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SI Materials and Methods
Yeast Two-Hybrid. For the two-hybrid interaction assays, we used
pGAD424-derived HaIAA27 plasmids and pGBT9-derived
HaHSFA9 plasmids; conditions were essentially as described (1).
Aliquots of yeast strains containing the bait and prey plasmids
were spotted onto selective medium (without tryptophan, leucine,
and histidine) starting from midlog phase culture, and at de-
creasing cell density (1:10 dilution steps). Petri dishes were in-
cubated for 48 h at 30 °C. The bait HaHSFA9 plasmids used in
Fig. 1 are derived from pGBT9 (Clontech; GenBank accession no.
U07646). The pGBT9-HaHSFA9ΔAD and pGBT9-HaHSFA9-
mutAD plasmids, respectively, numbered 1 and 2 in Fig. 1, were
previously described as pGBT9-A9M1 and pGBT9-A9M2 in
SI Materials and Methods for Tejedor–Cano (2). The pGBT9-
HaHSFA9ΔN and HaHSFA9ΔDBD plasmids (numbered 3 and
4 in Fig. 1, respectively) were obtained by substituting the
HaHSFA9 sequences between NcoI and BglII sites in pGBT9-
HaHSFA9mutAD for NcoI-BglII fragments with the HaHS-
FA9ΔN or HaHSFA9ΔDBD sequences. These fragments include
PCR-amplified sequences from pBSK-HaHSFA9-ΔN (AvaII),
which was derived from pBSK-HaHSFA9-F (3) by deletion of N-
terminal, HaHSFA9 cDNA sequences between AvaII sites at
positions 261 (present in the cDNA) and 85 (introduced by PCR).
The two PCR-amplified sequences used for HaHSFA9ΔDBD
(encoding amino acids 1–66 and 162–371) were ligated using an-
other AvaII site introduced immediately after the DBD (with 5′-
AAGAGGgGAcCAAACCAGCACAAACAC-3′). The pGBT9-
HaHSFA9ΔOD plasmid (numbered 5 in Fig. 1) was derived from
pGBT9-HaHSFA9mutAD by successive PCR and substitution of
NcoI-BglII andBgllI-PstI fragments. In the first step, the C-terminal
HaHSFA9 sequences (amino acids 162–371) are deleted. In the
second step, the premature stop codon generated by step 1 is
eliminated (with 5′-GCGTTTAGAtctCCGATTTTCGTTAAG-
CTTTTGC-3′), and the C-terminal HaHSFA9mutAD sequence
(amino acids 248–369) is added back. The prey HaIAA27 plas-
mids are derived from pGAD424 (Clontech; GenBank accession
no. U07647). The pGAD424-HaIAA27 plasmid (numbered 6 in
Fig. 1) corresponds to one of the plasmids (pGAD424-2H8.3)
obtained with the two-hybrid screening from the sunflower em-
bryo cDNA library (3). pGAD424-HaIAA27 contains HaIAA27
cDNA sequences between nucleotides −54 and 1001, encoding
the complete HaIAA27 protein (amino acids 1–238). The rest of
prey plasmids contain different HaIAA27 sequences. In plasmids
pGAD424-HaIAA27Δ(dIII+dIV) and pGAD424-HaIAA27Δ
(dIV), respectively, numbered 7 and 8 in Fig. 1, these sequences
were PCR amplified from plasmid pBI221-HaIAA27 (the
HaIAA27 effector plasmid, see below). In plasmids pGAD424,
HaIAA27ΔN and pGAD424-HaIAA27ΔN2, respectively, num-
bered 9 and 10 in Fig. 1, the PCR-amplified sequences derive from
plasmid pGBT9-HaIAA27. The pGBT9-HaIAA27 plasmid also
contains cDNA sequences encoding the full-length HaIAA27
protein from pBI221-HaIAA27 cloned between the BamHI and
PstI sites of pGBT9. In plasmids pGAD424-HaIAA27Δ(dIII
+dIV) and pGAD424-HaIAA27Δ(dIV), the HaIAA27 amino
acid sequences (respectively, 1–113 and 1–170) are immediately
followed by a stop codon and a SalI site introduced by PCR. These
changes were made with the oligonucleotides: 5′-TCGGGT-
CgaCTTaGTTCTTCGTGTTTTTAG-3′ (used for dIII+dIV) or
5′-GTTTTCAgTCGACtaGTGAGTACCGTATTGA-3′ (used for
dIV). The HaIAA27 sequences were fused in-frame with the
GAL4 activation domain by insertion between SmaI and SalI sites
of pGAD424. The internal HaIAA27 deletions in plasmids
pGAD424-HaIAA27ΔN and pGAD424-HaIAA27ΔN2 include

amino acids 10–114 or 10–163, respectively. These deletions were
made using StyI sites introduced using the oligonucleotides 5′-
CGGTGGCTTTCAAGTTCAAAcCaaGGTTGTGGG-3′ or
5′-CCCGAATGCCGAccTtGGATCATGTGTTTATGTG-3′,
respectively. The HaIAA27 sequences were inserted between
SmaI and PstI sites of pGAD424.

