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Supplemental figures 

 
Supplementary Figure 1. RsE induces plant immune responses in Arabidopsis. a, ROS accumulation 
in leaf pieces of Arabidopsis fls2 efr plants treated with water (mock), or RsE. Given are relative light units 
(RLU) ± SD (n = 6). b, Aniline blue stain of callose appositions 24 h after treatment of fls2 efr leaves with 
water (mock), flg22, PEN or RsE, c, Ethylene production in Arabidopsis fls2 efr plants treated with 
increasing RsE concentrations. Water treatment (mock) or treatment with flg22, elf18 or PEN served as 
controls. Bars represent means ± SD of two replicates. d, Arabidopsis fls2 efr plants were treated for the 
times indicated with water (mock), PEN or RsE. MAPK activation was detected by immunoblot using 
phospho-p44/p42 antibodies. e, pPR1::GUS induction in leaves of three pPR1::GUS transgenic 
Arabidopsis lines infiltrated for 24 h with water (mock), flg22 or RsE. 
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Supplementary Figure 2. RsE elicitor activity is protease-sensitive and co-migrates with fractions 
containing low molecular weight proteins. a, Ethylene accumulation in Arabidopsis fls2 efr leaf pieces 
treated with water (mock) or RsE incubated for 2 h with 0,5 µg/µl Proteinase K (+) or left untreated (-). b, 
Ethylene accumulation (upper panel) in Arabidopsis fls2 efr leaf pieces treated with water (mock), elf18, 
PEN, R. solanacearum cell extract (input) or with fractions obtained by gel filtration. Comparison with the 
elution profile of proteins with known size indicated that highest elicitor activity co-migrates with molecular 
masses <10 kDa (red box). Gel filtration fractions were analyzed by Tricine-SDS-PAGE followed by silver 
staining (lower panels).  
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Supplementary Figure 3. Natural variation in RsE sensitivity among Arabidopsis accessions. a, 106 
Arabidopsis accessions were tested for ethylene accumulation upon RsE treatment. Results are shown as 
percentage of the response determined in Col-0. Bars represent means of 2 replicates ± SD, asterisks 
indicate the accessions used for further analysis. b, Ethylene production in Arabidopsis Col-0 and Bak-2 
plants treated with SCFE1 or RsE. Water treatment (mock) served as control. Bars represent means ± SD 
of two replicates. 
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Supplementary Figure 4. Summary of crosses generated for allelism tests. Shown are Arabidopsis 
accessions used for reciprocal crosses between RsE-insensitive (Dog-4, ICE21, ICE73) and RsE-sensitive 
(ICE153) accessions. “y” indicates that a normal amount of seeds was obtained; “n” indicates failed crosses, 
“-“ indicates crosses not performed. 
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Supplementary Figure 5. rQTL mapping of an RsE-sensitive locus. a, rQTL mapping for RsE-induced 
ethylene response in F2 mapping populations of an ICE153 x ICE73 cross. LOD scores from a full genome 
scan across five chromosomes of Arabidopsis using a QTL trait model for RsE-elicited ethylene scores. 
The grey lines indicate a genome-wise α equaling to 0.05 LOD thresholds, which defines significant QTLs 
based on 1,000 permutations. b, genomic positions and LOD values derived from rQTL. Given are 
chromosome number (Chr), position on the chromosome and LOD values. Genomic positions with LOD 
values above 10 based on rQTL binary trait mapping (see also Figure 1d) are highlighted in grey. 
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Supplementary Figure 6. Definition of left and right boundaries of the QTL for RsE-sensitivity. a, 
Binary phenotype layout for the Rad-seq library. The layout was designed according to a 96-well format, 
each well shows the value 1 (RsE-insensitive) or 0 (RsE-sensitive) of the RsE-induced ethylene response 
of individual F2 plants of an ICE153 x ICE73 cross. Insensitive phenotypes are highlighted in grey. b, 
Diagram of 31 individual F2 plants (code given on the left) containing informative recombination events with 
their genomic positions on chromosome 3 indicated on top. Green numbers indicate summarized frequency 
of recombination events occurring at the left boundary, red numbers indicate summarized frequency of 
recombination events occurring at the right boundary within the F2 population. The grey box represents the 
rQTL-mapping region that is associated with RsE-induced ethylene responses. 
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Line name NASC stock number Allele name T-DNA position as verified by sequencing 
SM_3_33092  N119803 rlp32-2 12 bp downstream of start codon 
SALK_137467C N657024 rlp32-3 408 bp upstream of start codon 
SM_3_33695 N120406 rlp32-4 2 bp downstream of start codon 
SM3_15851 N106446 rlp32-5 487 bp downstream of start codon 

 

