
Supporting information
Schilmiller et al. 10.1073/pnas.1207906109
SI Materials and Methods
PCR Primer List. Virus-induced gene silencing (VIGS) primers
containing ligation independent cloning (LIC) cloning adapters:

AT1-F: 5′CGACGACAAGACCCTCATTTTGGGTCAGCC-
CCGTTG-3′
AT1-R: 5′GAGGAGAAGAGCCCTATTTCCCTTCCTTG-
ATGTTGTGTTATTG-3′
AT2-F: 5′CGACGACAAGACCCTGCCAAGAAAATGCA-
ACAGGTA-3′
AT2-R: 5′GAGGAGAAGAGCCCTATGATCATATGATG-
AAGTGCTGTTC-3′
AT3-F: 5′CGACGACAAGACCCTACGTTGTCGTCGAT-
GCCTCAAGA-3′
AT3-R: 5′GAGGAGAAGAGCCCTTAGTGGTGCCATAA-
AAGTCCATC-3′
AT*-F: 5′CGACGACAAGACCCTGTTATTATAGTATC-
TGTCATCAACCAAATCT-3′
AT*-R: 5′GAGGAGAAGAGCCCTGTGTTAGTGTGCGC-
CCATTCATT-3′

Primers for creating tomato transformation constructs:

AT2F1-attB: 5′-AAAAAGCAGGCTGCCAAGAAAATGCA-
ACAGGTA-3′
AT2R1-attB: 5′-AGAAAGCTGGGTATGATCATATGATG-
AAGTGCTGTTC-3′

attB1 adapter: 5′-GGGGACAAGTTTGTACAAAAAAGC-
AGGCT-3′
attB2 adapter: 5′-GGGGACCACTTTGTACAAGAAAGCT-
GGGT-3′
pAT2-F1: 5′-CTGCAGTTACACCAAATCAATACATACA-
TACCA-3′
AT2seqR1: 5′-ACGTTGGTTTGTGATGAATGAAGAA-3′
pAT2-R: 5′-CTGCAGTTGGATGAATAAAGTGTTGTT-
TCTG-3′

Primers for RT-PCR:

AT2-RTf: 5′-GATGAGGCAAGAAGAAAGGATGAT-3′
AT2-RTr: 5′-GTGATGAATGAAGAAGCAACAAGCAA-3′

Acyl Sugar Substrate Preparation. Acyl sugars were collected from
IL1-3 plants by washing leaflets (1.5 g dry weight) in 30 mL of
extraction solvent [acetonitrile/isopropanol/water 3:3:2 (vol/vol/vol)
containing 0.1% (vol/vol) formic acid]. To partially purify acyl sugars,
the extract was diluted (1:4) with water, then 20 mL were loaded
onto two strong cation exchange solid phase extraction columns
(Supleco, 500 mg bed weight) preequilibrated with 10% (vol/vol)
acetonitrile. Acyl sugars were collected by eluting from each col-
umn with 3 mL 100% acetonitrile. After evaporation to dryness
under vacuum, the resulting residue was dissolved in 600 μL 50%
(vol/vol) ethanol and used directly in the SlAT2 enzyme assays.
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    1                                                                                    80
AAAGAGAAT ATTGTGTAAG ACTTTGAGAG CTATAAAATA

GAAT ATTGTGTCAG ATTTTTAGAG CTATAGAATA
CAAAATC AAGAACAACC TTTTGCCAAG AAAATGCAAC AGGTAATATA

ATA ACTTATCGAC TTTCTGCAGG TTAGTATAAC AGATGATAAA
CATAATC AAAAGAGAAT ATTGTGTGAG ATTTTCA--- ----------
CATAATC AAAAGAGAAT ATTGTGTGAG ATTTTCA--- ----------

CAATCATATT TGATAGGA-- ---TGAAGAA AGTGTAACGC ACGATAATTG AAGCCCCTAA ATTGTTTAAT CCAATTTCCA
CAATCATATT TTATACGA-- ---TGAAGAA AGCGTAACGT GCGGTAATTG AAGCCCCTAA ATTGTTTAAT CCAATTTCCA
AGCGACATT TGACTGATAT GATTTAAAAT ATTTACCCTG AAAATTTTGT AATTGTAAAA ACTTTTAGCG TAATTAACCG

CAAATATAAA ACACCAAAGT AAATGATAAG AGAGTGGTTC CTTATCCAGT CCTTTTGTGG TTTGTTGACT TCTATCAG--
CAATCTTATT TGATAGGA-- ---TGAAGAA AGTGCAACAC ATGA------ -----CCTAA ATTGTTTACT TAAATTTTTT
CAATCTTATT TGATAGGA-- ---TGAAGAA AGTGCAAGAC ATGA------ -----CCTAA ATTGTTTAAT TAAATTTCTA

TGCCATG TGTTTATTAA AA-TTAGTTG CATAAACATG CATCTTGAGC TGT------- ---GAAACTA ATGGCCTACC
TGCCATG TGTTTATTAA AAATTACTTG CATAAACATG CATGTTGAGC TGTCTGTAGA GTTGAAACTA ATGGCCTACC

AAA TTCTGTAGTA TATACACTAG TGTTTGTTCT GAACAATGCA CTTTATGAAT GTTAAATGCA ATATATTAAA
TTCCTACACA TAACCTCTAT TTGTCATTAA TATGTAAAGT TGTTAGATAT GGGGATCTCA TCAGCCAAAC

