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Figure S1. Leaf surface acylsugar profiling of IL2-5 and M82. (A) Quantification of total acylsugars in M82 and IL2-5. Peak area ratios (acylsugar/internal
standard) normalized by leaf dry weight (DW) are shown. Data presented as means = SEM (n = 3 biologically independent samples). Statistical significance
determined by unpaired two-tailed t-test. (B) Full-scan MS at RT 9.79 min of co-eluting peak. The full-scan spectrum indicated the ions at m/z 737.3965 and
765.3914 co-eluted at RT 9.79 in IL2-5, whereas the ions at m/z 765.3914 was absent in M82. (C) EIC for the ions of two acylsugars from M82 (left panel) and
IL2-5 (right panel). Selected ion masses of the corresponding acylsugars are shown in the parentheses following the EIC, with maximum ion counts indicated in
the upper left of the figure. (D) Negative ionization mode, target MS/MS of the acylsugar S3:22(5,5,12) (m/z 737.3965) from IL2-5 at different collision energies.
Spectra are shown at 15 V and 35 V collision energies to induce fragmentation. (E) Quantification of the four long-branched-chain acylsugars in M82 and IL2-5.
Peak area ratios (acylsugar/internal standard) normalized by leaf DW are shown. Data presented as means + SEM (n = 3 biologically independent samples).
Statistical significance determined by unpaired two-tailed t-test. (F) Negative ionization mode, target MS/MS of four specific acylsugars from IL2-5 at different
collision energies. Spectra are shown at 15 V and 35 V collision energies to induce fragmentation.
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Figure S2. Exogenous fatty acid application provides evidence that the long acyl chains of the four specific acylsugars in IL2-5 are not straight-chain.
Representative LC/MS extracted ion chromatograms (EICs) of four specific acylsugars in IL2-5 following exogenous application of C11 fatty acids iC11/nC11 (left
panel) and C13 fatty acids iC13/nC13 (right panel). The endogenous IL2-5 peaks are assigned as iC11- or iC13-containing acylsugars based on GC-MS analysis
of released acyl chains with authentic standards (Fig. 1B). Red arrowheads indicate new peaks detected specifically after application of nC11 or nC13. These
peaks showed the same m/z values as the corresponding endogenous C11- or C13-containing acylsugars, with mass errors within 10 ppm, but eluted slightly
later on the reverse-phase C18 column, consistent with putative straight-chain C11 or C13 acylsugar products. No comparable new peaks were detected in
control plants or after application of iC11 or iC13. Chromatograms are normalized to the largest peak within each sample. Selected ion masses are shown in
parentheses after each EIC, and maximum ion counts are indicated in the upper right corner.
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Figure S$3. Genetic dominance of the branched-chain acylsugar trait demonstrated in F, hybrids from BIL6661 x M82 cross. (A) LC/MS EICs of four
specific acylsugars from M82, IL2-5, BIL 6661, and the hybrid F, plant. Chromatograms normalized to the largest peak across all samples. Selected ion
masses shown in parentheses following the EIC, with maximum ion counts indicated in the upper right of the figure. (B) Quantitative comparison of the four
specific long-branched-chain acylsugars across M82, BlLs, IL2-5, and the F, plant. Values represent peak area ratios of acylsugar to internal standard (IS),
normalized by leaf dry weight (DW). Data presented as means + SEM, n represents biologically independent replicates. Statistical significance determined by
unpaired two-tailed t-test with Welch's correction.
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Figure S4. LC MS/MS fragmentation of the four long-branched-chain acylsugars from M82 transgenic plants transformed with SpBACS1 under its native