GST Pull-Down.Wehavealreadydescribed thepRSET(Invitrogen)-
derived plasmids expressing 6xHis-tagged versions of the complete
HaHSFA9 protein and of a N-terminal deletion form without the
first 140 amino acids (1). The full-length HaIAA27 sequences
(encoding amino acids 1–238) from plasmid pGAD424-HaIAA27
were excised as an NcoI-SpeI fragment; the fragment-DNA ends
filled with Klenow polymerase, then ligated at the SmaI site of
pGEX-4T-1 vector (Amersham Biosciences) in the orientation
allowing in-frame fusionwith theGSTprotein.ANcoI site wasfirst
introduced by PCR (with oligo-5′-cATGGACCCAATACCCA-
AAACCCAC-3′) at the ATG codon of HaIAA27 in pGAD424-
HaIAA27. Conditions for GST pull-down assays were as described
(1), except that induction of theHaIAA27:GST protein was for 5 h
at 30 °C with 0.1 mM IPTG and the binding reaction was made in
20 mM Tris-ClH (pH 7.4), 150 mM NaCl, 5 mM MgCl2, 0.01%
Nonidet P40, 0.1 mM PMSF, and 1× proteases inhibitor mixture
(Complete; Roche).

Protein Localization and Accumulation Assays in Nicotiana
benthamiana. Plant leaves, 3–4 wk old, cultured at 23 °C with 16-
h/day photoperiod, were infiltrated with the appropriate agro-
bacterium cell suspension mixture preincubated for 4 h at 25 °C.
All plasmids in the GV3101 agrobacterium strain were first grown
to OD600nm = 0.7 in YEP selective medium at 30 °C, and then
concentrated to reach a final OD600nm = 1.0. Cell suspensions
mixtures contained each of HaIAA27-GFP fusion plasmids and
a 35S:p19 plasmid (4). Effects of TIR1 were investigated by also
adding cells with a DsRed2:TIR1:HA fusion construct. At 48 h
after infiltration, whole leaves (two to three leaves per plant; the
topmost leaves) were pooled and frozen in liquid nitrogen; pro-
tein was extracted with 2× Laemmli’s buffer. Samples of 5 μg total
protein, GFP antibodies (Clontech; dilution 1/1,000), and the
ECL Plus system (GE Healthcare) were used for Western de-
tection in Fig. 2A. The accumulation of the NPTII protein, used as
an internal standard, was detected with antibodies from Sigma, at
dilution 1/2,000. To be able to detect the WT form in Fig. 2C, we
used the following conditions: 20 μg of total leaf protein per
sample and the ECL Advance system (GE Healthcare). NPTII
antibodies were used at 1/4,000 dilution.
Disk sections from the infiltrated leaves were used for sub-

cellular localization under a Leica TCS-SP2 confocal laser-scan-
ning microscope with a HC PL FLUOTAR 20×/0.50 objective
after 48 h of expression (24 h for mIIab and ΔN). Excitation was at
488 nm with an argon laser; the spectral detector was set between
515 and 540 nm. Image analysis was carried out with Leica LCS
software and Adobe Photoshop 7.0. Images from the different
samples were obtained using optimized imaging conditions in
each case (WT, voltage 445.8, offset 0; ΔN, voltage 438.7, offset
0.7; mIIa, voltage 313.5, offset 1.5 and mIIab 462.0, offset 0.5).