TTCCATG TGTTA----- ----TGATGG AGTAGTACTT AATAAATACT AATCAGATGG ATGAGTATTA AACTAATAAA
TTCCATG TGTTA----- ----TG---G AGTAGTACTT AATAAATACT AATCAGATGG ATGAGTATTA AACTAATAC-

AAGTCTATGT ATGTATGTTT ATGTATATAT ATAGTAGCAA AAA-AAAGAG AGAAGCTA-- ------CTCA AATCAAACTT
AAGTCTATGT ATGTAT---- --------AT ATAGTAGCAA AAA-AA-GAG AGAAGCTAAA GTAGAACTCA AATTAAACTT
ATTGACGCC ATGCCAAACT ATATATATAA TA-------- -GGAATGAAC AT-------- ---------- ----------

AAGGGACTCT TTGTCTTTTT TATTTCCTAT TAATTTGAGG GGAAAATCAA AG-------- ---------- ----------
ATTAAAAAG TTGGGGAATT CTCTATATAT ATAGTACAAA GTTGAAAGAG AGAATTAA-- ---------- ----------
ATTAAAAAG TTGGGGAATT CTCTATATAT ATAGTACAAA GTTGAAAGAG AGAATTAA-- ---------- ----------

TTATTAAGTA CTCATCCATC CACCAAATTA AAATCGTAAA TGGCTTGCAG --GTTAGATA TCGAAATTCA
TTATTAAGTA CTCATCCATC CACCAAATTA AAATCGT-AA TGGCCTGCAG --GTTAGATA TTGAAATTCA
TGATAGATT TATTCAGAAA CAACACTTTA TTCATCCAAA AAAAAAGATG AATTGTTATA TTGAAATTCA
TTATAGAAC ATTTCTATGC TGGCAAACGA TCTAGATGAG AAGGGAGTTA CATGAGTTTG TTAGAAT--A

TTATTATAGT ATCTGTCATC AACCAAATC- -----TAAAT GGTAATGGCG AAGTTAGATA TTGAAATTCA
TTATAATACT ATCTGTCATC AACCAAATCC AAATCTAAAT CGTAATGGCG AAGTTAGATA TTGAAATTCA

ATCAAGGAAA TTGTTGAAAC CCTCAGCTTC TACTCCGGAT AATCTACGGA GGCTGAAGCT TTCCTTGTTC GATCAGCTGG
ACAAGGAAA ATGTTGAAAC CGTCAGCTTC TACCCCGGAT AATCTACGGA GGCTGAAGCT TTCCTTGTTC GATCAGCTGT

ATCAAGGAAA ATGGTGAAAC CCTCAGCTCC TACCCCGGAT AATCTTCGGA GATTGAAGCT TTCCTTGTTC GATCAGATGG
AGTAGAGCAA GGAACACACC TCTCAGCATT AGCGTAGATG AAATTACGTC CATTAACTGT GGCAGGCACA GAAATCATTA
ACAAGGAAA ATATTGAAAC CCTCAGCTCC TACACCAGAT AATCTTCGGA GACTGAAGAT TTCCTTGTTT GATCAGCTGG
ACAAGGAAA ATGTTGAAAC CCTCAGCTCC TACACCAGAT AATCTTCGGA GACTGAAGAT TTCCTTGTTT GATCAGCTGG

CTCTTCGTAC ATATATACCG GTTCTCTTCA ACTACTTGCC GAGCAGCAGT TCAACATCAT ATGATGATGA ----------
CTCTCCGTAC ATATGTACCA ATTCTTTTCA ACTACTTGCC GAGCAGCAGT TCATCATATG ATCATGATGA TGATG---AT
TATTGGTGC ATATGTACCA ATTGTCTTCA ACTACTTGCC GAACAGCACT TCATCATATG ATCATGATG- --------AT

ATTTTGTTCA ATGAGACGCG ATACTACTTT GGAGACCATT TAAGAAAAAG TTTTTTAGCC CGACCTAAAT
CTCGTTCTGC ATATGTATCA ATCGTCTTCA ACTACTTGCC GAGCAGCAGT TCATCATATG AT------GA TGAT------
CTCGTTCTGC ATATGTACCA ATGCTCTTCA ACTACTTGCC CAACAGCACT TCATCATATG ATCATAATGA TGAT------

GCTTGAAA AATCATTGGC CGAGACGCTA ACCAAGTTTT ACCCTTTTGC TGGAAGATTT GCAAAAGATA TTGATCCATT
AAGCTTGAAA AATCATTGGC GGAGACGCTA ACCAAGTTTT ACCCTTTTGC TGGAAGATTA GCAAAAGAT- --GATCCATT
AAGCTTGAAA AATCATTGTC GGAGACGCTA ACCAAGTTTT ACCCTTTTGC TGGAAGATTT AGAAAAGGCA TTGATCCATT
AAGCTTGAAA AATCATTATC GGAGACGCTA ACCAAGTTTT ACCCTTTTGC TGGAAGATTT AGAAAAGATA TTGATCCATT
AAGCTTGAAA AATCATTGGC GGAGACGCTA ACCAAGTTTT ACCCTTTTGC TGGAAGATTA GCAAAAGAT- --GATCCATT
AAGCTTGAAA AATCATTGGC GGAGACGCTA ACCAAGTTTT ACCCTTTTGC TGGAAGATTT GCAAAAGAT- --GATCCATT

