance
of auxin conjugation in other developmental contexts, such as

Fig. 3. IAMT1 restricts polar auxin transport in 3-d-old etiolated hypocotyls. (A)
PAT in unstimulated etiolated hypocotyls. Seedling were treated for 6 h with
NPA, followed by a 3-h incubation with [3H]-IAA. (B) Effect of 6 h of grav-
istimulation on PAT in etiolated hypocotyls. (C) Effect of NPA on hypocotyl cur-
vature at 12 h after gravitropic reorientation. (D) Expression of PIN1 and PIN3 in
seedlings gravistimulated for 4 h in 0.5 μM NPA or mock solution, determined by
qRT-PCR. Values in A and B are the mean of three biological replicates. In C,
values are the average of at least 15 seedlings. In all cases, the error bar represents
SD. Asterisks indicate that the difference is statistically significant (Student’s t test,
*P < 0.05; **P < 0.01; ***P < 0.001). Letters indicate significant differences be-
tween groups (P < 0.05, one-way ANOVA, Tukey’s HSD post hoc test). In D, error
bars represent SD from three technical replicates. Data from a representative
experiment are shown. Two other biological replicates yielded similar results.
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shade avoidance and root growth (17, 32). Moreover, the link
between auxin transport and the control of an appropriate range
of auxin concentrations shown here suggest that both mechanisms
have necessarily coevolved to optimize plant adaptation.

Materials and Methods
Plant Material and Growth Conditions. Arabidopsis thaliana ecotype Col-0 was
used as WT. The following published transgenic and mutant lines were used:
PIN3::PIN3-GFP (4), 35S::DII-Venus (33), and DR5::nGFP (34). PIN3::PIN3-GFP,
DII-Venus, and DR5::nGFP were introgressed into the iamt1-1 mutant back-
ground by crossing. The iamt1-1 described in this work corresponds to the T-

DNA insertion line SALK_072125 (35). This line was genotyped with IAMT1-
specific oligonucleotides and with an oligonucleotide specific for the T-DNA
left border (SI Appendix, Table S1). The presence of transgenes in progenies of
crosses was determined by the corresponding antibiotic resistance when
possible, and also by genotyping (SI Appendix, Table S1).

Seeds were sown on 1/2 MS plates with 1% (wt/vol) sucrose and 8 g/L agar,
pH 5.8. Seeds were stratified for 3 d at 4 °C, exposed to light for 6–8 h at 20 °C,
and then cultivated in the dark. For experiments including chemicals, WT and
iamt1-1 seedlings were grown for 3 d in darkness and then transferred to
medium containing 0.125, 0.25, 0.5, 1, and 10 μM NPA (Sigma-Aldrich) for 2 h
before rotating the plate 90° for 12 h.

A

D E

B C

F

Fig. 4. The iamt1-1 mutant shows defects in PIN3 lateralization after gravistimulation. (A and B) Localization of PIN3-GFP in 3-d-old etiolated WT (Col) and
iamt1-1 hypocotyls. (C) Quantitative analysis of PIN3-GFP fluorescence in the left and right sections on the hypocotyls. The graph represents the average
intensity of fluorescence of the outer and inner endodermal plasma membranes. (D and E) Localization of PIN3-GFP at 6 h after gravistimulation. (Scale bars:
50 μm.) (F) Quantitative analysis of PIN3-GFP in the upper and lower sections on the hypocotyls. Graphs represents the average intensity of fluorescence of
endodermal plasma membranes facing away from the vasculature (left and right in vertical hypocotyls; upper and lower in horizontal hypocotyls). Arrows
mark the lateralization of PIN3. Error bars represent SD. D, down; L, left; R; right; U, up. The asterisk indicates that the difference is statistically significant
(Student’s t test, *P < 0.001).

