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Figure S1. Alignment of amino acid sequences of putative Arabidopsis invertase/pectin methylesterase 

inhibitor isoforms with an altered expression during Botrytis infection. The functionally characterized 

PMEIs and INHs are also included. PKFAE motif, typical of invertase inhibitors is highlighted by red box and the 

SAA motif typical of PMEIs is highlighted by black box. Highlight homology level: 100% black; >75% pink; >50% 

light blue; >33% yellow. The defence-related AtPMEI10, AtPMEI11 and AtPMEI12 selected in this study for 

further characterization are highlighted in bold. 
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Figure S2. Alignment of amino acidic sequences of AtPMEI10, AtPMEI11 and AtPMEI12. The signal peptides are 

highlighted with a  black rectangle. Highlight homology level: 100% black; >50% light blue 
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M  N  I  L  S  Q  T  Q  I  L  H  L  S  I  A  I  L  L  F  I 

acaacatcatcatcatcattatcaccatcatcatcatcaccatcattatcaccatcacca 

T  T  S  S  S  S  L  S  P  S  S  S  S  P  S  L  S  P  S  P 

ccatcatcatcaccatcatcggcaccaccatcatcattatcaccatcatcaccaccacca 

P  S  S  S  P  S  S  A  P  P  S  S  L  S  P  S  S  P  P  P 

ctatcattatcaccatcatcaccaccaccaccgccaccatcatcatcacctctatcatca 
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tcattatcaccatcatcaccaccaccactatcattatcaccatcatcaccaccaccaccg 

S  L  S  P  S  S  P  P  P  L  S  L  S  P  S  S  P  P  P  P 

ccaccatcatcatcacctctatcatcattatcaccatcatcatcttcatcaacatactca 

P  P  S  S  S  P  L  S  S  L  S  P  S  S  S  S  S  T  Y  S 

aatcaaaccaacttagattacatcaaaacatcatgtaacattacactctacaaaaccatt 

N  Q  T  N  L  D  Y  I  K  T  S  C  N  I  T  L  Y  K  T  I 

tgctacaactctctatctccttacgcctcaacaatccgttccaaccctcaaaaactcgct 

C  Y  N  S  L  S  P  Y  A  S  T  I  R  S  N  P  Q  K  L  A 

gtcatcgccctcaatctcaccctctcatccgccaaatctgcctccaaattcgtcaaaaac 

V  I  A  L  N  L  T  L  S  S  A  K  S  A  S  K  F  V  K  N 

atatctcacggaggtggtctatttggaagtagttgcggttgctgattgcgttgaa 

I  S  H  G  G  G  L  T  R  L  E  V  V  A  V  A  D  C  V  E 

gagattggagactcggtgacttcgcttcaagattcgataagggaattggattctatcaac 

E  I  G  D  S  V  T  S  L  Q  D  S  I  R  E  L  D  S  I  N 
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Y  K  D  S  A  K  F  E  M  V  M  S  D  V  E  T  W  V  S  A 
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A  L  T  N  D  D  T  C  M  D  G  F  S  L  V  K  T  A  V  K 
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D  L  V  R  R  H  V  V  E  V  A  R  L  T  S  N  A  L  A  L 

               attaatatgtacgcctctacgcaagaaaacttttcttaa 

                I  N  M  Y  A  S  T  Q  E  N  F  S  - 

Figure S3. Nucleotide and amino acid sequences of AtPMEI10. The signal peptide is in yellow. The Serine-

Proline-rich repeat (SPRR) region ( in grey)  of the inhibitor starts and ends with SSSS domains (in red), 

includes SL(S)SPS(L)-SP(A)PPS(L) and -SPP repeated domains (in fuchsia) and includes interspersed  PPPP 

motifs ( in green) . The PMEI domain of the protein is indicated in cyano. 
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Figure S4. Disease symptoms produced by Botrytis infection in immune signaling 

mutants. Arabidopsis WT and the mutants indicated were inoculated with Botrytis and 

lesion area were determined at 48 hour post inoculation (hpi). The values are mean ± 

SE. (n=36). The different letters indicate data sets significantly different according to 

ANOVA followed by Tukey’stest (P < 0.05). The experiment was repeated three times 

with similar results. 