promoter. Negative ionization mode mass spectra of the four specific acylsugars from the transgenic plant (proSpBACS1::SpBACS1 in M82) at different collision
energies. Spectra are shown at 15V and 35 V collision energies to induce fragmentation.
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Figure S5. Isotopologue analysis of long-branched-chain acylsugars following isotope labeling. (A) Isotopologues distribution ([M]-, [M+1],, [M+2], [M+3]
and [M+4]) of four acylsugars in IL2-5 plant fed with isotope-labeled [1-"*C]-iC5 compared to control plants fed with non-labeled iC5. The analyzed acylsugars
include S3:21(5,5,11), S4:23(2,5,5,11), S3:23(5,5,13), and S4:25(2,5,5,13). Data are presented as mean proportions normalized to a total of 100% for each
acylsugar. n represents biologically independent replicates. CK, control sample. (B) LC-MS/MS fragmentation analysis of acylsugars S3:21(5,5,11), S3:23(5,5,13)
and S3:22(5,5,12), showing MS spectra of one-carbon labeled ([M+1]") versus non-labeled (M) iC5 and C12 ions. Spectra from IL2-5 plants fed with [1-"*C]-iC5 and
control plants fed with non-labeled iC5 are vertically stacked. (C) Isotopologues distribution ([M], [M+1], [M+2], [M+3],, and [M+47) of four acylsugars in IL2-5 plant
fed with isotope-labeled 1,2-*C,-sodium acetate compared to control plants fed with non-labeled sodium acetate. The analyzed acylsugars include $3:21(5,5,11),
S4:23(2,5,5,11), S3:23(5,5,13), and S4:25(2,5,5,13). Data are presented as mean proportions normalized to a total of 100% for each acylsugar (n = 6 biologically
independent samples). CK, control sample. (D) LC-MS/MS fragmentation analysis of acylsugars S4:23(2,5,5,11), showing MS spectra of two- and four-carbon
labeled ([M+2]- and [M+4]) versus non-labeled (M) iC11 fragment ions. Spectra from IL2-5 plants fed with 1,2-'3C,-sodium acetate and control plants fed with
non-labeled sodium acetate are stacked vertically. Possible positions of isotopic incorporation in iC11 or iC13 are highlighted by black dashed boxes. (E) Isotopo-
logues distribution ([M], [M+1]-, [M+2],, [M+3], and [M+4]) of four acylsugars in IL2-5 plant co-fed with [1-"*C]-iC5 and 1,2-"C,-sodium acetate compared to control
plants co-fed with non-labeled iC5 and sodium acetate. The analyzed acylsugars include S3:21(5,5,11), S4:23(2,5,5,11), $3:23(5,5,13), and S4:25(2,5,5,13). Data
are presented as mean proportions normalized to a total of 100% for each acylsugar (n = 5 biologically independent samples). CK, control sample. (F) LC-MS/MS
fragmentation analysis of acylsugars S3:22(5,5,12), showing MS spectra of one-carbon labeled ([M+1]) versus non-labeled (M) iC5 and C12 ions. Spectra from
M82 plants fed with [1-"*C]-iC5 and control plants fed with non-labeled iC5 are vertically stacked. (G) Representative LC-MS extracted ion chromatograms (EICs) of
four selected acylsugars in IL2-5 and M82 plants fed with [1-"*C]-iC5 or unlabeled iC5. For each acylsugar, the left panels show unlabeled acylsugars (M-), and the
right panels show one-carbon-labeled acylsugars ([M+1]). Chromatograms are normalized to the largest peak across all samples. Selected ion masses shown in
parentheses following the EIC, with maximum ion counts indicated in the upper right.
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Figure S6. Detailed metabolic pathway comparison between the proposed SpBACS1-mediated long-branched-chain fatty acid synthesis and classical de
novo fatty acid biosynthesis. Expanded schematic of the metabolic pathways depicted in Fig. 3G, illustrating the acyl-CoA primer formation step and chain
elongation step for both SpBACS1-mediated long-branched-chain acylsugar biosynthesis and classical de novo fatty acid biosynthesis.The proposed pathway of