CTCCATTGAC TGCAATGATG AAGGTGTTGA ATATGTTCAA ACCAAAGTCA ATGCAGACGA TCTCGCCCAA TTTCTCCGTG
CTCAATCGAC TGCAATGATG AAGGTGTTGA ATATGTTCAA ACCAAAGTCA ATGCAGACGA TCTTGCCCAA TTTCTCCGTG
TCCATCGAC TGCAATGATG AAGGTATTGA ATATGTTCGA ACCAAAGTCA ATGCAGACGA TCTTGCCCAA TATCTCCGTG
TCCATCGAC TGCAATGATG AAGGTATTGA ATATGTTCGA ACCAAAGTCA ATGCAGACGA TCTTGCCCAA TATCTCCGTG

CTCCATCGAC TGCAATGATG AAGGTGTTGA ATATGTTCGA ACCAAAGTCA ATGCAGACGA TCTTGCTCAA TTTCTG---G
CTCAATCGAC TGCAATGATG AAGGTGTTGA ATATGTTCAA ACCAAAGTCA ATGCAGACGA TCTTGCTCAA TTTCTC---G

SlAT1
SpAT1
SlAT2  G TGC
SpAT2 GTCG
SlAT3  CAGATTATGA GGGATAGTGT GAACGTGATT TTA
SpAT3 AA GGGATAGCGT GAACGTGATT TTG

 81 160
SlAT1 
SpAT1 
SlAT2 T
SpAT2 
SlAT3 
SpAT3 

 161    240
SlAT1  ---
SpAT1  ---
SlAT2  CCCAAAT
SpAT2  ----ATTTAC
SlAT3  ATT
SpAT3  --T

 241 320
SlAT1 
SpAT1 
SlAT2 G
SpAT2 
SlAT3 G
SpAT3 G

 321    400
SlAT1  GCTCGTTTGT
SpAT1  CCTCTTTTGT
SlAT2  ---------- -
SpAT2  ---------- -
SlAT3  --------AG
SpAT3  GCAATTAAAG

 401    480
SlAT1 
SpAT1 G
SlAT2 
SpAT2 
SlAT3 G
SpAT3 G

 481    560
SlAT1 
SpAT1 
SlAT2 A
SpAT2  ACAA------
SlAT3 
SpAT3 

 561    640
SlAT1  --
SpAT1 
SlAT2 
SpAT2 
SlAT3 
SpAT3 

 641 720
SlAT1 
SpAT1 
SlAT2 T
SpAT2 T
SlAT3 
SpAT3 

 721    800
SlAT1 GTCAAGCCCA TAATGATAGT GAGTCGTCTT TGATTGATCT TCTTCCAATA AAAGATGTCG AGCCATCATC GCCATCGAGT
SpAT1 GTCAAGCCCA TAATGATATT GAGTCGTCTT TGATTGATCT TCTTCCAATA ATAGATGTTG AGCCATCATC GCCATCAAGT
SlAT2 GTCAAGCCCA TAATGATATT GAGTCGTCTT TGATTGATCT TCTTCCTGTA ATGCATCGTC TACCATCA-- -------AGT
SpAT2 GTCAAGCCCA TAATGATATT GAGTCATCTT TGATTGATCT TCTTCCTGTA ATGGATCGTC TACCATCA-- -------AGT
SlAT3 GTAAAGACGA TGATGATATT GAGTCGTCTT TGATTGATCT TCTTCCAATA AAAGATGTTG AGCTATCATC GCCATCAAGT
SpAT3 GTAAAGA--- TGATGATATT GAGTCGTCTT TGATTGATCT TCTTCCAATA AAAGATGTTG AGCCATCATC GCCATCAAGT

 801    880
SlAT1 CCGTTATTTG GTGTCCAAGT GAATGTATTT AATAACGGAG GAGTAACCAT TGGGATACAA ATTTCACATA TCGTAGCTGA
SpAT1 CCGTTATTTG GTGTCCAAGT GAATGTATTT AATAACGGAG GAGTAACCAT TGGGATACAA ATTTCACATA TCGTAGCTGA
SlAT2 CCATTATTTG GTGTTCAAGT GAATGTATTC AATAACGGAG GTGTAACCAT AGGGATACAA ATTTTACATA TGGTATCTGA
SpAT2 CCATTATATG GTGTTCAAGT GAATGTATTC AATAACGGAG GAGTAACCAT AGGAATACAA ATTTTACATA TTGTATCTGA
SlAT3 CCGTTATTTG GTGTCCAAGT GAACGTATTT AATAATGGAG GAGTAAGCAT AGGGATACAA ATTTCACATT TCCTAGCTGA
SpAT3 CCGTTATTTG GTGTCCAAGT GAATGTATTT AATAATGGAG GAGTAACCAT AGGGATACAA ATTTCACATA TCGTAGCTGA

