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Supplementary Figure S1

lllustration of an ion signal in the dataset als1 for [M+Na]"

lllustration of an ion signal in the dataset alsl corresponding to the sum formula C43H76NO7P corresponding to PE(P-38:5) in HMDB,
and the +Na ion adduct. The theoretical isotope pattern (blue) was predicted at the resolving power of R=100000 at m/z 400 and ion

images of the predicted peaks were generated with the tolerance of +2.5 ppm. The ion was annotated at the desired FDR level of 0.1
and was validated by LC-MS/MS as PE(P-18:1_20:4); see Section S11.
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Supplementary Figure S2
Detailed scheme of the proposed framework
The framework consists of three parts: calculation of the Metabolite-Signal-Match score, FDR estimation, and FDR-controlled

annotation. This scheme provides more comments as compared to Figure 1. The ion [C4sH7sNO,P+Na]” was annotated at the desired
FDR level of 0.1 and was validated by LC-MS/MS as PE(P-18:1_20:4); see Section S11.
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Supplementary Figure S3
Detail on the novel measure of spatial chaos used to quantify the informativeness of a principal ion image in the ion signal.

a) The principle of the novel measure of spatial chaos is counting the number of objects in an ion image at a particular intensity level
and measuring the statistical distribution of objects amongst a set of levels. lon image intensities are shown as a 3D landscape with the
heat colormap (from black to red to yellow from intensities from low to high). The level-set cutting plane is shown in half-transparent
blue. Objects from one level are shown on the left with connected pixels from the same object shown in the same color; pixels below
the level-set-intensity shown in black. Top: an exemplary structured ion image; Bottom: an exemplary unstructured noisy ion image. b)
lllustrations demonstrating behavior of the measure of spatial chaos. Top: Dependence of number of objects in an ion image at a
particular level-set on the threshold level (intensity value used for the level set) for the structured (grey) and unstructured (black) images
shown in the panel a). For a threshold level, the measure of spatial chaos is equal to the area under the curve for the range from 0 to
the given level. Bottom: Dependence of the statistic on the signal-to-noise ratio (SNR) for a structured ion image with added noise.
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Supplementary Figure S4
Evaluation of the proposed level-sets-based measure of spatial chaos
Evaluation of the proposed level-sets-based measure of spatial chaos as compared to other existing measures of spatial chaos: from

(Alexandrov & Bartels, 2013) ! and (Wijetunge et al., 2015) 2. The evaluation is performed according to the statistical framework
originally proposed by us in (Alexandrov & Bartels, 2013) o

Nature Methods: doi:10.1038/nmeth.4072


https://paperpile.com/c/qA9TCw/dykwV
https://paperpile.com/c/qA9TCw/e7Q8H
https://paperpile.com/c/qA9TCw/dykwV

- Target

° °
s 2

Fracton of ctope energy ()

°

a)

° °
= -

Fraction of iotope energy (&)

e
=

c)

10 —
- 1
' ' 1.0, .
o : — ~
‘EI l |
[ 075
; s '
¥ 04 : (108
g ! 0
o T
¢ -
11250 15000 ¢ W & w e
e)

Supplementary Figure S5
Evaluation of the similarity between the target and decoy sets of ions for metabolites from HMDB.

Left (a, c, e): Box plots of the four highest isotopic peaks. Right (b, d, f): Kendrik plot with projections along either m/z or mass defect.
The decoy set is selected as a random sampling from the set of decoy ions.
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Supplementary Figure S6
Evaluation of the false-discovery-rate estimation on simulated data.

a) FDR curves for the target adducts +H, +Na, and +K. b) Relation between the true FDR and the FDR for the target adducts +H (red),
+Na (blue), and +K (green). Shaded area shows confidence limits (5-95) from 20 independent replicates.
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Supplementary Figure S7

Negative control experiments using implausible adducts as the ‘target’.

Top row: FDR curves per an implausible adduct Bottom row: A G values. As baselines, the FDR curves and
AU values for the plausible adducts are shown for +H (blue), +Na (green), and +K (red). The curves are

shown for 200 first annotations. Error bars in the A Con diagrams show standard deviation across 10 sampled
decoy sets.
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Three measures were tested: exact mass matching (light green), measure of chaos (blue green) and MSM (orange). The FDR-curves
show that the MSM measure outperforms other measures (has lowest FDR-curve) across all datasets and adducts.
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Supplementary Figure S9
FDR curves showing the effect of changing the m/z tolerance for generating ion images

FDR-curves for different m/z-tolerance values used to sample ion images (2.5 ppm was used in the paper), for different datasets and
ion adducts. The change of m/z-tolerance was used to evaluate effect of mass accuracy and resolving power.
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Supplementary Figure S10
Comparing annotations using the HMDB and SwissLipids molecular databases.

a) Overlap in the molecular annotations for all 10 datasets from the paper with the desired FDR of 0.1. b) Overlap between sum
formulas from HMDB and SwissLipids
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Supplementary Tables

Dataset
Property atst atst a1s3 als4 alsd
Specimen type Mouse brain |Mouse brain [Mouse brain |Mouse brain [Mouse brain
Section direction Coronal Coronal Coronal Coronal Coronal
Bregma distance (mm) 1.42 1.42 1.42 -1.46 -3.88
Pixel size (um) 50 50 50 50 50
Number of pixels 12816 12614 11007 17809 16804
Number of peaks per spectrum 375 +/- 17 375 +/-17 |401+/- 14 424+/- 19 408+/- 17
Raw data size* (GB) 23 23 21 32 30
m/z acquisition range 100-1200 100-1200 100-1200 100-1200 100-1200
Mass resolving power (at m/z 400) 130000 130000 130000 130000 130000

Supplementary Table 1. Properties of the high-resolution imaging MS datasets collected from
mouse brain of the animal 1 (a1). *Raw profile data in the .sl format, SCIiLS Lab software, version

2016a (SCILS, Bremen, Germany).

Dataset
Property a2st a2st a2s3 a2s4 az2sb
Specimen type Mouse brain |Mouse brain [Mouse brain |Mouse brain |Mouse brain
Section direction Coronal Coronal Coronal Coronal Coronal
Bregma distance (mm) 1.42 1.42 1.42 -1.46 -3.88
Pixel size (um) 50 50 50 50 50
Number of pixels 12078 19249 17829 11866 12088
Number of peaks per spectrum 495+/- 13 474+/- 54 388+/-137  |491+/- 22 495+/- 11
Raw data size* (GB) 22 22 23 35 34
m/z acquisition range 100-1200 100-1200 100-1200 100-1200 100-1200
Mass resolving power (at m/z 400) 1130000 130000 130000 130000 130000

Supplementary Table 2. Properties of the high-resolution imaging MS datasets collected from
mouse brain of the animal 2 (a2). *Raw profile data in the .sl format, SCILS Lab software, version
2016a (SCILS).



Supplementary Note 1

1. Individual measures used in the MSM score

1.1 Evaluation of the proposed measure of spatial chaos

Discriminating images containing spatial structure (informative) from noise images (non-
informative) based on an internal statistical measure was proposed by us in (Alexandrov &
Bartels, 2013) '. However, the original measure ' poorly performed on images of the type
“gradient” (see the original paper for details). Since 2013, another algorithm was proposed 2
that showed better accuracy the original algorithm on all but “islets” images.

