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Figure S1. Impaired BR perception enhances PILS5OE phenotypes. Related to Figure 2. 

(A-D) Images and quantifications of 5-d-old dark-grown (A, C) and 6-d-old light-grown (B, D) 

seedlings of wild type (Col-0/WT), bri1-6 and imp1 germinated on plates with DMSO, 100 nM 

(A, C), or 50 nM BL (B, D). (n > 25). Scale bar, 3 mm. (E-H) Scanned images and quantifications 

of 5-d-old dark-grown (E, G) and 6-d-old light-grown (F, H) seedlings of WT, PILS5OE, and bri1 

mutants. (n > 25). Scale bar, 3 mm. (I and J) Quantifications of 5-d-old dark-grown (I) and 6-d-

old light-grown (J) seedlings of WT, PILS5OE, and bri1-301 mutants. Letters indicate values 

with statistically significant differences (P < 0.05, two-way ANOVA (C and D); P < 0.01, one-

way ANOVA (G-J)).  

 



putative BZR1 and BZR2 binding sites predicted by 
http://jaspar.genereg.net/

>PILS5  BZR1 BZR2  >90% 
 
tcccag�tgctc��gtgagcc��c�tc�tc�ggtgtccctc�ggtcaccggcg��catcccgagatc�gagcca�tcg�tgg�ccagtaatcagcgtagctctgatacca tg�gtga�ctca
c�tcactcatg��gtgaa�aaaacga�tagaag�gagagagagatgcataaactctg��tc�agaa��cccataa�c�tc�acacacacatacatcc�atag caaaacataaagtaaaa
cacaaaatactagc�ctgacacctacacgatgacacctacacga�acactg�gcaggctgctcccactacaagcatgc�actctaga�atagc�ag��ccaagtaaacaaaagcaac taga�c
aaaccaac�c�tcacatgtaactac�g�ctctc�tgac�c�cagtatgg�tgaaagcaaaataggca�a�caacagtctgc�tctaa�aatcc� tgaga�gcag�tacgaaaa�atccaa
ggga�cataa��ag�gaagatataaagcaa�tcc�agcaga�acaa�acc�tagctg�ac�gtctg�tagc�cga�ggtctagtaaacag��gg�tgga�aatcata �tc�a�ctct
g�accg��g�ggatctcaaa�tc�tgatga�ctagcaagtgg�gag�taa�gatctgta��atcca�aagctg�t tgcagtagcaggtgaaaaacaaacgaa�cactgtg�gaa�tca�
caccggaataatcagaggctacgacggcgaaggatgacgatggaaatc��ga�actcatcatacacgtg�gataacatgtggc�tgaaaggaa�atctgatcaaatc�c�c�caata�gag�
tgag�ggga�tag�tg��cgtaactgg�atg�gtagggc���agcccatg�tgtaatgc�acc tcaataaaatatgaac�gtgagaaaaaaaaaaaga�tggg��ag�aaaagagga
gaaagaaatg�taaaatgatgagctaaa��aaataag�gtaaga�aagcaacaaatgagac�gtagaaa�gcaaaag�gggacctaaatc�gagaagccactagaataaggacc� a��
a�aatg�gtggccc�gagaaaaataata�gggtaagaaaataaacaac�atag��caaaa acacaaaaacacaaaaccctcaatag�ggaagagggctccccaagaccgta�cgcgtccag
aatcgtaaca��cgataaga�aaaaaaacctgcaaaatctggtccgcacg��tagcaacacaacaaagtatgacgagaag�ccacga��tgcaggtatagtaca�cgc��cgcc acctca�
gcc�gga�catacactggatcgg�taatc�c�ctctg��tccatgtcaactat tatatagtca�gta�tgta�ta��ctatata�gcaccgaaaaaagcaagagagggatatgg�cacatga
actatgtaggaggtgaataaa�agacacatgta�c�aa�tcaggatcacatgaa�gtgatag�cggtgctcagtagaac�ataaaaaagcacaacac�a�c��tgtcggatatg ataatccg
c��ga����aaatatatggag��cgatagtccaaaaaaa ag�tcatgc�aggcagacaaaaac�taatc�tgtgtgtggacgacata�tg��aac�gctagtgaa��tc�taatctac