  
    

GGTGGTCACTGTTTTATTAA ATTTCAA AGATTTGATTTATTGGCTATATTGCCGACTGATC TTTTTC TGTATCCACTCTGAATTTA TTT 
TTC TTTTGGAAGGATCTAGCTTCAATAAAATGGGAATTATATAGCTGGACCAAACTGTAGTTGGACGAATTAATTCATCATATACAACA 
GATTT A GAAAAA ACCAACTAAATTCTTCAAAGGTCAAGCCTCTCTTACGGTATTTATGGAGTTCATATAGATAACTAATTATTACAACT 
AATAAATACAATAATTAATAAATAAAGTAAAAATAGTTTTATCACCTCAATTTGCTTTCTTAGATTACTAATA AA CGTG T A TGCCTAAA 
TTAATCAATATCTAACATTTTCTTAGATCTTAATAAAACTTTAAGTATTTCATAACATTCTACTTAAATTATTTTCATATCGACCCATT 
GTATGGA AGAAA AGTTCCATTGCTAAAATTTCACGCAATTATTAATGTAT GAAAAA TACTTATATGT GAAAAA TACTTAACTTAATAAA 
TTCAATTTAACAACTTCATATACAATAATTATTTATATTCATTTTCATAAATTATTTATAATCAATTAAC GATTTCTTCCATACTTT AG 
AAA TATGGGAATCCATACTCTTCGGCCTTAAAGATATATATATTTGGTCGTTTATGAGTAAAATATGTTTTTTGAAGCATAT G TGAC AA 
ATCCAGAATACGTTAAACATTGGAGCCGGATGTAATTGGTAAGCTTTCCCACCAAAAAACCTCAGCTTCAATCAAGTAAAAGTTATTAG 
ATATGATTGAGTTATTAATAGACTCAACCAATTTTCTTTTCACAAGTTTCCTTTTACGT ATAATTTATTATTATATTATATCACATGTT 
CTATATATACACACACTATATATACATACATGCACATGCCCATTAGTTTCACCTAGGCCATTCCTCTTTTAAAGCAATCGACGACCCAA 
AAA AGAAA GCACG ATACAAAA   
  

  
    

ATTCATTAGTCGCCAAATGAACAATTTTTTTACATGTTATTTTGTTAACATCACCTCTATTATTCTATGCTTAATTTTTAACTTAATCT 
GTACATCTTTT TGTCA ATAATTAATGAGATACATACATTAGGGTTTATCAAAAAAATATGAGAT ACACTAG TCGCCTAATTTGGTTACA 
TAGCATATCTTTGGACGTGGATCAGACTAATTAGAAGTGTACCTATTGTTGCAATTGGAACGATTTCAGGGTCAAATC CACTATCCATC 
TCTTTATGAATTTCATTAATTAGTCGCACAATCCAATTTCTATCTTTT GTTAGTT GCCGGGTGAATATAAAATACTTTGATATA T TGAC 
GTAAAGGCAAAAGATACTTTGCATGATAGTACAAATATGTATCCATTACAAATATGATATATCTATACGTATATTTTTT TTTTTC AAAC 
ACATAAAGCGAATAAAAATGAACATTTTGTTAATTTG TGAC T GATGGTGATGCTAAAATGTTTCATT CATATTGGAATGGAGATGTAAA 
ATAAGTATACG TTGAAAT GCCATAATTCCTTGGAAATGAATCGATGATAAAGATCAACCTGTTTTCATTATAACAACAATACAAAAGGT 
TAAACCATGTTCACACCAAAAGTCCATTCTGATGATCATTTAC GAAAAA TCCTAGATATTCGTTTGTTATTTTGTTCTTTTCATTCCCA 
TGTTACTTTTTGGGTCAAGAAGA AGAAA TGAATATAATTGCCATAGTACATTCTTAATACTTAATAGCAGACAATTCTGGTTATTTCCA 
ACTAATAATCTAGACCTCAGTTG GAAAAA CAAATAATCAACCAAAGCGTCAAAGTCAAAGCATATCAATTATTCTATTATTATAAACCC 
TA A GAAAAA 
AAACCAAAAC ATTTCAA A AGA   
  