To evaluate the novel measure of spatial chaos (Online Methods) and to compare it to the
original measure and a measure proposed in (Wijetunge et al., 2015) 2, we followed the
framework proposed in (Alexandrov & Bartels, 2013) '. For the evaluation, the following
ground-truth sets of manually selected ion images were used: one unstructured and four
structured (‘regions’, ‘curves’, ‘gradients’, and f‘islets’). We quantified the accuracy of
recognizing structured images vs. unstructured images with the help of the measure of
spatial chaos as follows. The unstructured set was mixed with a structured set (one of four)
and the values of a measure of spatial chaos were calculated for all images. The images
were sorted by their values. For k from 1 to the size of the mixture set (50), the first images
with the highest values are selected and the accuracy of detecting structuring images
(number of structured divided by k) is calculated. Supplementary Figure 3 shows the curves
of the accuracy values plotted against k. One can see that the proposed measure of spatial
chaos outperforms earlier measures ' ? and certainly the average spectrum approach from
(Wijetunge et al., 2015) %, achieving the classification accuracy for k=50 (all structured vs. all
unstructured) of 92.0%, 100.0%, 88.0% and 88.0% for the ‘regions’, ‘curves’, ‘gradients’ and
‘islets’ types of structure respectively.

Moreover, the measure is computationally efficient, taking 0.031s per an ion image from the
ground truth sets (121x202 pixels), twice as fast as the published implementation from
(Alexandrov and Bartels 2013) as compared on the same computer (MacBook Pro, 3 GHz
Intel Core i7, 16 GB 1600 MHz DDR3 RAM).

Thus, we conclude that our new measure outperforms earlier measures of spatial chaos
both in accuracy and speed.

1.2 Calculating the spectral isotope measure

For a metabolite ion, the spectral isotope measure quantifies the spectral similarity between
the theoretical isotope pattern and the sampled isotope pattern from an imaging MS dataset
(Online Methods).

For defining the measure, we compared two ways of calculating the sampled isotope pattern
motivated by the following consideration. The most common approach for isotope pattern
matching in high-resolution mass spectrometry is using high-quality individual spectra 3,



With a sufficient mass resolution and quality of mass spectra, one can fit a chemical formula
directly to an isotope pattern *. However, the quality of peaks within individual spectra in
imaging MS is hampered because of no separation used to produce a spectrum, normally
complex samples like tissues analyzed, and lower dynamic range as compared to other
state-of-the-art MS techniques. This effect is especially prominent for low-abundant
molecules. This makes fitting an isotope pattern for each molecule to every spectrum
unappealing. Another approach is to calculate a dataset-average sampled isotope pattern
but this approach may lack sensitivity due to averaging.

We compared both approaches: (1) single-spectrum calculation of the match between the
theoretical isotope pattern and a spectrum from a single pixel, (2) dataset-average
calculation of the match between the theoretical pattern and the average spectrum from all
pixels where the principal peak is present. The comparison was done on the a2s2 dataset
for several selected sum formulas (Table SN1.1). For each formula, we found a gold-
standard spectrum in the dataset using either of two ways: (1.1) a high-intensity spectrum
from the pixel where the principal peak was maximal and (1.2) a low-intensity spectrum from
a pixel with the principal peak intensity equal to the 10%-quantile of all pixels where the
principal peak is present. The low-intensity spectrum was considered to obtain baseline
(relatively low) values.

Table SN1.1 shows that calculating the isotope pattern match on dataset-average intensities
performs comparably well to the calculation on the highest-intensity signal spectrum and
better than the baseline-case of taking a low-intensity single spectrum. This motivated us to
employ the dataset-average strategy rather than doing single-spectrum pixel-by-pixel
calculations and to formulate the spectral isotope measure according to Online Methods,
Equation OM2.

Pspectral
Single-spectrum approach
L Dataset-average
Metabolite ion Principal m/z | Low-intensity | Max-intensity approach
spectrum spectrum
[Ca7Hge3N206P + K] 851.64026 0.88 0.97 0.95
[C4gHg1NOg + Na]" 832.66369 0.85 0.94 0.94
[CaoH77NO3 + H]" 620.59762 0.88 0.99 0.96
[C42Hg2NOgP + H] 760.58508 0.97 0.97 0.99
[C4oHgoNOgP + Na]” 756.55138 0.64 0.99 0.97
[C41Hg2NOgP + Na]” 770.56703 0.94 0.92 0.92
[CaoHgoNOgP + H] 734.56943 0.97 0.99 0.99

Table SN1.1. Comparing two approaches of calculating the spectral isotope match
(Pspectrar @S defined in Online Methods, Equation OM2) on seven molecular annotations
from HMDB: the single-spectrum approach (two versions, selecting a high-intensity
spectrum and a low-intensity spectrum, the latter used for getting baseline values) and the
dataset-average approach.



2. Evaluation of the proposed FDR approach

An essential part of the proposed molecular annotation approach is the ability to both
quantify and control the FDR of the resulting annotations. We propose to calculate FDR by
using a target-decoy approach (Online Methods). Here we provide results of evaluating the
proposed FDR approach.

Since currently there exist no accepted approaches for calculating FDR in metabolomics, we
developed our own evaluation framework with the following steps: 1) evaluation of the
proposed decoy set (Supplementary Section 3.1), 2) comparison of the estimated FDR with
true FDR on simulated data (Supplementary Section 3.2), and 3) negative control
experiment when using an implausible adduct as the target (Supplementary Section 3.3).

2.1 Evaluation of the decoy database

In a target-decoy approach, a decoy must satisfy the following criteria °: 1) follow the same
statistical distributions as the target, 2) produce a similar response to noise in the real data,
and 3) be compatible with the search pipeline presented in this work.

We evaluated compared the statistical distribution of elemental frequency, mass distribution
and chemical space of the decoy and target. Supplementary Figure 6 shows the following
properties of the target and decoy sets generated from HMDB for each of the target ions +H,
+Na, +K: isotopic patterns, m/z’s and mass defects with Kendrik plots.

The isotope ratios (Supplementary Figures 6a, 6¢, 6e) are similar between the target and
decoy with the decoy having higher intensities for heavier isotopic peaks (as expected from
adding elements with higher atomic number and more complex isotope patterns as decoy
adducts). This effect is moderate and can be explained by the decoy adducts having higher
atomic numbers and more complex isotope patterns than a target adduct. An increased
variance in the isotope abundances can be observed for all but the second isotopic peak.

Examining the comparative Kendrik plots with histograms showing the distributions projected
along both the m/z and mass defect axes (Supplementary Figures 6b, 6d, 6f), there is a
large overlap between the clouds of points, particularly along the mass defect projection.
The systematic shift of the distribution (as expected when generally heavier elements as
“adducts”) may limit the FDR to ions above m/z 100. This is not critical, as the mass-
accuracy of high-resolution instruments is typically sufficient to unambiguously determine the
molecular formula of mass spectral peaks below m/z 100 °.

2.2 Evaluation of the FDR estimate on simulated data

We calculated FDR curves for the MSM-based molecular annotation for each of the target
adducts +H, +Na, and +K (Supplementary Figure 6a). The number of formulas per adduct
was 121, 90, 88 for +H, +Na, +K respectively. At the desired FDR level of 0.1, there were
136, 119, and 112 annotations returned for +H, +Na, +K respectively of which 101, 78, and
75 were present in the ground truth (see Table SN1.2). This corresponds well to the
expected true FDR values (calculated as FPiurget/Prarger) for such sets of molecular
annotations which are equal to 0.25, 0.36 and 0.33 for +H, +Na, and +K respectively. Next,



we calculated the relation between the true FDR and our FDR estimate for all values of FDR,
visualized in Supplementary Figure 6b, with one-sigma confidence intervals from 20 random
iterations used in Supplementary Note 3, Algorithm 3. The estimated FDR follows the true
FDR well, with most difference in the low FDR range where an underestimation is visible.
Importantly, one can see the low variance of the estimate with the largest width of the
confidence interval to be 0.10, 0.15, 0.11 for +H, +Na and +K respectively.