Supplementary Figure 7. Rlp32 mutant genotypes used in this study. The position of the T-DNA or 
transposon insertion was verified in each line by flanking fragment sequencing. The mutant line 
FLAG_588C11 in the Ws-0 accession was published by Wang et al.1 as rlp32-1 and was not used in our 
studies.  
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Supplementary Figure 8. Schematic representation of the RLP32 protein structure. RLP32 consists 
of a signal peptide, 23 LRR domains, an island domain, a transmembrane domain and a short cytoplasmatic 
tail. Protein domains identified by UniProt database are indicated in colors.  
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Supplementary Figure 9. Alignment of RLP32 protein sequences. Protein sequence alignment of 
RLP32 sequences from RsE-sensitive Arabidopsis accession Col-0 and RsE-insensitive accessions Dog-
4, ICE21 and ICE73 highlighting accession-specific amino acid polymorphisms. Sequence data were 
retrieved from the 1001genomes website using the polymorph tool (http://polymorph.weigelworld.org/cgi-
bin/webapp.cgi). X indicates sequence ambiguities in available data sets. Dots represent conserved amino 
acid residues.  
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Supplementary Figure 10. Phylogenetic tree of Arabidopsis RLP32 gene sequences. A phylogenetic 
tree of RLP32 gene sequences from 80 Arabidopsis accessions was built using the neighbor-joining method 
with 1,000 bootstrap replications. The consensus tree was presented and bootstrap values over 50 % were 
indicated at the right side of each node. Insensitive ecotypes are given in red.  
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Supplementary Figure 11. Identification of RLP32-dependent elicitor activity in fractionated E. coli 
proteins. a, E. coli protein fractions separated by C8 reverse phase HPLC were assessed for eliciting 
ethylene production in Arabidopsis fls2 efr or rlp32 plants. Treatment with water (mock), flg22 or nlp20 
served as controls. b, Tricine-SDS-PAGE of proteins shown in (a). Proteins were visualized by silver 
staining. Boxed fractions 45-48 representing RLP32-dependent elicitor activity were analyzed by LC-
MS/MS. c, List of proteins identified by LC-MS/MS. Shown are total numbers of peptides representing 
proteins identified by LC-MS/MS together with molecular masses (kDa) and isoelectric points (IP) of these 
proteins. 
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Supplementary Figure 12. IF1 is conserved in Proteobacteria. a, Alignment of IF1 amino acid 
sequences from different Proteobacteria species. Secondary structures (beta sheets indicated as black 
arrows and alpha helix indicated as grey helix) are indicated atop the protein sequences. Red asterisks 
indicate organisms from which IF1 was cloned and recombinantly expressed (see also Figure 2d). b, 
Iterative threading assembly refinement (I-TASSER) 3D structure prediction of IF1 derived from E. coli, P. 
syringae and A. tumefaciens as ribbon presentation (yellow indicates beta sheet, red indicates alpha helix). 
As a template, the NMR structure of IF1 derived from E. coli was used2. c, Ribbon representation of IF1, 
colored by conservation (blue indicates low B-factors; red indicates high B-factors). Conservation scores 
for each amino acid were calculated and mapped onto the IF1 structure with Easy Sequencing in PostScript 
(ESPript 2.2). Ribbon presentation was done with PYMOL. d, Alignment of amino acid sequences of E. coli 
IF1 deletion constructs and synthetic peptides used in Figure 2a and b with black arrows (beta sheets) and 
a helix symbol (alpha helix) indicating IF1 secondary structures. 
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Supplementary Figure 13: R. solanacearum IF1 displays RLP32-dependent activity. Ethylene 
accumulation in Arabidopsis Col-0 and rlp32-2 mutant plants after treatment with synthetic E. coli or R. 
solanacearum IF1, respectively. Water treatment served as control (mock). Bars represent means ± SD of 
three replicates. 
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Supplementary Figure 14. Bacterial cold shock protein CspA does not trigger ethylene production 
in Arabidopsis. Col-0 wild-type plants, rlp32 mutants or an Arabidopsis line stably expressing tomato cold 
shock receptor (CORE1-1)3 were treated with the elicitors indicated and assessed for ethylene production. 
Water (mock) treatment served as control. Bars represent means ± SD of two replicates. 
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Supplementary Figure 15. Biological activity of biotinylated IF1. Ethylene accumulation in Arabidopsis 
Col-0 wild-type plants treated with IF1 recombinantly produced in Pichia pastoris (black) or treated with 
synthetic biotinylated IF1 (IF1-bio, grey). Data represent means ± SD of three replicates. 
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Supplementary Table 1. Primers used for genotyping. 

line Primer name Primer sequence (5’ – 3’) 

rlp32-2  
(SM 3.3092) 

L367 AATTGTTCAAAACCGGTTGTG 

R1406 CAGATTGAGTAGGGAAAGGGG 

Spm32 GAATAAGAGCGTCCATTTTAGAGTG 

rlp32-3 
(Salk_137467C) 

L5 CGGAATTGAAGACGTTCGTT 

R994 TCACTGTTATTCGCCCATGA 

LBb1.3  ATTTTGCCGATTTCGGAAC 

rlp32-4 
(SM_3_33695) 

L76 AAATTGGGCTGATAAAATGGG 

R1186 TCAATACAAGACGGGATTTGG 

Spm32 GAATAAGAGCGTCCATTTTAGAGTG 

rlp32-5 
(SM3_15851) 

L528 TGTTGACAATTCAACGCAGAG 

R1697 AAATTTGGAAATGGATTTCGG 

Spm32 GAATAAGAGCGTCCATTTTAGAGTG 
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Supplementary Table 2. Primers and synthetic genes used for cloning. 