HaIAA27-GFP and DsRed2-TIR1-HA Fusion Plasmids. The HaIAA27-
GFP plasmids are pBIN19-derived binary constructs, including
GFP C-terminal fusions of the HaIAA27 WT, ΔN, mIIa, and
mIIab proteins. These fusion proteins are expressed from a 677-
bp cassette with CaMV 35S promoter enhancer and polyA se-
quences (http://www.pGreen.ac.uk/). TheWTHaIAA27-GFP fusion
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was first assembled in a pBR322 plasmid containing the 35S cassette
(pBR322-35S-HaIAA27-GFP). The WT HaIAA27 sequence (en-
coding amino acids 1–238) was PCR amplified from plasmid pBI221-
HaIAA27 (describedbelow).Weusedoligonucleotides that introduce
a HindIII site in the 5′ end (5′-GAGATCGAAagCttCACGAGG-
CCACAACCC-3′), and remove the stop codon adding a NotI site at
the 3′ end (5′-gcggccgcCGTTACCGCTTTTGCATTTGTCTG-3′).
The GFP sequences, from the second to the last codon (238 amino
acids), were obtained from a pBluescript plasmid as a NotI-BamHI
DNA fragment. The HaIAA27 (HindIII-NotI) and GFP (NotI-
BamHI) sequences were consecutively ligated between the HindIII
andBamHIsites in thepolylinker sequenceof the35Scassette.Finally,
an EcoRV DNA fragment containing the complete 35S-HaIAA27-
GFP-35S sequences was inserted at the SmaI site of pBIN19 (Gen-
Bank accession no. U09365), yielding the pBIN19-35S-HaIAA27-
GFP plasmid. The construction of the rest of the binary constructs
followed similar steps, the ΔN, mIIa, or mIIab HaIAA27 sequences
were PCR amplified from the respective pBI221 effector plasmid
(described below); then the corresponding HindIII-NotI ;fragments
substituted the WT HaIAA27 sequence in the pBR322-35S-
HaIAA27-GFP plasmid. Thus, we obtained first the rest of in-
termediary plasmids: pBR322-35S-HaIAA27ΔN-GFP, pBR322-35S-
HaIAA27mIIa-GFP, and pBR322-35S-HaIAA27mIIab-GFP, and
then the corresponding binary plasmids: pBIN19-35S-HaIAA27ΔN-
GFP, pBIN19-35S-HaIAA27mIIa-GFP, and pBIN19-35S-HaIAA27-
mIIab-GFP.
The DsRed2-TIR1-HA fusion construct was derived from plas-

mids 35S-Tir1-HA-YFP (5), pSAT6-DsRed2-N1 (6), and pRSC2-
nptII (6). A BamHI-SacII DNA fragment from plasmid 35S-Tir1-
HA-YFP was first inserted between the BglII and SacII sites of
pSAT6-DsRed2-N1. The PI-PspI DNA fragment from the result-
ing plasmid that contains theDsRed2:TIR1-HA sequences was the
inserted at the PI-PspI site in the binary vector pRSC2-nptII.

Transient Expression in Sunflower Embryos. The effector plasmid
expressing the HaIAA27 WT and ΔN forms from 35S sequences
were derived from pBI221, as the previously described HaHSFA9
effector plasmid, pBI221-HaHSFA9 (1). The full-length HaIAA27
sequences (encoding amino acids 1–238) in the plasmid pBI221-
HaIAA27 were obtained from plasmid pGAD424-HaIAA27 by
PCR amplification, introducing an XbaI site at the 5′ end (using the
oligonucleotides 5′-TTCGATGATGAAGATTCTAGACCGGA-
TCCAAAAAAAGAGATCGAAT-3′). The PCR-amplified frag-
ment was treated with T4 polymerase, digested with XbaI, and then
cloned between the XbaI and SacI (T4 polymerase-treated) sites of
pBI221. The pBI221-HaIAA27ΔN plasmid was constructed by
substituting in pBI221-HaIAA27 the BamHI-SacI DNA fragment,
with the N-terminal region of HaIAA27, for a shorter (135 bp)
similar fragment from pGBT9-HaIAA27ΔN. The pBI221-
HaIAA27mIIa and pBI221-HaIAA27mIIab plasmids were derived
from pBI221-HaIAA27; we introduced the respective amino acid
substitutions, in domain II, with a two-step megaprimer PCR (7).
The mutagenic oligonucleotides 5′-TGAATTCTTTCGAAAAG-
ACCGAATTaGAGGCCATCCCACAACTTGTGCCT-3′ and 5′-
TGAATTCTTTCGAAAAGACCGAATTaGAGaCCATCCCA-
CAACTTGTGCCT-3′ were used, respectively, for pBI221-
HaIAAmIIa and pBI221-HaIAAmIIab. All PCR-amplified frag-
ments were verified by DNA sequencing.
The −126(G1):LUC reporter gene has been previously de-

scribed (1).
The DR5:LUC reporter gene plasmid was derived from

pUC19-DR5:GUS (8) (obtained from Tom Guilfoyle’s lab). An
EcoRV-EcoRI DNA fragment that contains the 35S proximal
promoter followed by GUS and nos-3′ sequences was replaced by
a similar fragment (from pDR102-LUC+) (1) in which sequences
encoding the complete LUC+ protein replace GUS. Auxin in-
duction of DR5:LUC was analyzed 24 h after addition of 50 μM

IAA (dissolved in 0.1 mM NaOH) to the medium. Control
samples were treated with the solvent.
The WT and mIIab 35S-HaIAA27-LUC plasmids derive from

the corresponding 35S-HaIAA27-GFP plasmids (see above).GFP
was excised as an XhoI-BamHI fragment and replaced by LUC+
in a SalI-BamHI fragment obtained from pDR102-LUC+ (1).