FDR target value

0.01 0.05 0.1 0.2
Adduct +H +Na | +K +H +Na  +K +H +Na | +K +H +Na | +K
Recall (%) 72 55 44 80 83 77 83 87 8 84 91 86

True FDR 0.09 0.07 1 0.03 0.21 0.16 [ 0.06 0.25 0.36 0.33 0.27 0.38 | 0.33

Table SN1.2. Statistics for the annotation of the simulated dataset at different FDR target
values.

2.3 Negative control experiment

In the negative control experiment, we used in turn each implausible adduct as the target
instead of either of the common adducts (+H, +Na, and +K). The implausible adduct
considered as the target was taken out from the decoy adducts. Supplementary Figure 8
shows the obtained FDR curves (in grey) as well as the FDR curves for the common adducts
+H (blue), +Na (green), and +K (red). As expected, most of the negative-control FDR curves
have higher FDR values than the curves for +H, +Na, +K. To summarize the information, for
each FDR curve we calculated the value AUC,,, of the area under curve for the first 100
annotations. As expected, AUC; (o values for most of the implausible adducts are higher than
for plausible ones. Only +Be and +F have AUC,,, lower than the common adducts.

3. Comparing alternative scoring measures

The typical approach for metabolite annotation in imaging mass spectrometry is assignment
based on exact mass, which does not take any spatial information into account. We recently
proposed an approach for detecting a signal that incorporates spatial information’. We
compared these two approaches against the MSM score proposed in this paper using the
FDR calculation. It can be seen in Supplementary Figure 4 that across all datasets that
incorporating spatial information provides better FDR curves (i.e. the area under the curve is
lower) and in almost all cases the MSM score is the best performing approach.



4. Simulating lower mass resolving power

To estimate the effect of a reduced resolving power, or lower mass accuracy, on the FDR-
controlled annotation pipeline we repeatedly ran the pipeline using different m/z tolerances
for generating ion images. The effect on the FDR curves can be seen in Supplementary
Figure 5 where increasing the m/z tolerance can be seen to have a detrimental effect. This
highlights the importance of using high-resolving power instrumentation for spatial
metabolomics experiments.

5. Runtime

The time for FDR-molecular annotation of a dataset in this paper was under one hour
(MacBook Pro, 3 GHz Intel Core i7, 16 GB 1600 MHz DDR3 RAM).

The three most costly computational operations within the framework are: 1) isotope pattern
prediction, 2) sampling ion image signals from a dataset, 3) MSM-scoring of the signals. Our
efficient implementation of the isotope pattern prediction according to (Ipsen, 2014) ’ takes
approximately 300 millisecond per sum formula (MacBook Pro, 3 GHz Intel Core i7, 16 GB
1600 MHz DDR3 RAM). The total time to generate the isotope patterns for sum formulas
from the HMDB (7708 unique carbon-containing sum formulas) for the 3 main adducts and
85 decoy adducts is approximately 5 minutes. For FDR-controlled molecular annotation of a
dataset, in the order of 1 million of ion images need to be sampled from the dataset when
the following parameters are used: 4 ion images per molecular formula, 20 decoy replicates
for each target ion. For datasets in this paper, sampling an ion image takes approximately
200 microsecond, sampling all ion images takes 3 minutes.

6. Annotations using the SwissLipids database

FDR controlled annotation at the desired FDR level of 0.1 was performed for molecules from
the SwissLipids database 8, downloaded on June 1st, 2016. Overall, 94 sum formulas were
annotated compared to 104 for HMDB, with 39 sum formulas contained both in HMDB and
SwissLipids. Despite the overlap between the databases being around 10% the overlap
between annotations is around 40%, that is well in line with our results that most of the
annotated metabolites in the considered datasets are lipids.

Please note that calculation of the MSM scores is not affected by the choice of the database.
The differences for specific sum formulas which are present in both databases (HMDB and
SwissLipids) can be only at the stage of FDR calculation. The differences can be due to
different coverage of m/z-values space by molecules in the database but they should not be
significant for relatively large databases created for similar biological systems, such as
HMDB and SwissLipids.
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Supplementary Note 2

1. lon images for all annotations from animal 1

The table below shows ion images for all annotations from the datasets a1s1, a1s2, a1s3 from the three serial
sections for the Bregma distance 1.42 mm from the animal a1. The parameters were: FDR target value 0.1,
HMDB version 2.5, m/z tolerance 2.5 ppm. Colors are assigned to each image individually using the parula
colormap (blue indicating low intensity, yellow high intensity).

Annotated Metabolites from
sum HMDB corresponding
formulas, | to the annotated sum
ion adduct formula
C28H33014

[M+Na]+ Pelargonidin 3-sophoroside

C35H6604 Artemoin D Artemoin C
[M+H]+ Artemoin B Artemoin A

C37H6804

[M+H]+ Cohibin C Cohibin D

9-Octadecenoic acid 1-[[(1-
C37H7108P oxohexadecyl)oxy]methyl]-2-
[M+K]+ (phosphonoxy)ethyl ester
PA(34:1)

9-Octadecenoic acid 1-[[(1-
C37H7108P oxohexadecyl)oxy]methyl]-2-
[M+Na]+ (phosphonoxy)ethyl ester
PA(34:1)

PA(36:2) 9-Octadecenoic
C39H7308P acid 1-
[M+K]+ [(phosphonoxy)methyl]-12-
ethanediyl ester

PA(36:2) 9-Octadecenoic
C39H7308P acid 1-
[M+Nal+ [(phosphonoxy)methyl]-12-
ethanediyl ester

C39H79N206P

(VK] SM(d34:1)

C40H78NO8P  PE-NMe(34:1) PE(35:1)

[M+K]+ PC(32:1)
C40HBONO8P _ _
(+H PC(32:0) PE(35:0)

C40H80ONO8P i _

[M+K]+ PC(32:0) PE(35:0)

C40H80ONO8P i _

[M+Na]+ PC(32:0) PE(35:0)
PC(33:0)

[Cl\;IT:]izNOSP Phosphatidylethanolamine
PE(36:0)

Nature Methods: doi:10.1038/nmeth.4072



C41H83N206P
[M+H]+

C41H83N206P
[M+K]+

C41H83N206P
[M+Na]+

C42H8ONO8P
[M+K]+

C42H84NO8P
[M+H]+

C42H84NO8P
[M+K]+

C42H84NO8P
[M+Na]+

C43H74NO7P
[M+Na]+

C43H76NO7P
[M+Na]+

C43H78NO8P
[M+K]+

C44H80NOS8P
[M+K]+

C44H84NO8BP
[M+K]+

C44H86NO8P
[M+K]+

C45H76NO7P
[M+Na]+

C45H78NO8P
[M+K]+

C45H80NO7P
[M+Na]+

C46H80NO8P
[M+K]+

SM(d36:1)

SM(d36:1)

SM(d36:1)

PC(34:2) PE-NMe(36:2)
PE(37:2)

PE(37:0) PC(34:0)

PE(37:0) PC(34:0)

PE(37:0) PC(34:0)

PE(P-38:6) PE(0-38:7)

PE(P-38:5)

PC(35:4) PE(38:4) PE(36:4)

PC(36:4)

PC(36:2)

PE(39:1) PC(36:1)

PE(P-40:7)

PC(37:6) PE(40:6)

PE(dm40:5) PE(P-40:5)

PC(38:6)
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[Cl\;ﬁ?]ﬁ?"‘osp PC(38:5)

[Ch;‘f}?]ﬁ“"‘osp PC(38:4)

[Ch;‘fNHaS]‘iNOSP PC(38:4)

[Cl\;f}?ﬁ““osp PC(40:6)

C48H91NO8 Galactosylceramide (d42:2)
IM+K]+ GlCosylceramide (d42:2)

2. lon images for all annotations from animal 2

The table below shows ion images for all annotations from the datasets a2s1, a2s2, a2s3 from the three serial
sections for the Bregma distance 1.42 mm from the animal a2. The parameters were: FDR target value 0.1,
HMDB version 2.5, m/z tolerance 2.5 ppm. Colors are assigned to each image individually using the parula
colormap (blue indicating low intensity, yellow high intensity).