 881    960
SlAT1 TGCTTTCACT ATGGCAACAT TTGTAAATGA ATGGGCGCAC ACTTGCCTTA CAGGCCGGAC CGTCAGTA-- -------ATA
SpAT1 TGCTTTCACT TCAGCTACAT TTGTAAATGA ATGGGCGCAC ACTTGCCTTA CAGGCCGGAC CATCAGTACT ACACAAGATA
SlAT2 TGCTTTCACT TTAGTAAAAT TTGTAAATGA ATGGGCGCAC ACCACCCTTA CAGGGACGAT GCCACTAGAT AAT-------
SpAT2 TGCTTTTACT TTAGTAAAAT TTGTAAATGA ATGGGCGCAC ACTACCCTTA CAGGGACGAT GTCACTAGAT AAT-------
SlAT3 TGCTTTCACT TTAGCTACAT TTGTAAATGA ATGGGCGCAC ACTAACACGT TGTCGTCGAT GCCTCAAGAT AATAATGACC
SpAT3 TGCTTTCACT TTAGCTACAT TCGTAAATGA ATGGGCGCAC ACTAACACGT TGTCGTCGAT GCCACAAGAT AATAATTACC

 961   1040

Fig. S1. (Continued)
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SlAT1  ATCCCGGTTT TGGTCAATTG TCATTGCTCT TCCCAGCAAA AGTGCTACAG TTTCCATCTC CATCACCTGA TCTCAACACT
SpAT1  ATCCCGGTTT TGGTCGATTG TCATCGCTCT TCCCAGCGAA AGTGCTACAG TTTCCATCTC CATCACCTGA TCTCAACACT
SlAT2  --CCCGGTTT TGGTCAATTG CCATGGCTAT TTCCAGCAAG AGCGCTACCG TTTCCATT-- ----ACCTGA TTTCAACACT
SpAT2  --CCCGGTTT TGGTCAATTG CCATGGCTAT TTCCAGCAAG AGCGCTACCG TTTCCATT-- ----ACCTGA TCTCAACACT
SlAT3  TCCACAAGTT TGGTGACTTA TCATCCCTGT TTCCACCAAA AATGCTACAG TTGCCATC-- ----CTTTGA TCCCAACACT
SpAT3  TCCACAAGTT TGGTGAATTA TCATCCCTCT TTCCACCAAA AATGCTACAG TTGCCATC-- ----ATTTGA TCCCAACACT

 1041 1120
SlAT1 AACACTACTA CAAC------ ---TGGCCCT AATTATAAGA TTGTCACAAG GAGGTTTGTC TTTGATGCTT TGGCAATAGA
SpAT1 AC-------- --AC------ ---TGGCCCT AATTATAAGA TTGTCACAAG GAGGTTTGTC TTTGATGCTT TGGCAATAGA
SlAT2 ACTA------ ---------- --CTGCCCCT AATTATAAGA ATGTTACAAA GAGGTTTCTC TTTGATGCTT TGGCAATAGA
SpAT2 ACTA------ ---------- --CTGCCCCT AATTATAAGA ATGTTACAAA GAGGTTTCTC TTTGATGCTT TGGCAATAGA
SlAT3 AGTAGTACTA CTACC----- -ACTGTCCCT AGCTATAAGA ATGTGACAAA GAGGTTTGTC TTTGATGCTT CGGCAATAGA
SpAT3 AGTAGTACTA CTACTGGTAC TACTGTCCCT AACTATAAGA ATGTCACAAA GAGGTTTGTC TTTGATGCTT TGGCAATAGA

 1121   1200
SlAT1 AAACCTCAGA AAAACAATCA AAGACAATGA TATGATGATG AAGCAACCTT CTAGAGTGGT GGTCATTATG TCTCTAATGT
SpAT1 AAACCTCAGA AAAACAATCA AAGACAATGA CATGATGATG AAGCAACCTT CTAGAGTGGT GGTCATTATG TCCCTAATAT
SlAT2 AAACCTCAGA AATACAATCA AAGCCAATGA CATGATGATG AAGCAACCTT CTAGAGTGGT GGTCGTGATG TCCCTAATAT
SpAT2 AAACCTCAGA AAAACAATCA AAGACAATGA CATGACGATG AAGCAACCCT CTAGAGTGGT GGTCGTGATG TCCCTAATAT
SlAT3 AAGCCTCAAA AAAACAATCA AAGATGATTC AAGTATGATG AGGAAGCCTA CAAGACTGGT GGTCGTTATG TCCTTATTAT
SpAT3 AAACCTCAAA AAAACAATCA AAGATGATTC AAGTATGATC AGGCAGCCTA CAAAACTGGT GGTCGTTATG TCCTTATTAT

 1201   1280
SlAT1 GGAAGGTTCT TACACACATT TCTTCCGCCA AAAATAATGG AAATTCAAGG GACTCGTCTT TAGGATTTCC TATTAATATG
SpAT1 GGAAGGTTCT TACACACATT TCTTCCGCCA AAAATAATGG AAATTCAAGG GACTCGTCTT TAGGATTTTC TATTAATATG
SlAT2 GGAAGGTTCT TACACACATT TCTTCCGCCA AAAATAATGG AAATTCAAGG GACTCATCTT TAGTGTTTGT TGTTAATTTG
SpAT2 GGAAGGTTGT TACACACATT TCTTCCGCCA AAAACAATGG AAATTCAAGG GACTCATCTT TAGTAGTTGT TGTTAATTTG
SlAT3 GGAAGGTTCT GGCACGCATA TCTTCCGCCA AAAAT---GG AAATTCAAGG GACTCGTGTT TCGGATTTGT TATTAGTTTC
SpAT3 GGAAGGTTCT GGCACGCATA TCTTGCGCCA AAAAT---GG AAATTCAAGG GACTCGACTT TCGGATTTGT TATTAGTTAC

