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Figure S1. Sample preparation of injured and intact A.curassavica leaf samples for HPLC-MS.
(a) Uniform leaf discs were obtained using a hole puncher. (b) Overview of three biological

replicates for injured and intact A.curassavica leaf samples.

Figure S2. Comparison for topography images of an Asclepias curassavica leaf surface. (a)
Image obtained via a 3D digital microscope. (b) Image generated via Excel based on the
topographic data obtained.
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Figure S3. Combination of chemical and topographic data into a 3D RGB image generated via MIRION.
lon image shows the spatial distribution of [asclepin+K]* at m/z 613.2410 (red), [malonylgenistin+K]* at
m/z 557.0692 (green) and a background signal of the MALDI target at m/z 771.4869 (blue).
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Figure S4. RMS plots for nine different cardenolides detected via 3D-surface MALDI MS imaging.
(@) [calotropagenin+K]" at m/z 443.1830, (b) [uscharidin+K]" at m/z 569.2132, (c)
[calotropin/calactin+K]* at m/z 571.2288, (d) [calotoxin+K]* at m/z 587.2236, (e) [calactinic acid+K]" at
m/z 603.2207, (f) [asclepin+K]® at m/z 613.2401, (g) [uscharin+K]* at m/z 626.2173, (h)
[acetoxycalotropin+K]™ at m/z 629.2357.



Figure S5. 3D-surface MALDI MS imaging of intact Asclepias curassavica leaf. RG ion
images of (a) [calotropagenin+K]* at m/z 443.1830, (b) [uscharidin+K]* at m/z 569.2132,
(c) [calotropin/calactin+K]* at m/z 571.2288, (d) [calotoxin+K]* at m/z 587.2236,
(e) [calactinic acid+K]* at m/z 603.2207, (f) [uscharin+K]* at m/z 626.2173 in red and
(a-f) [disaccharide+K]*at m/z 381.0793 in green. MS images were generated with 178 x
178 pixels, 45 ym pixel size, m/z bin width: A(m/z) / m/z = + 5 ppm. The scale bars are
(a-f) 1 mm.



Figure S6. 3D-surface MALDI MS imaging of injured Asclepias curassavica leaf (t = 1h).
RGB ion images of (a) [calotropagenin+K]* at m/z 443.1830, (b) [uscharidin+K]* at m/z 569.2132,
(c) [calotropin/calactin+K]* at m/z 571.2288, (d) [calotoxin+K]* at m/z 587.2236,
(e) [calactinic acid+K]" at m/z 603.2207, (f) [asclepin+K]* at m/z 613.2401, (g) [uscharin+K]* at
m/z 626.2173, (h) [acetoxycalotropin+K]* at m/z 629.2357 in red, (a-h) [disaccharide+Na]" at m/z
365.1056 in green and (a-h) [trihydroxyflavone-malonylglycoside+K]* at m/z 557.0692 in blue.
MS images were generated with 143 x 171 pixels; 35 ym pixel size; m/z bin width: A(m/z) / m/z =

+ 5 ppm. All scale bars are 1 mm.

Figure S7. 3D-surface MALDI MS imaging of injured Asclepias curassavica leaf (t = 1h).
(a) Overlay of optical image and RGB MS image from Figure 2c. (b) Detailed magnification
of the injured area shows the spatial distribution of the cardenolide [uscharidin+Na]* in the

damaged leaf parts. The scale bars are (a) 1 mm, (b) 300 um.



Figure S8. 3D-surface MALDI MS imaging of two additional biological replicates of injured Asclepias
curassavica leaf (t = 1h). (a) Optical microscope image of the leaf surface after measurement. (b) RGB
MS image of [asclepin+K]* at m/z 613.2401 (red), [dihydroxyspirilloxanthin+Na]* at m/z 651.4389 (green),
[cichorrin+Na]* at m/z 363.0688 (blue). (c) Detailed magnification of the overlay of microscopic and RGB
MS image. (d) Optical microscope image of the leaf surface after measurement. (e) RGB MS image of
[uscharidin+K]* at m/z 569.2150 (red), [laricitrin-galactoside+Na]* at m/z 571.0960 (green) and
background signal of the MALDI target at m/z 363.0688 (blue). (f) Detailed magnification of the overlay of
microscopic and RGB MS image. MS images were generated with (b) 171 x 171 pixels (e) 150 x 150
pixels; 35 ym pixel size; m/z bin width: A(m/z) / m/z = £ 5 ppm. Scale bars are (a,b,d,e) 1 mm, (c) 350
pm, (f) 200 pm.
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Figure S9. HPLC-ESI-MS of intact and injured A. curassavica leaf discs. (a) The logarithmic

scale of the peak area intensity for five different cardenolides. For injured leaf discs, bulk

cardenolide concentration increased to 2.6- to 9- fold. Each value is the mean of three

biological replicates, and error bars indicate standard deviation. (b) All cardenolides were

identified via MS/MS experiments and showed the same fragmentation pathway that consists

of five characteristic fragments (shown for [Calotropin+H]").
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Figure S10. Chromatograms of five selected cardenolides used for relative quantification. (a)
[calactin/calotropin]® at m/z 533.2751. (b) [asclepin+H]* at m/z 575.2866. (c) [uscharin+H]* at
m/z 588.2651. (d) [uzarin+H]* at m/z 699.3583.