Annotated Metabolites from
sum HMDB corresponding
formulas, | to the annotated sum
ion adduct formula
1-Nitronaphthalene-56-oxide
C10H7NO3 1-Nitronaphthalene-78-oxide
[M+K]+ S
Kynurenic acid
C23H46NO7P .
M+K]+ LysoPE(18:1)
C24H50NO7P _
M+H]+ LysoPC(16:0)
C26H52NO6P .
IM+H+ LysoPC(P-18:1)
C26H52NO7P _
MK+ LysoPC(18:1)
C27H44NO7P .
MK+ LysoPE(22:6)
C28H33014 - .
[M+Na]+ Pelargonidin 3-sophoroside
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C29H47NO4
[M+Na]+

C35H6604
[M+H]+

C37H6804
[M+H]+

C37H7108P
[M+K]+

C37H7108P
[M+Na]+

C39H7308P
[M+K]+

C39H7308P
[M+Na]+

C39H79N206P
[M+K]+

C40H78NO8P
[M+K]+

C40H80ONO8P
[M+H]+

C40H80ONO8P
[M+K]+

C40H80ONOSP
[M+Na]+

C40H80013P2
[M+K]+

C41H8ONO8P
[M+K]+

C41H82NO8P
[M+H]+

Docosa-47101316-pentaenoy! | 4

carnitine 23-
Acetoxysoladulcidine
Clupanodonyl carnitine

Artemoin D Artemoin C
Artemoin B Artemoin A

Cohibin C Cohibin D

9-Octadecenoic acid 1-[[(1-
oxohexadecyl)oxy]methyl]-2-
(phosphonoxy)ethyl ester
PA(34:1)

9-Octadecenoic acid 1-[[(1-
oxohexadecyl)oxy]methyl]-2-
(phosphonoxy)ethyl ester
PA(34:1)

PA(36:2) 9-Octadecenoic acid |f

1-[(phosphonoxy)methyl]-12-
ethanediyl ester

PA(36:2) 9-Octadecenoic acid
1-[(phosphonoxy)methyl]-12-
ethanediyl ester

SM(d34:1)

PE-NMe(34:1) PE(35:1)
PC(32:1)

PC(32:0) PE(35:0)

PC(32:0) PE(35:0)

PC(32:0) PE(35:0)

PGP(34:0)

PE(36:1) PC(33:1) PE-
NMe2(34:1)

PC(33:0)
Phosphatidylethanolamine
PE(36:0)
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C41H82NO8P
[M+K]+

C41H83N206P
[M+H]+

C41H83N206P
[M+K]+

C41H83N206P
[M+Na]+

C42H80ONO10P
[M+K]+

C42H80ONO8P
[M+K]+

C42H82NO8P
[M+H]+

C42H82NO8P
[M+K]+

C42H82NO8P
[M+Na]+

C42H84NO8P
[M+H]+

C42H84NO8P
[M+K]+

C42H84NO8P
[M+Na]+

C43H74NO8P
[M+K]+

C43H76NO7P
[M+Na]+

C43H78NO8P
[M+K]+

PC(33:0)

Phosphatidylethanolamine

PE(36:0)

SM(d36:1)

SM(d36:1)

SM(d36:1)

PS(36:1)

PC(34:2) PE-NMe(36:2)
PE(37:2)

PC(34:1) PE(37:1)

PC(34:1) PE(37:1)

PC(34:1) PE(37:1)

PE(37:0) PC(34:0)

PE(37:0) PC(34:0)

PE(37:0) PC(34:0)

PE(38:6)

PE(P-38:5)

PC(35:4) PE(38:4) PE(36:4)

Nature Methods: doi:10.1038/nmeth.4072

.Smml

.5mm|

|5mm|

|5mm|

l5mm|

l5mm|

.5mm|

|5mm|

M

.5mm|

.5mm|

.5mm|

.Smml

.5mm|

|5mm|




C43H84NO8P
[M+H]+

C43H84NO8P
[M+K]+

C44H8ONO8P
[M+K]+

C44H84NO8P
[M+H]+

C44H84NO8P
[M+K]+

C44H86NO8P
[M+H]+

C44H86NO8P
[M+K]+

C44H86NO8P
[M+Na]+

C45H72NO8P
[M+K]+

C45H76NO8P
[M+K]+

C45H78NO7P
[M+Na]+

C45H78NO8P
[M+K]+

C45H80NO7P
[M+Na]+

C46H78NO10P
[M+K]+

C46H80NOS8P
[M+H]+

PC(35:1) PE(38:1)

PC(35:1) PE(38:1)

PC(36:4)

PC(36:2)

PC(36:2)

PE(39:1) PC(36:1)

PE(39:1) PC(36:1)

PE(39:1) PC(36:1)

PE(40:9)

PE(40:7)

PE(P-40:6) PE(dm40:6)

PC(37:6) PE(40:6)

PE(dm40:5) PE(P-40:5)

PS(40:6)

PC(38:6)
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ke 0% pe(ae:s)
[Ch;‘f}?ﬁz“o” PC(38:5)
e 07 Pa(a0:4)
e 0% pe(3sia)
[Ch;‘f}?ﬁ““o” PC(38:4)
MeNae 007 PC(38:4)
ke 0% pe(as:2)
ke 0% peEe:)
ke 0% PE@2:9)

ke 2007 smasz:2)
ke 0oF Pe(o:)
ke O pcwos)

C48H91NO8  Galactosylceramide (d42:2)
[M+K]+ Glucosylceramide (d42:2)
[C;/?F}?](iNOGP Glycerophosphocholine
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Supplementary Note 3

Input: Real-valued image B, number of levels n.pes
Output: measure of spatial chaos ppq0s

Algorithm:
// scale image intensity range to [0 1]
1. B = B—-min(B)

max(B)—min(B)

// main part
2. Fornin[0,1, ..., Nepeis]:

// threshold image at a current level

n
3. tn - Nievels
4. Byw = B' >t,

// fill single-pixel holes
S. Bpw = Y5(Bpw)

// count separate objects with 4-connectivity
6. Nobjects, = imlabel(B';W)
7. Pehaos = 1 DL Tobets

Npixels*Nievels

8. return m,

Algorithm 1. The level-sets based algorithm for calculating the measure of spatial chaos
of an ion image. Y;(A) is a hole-filling operation to fill in’ isolated missing pixels that can
happen in HR imaging MS (and to avoid overestimating the number of objects). It consists
of a sequence of morphological operation: Ys(A) =(A © S) @S’ with structuring
elements S' =[[010],[111],[010]]),S = [[111],[111],[111]]. imlabel uses the label
function from scipy (http://www.scipy.org/) with 4-connectivity and returns the number of
disconnected objects in an image.