Template Expression 
in Primer name Primer sequence (5’ – 3’) 

RLP32 

A. thaliana, 
N. 
benthamiana 

RLP32 endogenous 
promotor [-1597 bp] 
forward 

GATTGCTTTGTGGAGTGGACTG 

 RLP32-ATG forward ATGAAAGACTCTTGGAACTCAACGAG 

 RLP32 stop reverse TTATTGCTTTCTCCTCAATCTTTTTTCATGTGC 

 RLP32 no stop reverse TTGCTTTCTCCTCAATCTTTTTTCATGTGC 

IF1, E. coli 

 Start-forward ATGGCCAAAGAAGACAATATTGAAATGCAAGG 

 Stop reverse TCAGCGACTACGGAAGACAATGCGG 

 no stop reverse GCGACTACGGAAGACAATGCGG 

 I6-R71 forward ATGATTGAAATGCAAGGTACCGTTC 

 A1-I66 reverse AATGCGGCCTTTGCTCAG 

 +Cys N-terminal 
forward 

ATGTGCGCCAAAGAAGACAATATTG 

IF1, E. coli Pichia 
pastoris 

EcoRI_IF1_fwd AATTGAATTCATGGCCAAAGAAGACAATATTGAAATGCAAGG 

NotI_IF1_nostop AGAATTGCGGCCGCGCGACTACGGAAGACAATGCGG 

IF1_K38E_for ACTGCACACATCTCCGGTGAAATGCGCAAAAACTACATCC 

IF1_K38E_rev GATGTAGTTTTTGCGCATTTCACCGGAGATGTGTGCAGTAACC 

IF1_R40E_for GCACACATCTCCGGTAAAATGGAAAAAAACTACATCCGCATCCT 

IF1_R40E_rev AGGATGCGGATGTAGTTTTTTTCCATTTTACCGGAGATGTGTGC 

IF1_R40L_for CACACATCTCCGGTAAAATGCTCAAAAACTACATCCGCATCC 

IF1_R40L_rev AGGATGCGGATGTAGTTTTTGAGCATTTTACCGGAGATGTGTGC 

IF1_K38R40K41L_for TTACTGCACACATCTCCGGTCTAATGCTCTTAAACTACATCCGCATCCTG 

IF1_K38R40K41L_rev AGGATGCGGATGTAGTTTAAGAGCATTAGACCGGAGATGTGTGCAGT 
AACC 

IF1_R40pK41_for ATCTCCGGTAAAATGCGCCCGAAAAACTACATCCGCATCC 

IF1_R40pK41_rev ATGCGGATGTAGTTTTTCGGGCGCATTTTACCGGAGATG 

IF1,  
A. tumefaciens 
C58 

 C58 forward ATGTGCCGGGATTGTGTAG 

 C58 no stop reverse CTTGAAGCGATAGGTGATGC 

IF1, 
P. syringae 

 DC3000 forward ATGTCGAAAGAAGACAGCTTCGAAA 

 DC3000 no stop 
reverse 

ACGAGCGCGGTAGGTGAT 

CspA Pichia 
pastoris 

Synthetic gene 
construct 

gaattcATGTCCGGTAAAATGACTGGTATCGTAAAATGGTTCAACGCTGA 
CAAAGGCTTCGGCTTCATCACTCCTGACGATGGCTCTAAAGATGTGTTC 
GTACACTTCTCTGCTATCCAGAACGATGGTTACAAATCTCTGGACGAAG 
GTCAGAAAGTGTCCTTCACCATCGAAAGCGGCGCTAAAGGCCCGGCAG 
CTGGTAACGTAACCAGCCTGTAAgcggccgc 

CspA-IF1-
Helix 

Pichia 
pastoris 

Synthetic gene 
construct 

gaattcATGTCAGGGAAAATGACAGGAATCGTTAAGTGGTTCAATGCTG 
ACAAAGGCTTTGGCTTCATTACTCCAGATGATGGTAGTAAGGACGTAT 
TTGTGCATTTCTCTGCCATTCAATCCGGAAAGATGAGAAAGAACTACC 
TTGATGAAGGTCAGAAAGTCTCGTTTACCATAGAGTCTGGAGCTAAA 
GGTCCTGCAGCTGGTAACGTTACTAGCTTGgcggccgc 
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