BiFC in Sunflower Embryos. Bombarded embryos were incubated in
the dark for 48 h at 28 °C, and then analyzed with a confocal laser-
scanning Olympus FV1000 microscope; using a UPLSAPO 60× W
NA:1.20 objective and standard YFP filter settings. For image
analysis we used the FV10-ASW1.7 software andAdobe Photoshop
7.0. Image acquisition conditions were adjusted so that embryos
bombarded with control plasmid mixtures did not show YFP fluo-
rescence (370 V, gain 1×, offset 12%). The bombarded plasmid
mixtures include in addition to pRLUC (used as an internal refer-
ence) pUC SPYCE(M) (9) and pUC SPYNE173 (9)—5 μg of each
plasmid per DNA precipitate—or a similar combination of derived
plasmids, including HaHSFA9 [pUC SPYCE(M)-HaHSFA9]
and the WT (pUC SPYNE173-HaIAA27WT) or mIIab (pUC
SPYNE173-HaIAA27mIIab) formsofHaIAA27.Theplasmidsused
forBiFCderive frompUCSPYCE(M) (9) and pUCSPYNE173 (9).
These plasmids include in-frame fusions with the nonfluorescent
eYFP halves, eYFPC155 [pUC SPYCE(M) plasmids] or eYFPN173
(pUC SPYNE173 plasmids). For constructing pUC SPYNE173-
HaIAA27WT, a DNA fragment from pBR322-35S-HaIAA27-GFP
(see above) was cloned at the SmaI site of pUC SPYNE173. The
PCR-amplified fragment includes 54 bp of the HaIAA27 5′-UTR
and the complete HaIAA27 coding sequence without the STOP
codon (amplified from the 3′ end with 5′-GTTACCGCTTTTG-
CATTTGTCTGC-3′). The pUC SPYNE173-HaIAA27mIIab plas-
mid was similarly obtained, except that the PCR-amplified fragment
derived from pBR322-35S-HaIAA27mIIab-GFP (see above). For
constructing pUC SPYCE(M)-HaHSFA9, a DNA fragment from
pBI221-HaHSFA9 (1) was cloned at the SmaI site of pUCSPYCE
(M). The PCR-amplified fragment includes 15 bp of the HaHS-
FA9 5′-UTR (3) and the completeHaHSFA9 coding sequence (3)
without the STOP codon (amplified from the 3′ end with 5′-
AGCTTTTGGGATCAACTCTTCCCATTC-3′).

Construction of Transgenes; Generation and Analyses of Tobacco
Transgenic Lines. The WT, ΔN, and mIIab forms of HaIAA27 were
overexpressed in seeds of transgenic tobacco from pSK-ds10EC1-
derived binary plasmids (2). The different DS10:HA:HaIAA27:DS10
transgenes were first assembled in pBluescript plasmids derived from
that for DS10:HA:HaHSFA9M2:DS10 (2). The HaHSFA9M2 se-
quences in the DS10:HA:HaHSFA9M2:DS10 plasmid were sub-
stituted in each case byHaIAA27 sequences thatwerePCRamplified
from the pBI221-HaIAA27, pBI221-HaIAA27ΔN, and pBI221-
HaIAA27mIIab plasmids. For PCR amplification, we used the same
pairofoligonucleotides, 5′-AtcATGGACCCAATACCCAAAAC-3′
and 5′-CGATTCATcGATCTCTGCAGGT-3′, which flank the
HaIAA27 sequences. The different transgenes were excised from the
respective pBluescript plasmid, as XbaI-KpnI fragments, and then
cloned between the XbaI and KpnI sites of pBIN19, finally yielding
the pBIN19-DS10:HA:HaIAA27:DS10, pBIN19-DS10:HA:HaIAA
27ΔN:DS10, and pBIN19-DS10:HA:HaIAA27mIIab:DS10 plas-
mids. Homozygous transgenic tobacco lines that express only in seeds
the WT, ΔN, and mIIab forms of HaIAA27 and sibling control lines
were obtained; then seeds characterized for sHSP protein accumu-
lation as previously described (2). The DS10:A9M3 lines and the
procedures for statistical analyses were also as described (2).