Input: Metabolite sum formula, adduct, charge, resolving power of the spectra, imaging
MS dataset, MSM threshold t,;sy

Output: Decision whether the ion [sum formula + adduct]°"%"9¢is present in the dataset
Algorithm:

// Predict isotopic patterns
1. Predict the isotope envelope* for [sum formula + adduct]"*"9¢ at the resolving power

2. Detect centroids of the isotope envelope*, exact m/z's and relative intensities (m, a)
// Generate and score signals from the dataset

3. Form; in m:

4. Generate an ion image B; for the i’'th isotopic peak at m/z m;

5. Calculate pcpgosfrom By and pgpatialPspectrar from B and a according to Algorithm 1 as
well as Online Methods, Equations OM1 and OM2, respectively

6. Calculate the MSM score according to Online Methods, Equation OM3

// Annotate the data
7. 1f MSM > tyqpy :
8. the ion [sum formula + adduct]"*"9¢ is annotated as being present in the dataset

Algorithm 2. MSM-based molecular annotation determining whether a metabolite ion is
present in an imaging MS dataset.



Input:

Metabolite database, resolving power of the mass spectrometer used, imaging MS

dataset, ion charge, target adduct, decoy adducts, desired FDR level FDR jq5ireq, NUMber
of decoy samplings

Output: A set of molecular annotations (ions from the metabolite database detected as
present in the dataset)

Algorithm:

1
2.
3.
4

5.

10.
11.

12.
13.
14.

15.

16.

17.

// Predict and score all metabolite signals
For sum formula in database:
[0N¢qrger = [sum formula + target adduct]cherge

Calculate MSM; according to Algorithm 2.(1-3)

l0Ntarget
[0Ngecoy = [sum formula + decoy adduct]°"@9¢ where decoy adduct is
randomly chosen from the list of decoy adducts
Calculate MSMion 4.y, according to Algorithm 2.(1-3)

// Calculate the MSM cutoff corresponding to the desired FDR level
Form a combined vector of MSM values s = MSM; U MSM;

l0Ntarget l0Mdgecoy
// Find the maximal number of annotations providing FDR below FDR j.gireq
Sort s in descending order.

[ = 2 * Nypolecules

While FDR > FDR josired:

ntarget — Z;l;n(;)lecules Dj where pj = 1 Lf MSMiontargetj < S otherwise pj = 0
Ngecoy = Z;l;n(;)lecules Dj where pj = 1 Lf MSMiondecoytj <SS otherwise pj = 0
Calculate FDR according to Online Methods, Equation OM4
ir=i—1

tmsm = Si

Repeat steps 1-11 according to the number of decoy samplings, n
t = [tmsm, tmsm,- - tusmy,)
tyusmy = median(t)

// Perform the MSM-based molecular annotation with the calculated cutoff
For sum formula in database:

a. If MSM; >tysn then add iongrge: into the list of molecular

l0Ntarget
annotations

Algorithm 3. FDR-controlled molecular annotation that screens for metabolite ions
present in an imaging MS dataset, with the desired FDR level.



Supplementary Data 1

1. LC-MS/MS validation of
annotations using authentic standards



Metabolite annotations with authentic standards available

Annotation

Glycerophosphoc

holine

LysoPC(16:0)

PC(32:0)

PC(34:1)

PC(36:2)

PC(36:4)

PA(36:2)

PE(36:0)

SM(d36:1)

SM(d34:1)

HD: Head-group
SD: Side chain

Authentic standard

L-a-Glycerophosphorylcholine,
Sigma G5291 [HMDBO00086]

LysoPC(16:0/0:0),
Sigma L5254 [HMDB61702]

PC(16:0/16:0),
Avanti 850355 [HMDB00564]

PC(16:0/18:1),
Avanti 850457P [HMDB07972]

PC(18:1(92)/18:1(92)),
Avanti 850375C [HMDB00593]

PC(18:2(9Z,122)/18:2(9Z,122)),
Sigma P0537 [HMDB08138]

L-Phosphatidic acid, PA(18:1/18:1),

Sigma P2767 [HMDB07865]

Phosphatidylethanolamine PE(18:0/18:0),

Sigma P3531 [HMDB08991]

SM(d18:1/18:0), Sigma S0756 [HMDB12099]

SM(d18:1/16:0), Sigma 91553 [HMDB10169]

Sum formula

C8H20NO6P

C24H50NO7P

C40H8ONOSP

C42H82NO8P

C44H84NO8P

C44H80ONOS8P

C39H7308P

C41H82NO8P

C41H83N206P

C39H79N206P

Validated as

Glycerophosphorylcholine

LysoPC(16:0/0:0)

PC(16:0/16:0)

PC(16:0/18:1)

PC(18:1/18:1)

PC(18:2/18:2)

PA (18:1/18:1)

PE(18:0/18:0)

SM(d36:1)

SM(d34:1)

Validation summary

HD:

HD:

SD:

HD:
SD:

HD:
SD:

HD:
SD:

HD:
SD:

HD:
SD:

HD:
SD:

HD:

HD:

ChoP, phosphoglycerol, Choline
ChoP, phosphoglycerol, Choline
16:0 FA

ChoP
16:0 FA

ChoP
16:0 FA, 18:1 FA

ChoP
18:1 FA

ChoP
18:2 FA

Glycerol phosphate-H20
18:1 FA

36:0 FA (NL)
18:0 FA

ChoP

ChoP

FA: Fatty acid, ChoP: Phosphocholine, Cer: Ceramide, Sph: Sphingosine, PEA: Phosphorylethanolamine
NL : neutral loss of head-group



Extracted ion chromatograms (XIC)

Standard mixture XICs (5 ppm) Sample XICs (5 ppm)
1.23
1'3'3—| Glycerophosphocholine +H 100 M
! 11.00 0 T P A
e LysoPC(16:0) +H 100 N
i A ]
100 L e 1822
™ | | PC(32:0)+H ¢ ] |
o p | 9 il
5 100 e e 18.20
5 D"| ﬂ PC(32:0) +FA-H 2 D"| A
e 100 1812 = i 12.30
5 —| | PC(34:1) +H £ —| |
i 1uuu 18.27 & 103 18.26
PC(34:1) +FA-H \
D—| 1:3"1752 : : D—l Tf'il:m
100 \ PC(36:2) +H 100 A
D—| .|I'-. |:|—| II
18.35 18.35
1uu—| 1un—| :
|l. I:I .\.'I'_"-
e 16.91 . 17.55
j A PC(36:4) +H )\
0 0
10 17.08 10 1747
”3 \ PC(36:4) +FA-H u”i |
o 0
17.82 17.96
Ewoj PA(36:2) +H ﬂ””i 1 i
2 0 L go ———— e —
Z10 1876 gn[j : _
o E(36:0) - o
'] L PE(36:0)-H 2 A
i P 19.84 %u 18.83
& Di I PE(36:0) +H = Dﬂ N
0 . €0 1835
1””3 W SM(d36:1) +H 1””3 J!I i
1|:||] 724 mu 17.47
Dﬂ I SM(d34:1) +H Dﬂ |
3 I:|'|||||||||||||||||||||||||||||||||||-IL|||||||||||||||||||||||| I:||"'|"'|"'|"'|"'|"'|"'|'"|"'Il"'|"'|"'|"'|"'|"
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Time (min} Time (min}
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Molecular annotation: C8H20NO6P, +H, m/z 258.1101, Glycerophosphocholine oH