fatty acid biosynthesis is based on previous publications 4344,



SBP binding site

ProSpBACS1 -1809 CCGTGGTTA - -GTGAAATGACTGCTGATTCGTACCTTAACCTTTTTATCCCTTTTGTTATTGTTTGTGTTCGTTATTTTCTA -1730
ProSIBACS1 -1744 CCGTGGTTACAGTGAAATGACTGCTGATTCGTACCTTAACCTTTTTATCCCTTTTGTTATTGTTTGTGTTCGTTATTTTCTA -1663

ProSpBACS1  -1729 CTTCAAGAGAAAGACCAA - TATCAGATGCACCACCTTTCTGATATTCTAATTAATTAAATGGGAAAATAGTGATTTTTAATC -1649
ProSIBACS1 -1662 CTTCAAGAGAAAGACCAAATCTAAGATGC- - -ACCTTTTTGATATTTTAATTAATTAAATGGGAAAATAGTGATTTTTAATC -1584

Trihelix binding site
ProSpBACS1 -1648 CCTGCATTTTTGTATAATTCTAATTTTAGTCTCCGGTGTTGTTTGGT TACGGAAAATTAACTTTCAATTATTTAAAGCGTGC -1567
ProSIBACS1 -15683 CCTGCATTTTTGTATGATTCTAATTTTAGTCTCCAGTGTTGTTTGATTACGGAAAATTAACTTTCAATTATTTAAAGCGTGC -1502

ProSpBACS1  -1566 GCTTTTAATCCTTGAAGTTTACAAAAGTTATTTAGTTAACAAAATGACTATTTGAAAATAAAATAAAATAAAGCATTGGCGA -1485
ProSIBACST  -1501 GCTT------------------- AAAGTTATTTATTTATTAAAATGACTATTTGAAAATAAAATAAAATAAAGGGTTGGTGA -1439
MYB binding site
ProSpBACS1  -1484 TTCTAAATGTTTGAAGATTTCATGTATAACATTTAACTTATATTTTATGTATTTTTAAAAATATACAATTAGAATAATTATT -1403
ProSIBACS1  -1438 TTCCAAATGTTTGAAGATTACATATATAACATTTAACTTATATTTTATGTATTTTTAAAAATATACAATTAGAATAATTATT -1357

MYB binding site
ProSpBACS1  -1402 TTAAATTGTATATATCATATATAATTCTACAAGCCTTTAGAAAATCACCAACCCT[TTTATTTATTTTATTTTATATATTTTA -1321
ProSIBACS1 -1356 TTAAATTGTATATATCATATATAATTCTACGAGCTTTTAGAAAATCACCAACCCT[TTAATTTATTTTATTGTATATATTTTA -1275

ProSpBACS1 -1320 AAATAATTATTTTATTAAAGAGTTTCTTTTGTTAGTTTCAAGGACAAAAACCACATACTTCAAATAATTGAATGTTAAATGT -1239
ProSIBACS1 -1274 AAATAATCATTTTATTAAAGAGTTTCTTTTGTTAGTTTCAAGGACAAAAACCACATACTTCACATAATTGAATGTTAAATGT -1193

ProSpBACS1 -1238 ACATAATCAAATAATAACACATGAACTAAAATTAAAATTATACAATAATACAGGAATTAAAATCACCTGTTCCTCTTAATTG -1157
ProSIBACS1 -1192 ACATAATCAAATAATAACACATGAACTAAAATTAAAATTATACAATAATACAGGAACTAAAATCACCTCTTCCTCTTAATTA -1111

ProSpBACS1 -1156 AATCTGTTCAAGTGGACGTACTCCAGATCAATATCGCCAT TTCGCTTAAAACGAGACATATAAAAAAATAGTGATGTAAGGG -1075
ProSIBACS1 -1110 AATCTGTTCAAGTGGACATACTCCAGATCAATATCGCCAT TTTGCTTAAAATGAGACATATAAAAAAATAGTGATGTAAGGG -1029

ProSpBACS1 -1074 TTTATTCACGCATTTTTTAATTATTTTTTTTTGGTTTTGCATCCATGTCCGGTACTCATATTGGAGCCCAACTAAATCTGGA -993
ProSIBACS1 -1028 TTTATTCACGCATTTTTT--TTATTTTTTTTTGGTTTTGCATCCATGTCCGATACTTATATTGAAGCCCAACTAAATCTGAA -949