 1281   1360
SlAT1 AGGGGAAAAC TGTCATGTAC TGCACCCTCT TTAGAACATG CTCTAGGGAA CTATGGAATG ATGGGAATTG CTGATAGGAA
SpAT1 AGGGGAAAAC TGTCATGTAG TGCACCCTCT TTAGAACATG CTCTAGGGAA TTATGTAATG ATAGGAATTG CTGATATGAA
SlAT2 AGGGGAAAAC TGTCATGTAC TGCACCGTCT TTAGAACACG TTGTAGGGAA TTGTGTAATA CCAGCAACTG CTAACAAGGA
SpAT2 AGGGGAAAAC TGTCATGTAC TGCACCCTCT TTAGAACACG TTGTAGGGAA TTGTGTAATA CCAGCAATTG CTAACAAGGA
SlAT3 AGGGGGAAAG TGTCATGTAT T---CCGTCT ACAGAACATG TTCTAGGGAC TTTTTCAATA CCAGAAATTG CTAATATGGA
SpAT3 AGGGGGAAAG TGTCATGTAT C---CCATCT ACAGAACATG TTCTAGGGAC TTTTTCAATA CCAGAAATTG CTAATATGGA

 1361   1440
SlAT1 GGCAAGAAG- --AAAGG--- ---ATGATGA GTTGAATGAT TTTGTAAAGT TGGTAGGAAA TACCATATGG AACACATGTG
SpAT1 GGCAAGAA-- ----AGG--- ---ATATTGA GTTGAATGAT TTTGTAAAGT TGGTAGGAAA TACAATACGG GACACATGTG
SlAT2 GGGCGATGAG GCAAGAAGAA AGGATGATGA GTTGAATGAT TTCGTTAAGT TGGTAAGAAA TACAATACGG GACACATGTG
SpAT2 GGGCGATGAG GCAAGAAGAA AGGATGATGA GTTGAATGAT TTTGTAAAGT TGGTAGGAAA TACAATACGG GACACATGTG
SlAT3 GGGCGATGTG GCAAGAA--- ---AGGATGA GTTGAATGGT TTCGTAAAGT TGGTAGGGAA TAGAATAGGG GAGACATTTG
SpAT3 GGGCGATGTG GCAAGAA--- ---AGGATGA GTTGAATGAT TTCGTAAAGT TGGTAGGGAA TAGAATAGGG GACACATTTG

 1441   1520
SlAT1 AAGCCATTGG TAAGGCGGAA AGCGTTGATG ATATTTCCTC TCTAGCATTT AACAATCACA TAAAAGGTGT AGAAAAACTT
SpAT1 AAGCCATTGG TAAGGCGGAA AGCGTTGATG ATATTTCCTC TCTAACTCTT AACAATCACA CAAAAGGTGT AGAAAAACTT
SlAT2 AAGCCATTGG TAAGGCGGAA AGCGTTGATG ATATTTCCTC TTTAGCATTT AACAATCTGA CGAAATGTAT AGAAAAAATT
SpAT2 AAGCCATTGG TAAGGCGGAA AGCGTTGATG ATATTTCCTC TCTAACTCTT AACAATCACA CAAAAGGTGT AGAAAAACTT
SlAT3 CAGCCATTGA TAAGGCGTCA AAAGTTGATG ATATTTACTC TCTAACTCTT AACAATCAGA TAAAAGTTAT TGAAAAATTT
SpAT3 CAGCCATTGA TAAGGCGTCA AAAGTTGATG ATATTTACTC TCTAACTCTT AACAATCAGA TAAAAATTAT TGACAAACTT

 1521 1600
SlAT1 CTCCAAGAAG ACAAGATGGA CGTTTATGGC ACCACTAGCT GGTGCAAATT ACCTTGGTAT GAAGCTGACT TTGGTTGGGG
SpAT1 CTCCAAGGAG ACAAGATGGA CGTTTATGGC ACCACTAGCT GGTGCAAATT ACCTTGGTAT GAAGCTGACT TTGGTTGGGG
SlAT2 CTGCATGGAG ACGAGATGGA CTTCTATTCG TGCTCTAGTT GGTGCGGATT CCCTTGGTAT GAAGCTGACT TTGGTTGGGG
SpAT2 CTCCAAGGAG ACGAGATGGA CTTTTATTTG TGCTCTAGTT GGTGCGGATT CCCTTGGTAT GAAGCTGACT TTGGTTGGGG
SlAT3 GTACAAAGAG ACAAGATGGA CTTTTATGGC ACCACTAGTT GGTGCAAATT ACCTTGGTAT GAAACTGACT TTGGTTGGGG
SpAT3 CTACAAAGAG ACAAGATCGA CATTTATGGC ACCACTAGTT GGTGCAAATT ACCTTGGTAT GAAGCTGACT TTGGTTGGGG