. . = 0 CH;
Standard used : L-Glycerophosphorylcholine from Sigma G5291 [HMDB00086] o/ |
. . . . P Nt—CH
Validated as : Glycerophosphorylcholine using LC-MS/MS method ‘Positive’ (\/ /X0 ] i
OH CH,
LIPID_STD_MIX_FDR_1_2mix_all_10_CE10 #565 RT: 144 AV:1 NL: 2.65E7
F: FTMS + p ESi d Full ms2 258.17@hcd10.00 [50.00-280.00] [M+H]*
104.10754
100
3 258.11044
907
80
3 HO
T R \N/ \\I/ \P’"CH
2 7 I
3 § o0 /+\/\OH e _OH S~ 07 ‘O OH
c 3 a0
£ 50 HO
g £ 4o i \ /0\)\/OH
B 407 + 9] P
e ~TN 07N
30—: +
-
107
i 6008170 71.99512  86.09713 125.00004 184.07356  199.03694 210.49484 240.09911
s e 0 0 s e e e e e e e e I e e e e e e e e I e I
50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280
miz
Mouse_Whole_Brain_CHCI3_Lip_ext_3Xdil_Pos_incl_list_CE10#583 RT: 145 AV:1 HNL: 5.83E5
F: FTMS + p ESI d Full ms2 258.11@hcd10.00 [50.00-280.00]
104.10742
100
] 258.11020
a0
80
o 70 MS1 A m/z: 0.43 ppm
TE:. E 601 MS2 A m/z: -0.39 ppm
= m
(g} 50
g £ w;
| 40
& 7
30
0
104
p o 5588253 73.21661 86.09703 9487482 | 11136565 125.00041 17413158 18407356 199 03540
T T T T T T [T T T T [ T T I T [T T T T [ T T T T [T T T T [T T T T [ T T T T [T T T T [T T T T [T T T T [Tt T T [ T I T T [T T T T [ T T T T [ T T T T [ T T T T [T T T T [T T T T [T T T I [ T T T T [ TTTT]
50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280

miz



Molecular annotation: C24H50NO7P, +H, m/z 496.3397, LysoPC(16:0)
Standard used : LysoPC(16:0/0:0) from Sigma L5254 [HMDB10382]
Validated as : LysoPC(16:0/0:0) using LC-MS/MS method ‘Positive’

Lipid_std_3_mix_FDR3 #6347 RT: 10.86 AVY: 1 NL: 2.64E9
F: FTMS + p ESI d Full ms2 496.30@hcd20.00 [50.00-525.00]
184.07355

-
=]

QIIII?IIII?\III?IIII?II\I%IIH?IIII?IIII?\III%IIII?

==

HO
W

N

104.10748

Standard

Relative Abundance
[+ [T +a

—_

60.08171 ©6.09718 125.00047 13947166 23072331 258.10989

[M+H]*

496.34000

[M-H20+H]"

478.32928

31327356 333.05710 390.05212  419.25763

220 240 260

60 80 100

120 140 160 180

200

L
280
m/iz

Mouse_Whole_Brain_3Xdil_CHCI3_Lip_ext_Pos_incl_list_CE20_1 #5400 RT: 11.04 AV:1 NL: 3.03E7
F: FTMS + p ESI d Full ms2 496 .51@hcd20.00 [50.00-525.00]

—_
=

(3\III?I\II?II\I?III\?IIII%IIII?\III?I\II?II\I%IIH?

104.10745

=]

184.07338

Sample

Relative Abundance
[\ [T =

-

60.08163 ©6.09702 12474815 24010123 258.11020

MS1 A m/z:
MS2 A m/z:

300 320 340 360

380 400

420 440

460

480

500

496.33978

0.95 ppm
-0.16 ppm

478.32922

313.27371 419.25641

[
520

503.95358

1
1T T [ T 117
240 260 280
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Molecular annotation: C40HS8ONOSP, +H, m/z 734.56936; PC(32:0)

Standard used : PC(16:0/16:0) from Avanti-ID 850355 [HMDB00564] gy & <
Validated as : PC(16:0/16:0) using LC-MS/MS method ‘Positive’ SRR N
o}
LIPID STD MIX FOR 1 2mix all 10 pos CE 10 30 #3650 RT: 1840 AV: 1 NL: 1.ME6
F: FTMS = p £5 d Full ms2 734.42@hcd22.50 [51.00-765.00]
184.07338
100
30 HO
% o o \ _OH
N P
T 70 /:I-\-/\O/ \\
st B O
© 5 ap
© E
c 3 / .
8 5 [M+H]
n g 40 73456860
[}
® 30
20
86.09702
124.99992
b e I ks e 48875085 BOS57794  654.36237 72413489 | 738.07697
1o To=F | I L L L L L L 1 T T T T [ T T T T T 1T T | L L L L L L L L DL L L L L L L L L L T % T [ T. b 1
100 150 200 250 300 350 400 450 500 550 600 650 700 750
miz
Mouse Whole Brain CHCI3 Lip ext 3Xdil Neg ind list pos CE_10 30 #3307 RT: 1848 AV 1 NL: 1258
F: FTMS = p £S5 d Full ms2 734 56@hcd22.50 [51.00-765.00]
184.07347
100
30
80
o g 70 MS1 A m/z: 0.78 ppm
g_ § & MS2 A m/z: 0.61 ppm
= |
© 2 50
»n 2
£ 40 73456891
& 30
20
86.09702
10
125.00001 s
; 5'}'-—”1315‘*| e 169.02597 |187.00760 2501402 341.30978 478.33136 SR 724.02026
| I BN B E I EE R R R R R B B B B B SR B E R SN R R R R B R R E I SR B R R R R B R R B B R S R R N . . R R B B B R B R B R B . R R S R R B R R R E—
© 100 150 200 250 300 350 400 450 500 550 600 850 700 750
miz
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0
Molecular annotation : CAOHSONOSP, +FA-H, m/z 778.55973; PC(32:0) /\/\/\/\/\/\/\)J\G/}(\OH-'F'-RO\/\W,

Standard used : PC(16:0/16:0) from Avanti-ID 850355 [HMDB00564] \/\/\/W\/\/\H,O' H O

Validated as : PC(16:0/16:0) using LC-MS/MS method ‘Negative 2’ o)

Lipid std 195 206 mix1 NEG CE 20 #8613 RT: 1832 AW 1 NL: 8.0E4
F: FTMS - p ESI d Full ms2 778 45%@hod20.00 [54.00-810.00]

100

T18.34718

N [M+HCO2-NC3H10]

20
25523347 1 gt
70

&0 HO

O
50 /
4
30

Standard
Relative Abundance

20

10
0 I| |||I T I| ||| T II T |I| T |I| T 1 T T T T T T T 1 ||! LI S N P B | I T I T L 1

T T T T T 1 T T
100 150 204 250 300 350 400 450 200 350 600 g5 7o 7l a0a

Mouse Whole Brain CHCI3 Lip ext 3xdil Neg ind list CE20 #5412 RT: 1816 AWV 1 NL: 273E4
F: FTMS - p ESI d Full ms2 778.56@hod20.00 [54.00-810.00]

100

T16.54065

80
&l
MS1 A m/z: -2.47 ppm

7o
604 7107286 25523311

30

Sample

40

Relative Abundance

30

20 87.16683 r23.81118

10 | 11693398 g4 ca7o7 249.79982 317.51489 s 513.70551

7 I:|||||||| T T T ol
750 &00
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Molecul tati : C42H82NO8P, +H, 760. , PC(34:1 R AR AR R e I
olecular annotation 82NO8 m/z 760.58500, PC(34:1) 0’\(\0”3‘"0\/\'\”/