MYB binding site

ProSpBACS1 -992 TTGCTACCTAA- - - - - - CGACTTTATAGCAAAAAAAA - - - - - - AAAAAACACAAACTCAACACCTTTTTTATTTAAGATGAT -923
ProSIBACS1 -948 TTGCTACCTAACAAAGACGACTTTATAGCAAAAAAAAGAAAAAGAAAAACACAAAC TCAA_CAQCTC_TTTGA TTTAGGATGAT -867
MYB/ERF binding site—s» “—AP2/Dof binding site
ProSpBACS1 -922 GGGCTATTTACCGGTCTACCATAATCTATGTCGGTTAGAGGCGGCTCTATGCTTTAGCATTTAAGGCCTTTGCCTTAGGTCG -841
ProSIBACS1 -866 GGTCTATTTACCTGTCTACCATAATCTATGTC - ------- - m e e o e oo oo CATTTAAGGCTTTTGCCTTA-GTCA -811
ProSpBACS1 -840 CCAAATTTTGGAGTCCCAAATTTTTGTAAGATTAATTTATGTGTTAAAATTTTTATACAAAAATTAATTATTTATGATAAAA -759
ProSIBACS1 -810 CCAAGTTTTGGGTTCTCAAATTTTTGTAAAATAAAATTATGTGTTAAAATTTTTATAGAAAAATTAATTATTTATGATAAAA -729
ProSpBACS1 -758 TATATAAAAAAAAATTAAAAACAAATTATTTTATCTACTTTAGCATTTTTTGTACTTTGTTAAAAATAAGAACTAATAGTGA -677
ProSIBACS1 -728 AGTATAAA - -AAATTTTAAAATAAATTATTTTATCCACTTTAACATTTTTTGTACC - TGTTAAAAATAAGAACTAATAGTGA -650
ProSpBACS1 -676 AAAGTGTTGGAAAAATTAAAGTATAAATTATTTTTTATTTATTTTTAAATTTTAGTTTTAAGCGTTACTAAAGAATAAACAT -595
ProSIBACS1 -649 AAAGTGTTGGAAAAACTGAATTACAAATTATTTTTTATTTATTTTTAAATTTTAGTTTCAAGCATTACTAAAGTATAATCAT -568
ProSpBACS1 -594 ATTAAAATGAGGTATACCAAGTCATCAACTTCTTGAGTCAAATTCTATGGTTCTTACTCTTATCT--TTATTTAATATTTAT -515
ProSIBACS1 -567 ATTAAAATGAGGTA----------- CAACTTCTTGAGTCAAATTCTATGGTTGTTACTTITTATCTTTTTATTTAATATTTAT -497
Dof binding site
ProSpBACS1 -514 CAATTTATTACTTATAACACTATGTTTACAATACATATAATAATTATTTC- - - - - CTTAAATGATGTTTTTCAGTGTTGAAT -438
ProSIBACS1 -496 CAACTAATTACTTATAGCACTATATTTACAATACATATAATAATTGTTTGTTTCATTTAAATGATGTTTTTCAGTATTGAGT -415
ProSpBACS1 -437 TGATAAAATCTTACCTAAAACTAATAACTGAAAAAACTGTATTAAGTACTAATAATTTTCATCTAAATAGTGTGAAAAAAAT -356
ProSIBACS1 -414 TGATAAAATCTTACCTAAAACTAATAATTGT-------------------- ATAATTTCCTTCTAAATAGTGTGAAAAAAAT -353
ProSpBACS1 -355 AAATTTTAAATAGATACGTATATAGAATGTATTATATATT - - - - - - - - - - - TGATATTTATAAGTTTT-TCTGATTTGATTG -286
ProSIBACS1 -352 AAATTTTAAATAGATAGATATATAAAATATATTATATATTAAGCCGCGAATTGAAATTGCTTTTTTATCTTATTTTTGATTG -271

ProSpBACS1 -285 TGGTGAAAGGTAACTTTTAGATTACATAAACTCACTGGTTGACTTATGGCTGCATAATCCCAACATATCCGGTTCAGCCCAC -204
ProSIBACS1 -270 CGGTGAAAGGTAATTTTTAGATTACATAACCTCACTGGTTGACTTGTGGCTGCATAATCCCAACATATCCGGTTCAGCCCAC -189