 1601   1680
SlAT1 AAAACCATTT TGGGTCAGCC CCGTTGGCCT CAATCTTATT GAAGGAGCTA TTCTGATGGA CACAAAAGAT GGTAATGGAG
SpAT1 AAAACCATTC TGGGTCAGCC CCGTTGGCCT CAATCTTATT GAAGGAGCTA TTCTGATGGA CACAGAAGAT GGTAATGGAG
SlAT2 AAAGCCATTC TGGGTGAGCT CAGTTAGTTT TGGTCATCAT GGAGTAACTA ATCTCATGGA CACAAAAGAT GGTGATGGAA
SpAT2 AAAGCCATTC TGGGTGAGCT TCGTTAGTTT TGGTCATCAT GGAGTAAGTA ATCTGATGGA CACAAAAGAT GGTGATGGAA
SlAT3 AAAACCATTC TGGGTGACCC CTGTTTCCTT CCGTATTTAT GAACAAACTA CTCTGATGGA CACAAAAGAT GGTGATGGAA
SpAT3 AAAACCATTC TGGGTGACCC CTGTTTCCTT CGGTATTCAT GAACTAACTA TTCTGATGGA CACAAAAGAT GGTAACGGAA

 1681   1760
SlAT1 TACAACTAAC AATTTGTTTA AAGGAGAAAA ACATGACTGA ATTCGAGAAA CACCTTCACA TATTTTCCTC CACTCCCATA
SpAT1 TACAACTAAC AATTTGTTTG AAGGAGAAAA ACATGACTGA ATTCGAGAAA CACCTTCACA TTTTTTCCTC GACTCCCATA
SlAT2 TACAAGTAAC AATTTGTTTG AAGGAGAATG ACATGATTGA GTTTGAGAGA GACCCTCACA TTTTGTCCTC CACTTCAAAA
SpAT2 TACAAGTAAC AGTTTGTTTG AAGGAGAATG ACATGATTGA GTTTGAGAGA GACACTCACA TTTTGTCCTC CACTTCAAAA
SlAT3 TAGAAATAAT TGTTACTATG AAGGAAAATG ACATGACTGA ATTTGAGAGA GACCCTCACA TTTTGTCCTC CACTTCCAAA
SpAT3 TAGAAATAAT CGTTACTATG AAGGAAAATG ACATGACTGA ATTTGAGAGA GACCCTCACA TTTTGTCCTC CACTTCCAAA

 1761   1840
SlAT1 CT-------- -------TGG ATAAAAGGAA TTTCTTATTT TGCTATGATA ATTT------ ---------- ----------
SpAT1 CT-------- -------TGG ATAAAAGGAA TTTCTTGTTT TGCTTGTTTT CTTCATTCAT CACAAACCAA TGTTTGGCTA
SlAT2 CTAGCATTCC ATTCCTTAGG ATAAAATGAA ATTATGATTA TGTTACGATA TTTC------ ---------- ------GCAT
SpAT2 CTAGCATTCC ATTCCTTTGG ATAAAATGAA ATTATAATTA TGTTACAAT- ---------- ---------- ----------
SlAT3 CTAAC----- ----CTTTGG ATAAAATGTC GCAATATTTC TTGTTTTCTA TTGCTTTGCT ---------- ----------
SpAT3 CTAACATTCC ATTCCTTTGG ATAAAATGTT ACAATATTTC TTGTTTTGTA TTGCTTTGCT ---------- ----------

 1841 1920
SlAT1  -----TTTAT GTATGTATGT GTGTGTGTTA GCCCCTCGGC GCTAATTGAT ATAATATCTT TATTGTCTTG TTGGTTTAGT
SpAT1  CGTTATTTTT ATGTATGTAT GTGTGTGTTA GCCCCTTGGC GTATATTGAT ATAATATCTT TATTGTCTTG TTG 
SlAT2  TGCTTTAATT TGCTTGTTGC TTCTTCATTC ATCACAAACC AACGTTTGGC TATGGTCACT TATCTTTATG TATTATGTAT
SpAT2  TGCTTTAATT TGCTTGTTGC TTCTTCATTC ATCACAAACC AATGTTTGGC TATGGCCACT TATCTTTATG CATTATGTAT
SlAT3  ---TGTT--- ---------- TTCTTCATTC ATCACAAGCC AATGTTATCT TTTATGTATG TAGCTCCTGG AGCTTGGGAT
SpAT3  ---TGTTGTT TCTACTTGTT TTCTTCATTC ATCACAAGCC AATGTT---- ---------- ---------- ---TGGCTAT

 1921
SlAT1  AAAATGAATT GATTATTATT AATAGGCATA ATGCATAAGT GAATATTCAC AATAACACAA CATCAAGGAA GGGAAAT  
SpAT1
SlAT2 GTATCTGTCC AGTATCAAGT
SpAT2 GTATCTGTTT AGCCCCTGGA GCTTGGGAG 
SlAT3  CCTATTAAAT AAAAATATTT CTTGTCTTAG C
SpAT3 GAGATTAATT ATCAGTCAAT TATCTTT

Fig. S1. Sequence alignment of Solanum lycopersicum and Solanum pennellii chromosome 1 acyltransferase alleles. The region of SpAT1 containing a 10-bp
deletion is highlighted in blue. The 5′ region of SpAT2 lacking similarity to SlAT2 is highlighted in yellow. The regions used for creating the VIGS constructs to
suppress a single AT gene are highlighted in light blue, and the sequence used to suppress all three AT genes at once is highlighted in gray. Nucleotides where
80% of the sequences match the consensus are red, and those where 50% match the consensus are blue. Start and stop codons are underlined. There are no
introns in these genes.
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Fig. S2. RT-PCR analysis of SlAT2 expression. RNA from stem and petiole tissue (+), trichomes isolated from stems and petioles (T), or stem and petiole tissue
after removal of trichomes (−) was used for RT-PCR analysis of SlAT2 expression. Expression was detected in the intact stem and petiole sample, as well as the
isolated trichome sample. No SlAT2 expression was detected in stem and petiole tissue after removal of the trichomes, indicating that expression was primarily
in the trichomes.