  
  

  
CAATCCTTCCGTATTACAAAGACC GAAAAA AATACAATAAAAGTAAGAATACATT TGTCA AAATAAATGCTAAAAGAGATA AGAAA TAT 
AACTTTTTTTTTT TTTTTC AGAAA 
CAACAGCA A GAAAAA AAACTTTGATTTGGTTCGAAGGTGGGATCGAACGATAAATCCATAATCTAACATTTGAACAGAGTGTGCACAAT 
GGAATGGAGAGTTGCTA A GAAAAA TATTATTGCATGTTGATCAATATCATAAACAATTATATAAATAATCTAAACATAAACGAACAAAT 
TGTTAAAAAAATGTTATTGCATGTTGGCCAATATCATAAACAATTAAATAAATAATCTAAACATAAACGAACAAATTGTTAAAAAATAT 
TATC TTTAATTCTGTTATAAAAATCAAATGTTGATGAATGCATAATGATGA TGAC A ACGGCATAATGGG AGAAA AGAGTTCTCATTTAT 
TTCTGTTATGTATGATTTTGGAAACACTCACAATCG T TGAC T AAATTTGTGAATATATGGAAAACAAATAAATCAAATAATCTTTGA TT 
TTTC TTAAAATGTTGTTCAAATAGCATAATGGTAGAAGAGATATCAATTTTGAAAGTATGAATGATTTTT AGAAA ATGGAAT TACTTTG 
AA CGTGCG TATATGGAAAGCAAATATTGCATG T TGAC C AATTCCAAACAAATAAATTATGAATTTAGGAAAGAATCATGAAAAG TGAC T 
ATCTTACCATTATTCATTAAATGTAGAATATATCTCAATATGGAATGATATCT ATTTCAAA TTGGGAACTTTTCCAAATTTTCAACAAT 
TACCATAAAATTAT TTTTTC TGTTTTACTATAAATTGAA ACACAGG G TGAC CAAAAATTTCATCAATCAAT TCT AACTTTCTCTGCTTC 
TTCTCAAAGTGAAAACAAAAA   

AtPMEI10 

AtPMEI11 

AtPMEI12 

CCAAACGTACACCAAAGAGTACGTACTAGTCCACTATAAAAACTCAAAACCAACTCTTTACCTCTCCACAAATATTATCT 

TGATGTTCTTTTATAAACGTTAAGTTTTATTAACCTTAATTAAATCTTTACACCAAATCCAGACC 

Figure S5. Analysis of cis-acting DNA elements with regulatory functions in plant immunity in the 5’ flanking 

regions of AtPMEI10, AtPMEI11, AtPMEI12. About 1500 bp have been analysed for each gene. Green indicated 

Ethylene Responsive Element (ERE); Yellow indicated  Brassinosteroid response element (BRRE); Fuchsia indicated  

Jasmonate responsive elements (JARE); Gray indicated responsive elements reported as involved in plant defence. 
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Figure S6. Arabidopsis pmei10-1, pmei11-1 and pmei12-1 mutants are not defective in H2O2  and callose 

accumulation against Botrytis. Representative pictures of  untreated and Botrytis treated leaves of pmei mutants and WT 

plants (A) and accumulation of H2O2 (B). Untreated and Botrytis-treated leaves at 48 hour post infection were stained with 

3,3′-diaminobenzidine and the intensity of the dark staining (mean gray value) quantified using IMAGEJ. The different letters 

indicate datasets significantly different according to analysis of variance (ANOVA) followed by Tukey’s test (P < 0.01). C, 

Microphotographs indicating callose deposition at the level of lesion area produced by Botrytis at 48 hpi on pmei mutants 

and WT plants. The leaves were stained with aniline blue and callose deposition was visualized by epifluorescence 

microscopy. (scale bars = 100µm). The experiments were repeated three times with similar results.  