HD-ZIP binding site
ProSpBACS1 -203 GTTTGAGCATTAATTGC|TGGTTTA - - - -ATTTATAATACTGGCCATTACCATCACGATGAAGAAATAACAAATAATCTTATT -126
ProSIBACS1 -188 GTTTGAGCATTAATTGCITGGTTTAATTAATTTATAATACTAGCCATTACCATCACGATGAAGAAATAACAAATAA - - - - - - - -113

ProSpBACS1 -125 GCACTTTGCCAACTGTAATATTATGTCCCCTTTGCTATAAAATGTGAATTTGTGAAATTGTTTCATGTGTTAACTCTTCGAT -44

ProSIBACS1 M2 ----- TTGCCAACTGTAATATTATGTCCCCTTTGCTATAAAATGTG- - ---- - - AAATTGTTTCATGTGTTAACTCTTCGAT -45
ProSpBACS1 -43 ATTACTCCATTACTT-TT TCTCAGGAAACGCCATTACCGGCATC -1
ProSIBACS1 -44 ATTACTCCATCACTTCTT TCTCAGGAAACGCCATTACCGGCATC -1

Figure S7. Promoter sequence alignment and cis-element analysis comparing SpBACS1 and SIBACS1. Sequence alignment of SpBACS7 and SIBACS1
promoter regions with putative cis-elements for transcription factor binding sites predicted using PlantRegMap. Black boxes indicate predicted cis-elements
common to both promoters. Red and black lines denote predicted cis-elements unique to SpBACS1 and SIBACS1 promoters, respectively.
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Figure S8. LC MS/MS fragmentation of the four long-branched-chain acylsugars from M82 transgenic plants transformed with SIBACS1 under the
SpBACS1 promoter. Negative ionization mode mass spectra of the four specific acylsugars from the transgenic plant (proSpBACS1::SIBACS1 in M82) at
different collision energies. Spectra are shown at 15 V and 35 V collision energies to induce fragmentation.
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Figure S9. LC/MS analysis of iC10-containing and other acylsugars in S. pennellii VIGS lines silencing SpBACS7 and SpBACS2. (A)
Representative LC/MS EICs of selected acylsugars in S. pennellii VIGS lines silencing SpBACS1 (pTRV2-SpBACS1), SpBACS2 (pTRV2-Sp-
BACS2), and control plants (pTRV2-empty). Chromatograms normalized to the largest peak across all three samples. Selected ion masses shown
in parentheses following the EIC, with maximum ion counts indicated in the upper left of the figure. Light red bands in zoomed-in chromatograms
highlight reduced acylsugar levels in pTRV2-SpBACS1 plants. (B) Isotopologues distribution ([M]-, [M+1],, [M+2], [M+3], and [M+4]") of two
acylsugars in S. pennellii plant fed with isotope-labeled [1-*C]-iC4 compared to control plants fed with non-labeled iC4. These analyzed acylsugars
include S3:18(4,4,10) and S3:19(4,5,10). Data are presented as mean proportions normalized to a total of 100% for each acylsugar (n = 4
biologically independent samples). CK, control sample.
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Figure $10. Effects of SpBACS1-mediated long-branched-chain acylsugars on herbivore resistance. (A) Quantification of leaf damage
caused by western flower thrips (Frankliniella occidentalis) feeding on S. pennellii VIGS plants with silenced SpBACS1 or SpBACS2. Data
presented as means + SEM (n = 10 biologically independent samples). Statistical significance determined by unpaired two-tailed t-test. (B)
Quantification of leaf damage caused by western flower thrips (F. occidentalis) feeding on M82 transgenic plants expressing SpBACS1 driven
by its native promoter. Data presented as means + SEM (n = 8 biologically independent samples). Statistical significance determined by
unpaired two-tailed t-test. (C) Quantification of cotton bollworm (Helicoverpa armigera) larval weight gain after feeding on S. pennellii VIGS
plants with silenced SpBACS1 or SpBACS2. Data presented as means + SEM (n = 10 biologically independent samples). Statistical
significance determined by unpaired two-tailed t-test. (D) Quantification of cotton bollworm (H. armigera) larval weight gain after feeding on M82
transgenic plants expressing SpBACS1 driven by its native promoter. Data presented as means + SEM (n = 8 biologically independent
samples). Statistical significance determined by unpaired two-tailed t-test.