c�tg��gtatatatatctaacca�ataa�atgtatatg�agctga�ccaaacgatatcataag�ctaatgagtaatga�ggtcaa�tatc�g�gtaaa�g�caatatacgt gacgtggtccac
�ctatcctccaagactccagctacacaaagacacagtaacacaaacgcatacgcatatgcatgtgtcgtgtc�tgtgtgtgtatg�gtatata�aatata�atctaaactatacca��catgaaa�t
ataatata��ctcaaatga�taagaagataatgatatg�tacgagagtaaaaaaa�aatgatc�ccagtaatcaataaatatagtaaa�gatatcagatc�g�gccaactatagaa �gaacaa
aatacaaaactgtcatcgccatg�ata�atcgtaaagccagc�atatatcc�cccca�ggtg���a��tac�tg�tggtgaata�aaagcgc�aaaacacg�ccaacagaataa�g�tg
acc��tag�tatctga��taatatcaa�c�aaaaacatctcctcaatc�tgcgtaa�tgtc��cctaatgcatcggatagagataga�c�ctgag�c�gcatgg�cagg tac�tcta�cgt
�c�aatacgtg�c�tc��cggatgaaacataa�catcgatcgatcgatatgtataagtctgataaaaac�gatcg�gc��gatca�actagtaaaacatctcaataaatcaca taacatg�tc
acg��gaatcgg��tcagcc�g�g�tcaga�tga�gatacgaa��aatca�a�a�gcaaaaa�cata�taaa�tgagatg��tataatatacatgc�a aga�cataccaataa�aa
g�caataatctagatatgg�tagaaac�tagatatatagagatgctgatgacatgatgaaggtgatgatcga�gatcg�ta�ca�tgtcatatatatgag�gtaggaaaaacatc� atgaa�ta
gatcca�aaatacgc�atatgcatgtgtgcatg�caatgtgtagataag�cta�ctgaataaa�gacgaataacaa�a�ga�tcaa�tcg� �gagtgtgcatgtcatgtgtctgagatatggg
aaaatgaaaaggaaac�ccctatatataccgaaacaatagactatcaac�tgatctatatatacaaa�gtagaaaagcc�ggatctaactgata�tcc�atgtgagatacaca�aatg tc��g�
�gc�c�aaga�aacgtg�atata�atctc�ta��aaaacatg�gaccaaaataa�tatgtc�acgtg�gcatatga aatagatccaatcgaatcagcctcccatatc�gaatc�tgata�t
ggggtctacca�gatatga�tac�tg�aa�ac�gatg�aata�tca���c�aagaaa�gtaaactaa�c�tacatatatgcatggcaa�aac�agtcaacagg�caa ca��ataatgt
atccagaatcccagatagtacctgtcctgataaaacc��caggatctcatgata�tc�aaaatataacagc�agtga��aaataacataaaaa�agccgacaaaaagaaaatatcataatataa
�ctgaaaataactaataa�tactc��caagtaa�a�caaaataaa�tagaaaactaa�caatgta�tcctca�gtcactc��a�tccctctacaaaa�atatatatgaagt ag����aaa
atagagccccataactaaca�aggggtccatata�tgca�gtaa�tataaacacgtgtagaaca�ataa�a�taaaataaaa�tagaacaataac�aatgta�tcctcctcg�ag��cc��
�tccctctacaaaa�acatatatggaatag�g�c�tac�c��aagtagagcccc�aactaacaca�aggggtccatata�tgca�ataa�tata aacacgtgtagaacctggcactgaagtc
tgatgaatatatatcca�tg��cacaactaccctagct��gtatcatcgg�ac����tatcacaagaaa�tctcga��ga��ga��tcaatg�gtgaag�gagaag�caacatg��g
gacagatg��tgaacagtaaa�agta��aaacatgtgaatcta�tgcaaacgtaatgacgtgtcgtctgacca�tc�gaatg�ag�aa���agctctag��ga�aatct accaa�aggtc
a�ca�tcag�taagtcaaatcaacaa�aggctcgtcctaacg��ca�tagccaaaacaaaaaaaaaga�tcaacagtataaataa�cgtcc�atcaaaaaa�aataaataaaaaagatata
catca�ac�acgtaa�g�tgta��gatag��cgataa�tctatgtgacgg��taaaataaaaataaatg�gaataacaaaaaatagtagtacaatagaatactgaa�gg�t gtgtagggtc
aaaccaacaaatatggaaagaaaagta�a�tag�acaacgtgaaaacacagg�cgtgctactactccaatgatacgggtctcaaaatactcaaaactctggcatgtctcaa�ccacaaa�a�gt
�aatca�ctgc�c�ct  