Standard used : PC(16:0/18:1) from Avanti-ID 850457P [HMDB07972] "L TR S
Validated as : PC(16:0/18:1) using LC-MS/MS method ‘Positive’ 7 S e e e ey
o)
LIPID_STD_MIX_FDR_1_2mix_al_10_CE10 #10576 RT: 18.58 AV: 1 NL: 1.27E7 [M+H]+
F: FTMS + p ESI d Full ms2 760 .40@hcd10.00 [53.00-795.00]
760.58618
100—:
90-
o
< g "
% geo—; / HO O
= 3 507 By \ s
s " N\V/\ /P\
& E
o /
20—; 184.07350
107
= 97.07638 160.32124 220.26862 295.58215 355.02393 723.68024
0 —r [ o o1 [ T 1. T [ T T 1. [ T 1 1 1 ] 1 T T T [ T T 1 T [ [ T T T [ T T T T [ [ T T T [ T T T T [ T T T T [ T T T T [ T T T T ] 1T
100 150 200 250 300 350 400 450 500 550 600 650 700 750
miz
Mouse_Whole_Brain_CHCI3_Lip_ext_3Xdil_Pos_incl_list_CE10 #3607 RT: 19.71 AV:1 NL: 2.39E6
F: FTMS + p ESI d Full ms2 760.51@hcd10.00 [53.00-795.00]
760.58588
100—:
907
80
o s MS1 A m/z: 0.13 ppm
- g 3
g— § oo MS2 A m/z: -1.13 ppm
© < 50
o £ 407
¢ 3
307
20 184.07349
10 619.59271
= 89.89655 149.47000 197.87831 299.50253 355.07272 430.08627 505.10977 N 723.48730
8 L A s e s s s sy s s B B B s s s B e B B D L s s B s s s B By B s Sy B By sy Sy By B B B
100 150 200 250 300 350 400 450 500 550 600 650 700 750



Molecular annotation: C42H82NO8P, +FA-H, m/z 804.57538, PC(34:1) /\/\/\/\/\/\/\j\o/\(\mﬁ-ﬁ
| NN

Standard used : PC(16:0/18:1) from Avanti-ID 850457P [HMDB07972]

- 0 H (on |
Validated as : PC(16:0/18:1) using LC-MS/MS method ‘Negative 2’ N\/\M/W\ﬂ/

(o]

Lipid std 195 206 mix1 NEG CE 20 #8826 RT: 1875 AW 1 HNL: 1.81E5
F: FTMS - p ESI d Full ma2 804 53@hod20.00 [56.00-840.00]

100

744 55737

" [M+HCO2-NC3H10]

80 WZN\/\/\ITG‘—- "
70 / 0
&0 28124796

% /“V’\/‘\J‘\/\/\/\\.}L
CH

40

30 \

25523344

Standard

Relative Abundance

20
10

36.73941 12320230 2152548 28959043 440 34380 480.30201
D'||||I|||'|'i|||||||'|||||||||||||||||||||||'|||I||||||||||||||||||||||||||||||||||||

100 150 200 250 300 350 400 450 500 550 800 850 700 750 200
miz

Mouse Whole Brain CHCI3 Lip ext 3Xdil Neg ind list CE20#5442 HT: 1823 AW 1 NL: 3.95E4
F: FTMS - p ESI d Full ms2 &04.58@hod20.00 [55.00-840.00]

100+

74455756

90

[=]
L]
1

e |
=]

MS1 A m/z: -2.39 ppm

Sample

281.24881

Relative Abundance
tn
=
IFNTRINTANINENE N AN

20 255 23384
73.36285 13288704 17310579 548 36756

Ll
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1040 150 200 250 300 350 4010 450 00 a0 600 650 700 Fistl 200

T23.67433
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Molecular annotation: C44H84NO8P, +H, m/z 786.6006, PC(36:2) - NPT -
Standard used : PC(18:1(92)/18:1(92)) from Avanti-ID 850375C [HMDB00593] /\/W\/\/\/\nj:{q\ g \/\"l‘l
Validated as : PC(18:1/18:1) using LC-MS/MS method ‘Positive’ 0

LIPID: 5TD MIX FDR 1 Zmix all 10 CE20#10581 RT: 1873 AV 1 ML 3.14E7
F: FTMS + p ESI d Full ms2 7&6.60@hod20.00 [54.67-820.00]
184.07335

100 o
a0

iz \\T/ \“P’OH
. \/\. -~
&0 i O \\O

50 /

40

Standard
Felative Abundance

30

20 [M+H]*

10 T06.60114
85.05702 1249 260.85703 33652075 450.32205 522 35675 603.53320 630.41083 72366797 I
T 1 T T T 71 LI T 1 T T

T T T T T T
100 150 200 250 300 350 400 450 500 550 600 650 700 750 200
miz

0 1

Mouse Whole Brain 3xdil CHCI3 Lip ext Pos ind list CE20_1 #9570 RT: 1877 AW 1 NL: 3.78EY
F: FTM5 + p ESI d Full ms2 786.51¢@hod20.00 [54.67-820.00]
184.07336

100

80
]
7o
60

MS1 A m/z: -0.22 ppm
MS2 A m/z: 0.18 ppm

50

Sample

41

Relative Abundance

30

20

10 175.25822 To5.60045
06.09689 124 99040 522 35845 603.33052 630 41766 T23.85770 I
T T T T

I
108 150 200 250 300 350 400 450 200 550 60 650 Tod 750 a0

10 0=
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Molecular annotation: C44H84NOS8P, +FA-H, m/z 830.5910, PC(36:2)
Standard used : PC(18:1(92)/18:1(92)) from Avanti-ID 850375C [HMDB00593]
Validated as : PC(18:1/18:1) using LC-MS/MS method ‘Negative 2’

LIPID STD MIX FDR 1 2mix all 10 CE30 neq #7363 HT: 1857 AW 1 NL: 6.61E6
F: FTMS - p ESI d Full ms2 &30.47¢@hod30.00 [57.67-865.00]
281.24828

100
90
a0
70 /

60
20

Standard

40
30

Relative Abundance

20

250.07855

10
224.06964 |

78.95802 14378531 100-04301 41724334

og -H

306.32587 T70.57268

T . I-.0 .t L1 1 .1
400 450
miz

200 251

300

330

100

130

Mouse Whole Brain CHCI3 Lip ext Neg ind list CE30 #7302 RT: 1838 AW 1 NL: 1.8FET
F: FTMS - p ESI d Full ma2 &30.50@hod30.00 [57.67-865.00]

100

28124825

90
&0
7o
&0
0

Sample

40

Felative Abundance

30

20 25523334

0726379

10

163.04303 724 05955

78.595798

MS1 A m/z:

43228714 480.31000 T

7oa

7ol

aoa &ad

200

230

G600

G50

-0.96 ppm

S06.32539 5333972 600.55670 652.90808 770.57058
T T T

LI L L |
400 450
miz
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300
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150

104

1 200
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CH,

Molecular annotation: C44HS80ONOSP, +H, m/z 782.5694, PC(36:4) ,\/\/z\/z\/\/\/\A EPON
Standard used : PC(18:2(92,122)/18:2(92,122)) from Sigma P0537 [HMDB08138] o - TR W
Validated as : PC(18:2/18:2) using LC-MS/MS method ‘Positive’ M\/\N\W