—
o st
1.0 m s 2 2 8 g 8 - .
2 3 €235 E8F 28 8 g
3 % 35 88 53888 ¢ 8
@ =) oS D 9 s & S ~
e 2 9 @ P g & a 2 & 8 S S o
g ¢ 2 385 888%eg 8 B88¢ &S
%2 %2 29 8 822833282838 FLIT S
@ 2. O, R D 8 ¥ © B O 35 > o IS >3 S O QS
5 3 2958883250685 8§ FeS F
¢ % 9 % 2 % 2 ° s S & & S 8 S N
% % B e %G & & &
% & ® 9D
Q % B B B D Q,V’
O, 0. (=
2% Q9 & o
S, &
o B % % 2 S\
Y Yo, B B P,G
Yy, o, B (A
S, Ry, B 7 Q
s %, 9o, D
%, RN 2
N %0, Y%, &
%, 05, %5, >
g, O 6, o
0 G5, O 2
7c
)
> & 05: 4 N o
ég 0, . 93)00 & S q0"
'S 905 E B = o0
N 705 EE A ot st
G Q o aP‘
o’ =< B &2®
& S 59 = \
<~ "%Pengg G O ° S 71680
9004, 7 £ 2 A 0029
Olyco, 9 65
8¢ A3
90083 100 ® o0
lyco, = 136/
s 5908225, 8 D S s wcn‘lgm
Openog, 3210.1
9030550 4 T0q ——-- SQpenO'lg“z
Solye019095750 7 seemTTT T - -Solyc07go43se0
Sopen01g039500.1 00 o % oA o2 T - - - Sopen07g023220.1
Solyc01g109180 - g Solyc07g043630
5 g
Sopen01g051380-1 o0 "7 m - - Sopen07g023200 4 cst
240 59 [y 100
Solyc01g079 ) 00 Sopen029019060l1
1020-
sopeno1903 o (00 o
0600
099%% o S
opel N
Y C09®15110
s 0
51 O
009901 A ° Q S o
go 0~ R S s
v O S
o ® S S 3
o o\
o® A o X 3
o o
N g N
St o N o
WO o' IS =
0 s o 3
RO 4 =
o QQQ’ & S o
K 0 & 5 SEIS
&Y F S S
R N NS N S
= © S
& SN
TS F
P S S
LogFC TS L
Trichome vs. shaved stem & F e § S
P PSS S
9 S e
-7 & 8 T S FfFETSsSse=o
-6 o ¢ 8 S T § 8§35 s 2
SIS S o5 9 & v 2 3 <
3 S F ST P ELLTEEE 8
2 s § £S5 88388
0 g 58 88 < % 9
1 2 & § 28 &
> 2
3 g § % 8 & 8
.5 ’
7
9
B
2000 SI103gACS1 2500, Sp03gACS1 2507 SIBACS2
2z 3 2z
25 S 52000 252001
8 215001 S35 83
gs 33 22450
g'g, 5?1500 % S b
5 £1000- 35 NE
ok % -<1000d &-E100
8E gE »E
= S O35
38 500 2 g2
=3 ®E £ 504
gt 2 500 oc
2]
0 0

Figure S11. Phylogenetic analysis and biochemical characterization of ACS family enzymes in S. lycopersicum and S. pennellii. (A) Phylogenetic tree

showing relationships among ACS family members in S. lycopersicum and S. pennellii, with trichome-enriched expression patterns. Red-blue color gradient
represents trichome enrichment as log2 fold change (log2FC) for trichome vs. shaved stem expression. (B) Substrate specificity of SI03gACS1, Sp03gACS1 and

SIBACS?2 across a broad spectrum of fatty acids varying in chain length and branching pattern with Coenzyme A (CoA) as co-substrate. Enzyme activities shown as

means + SEM (n = 4 independent experiments).