Figure S7. Representative pictures illustrating the morphology of different tissues of pmei10-1, pmei11-1 and pmei12-1 mutants 

and WT plants. Vegetative rosettes (25 days old plants), seeds, flowers (40-days old plants), floral stems (40-days old plants), 

senescent leaves (65 days old plants) of pmei10,-1 pmei11 -1and pmei12 -1 plants were compared with WT. 

WT pmei11-1 pmei10-1 pmei12-1 

Seeds 

Flowers 

Floral stems 

Senescent leaves 

Vegetative rosettes 



GCOS expression signal 

(TGT=100, Bkg=20) 

0
 

AtPMEI11 

GCOS expression signal 

 (TGT=100, Bkg=20) 

0
 

AtPMEI12 

GCOS expression signal 

(TGT=100, Bkg=20) 

AtPMEI10 

Figure S8. AtPMEI10, AtPMEI11 and AtPMEI12 gene expression in different tissues and developmental stages  of Arabidopsis. ATH1 

microarray data were gathered and processed using the eFP browser (Winter et al., 2007). Expression signals were generated by the eFP browser 

using the Gene Chip Operating Signal (GCOS) using target intensity (TGT) and background (bkg) values as indicated in figure. 
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Figure S9. Hystochemical evidence indicating the control of PME activity by AtPMEI10, AtPMEI11 

and AtPMEI12 during Botrytis infection. Leaves of Arabidopsis WT and of pmei mutants were inoculated 

with Botrytis or mock and PME activity was evaluated at the level of lesion area (A) by staining leaves with 

ruthenium red and  (B) by quantifying the mean gray value using IMAGEJ.  
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Figure S10  Effect of exogenous addition of recombinant AtPMEI1 on PME activity at 48 hour post inoculation. 

Value are mean ± SD (n = 3). M = protein extracts from mock-inoculated leaves. B = protein extracts from Botrytis 

inoculated leaves. + AtPMEI1 = addition of AtPMEI1 to the relative protein extracts. mu = milliunits;  
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Figure S11. Dynamic modifications of DME in Arabidopsis leaves during Botrytis 

infection. The degree of pectin methylesterification (DME) was quantified in Arabidopsis 

leaves during Botrytis infection. The DME was quantified and expressed as methanol to 

uronic acid molecular ratio (%). hpi = hours post-inoculation. Results represent the mean ± 

SD (n = 3). The different letters indicate datasets significantly different according to 

analysis of variance (ANOVA) followed by Tukey’s test (P < 0.05). The experiments were 

repeated three times with similar results.  
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Figure S12. Dynamic modifications of CW in Arabidopsis leaves during Botrytis infection. The monosaccharide composition of cell wall was 

monitored in Arabidopsis WT leaves challenged with Botrytis and mock inoculated leaves. A, Cellulose-derived glucose. B, The molar percentages of 

fucose (Fuc), rhamnose (Rha), arabinose (Ara), galactose (Gal), glucose (Glu), xylose (Xyl), mannose (Man), galacturonic acid (Gal A) and glucuronic 

acid (Glc A) released after 2M TFA hydrolysis were quantified by high-performance anion-exchange chromatography with pulsed amperometric 

detection (HPAEC-PAD) system. The results represent the mean ± SD (n = 3).The different letters for each monosaccharide indicate datasets 

significantly different according to analysis of variance (ANOVA) followed by Tukey’s test (P < 0.05). The experiments were repeated three times with 

similar results.  
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Figure S13. Evaluation of Arabidopsis susceptibility during B. cinerea infection. A, 