Fig. S3. (A) VIGS of SlAT2 results in an increase in the ratio of unacetylated S3:15 to acetylated S4:17. Sequences for VIGS were chosen either to target
a specific SlAT mRNA (SlAT1, -2, and -3) or to silence all three genes (SlAT*). Data are shown as box and whisker plots of the ratios of triacyl sucrose (S3:15) to
tetra-acyl sucrose (S4:17), with whiskers showing the minimum and maximum. Only the SlAT2 and SlAT* constructs showed a significant change in the ratio of
S3:15/S4:17 compared with M82 (P < 0.05, Mann-Whitney rank sum test). Similar results were obtained for the ratio of the other pair of major acyl sucroses,
S3:22 and S3:24. Sample number: M82 n = 20; SlAT1, SlAT2, and SlAT3 n = 10; SlAT* n = 17. (B) Suppression of phytoene desaturase (PDS) by VIGS in M82 plants
illustrating heterogeneous reduction in gene expression.
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Fig. S4. Phylogeny of a subset of characterized BAHD proteins and SlAT1, -2, and -3. Protein sequences were aligned using MUSCLE (www.ebi.ac.uk/Tools/msa/
muscle). An unrooted neighbor-joining phylogeny was inferred using Phylip (http://evolution.genetics.washington.edu/phylip.html). The numbers near the
branch points are bootstrap values based on 1,000 replications. GenBank accession numbers: Zea mays Glossy2, CAA61258; Arabidopsis thaliana CER2,
AAM64817; Petunia x hybrida PhCFAT, ABG75942; Hordeum vulgare, HvACT, AAO73071; Arabidopsis thaliana, AtHHT1, AED94629; Solanum tuberosum StFHT,
FJ825138; Musa sp. BanAAT, CAC09063; Taxus Canadensis DBNTBT, AAM75818; Taxus cuspidata BAPT, AAL92459; Taxus cuspidate DBBT, Q9FPW3; Taxus
cuspidata DBAT, AAF27621; Taxus cuspidata TAT, AAF34254; Arabidopsis thaliana CHAT, AAN09797; Lupinus albus HMT/HLT, BAD89275; Malus x domestica
MpAAT1, AAU14879; Vitis labrusca AMAT, AAW22989; Clarkia breweri CbBEBT, AAN09796; Cucumis melo. CmAAT3, AAW51125; Petunia x hybrida BPBT,
AAU06226; Nicotiana tabacum NtBEBT, AAN09798; Dianthus caryophyllus HCBT, CAB06430; Nicotiana tabacum NtHQT, CAE46932; Avena sativa AsHHT1,
BAC78633; Nicotiana tabacum NtHCT, CAD47830; Arabidopsis thaliana AtHCT, NP_199704; Rauvolfia serpentina RsVinorine, CAD89104; Cucumis melo
CmAAT4, AAW51126; Rosa hybrid cultivar RhAAT1, AAW31948; Fragaria x ananassa SAAT, AAG13130; Fragaria vesca VAAT, CAC09062; Papaver somniferum
SalAT, AAK73661; Capsicum annuum CaPun1, AAV66311; Catharanthus roseus MAT, AAO13736; Catharanthus roseus DAT, AAC99311; Salvia splendens
Ss5MaT2, AAL50566; Clarkia breweri CbBEAT, AAC18062; Solanum lycopersicum, SlAT1, JQ899257; Solanum lycopersicum, SlAT2, JQ899258; Solanum lyco-
persicum, SlAT3, JQ899259; Arabidopsis thaliana AtDCR, NP_197782; Gentiana triflora Gt5AT, BAA74428; Nicotiana tabacum NtMAT1, BAD93691; Glandularia
x hybrida Vh3MAT1, AAS77402; Lamium purpureum Lp3MAT1, AAS77404; Perilla frutescens Pf5MaT, AAL50565; Perilla frutescens Pf3AT, BAA93475; Dahlia
pinnata Dv3MAT, AAO12206; Pericallis cruenta Sc3MaT, AAO38058; Chrysanthemum x morifolium Dm3MAT1, AAQ63615; Chrysanthemum x morifolium
Dm3MAT2, AAQ63616.
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Fig. S5. Purification of recombinant SlAT2 fusion protein from Pichia pastoris yeast cells. Total soluble protein isolated from untransformed Pichia X33 cells or
cells expressing SlAT2 were used for Ni-affinity chromatography. Shown are Coomassie blue-stained SDS/PAGE gels for X33 control (A) and SlAT2-expressing
cells (B). The predicted molecular mass of recombinant SlAT2 is 56 kDa. The other protein binding to the Ni-resin at ∼40 kDa was identified by mass spec-
trometry to be a Pichia mitochondrial alcohol dehydrogenase (mADH; GenBank accession CAY69102). (C) Results from an immunoblot of a gel identical to B
that was probed with anti-cMyc-HRP antibody. Lanes are as follows: 1, crude extract; 2, protein not bound to Ni-resin; 3, 20 mM imidazole wash; 4–8, 200-mM
imidazole elution fractions. Sizes of protein markers (kDa) are shown on left.