>PILS2 BZR1 BZR2 >89% 
ccgccga�catgc��taatc�ct taaccaa�acgtacagacacgag�agtatgtctgg��ggg�ccacgtggatctg�tgg�tgcggcagcta��a� cccacgtgcga�actgatcaaatct
caagccaagcg�ccc��gtcgtc�g�ctga�taata�aaaccggaaatgaccgatca�cagccgctagtg�tgg�tgtat a��gacgca�aatgggc�ataa�ggg c�c���agactc
gtg�gtcgctagcccaatggataatc�tgacagtatcg�caaccacagattatc�c�cgcacgatgtgataaatacaaaa��caaatcaagaagaaac�caagatacaaaa�a�gcaatcagt
aga�tggcgtggatgatgcatctgtcatcgcaatc�gtc�c�c�ca�gacaag�ccatgtgta�gtgtagctccaggtg�g�ctctaatcggc�ta tctctatccaaccatc�cacgactgtggt
ctaa�ga�tg�agtg�c�cta�tcctgg�caga�c�cactgctgtgtatag�c�ctca�caa�ac�ggg �gtgg�taaatcaccaa�tggtcatc�c�gtg���tctatcg�gac�cg
agc�tacatagtgagatcgag 
 

>PILS3  BZR1 BZR2 >80% 
aaagaaa�aatgc�g�ac�gta�aactc�aa cgaagatc�aatagcaaaac�a�aatgata�tcagaaag�ggac��acgaccca�tacataacaaagccca�a�gtaaactatgggc
tcaatatgtaaggtata�atgaatataatc�aggcccaa�aaacacggaagacaacgtagg�tctgc�gtctcga�g�g�gtg��ta�tg�actaaagatagagaaagaaata tcgaagcat
tgtgcg�catg�caatatagagt��g�gtaccaaaaaaatatagtg�tgaatc�taa�atagactagctagcatataa�aacgtga�aac�tacaa�atggtgatgatga��ctcagtatgt
aggtatagtac�gtcaaagtgacaaataa�gcaa�taatgaa�ggtgtggatccaaaggataacaaatagtatgagcata�ca�cgaagcaaaatggtacagaa�aagcaaagc�� tgtcca
aaa�ctaatgaattaaggacca�a��tagggaataatagtc�tgatgccccaca�tccaatagtacaaatcaaga��caatatatgtcaag�tg�a��ca�cacggaca�aaaacgagtg
gagca�tcaa�tgacatatc�tgtcc��c��tg�acagatatc��g�cacg�c�tgaatcatcata�catagctatgagatcatagaaatatcaaatactg�aa�aacc tc�taaaaatac
ata�cacaagtctc�gtgtgagtagaaatcctatacaaacaag�ta�catgctctaataagatagataaataagaagatagctcatgacatggcc�ca�aggc�g�gcatatacaat aagc�ac
atataaggaa�aaggatggtctaatatctc�gc�cacatgagaagag�atagga�cgagtcacataagaga��ta�gtagtgtgtataatatatcccac�ctacaa�atcc agtcta�gtgtat
��ca�aataaatcactaaaa�tgcac�tgacaatatatac�aaata�tgtatctcgtatatatatatatacata��tagcactgtatgataa�ctaa�a�cgctaa�g�� ��tggtaagaat
tagtcgacta��gata�gggg�g�aca�tatatc�gca�gaa��atggacggacactggtcgcagcctcacacactaa�tgaa��ccg� atca�aata�cgatcg�tcg�ggtacgc�
ccatcacacaa�aa�taagccaccacacta�atc�a�ctca�cag��g�tcca�tcaaa�tc�acgacgcatatgaaaatgtaca��tataacaa�cccc�aaaaatag atgacaaaaa
gaaaaatg����aaaaaaatatataaaataaaataaataataaatc�caacaatcgatgaacac�tgcaatatctccacac c�gggcaagaaccagaaaaaaacatggggcacg�tcgtagtc
gatgtgacgaaaggcatgacgacgg�accatataaa�cgtc�ctcagataaagcc�a�a�ctcaatagtg�atacgacaatatacgaaacaaacaaagaccccgc�gag�gag��ccaaaa
a�gtggaactg�tcctc�tc��tgtacataaactagg�acaaaaaa�ggaaaatatacaaaatcaaaggaca taaac�acgagatatatcataactcataag�gtgaaag�ggaa�caaaa
aggagctaactatgaatctatgatacg�a��g�gc�atacggaacaaaacaa�ccaaaaacaaagaagatgtaaaagtctgacccggatcatgcggacaccaag�gtacatacaaaat atgta
ggatgaaaatatgaaa�ctc�cccatatgcatagaataataa�tacc�ag�aaaaaga�ag�tcta ag�tgccccaaataaagaga�ag�tc�gaaaaaagca��gtggatagacaaga
a�taaatagaatgaagaggcgaccatgcaagtg�gtactaggccaaa��ggagacgctc�tctc�tcatagagagagagtgagaaag�ctgatacggcggc�ctcactgtcatctagctgtacc
actgacgataaatctctctc�cctctaaatcg 