Representative pictures of Arabidopsis WT leaves challenged  with Botrytis at different hours post 

inoculation (hpi). B, Measurements of lesion areas at different hpi. The values represent the mean ± 

SD (n = 36). The different letters indicate datasets significantly different according to analysis of 

variance (ANOVA) followed by Tukey’s test (P < 0.05). This experiment was repeated three times with 

similar results. 
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Figure S14. Monosaccharide composition at different times points of CW of mock inoculated leaves of 

Arabidopsis WT plants. The molar percentages of fucose (Fuc), rhamnose (Rha), arabinose (Ara), galactose 

(Gal), glucose (Glu), xylose (Xyl), mannose (Man), galacturonic acid (Gal A) and glucuronic acid (Glc A) released 

after 2M TFA hydrolysis were quantified by high-performance anion-exchange chromatography with pulsed 

amperometric detection (HPAEC-PAD) system. The values are mean ± SD (n = 3). Not significantly differences 

were observed for each monosaccharide according to analysis of variance (ANOVA) followed by Tukey’s test (P > 

0.05). hpi = hours post-inoculation. The experiment was repeated three times with similar results. 
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Figure S15. Monosaccharide composition of CW of mock inoculated leaves of Arabidopsis WT and pmei mutants. The 

monosaccharide composition of matricial cell wall polysaccharides was monitored in mock-inoculated leaves of of six weeks-old 

Arabidopsis WT and pmei mutants. The molar percentages of fucose (Fuc), rhamnose (Rha), arabinose (Ara), galactose (Gal), 

glucose (Glu), xylose (Xyl), mannose (Man), galacturonic acid (Gal A) and glucuronic acid (Glc A) released after 2M TFA 

hydrolysis were quantified by high-performance anion-exchange chromatography with pulsed amperometric detection (HPAEC-

PAD) system. The results represent the mean ± SD (n = 3). The different letters for each monosaccharide indicate datasets 

significantly different according to analysis of variance (ANOVA) followed by Tukey’s test (P < 0.05). The experiments were 

repeated three times with similar results.  



Figure S16. AtPMEI10, AtPMEI11 and AtPMEI12 gene expression during infection of Arabidopsis with different pathogens and follow 

treatment with several elicitors. ATH1 microarray data were gathered and processed using the eFP browser (Winter et al., 2007). Expression 

signals were generated by the eFP browser using the Gene Chip Operating Signal (GCOS) using target intensity (TGT) and background (bkg) 

values as indicated in figure. C; Control. T; Treatment. Vir; Virulent. Avir; Avirulent.  
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Figure S17. Expression pattern of AtPMEI10, AtPMEI11 and AtPMEI12 mRNA in Arabidopsis in response to 

different PAMPs, effectors and DAMPs. Elongation factor-thermo-unstable (EF-Tu - elf18), flagellin (flg22). Effector; 

HrpZ. DAMPs; oligogalacturonides (OGs) and Pep2. Data were analyzed using the Genevestigator Meta-Analyzer Tools 

(www.genevestigator.ethz.ch/at/). The specific expression level of AtPMEI11 is indicated as Log(2)-ratio in treated plants 

relative to corresponding control.  
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Figure S18. Level and kinetic of expression of Botrytis PMEs during infection. The expression of 

fungal BcPME1 (A) and BcPME2 (B) genes in Arabidopsis WT infected leaves was analysed by qPCR at 

24, 48 and 72 hour post infection. In the figure the expression levels of each genes normalized to the 

Botrytis Bc β-tubulin 2 expression is reported. The values represent the mean ± SD (n = 6). The different 

letters indicate datasets significantly different according to analysis of variance (ANOVA) followed by 

Tukey’s test (P < 0.01). 