A B

Fig. 5. Auxin methylation in the endodermis is sufficient to ensure gravitropic reorientation. (A) Endodermal expression of IAMT1 is able to recover the
iamt1-1 gravitropic response. Gravitropic reorientation of iamt1-1 mutant complemented with cell-specific expression of IAMT1 in endodermis (pSCR) and
epidermis (pML1). The experiments were carried out as described in Materials and Methods. Error bars represent SD. (B) Model for the role of auxin
methylation on gravitropic reorientation. IAMT1 is necessary to maintain relatively low levels of auxin in the responding tissue; in the absence of such
mechanism, auxin levels locally increase and enhance the PAT-mediated feedforward loop that causes auxin hyperaccumulation. The relevance of this
feedforward loop is highlighted by the rescue of the iamt1 mutant phenotype by NPA.
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In Vivo Plant Imaging.Apical hook development and gravitropic reorientation
were monitored as described previously (36, 37). For analysis of the gravity
response, 3-d-old etiolated seedlings grown in vertical plates were imaged at
1-h intervals for 16 h after rotating the plate 90°. Hypocotyl angles were
measured by ImageJ. Three replicates of at least 10 seedlings with a syn-
chronized germination start were processed.

Confocal Imaging and Signal Quantification. In some cases, hypocotyl cells
were visualized by propidium iodide (PI) staining. In these cases, seedlings
were rinsed first for 2 min with 10 μg/mL of PI and then for 5 min with water.
Fresh stained seedlings were mounted on slides only with water. Images
were obtained with a Zeiss 780 Axio Observer confocal microscope for DR5::
nGFP and with a Zeiss LSM 800 confocal microscope for DII-Venus and PIN3::
PIN3-GFP. For GFP and Venus detection, channel 1 was configured between
500 and 540 nm, and for PI detection, channel 2 was configured between
590 and 660 nm.

Fluorescence intensity was measured in the apical hook and in the bent
region of the hypocotyl. The DII-Venus and DR5::nGFP fluorescence intensity
was compared between the inner and outer sides of the apical hook and
between the lower and upper sides of the hypocotyl in the responsive part
as described previously (6). For quantification of the gravity-induced PIN3-
GFP relocation, the PIN3-GFP fluorescence intensity was compared between
the outer and inner sides of endodermal cells in both sides of hypocotyls as
described previously (6). ImageJ software was used for all intensity mea-
surements. Three replicates of at least 10 seedlings of similar size were
processed. Values are presented as the mean of averages. The t test was used
for statistic evaluation. Error bars in graphs represent SE.

Real-Time Quantitative RT-PCR. Total RNA from 3-d-old etiolated seedlings
was extracted using the RNAeasy Plant Mini Kit (Qiagen). cDNA synthesis and
quantitative RT-PCR, as well as primer sequences for amplification of PIN1,
PIN2, PIN3, PIN7, IAMT1, and EF1α genes, have been described previously
(37, 38).

Auxin Transport Assay. For this assay, 3-d-old etiolated seedlings grown on
vertical plates containing control medium were transplanted for 6 h to plates
withmock or NPA at the indicated concentrations. The upper half of seedlings
was placed on top of a small strip of Parafilm M, and a droplet containing
6.75 nM [3H]-IAA (specific activity, 25 Ci/mmol, 1 μCi/μL; Amersham) in 0.1%
Tween-20 (Sigma-Aldrich) was applied to cotyledons for 3 h. For auxin
transport during gravistimulation, [3H]-IAA was added after seedlings were
either allowed to grow straight for another 6 h or plates were rotated 90°
for the same time. The lowest 5 mm of the hypocotyl was collected, and
radioactivity was measured as described previously (39).

IAA and Me-IAA Quantification. Whole seedlings were immediately frozen in
liquid N2. Approximately 100 mg of tissue was pooled per sample, and at
least three biological replicates were harvested for each independent
experiment. Then 1 mL of methanol and 50 pmol of [2H2]-IAA or 100 pmol
[2H5]-Me-IAA were added, the tissue was heated for 2 min at 60 °C, followed
by further incubation without heating for at least 1 h. The sample was then
taken to complete dryness.