Figure S2. Predicted BZR1 and BZR2 binding motifs in the promoters of PILS2, PILS3, and 

PILS5. Related to Figure 3. 

Here, we have used JASPAR [54] which is an open-access database of curated, non-

redundant transcription factor (TF) binding profiles stored as position frequency matrices 

(PFMs) and TF flexible models (TFFMs). JASPAR proposed certain probability of BZR binding 

for pPILS2 (p > 89%), pPILS3 (p >80%), and pPILS5 (p > 90%) promoters. The in silico 

predicted G boxes, containing the core E-box motif (ACGT) and/or BZR motif (CGTG), are 

depicted in yellow (for BZR1) and blue (for BZR2) in PILS2, PILS3, and PILS5 promoter 

sequences.  
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Figure S3. BR signaling negatively impacts on the PILS transcription and protein abundance. 

Related to Figure 3. 

(A) PILS gene expression fold changes in 6-d-old light-grown roots of WT after 2 h of 50 nM 

BL application. (B-E) GUS images (B, D) and quantifications (C, E) of pPILS5::GUS expression 

pattern in roots of wild type, BRI1-GFP overexpressor (B, C), bri1-5, and imp1 (D, E). (n = 8). 

Scale bars, 140 μm. (F and G) Confocal images (F) and quantifications (G) of 35S::PILS5-GFP 

in 3-d-old roots of WT and imp1 mutant. (n = 8). Scale bar, 25 μm. (H and I) Confocal images 

(H) and quantifications (I) of 35S::GFP-PILS2, 35S::GFP-PILS3, and 35S::PILS6-GFP, which 

were transferred to plates containing DMSO (solvent control) or 50 nM BL for 5 h. (n = 8).  Scale 

bar, 25 μm. (J and K) Unprocessed immunoblot using anti-RFP and anti-GFP antibody. See 

also Figure 3N, 3O. (L-N) Quantifications and relative quantification of 7-d-old root segments 

of WT, PILS5OE, and bri1 mutants, which were transferred to 21°C (control) and 29°C (HT) for 

additional 3 days. (n > 25). The dashed boxes represent the ROIs used to quantify the signal 

intensity. Stars and letters indicate values with statistically significant differences (**P<0.01, 

***P < 0.001, student t-test (C and G); P < 0.01, one-way ANOVA (E, L-N)). 
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Figure S4. PILS proteins define nuclear auxin responses. Related to Figure 4 and Figure 5. 

(A-C) Confocal images (A) and quantifications (B, C) of mDII-VENUS in WT and in PILS6OE 

after 1.5 h and 3 h of BL application. (n > 8). Scale bars, 25 μm. The dashed boxes represent 

the ROIs used to quantify signal intensity. (D-I) Quantification (ratios) of DR5::GFP (D-F) or 

DR5::RFP (G-I) in three replicates, showing a relative increase in auxin response in roots of 

pils235 (D-F), but no relative difference in PILS5OE (G-I ) when treated with 50 nM BL. (n = 8). 