Schilmiller et al. www.pnas.org/cgi/content/short/1207906109 6 of 8

www.pnas.org/cgi/content/short/1207906109


m/z
100 200 300 400 500 600 700

%

0

100

%

0

100

%

0

100

%

0

100 639.29

629.28

509.23

425.16
407.17

639.27

593.28

681.30

671.29

681.30

509.24

425.18

551.25 593.29

671.28

635.29
m/z

100 200 300 400 500 600 700 800

%

0

100

%

0

100

%

0

100

%

0

100 737.40

727.34

607.33

509.22

425.16

407.17

737.40

691.40

779.41

769.41

779.40

691.41649.36

607.35

509.24467.18 733.42

[M+HCOO]-

[M+HCOO]-

[M+HCOO]-

[M+HCOO]-

[M+HCOO]-

[M+HCOO]-

[M+HCOO]-

[M+HCOO]-

[M-H]-

[M-H]-

[M-H]-
[M-H]-

[M-H-C5]-

[M
-H

-C
5]

-

[M
-H

-C
2-

C
5]

-

[M
-H

-C
2]

-

[M
-H

-C
2-

C
5 -

C
5]

-

[M-H-C5-C5]-

[M-H-C5]-

[M-H-C12]-

[M-H-C12-C5]-

[M
-H

-C
2]

-

[M
-H

-C
5]

-

[M
-H

-C
2-

C
5]

-

[M
-H

-C
2-

C
12

]-

[M
-H

-C
5-

C
12

]-

A

B

C

D

E

F

G

H

1: TOF MS ES- 
10 V

S3:15 (5,5,5)

2: TOF MS ES- 
40 V

S4:17 (2,5,5,5)

S4:17 (2,5,5,5)

1: TOF MS ES- 
10 V

2: TOF MS ES- 
40 V

S3:15 (5,5,5)

S3:22 (5,5,12)

S3:22 (5,5,12)

1: TOF MS ES- 
10 V

2: TOF MS ES- 
40 V

S4:24 (2,5,5,12)

S4:24 (2,5,5,12)
2: TOF MS ES- 

40 V

1: TOF MS ES- 
10 V

Fig. S6. Negative ion mass spectra of peaks labeled in Fig. 3. Mass spectra of acyl sucroses at low collision energy (10 V; A, C, E, and G) show primarily the
formate adduct ion. Increasing the collision energy to 40 V (B, D, F, and H) results in fragmentation of the acyl sucroses due to loss of acyl chains. For example,
the mass spectrum of triacyl sugar substrate S3:15 (5,5,5) at low energy (10 V) shows a formic acid adduct ion at m/z 639.29 (A). Fragmentation of S3:15 (5,5,5)
due to increased energy (40 V) shows appearance of the pseudomolecular ion (M-H)− at m/z 593.28, as well as fragment ions from successive neutral loss of the
acyl chains as ketenes of mass 84 Da (B). Acetylated acyl sugars show a characteristic [M-H-C2]− ion that is 42 Da less than the pseudomolecular ion [M-H]− (for
example, m/z 593.29 in D, and m/z 691.41 in H).
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Table S1. Peak areas from extracted ion chromatograms of the formate adducts of acyl sugars from IL1-3 incubated
with an untransformed X33 control or with SlAT2

Acyl sugar Nominal m/z of [M+formate]− Retention time (min) X33 control peak area
AT2 peak area ion

counts/minute

S3:15 (5,5,5) 639 3.30 2,177.321 1,300.682
S4:17 (2,5,5,5) 681 3.36 10.348 1,164.307
S3:16 (5,5,6) 653 3.37 87.728 26.277
S4:18 (2,5,5,6) 695 3.42 0.637 34.094
S3:20 (5,5,10) 709 3.60 245.849 54.226
S4:22 (2,5,5,10) 751 3.64 ND 139.034
S3:21 (5,5,11) 723 3.63 489.74 190.61
S4:23 (2,5,5,11) 765 3.68 ND 275.356
S3:22 (5,5,12) 737 3.69 2,071.95 1,180.051
S4:24 (2,5,5,12) 779 3.79 30.595 1,662.847
S3:23 (5,6,12) 751 3.72 240.331 48.45
S4:25 (2,5,6,12) 793 3.79 ND 187.259

Acyl sugars were identified according to their m/z and retention time, as well as from mass spectra generated using higher collision
energy (1). All triacyl sucroses identified were acetylated regardless of the length of the attached acyl chains, as shown by the increase
in peak areas for the corresponding tetra-acyl sucroses containing an acetyl group. ND, not detected.

1. Schilmiller A, et al. (2010) Mass spectrometry screening reveals widespread diversity in trichome specialized metabolites of tomato chromosomal substitution lines. Plant J 62:391–403.
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