For purification of IAA and Me-IAA, the sediments were dissolved in 2 mL
of cold sodium phosphate buffer (50 mM, pH 7.0) containing 5% MeOH,
followed by a 10-min ultrasonic treatment (B5510DTH; Branson Ultrasonics).
Next, the pH was adjusted to 2.5 with 1 M hydrochloric acid, and the sample
was purified by solid-phase extraction using 1 mL/30 mg Oasis HLB columns

(Waters) conditioned with 1 mL of methanol and 1 mL of water, and then
equilibrated with 0.5 mL of sodium phosphate buffer (acidified with 1 M
hydrochloric acid to pH 2.5). After sample application, the column was
washed twice with 1 mL of 5% methanol and then eluted with 2 mL of 80%
methanol. The elution fractionwas taken to complete dryness using a vacuum
concentrator (Vacufuge Plus; Eppendorf). After the addition of 20 μL of N,O-
bis(trimethylsilyl) trifluoroacetamide containing 1% trimethylchlorosilane
(99:1, vol/vol; Supelco) to each extract, the extracts were transferred into
400-μL GC-MS vials and incubated for 70 min at 60 °C.

To analyze IAA and Me-IAA contents in the same samples, 1 μL of each
sample was injected splitless with a CombiPAL automated sample injector
(CTC Analytics) into a Scion 455 gas chromatograph (Scion Instruments)
equipped with a 30 m × 0.25 mm i.d. fused silica capillary column with a
chemical bond 0.25-μm ZB35 stationary phase (Phenomenex). Helium at a
flow rate of 1 mL/min served as the mobile phase. A pressure pulse of 25 psi
over 1 min was used to force the transfer of compounds from the injector
into the column. The injector temperature was 250 °C, and the column
temperature was held at 50 °C for 1.20 min. Thereafter, the column tem-
perature was increased by 30 °C/min to 120 °C. After reaching 120 °C, the
temperature was further increased by 10 °C/min to 325 °C, at which point it
was held for another 5 min. The column effluent was introduced into the ion
source of a Scion TQ triple-quadruple mass spectrometer. The mass spec-
trometer was used in EI-MRM mode. The transfer line temperature was set
at 250 °C, and the ion source temperature was set at 200 °C. Ions were
generated with −70 eV at a filament emission current of 80 μA. The dwell
time was 100 ms, and the reactionsm/z 247 tom/z 130 (endogenous IAA),m/z
249 tom/z 132 ([2H2]-IAA, internal standard),m/z 261 tom/z 202 (endogenous
Me-IAA), and m/z 266 to m/z 207 ([2H5]-Me-IAA, internal standard) were
recorded. Argon set at 1.5 mTorr was used as the collision gas. The amount of
the endogenous compound was calculated from the signal ratio of the un-
labeled over the stable isotope-containing mass fragment observed in the
parallel measurements.

Mammalian Cell Culture Orthogonal Platform for Determination of Me-IAA and
IAA Signaling with an IAA Sensor. Human embryonic kidney 293-T cells (HEK-
293T) were cultivated and transfected as described previously (30). For
transfection of each well, 0.55 μg of a plasmid encoding rice TIR1 and 0.2 μg
of a plasmid harboring a ratiometric luminescent auxin sensor (with full-
length Arabidopsis AUX/IAA17 as the sensor module) was mixed and di-
luted in 50 μL of OptiMEM (Life Technologies) and subsequently mixed with
2.5 μL of PEI solution under vortexing. After 15 min at room temperature,
this mixture was added to the cells in a dropwise manner. To induce auxin-
mediated protein degradation, appropriate IAA and Me-IAA dilution series
were prepared in DMEM and added to the cells at 24 h posttransfection and
incubated for 3.5 h, followed by firefly and Renilla luminescence analysis as
described previously (30).
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