D and G is the ratios of Figure 4M and 4N, respectively. (J) Quantification of root widths in the 

meristematic region of 6-d-old light-grown WT, pils235, and PILS5OE roots. (K and L) Scanned 

images (K) and quantifications (L) of 5-d-old dark-grown hypocotyls of WT, pils235, and 

PILS5OE germinated on plates with DMSO or 100 nM BL. (n > 25). Scale bar, 3 mm.  

Letters and stars indicate values with statistically significant differences (*P<0.01, student’s t-

test (C-I), ns: no significant difference; P < 0.01, one-way ANOVA (B, J, and K)). 
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Figure S5. Estimation of model parameters and testing of model robustness to noise. Related 

to Figure 6. 

(A and B) Depict parameter estimation fitness plot. Each predicted ratio was compared to 

experimental observations to fit a global linear regression model (A) and model robustness 

based on +/- 25% variation of parameters (B). Synchrony of auxin and BR signaling was plotted 

against each parameter. 
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Figure S6. Simulations of computer model predicts the phase locking between BR and auxin 

signaling outputs through PILS-dependent auxin transport. Related to Figure 6. 

(A-D) Model simulations with PILS (A), without PILS-dependent feedback (B) (corresponds to 

Figure 6A and 6B), as well as with mild (10-fold) PILS overexpression (C) and by including 

BIN2 effect on ARF activation (D). Graphs depict time-lapse for BZR dimers (blue), ARF dimers 

(red) and ARF-BZR heterodimer (green) levels and corresponding heat maps (blue to red) for 

peak responses. (E) Violin plots show phase difference between BZR and ARF oscillation, 

corresponding to model simulations (A-D). 

 



pPILS3-ATTB4_FP:  GGGGACAACTTTGTATAGAAAAGTTGCGGAAGCTAATTCTCTGAGACATAGC
pPILS3-ATTB1_RP:  GGGGACTGCTTTTTTGTACAAACTTGCCTTTTTACTATCAACGCGAGAATC

ACTIN2_qPCR_RP: GCAAGTGCTGTGATTTCTTTGCTCA

PILS2_qPCR_FP:  GTGATGCTTGTACTTGGTGGTATG  
PILS2_qPCR_RP:  AACTTGAACATTGGATCTGCTGAG  
PILS3_qPCR_FP:  AGGCGACCATGCAAGTGTTG  
PILS3_qPCR_RP:  GTGGTACAGCTAGATGACAGTGAG  
PILS5_qPCR_FP:  TCAGACGGTTACACTTGAAGACA  
PILS5_qPCR_RP:  GAAATGTAAGTCCCATGTTCACC  
ACTIN2_qPCR_FP: ATTCAGATGCCCAGAAGTCTTGTTC

qRT-PCR primers

Cloning primers

Genotyping primers

pils2-2 FP: ATTGCTCAAGGTGAATCCAT   pils2-2 RP: AGACCAATCACGGTTAAACA 

Salk_LB1-3: ATTTTGCCGATTTCGGAAC

pils5-2 FP: CCCTTGTTTGGATCATGGTA    pils5-2 RP: TCTTACTGCACCGAAAATGA

pils3-1 FP: AAAGGCATGACGACGGTTAC   pils3-1 RP: AAGAGCGTCTCCAAAATTTGG
bri1-301-FP: bri1-301-RP:GGAAACCATTGGGAAGATCA GCTGTTTCACCCATCCAA

ChIP-qPCR primers
IAA19 ChIP-F: GGGAATTTGGTTTACCAGGATG
IAA19 ChIP-R: CTCAAGTATTGGGTTGAATTTTACTTAG
PILS2 ChIP-F: CCGCCGATTCATGCTTTTTAAT
PILS2 ChIP-R: AGACGACAAAAGGGAACGCT
PILS5 ChIP-F: TAATCAGAGGCTACGACGGC
PILS5 ChIP-R: CGAAAACAAACTAAATCCCAACTCA
UBC30 ChIP-F: CAAATCCAAAACCCTAGAAACCGAA
UBC30 ChIP-R: AACGACGAAGATCAAGAACTGGGAA

Table S1. Primers used in this study. Related to STAR Methods. 