t=10 min

Figure S11. 3D-surface MALDI MS imaging of injured Asclepias curassavica leaf.
The sample was wounded twice (spatially separate) but after different time points. RGB ion images
of (a) [calotropagenin+K]* at m/z 443.1830, (b) [uscharidin+K]* at m/z 569.2132, (c)
[calotropin/calactin+K]* at m/z 571.2288, (d) [calotoxin+K]* at m/z 587.2236,
(e) [calactinic acid+K]* at m/z 603.2207, (f) [asclepin+K]* at m/z 613.2401, (g) [uscharin+K]* at
m/z 626.2173, (h) [acetoxycalotropin+K]® at m/z 629.2357 in red, (a-h) [swertisin+K]" at
m/z 485.0843 in green and (a-h) background signal of the MALDI target at m/z 255.2110 in blue.
MS images were generated with 111 x 111 pixels; 45 ym pixel size; m/z bin width: A(m/z) /I m/lz=+5
ppm. All scale bars are 1 mm.



Figure S12. 3D-surface MALDI MS imaging of injured Asclepias curassavica leaf.

The sample was wounded twice (spatially separate) but after different time points. RGB ion images of
(@) [calotropagenin+K]* at m/z 443.1830, (b) [uscharidin+K]* at m/z 569.2132, (c)
[calotropin/calactin+K]* at m/z 571.2288, (d) [calotoxin+K]" at m/z 587.2236, (e) [calactinic acid+K]* at
m/z 603.2207, (f) [asclepin+K]* at m/z 613.2401, (g) [uscharin+K]* at m/z 626.2173, (h)
[acetoxycalotropin+K]* at m/z 629.2357 in red, (a-h) [dihydroxyflavone+H]* at m/z 255.0652 in green
and (a-h) background signal of the MALDI target at m/z 255.2110 in blue. MS images were generated
with 112 x 103 pixels; 35 ym pixel size; m/z bin width: A(m/z) / m/z = £ 5 ppm. All scale bars are 1 mm.
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Figure S13. 3D-surface MALDI MS imaging of Asclepias curassavica leaf that was wounded proximal
and distal to a vein-cut. (a) Optical microscopic image of the leaf surface after the measurement. (b)
Topographic image of the leaf surface showing height differences up to 700 um at the primary leaf
vein. (c) Overlay of ion images showing the spatial distribution of [uscharin+K]" at m/z 626.2189 (red),
[malonylgenistin+K]* at m/z 557.0692 (green) and a background signal of the MALDI target at m/z
771.4869 (blue). (d) Overlay of ion images showing the spatial distribution of [pheophytin a+K]* at m/z
909.5291 (red), ), [malonylgenistin+K]* at m/z 557.0692 (green) and a background signal of the
MALDI target at m/z 771.4869 (blue). MS images were generated with 220 x 310 pixels; 20 pm pixel
size; m/z bin width: A(m/z) / m/z = £ 5 ppm. The scale bars are (a-d) 1 mm.



Untargeted analysis of defence metabolites for wounded Asclepias curassavica leaf
via 3D-surface MALDI MS imaging

Besides cardiac glycosides, several additional metabolites were accurately visualized, and
some of them showed the same spatial distribution throughout all experiments. Up to 3513
ion signals were annotated by an unsupervised, FDR-controlled database comparison
(ChEBI database, FDR: 50%). For instance, the ion signal at m/z 445.1985 was detected
with a homogenous distribution in both injured areas with increased intensity after 5 hours
(Figure Sl14a). Figure S14b shows the distribution of m/z 567.2565 that was primarily
detected around the second injury (t = 10 min) indicating a short-acting defence function.
However, m/z 487.1940 mainly shows a distribution around the first injury (t = 5h) (Figure
S14c). The distribution pattern of m/z 621.1944 (Figure S14d) and m/z 557.2721 (Figure
Sl14e) have high similarity with the spatial distribution of cardenolides (Figure 2d, Figure
S5).The ion signal at m/z 677.1842 was primarily detected at the second injury (t = 2h)
indicating that the metabolite is metabolized or delocalized after 24 hours. In total, these
results are demonstrating that untargeted metabolomics in the context of MS imaging should
be more widely considered as a valuable method to discover and investigate plant
metabolites of potential relevance for plant interactions with herbivorous insects and

pathogens.



Figure S14. 3D-surface MALDI MS imaging of several Asclepias curassavica leaf samples

regarding untargeted analysis for defence metabolites. (a) lon image of
m/z 445.1985. (b) lon image of m/z 567.2565. (c) lon image of m/z 487.1940. (d) lon image of
m/z 621.1944. (e) lon image of m/z 557.2721. (f) lon image of m/z 677.1842. MS images were
generated with (a-c) 111 x 111 pixels, 45 ym pixel size (d) 143 x 171 pixels; 35 ym pixel size;
(e,f) 112 x 103 pixels, 35 pym pixel size; (a-f) m/z bin width: A(m/z) / m/z = £ 5 ppm. The scale

bars are 1 mm in (a-f).