Phylogenetic Analysis. The Arabidopsis protein sequences (10) were
obtained from the whole-genome sequence database TAIR v8
(http://arabidopsis.org/). The translated sequences were aligned, and
a treedrawnusing theClustalXv2.0program(11).The treewasmade
using the Neighbor Joining method.
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Fig. S1. (A) The HaIAA27 cDNA and predicted amino acid sequence for the HaIAA27 protein. The conserved domains I–IV are boxed and shaded black. The
two consecutive proline residues in domain II that were mutated to SP or SL, respectively, in the HaIAA27mIIa and HaIAA27mIIab forms, are indicated by
black dots below the amino acid sequence. An asterisk marks the stop codon. The amino acids from position 10 to 121 (bracketed) were internally deleted in
the HaIAA27ΔN (ΔN) form. (B) Phylogenetic tree constructed from a Clustal X alignment of the predicted HaIAA27 sequence and all Aux/IAA proteins of
Arabidopsis thaliana. HaIAA27 and Arabidopsis IAA27 were placed together in 998 of 1,000 trees (bootstrap repeat value = 1,000). In addition to the data
shown here, we found that, as expected, potato StIAA27 (GenBank accession no. AY098938) was more closely related to HaIAA27 than the Arabidopsis
ortholog.
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Fig. S2. GST pull-down interaction of HaHSFA9 and HaIAA27. GST and the GST:HaIAA27 fusion protein (labeled 1) were expressed in bacteria and bound to
glutathione affinity beads. Beads were incubated with bacterial extracts containing 6xHis:HaHSFA9 fusion proteins (labeled a or b). The interacting proteins
were eluted, and then detected by Western blot using anti-Xpress antibodies. The input lanes contain 0.3 μg of total protein extracts.

Fig. S3. DR5:LUC reporter gene activity increased from 15 to 20 dpa in transient assays performed with bombarded sunflower embryos. Normalized LUC/RLUC
activity was analyzed, and the results and statistical differences depicted as in Fig. 4.
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Fig. S4. The DS10:HaIAA27ΔN (ΔN) seeds, but not the DS10:HaIAA27WT (WT) seeds, show reduced longevity. We show germination at different time after
artificial aging (CDT; SI Materials and Methods) for 48 h. The results correspond to three sibling pairs of transgenic (T) and nontransgenic (NT) plant lines
analyzed in two independent experiments. Statistical analyses are detailed in Table S1.

Table S1. Statistical analyses for the more relevant comparisons
included in Figs. 4, 5, and 7, and Figs. S3 and S4

Comparison Statistics

15 dpa, (−) to WT (Fig. 4) F = 0.005, P = 0.94
15 dpa, A9 to A9+WT (Fig. 4), R F = 100.23, P = 0.0001
20 dpa, (−) to WT (Fig. 4) F = 82.34, P = 0.0001
20 dpa, (−) to ΔN (Fig. 4) F = 1.79, P = 0.18
20 dpa, A9 to A9+WT (Fig. 4) F = 5.87, P = 0.02
20 dpa, A9 to A9+ΔN (Fig. 4), R F = 15.37, P = 0.0001
DR5:LUC, −IAA to +IAA (Fig. 5) F = 122.51, P < 0.0001
mIIab:LUC, −IAA to +IAA (Fig. 5) F = 0.35, P = 0.56
WT:LUC, −IAA to +IAA (Fig. 5) F = 31.55, P < 0.0001
WT, NT to T (Fig. 7) t = 2.16, P = 0.04
ΔN, NT to T (Fig. 7) t = −10.99, P < 0.0001
mIIab, NT to T (Fig. 7) t = −5.03, P < 0.0001
A9M3, NT to T (Fig. 7) t = −5.19, P = 0.001
15 dpa to 20 dpa (Fig. S3) F = 108.74, P < 0.0001
WT, NT to T (Fig. S4) F = 0.79, P = 0.195
ΔN, NT to T (Fig. S4) F = 453.99, P < 0.0001

Data from the indicated figures were analyzed following ANOVA proce-
dures. For Fig. 7, Student t tests were performed, and for Fig. 4, repeated
measures ANOVA was performed. The statistic [F or Student t (t)] and prob-
ability (P) values are shown for each comparison. Statistical significant differ-
ences (P < 0.01) are indicated in boldface. With R, we also indicate when the
significant difference resulted in repression of HaHSFA9 (A9) by HaIAA27
(WT or ΔN).
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