LIPID STD MIX FDR 1 2mix all 10 CE10#410321 RT: 18.04 AV: 1 NL 1.20E6 [M+H]*
F: FTMS + p £51 d Full ms2 782 44@hod10.00 [54.33-815.00]
782 56909
100
30
20
o] o 70
[l =
© 5 &0
j 3 5
2 HO
= £ Sl \ OH
7] g 4 N P’
= - §g
¥ 30 /+\//\O A\
0
= [M-NC3H9J*
i 184.07350
9571912 16322408 | 250.13872 371.33417 723.50085
D||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
100 150 200 250 300 350 400 450 500 550 600 850 700 750 300
miz
Mouse_Whole_Brain_CHCI3_Lip_ext_3Xdil_Pos_incl_list_CE10 #8518 RT: 1749 AV:1 NL: 2.54E8
F: FTMS + p ESI d Full ms2 782 50@hcd10.00 [54.33-815 00]
100 782.57037
90-
80-
o , 707 MS1 A m/z: 0.55 ppm
— o .
g— § 60— MS2 A m/z: -1.24 ppm
g 605
g "]
© £ 504
7] g 3
& 407
N
30
20 184.07352
104
1 80.61344 140.35741 250.06027 403.93997 723.54626
12 e et s e s B e s s s s I B By B s B B B By e s e e s e B I B By Oy B B By By s B B S B S H R
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800

miz
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Molecular annotation: C44HS80ONOSP, +FA-H, m/z 826.55973, PC(36:4) W/W Y o
Standard used . PC(18:2(9Z,122)/18:2(92,122)) from Sigma P0537 [HMDB08138] o TR W
) ) , . , \/\/\:/E/\/\/\/\’.r

Validated as : PC(18:2/18:2) using LC-MS/MS method ‘Negative 2

LIPID STDr MIX FDR 1 2mix all 10 CE30 neg #6870 HT: 1732 AW 1 NL: 257ES
F: FTM5 - p ESI d Full ma2 826 .644@hod30.00 [57.33-860.00]

100

27923257

S0
Bl oo
70 W:/’\:/\/\/\/\H/ CH-H
60 ,/ 0

50

Standard

40

Relative Abundance

30
20
10

7339085 13387715 16804333 26713373 50430850 55555377 585.86835 723 92572
I:|||r_|'|'|||—|_'|i'|'||||||||||| ||||||||||||||||||||||'||||||q_'|||'|||||||||||||"||||||||||||

T
100 150 200 250 300 350 400 450 500 550 600 850 700 750 200 850
miz

Mouse Whole Brain CHCI3 Lip ext Neg ind list CE30 #8717 RT: 17.05 AV 1 NL: 1.24E6
F: FTM5 - p ESI d Full ms2 826.48@hod30.00 [57.33-860.00]

100

27923257

a0
&l
o~ MS1 A m/z: 0.34 ppm
60

50

Sample

40
30 25321777

Relative Abundance

30524817
20

10

7885791 g 16804292 27406905 | 37037201 478 29506 20430914 76654235
’ ||||||||||||||||||||||||||||||||||||||I||||||||||||||||||||||||||||||||||||
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mfz

Nature Methods: doi:10.1038/nmeth.4072



Molecular annotation: C39H7308P, +H, m/z 701.5115, PA(36:2)
Standard used : L-Phosphatidic acid, PA(18:1/18:1) from Sigma P2767 [HMDB07865]
Validated as : PA (18:1/18:1) using LC-MS/MS method ‘Positive’

LIPIDr 5TD MIX FDR 1 Zmix all 10 CE20#11724 RT: 2059 AW 1 ML 1.10E6
F: FTMS + p ESI d Full ms2 701.50@hod20.00 [50.00-735.00]

100
50
a0
7o
|

. B R G R R R A

30

Standard

Sample

14

40 + II;
o7 “C(H
30 Y\l Hd

CE, c
G5.08614 1"&'DI1D"9
—_—

Relative Abundance

18407353

25.25258

335.28043
247 24265 32127835 | 419.25513
| I B s | R R | T T T 1 [ T 1 T y

— +
TG ey Rt e i AT N Rt

[M-H3PO4]*

603.53510

O

72368854

0 T T 11 | [ TR RS R DU [ R R |

T T
30 100 150 200

230 300 350 400

Mouse Whole Brain CHCI3 Lip ext 3Xdil Pos ind list CE2048728 RT: 17.57 AW 1 NL Y.50ES

F: FTM5 + p ESI d Full ms2 701.51¢@hod20.00 [30.00-735.00]
104

90
a0
70
&0
50
40

Relative Abundance

30
20
10

MS1 A m/z:

523278

335 23909
24724272

30850027 | 35507832 418.25238
T T T T T T T T T T T T T T T T : T

0.81 ppm

603.53516

701.55237

66558038 | T23.47351
T R R |
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Molecular annotation: C41H82NO8P, +H, m/z 748.58500, PE(36:0) RN
Standard used : Phosphatidylethanolamine from Sigma P3531[HMDB08991] " Y

Validated as : PE(18:0/18:0) using LC-MS/MS method ‘Positive’ ":C\/\/\/\/\/\/\/\/\rr

LIPID_STD_MIX_FDR_1_2mix_all_10_CE10 #11379 RT: 19.86 AV:1 NL: 1.87E5

F: FTMS + p ESI d Full ms2 748 .44@hcd10.00 [52.00-780.00] [M+H]+
607.56659

0 748.58502

Standard
Relative Abundance .
OIII\‘?I\II$IIII$IIII$II\I%\III$I\II$IIH$I\II$IIH$

=y

110.39825 150.00011 198.16119 372.59711 489.99252
T T T I T T 7T T T T 1 T T T T ] T T T T T T I T T 1T T ] T T 1 | T T T T ]
100 150 200 250 300 350 400 450 500 550
Mouse_Whole_Brain_ CHCI3_Lip_ext_3Xdil_Pos_incl_list_CE10 #9351 RT: 19.25 AV: 1 NL: 1.34E6 m/iz
F: FTMS + p ESI d Full ms2 748.53@hcd10.00 [52.00-780.00]

748.58057

-
[=]

Relative Abuncance
DII\I“TJ\III‘?I\IIﬁ,lll\‘?I\II%IIII‘T"IIII?IIII?’\II\“PI\II?

607.55750

== B (= ]

MS1 A m/z: 0.05 ppm
MS2 A m/z: 5.92 ppm

Sample
(4% - (23] -]

-

70.93560 131.24051 |134-07349 246 42816 364.26288 42318048 633.57806 723.64038

T T [ T T T 1 T T T T [ T T T T [ T T1 B T T ] \
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Molecular annotation: C41H82NOS8P, -H, m/z 746.56998, PE(36:0) /\/\/\/\/\/\/\/\/‘J\ »K\w

Standard used : Phosphatidylethanolamine from Sigma P3531 [HMDB08991]

Validated as : PE(18:0/18:0) using LC-MS/MS method ‘Negative 1’ | W\/\N\/\N\W

Lipid std 195 206 mix! NEG CE 20 #7200 RT: 1971 AV 1 NL: 6.10E4
F: FTMS - p £S1 d Full ms2 746 46@hcd20.00 [52.00720.00]

100 28326415

S0

&0 1 F+
70

60 /\/\/\/\/\/\/\/\)l\ ol [M-HJ
5 / 74657104

40
30

Standard
Felative Abundance

20

" 78.00022 144 F4300 355.14362 300. 78589
I:IIIIIIIII ||||||I||||| T T T T T T T T T ||||||| T ||||| T T T T T T T

T T T T T
100 150 200 250 300 350 400 450 200 350 600 G50 oo 750

Mouse Whole Brain CHCI3 Lip ext 3Xdil Meg ind list CE20 #5884 RT: 19.77 AW 1 ML 1.01ES
F: FTMS - pESI d Full ms2 746.57@hed20.00 [52.00-730.00]

100 28326376
90

&0

i MS1 A m/z: -2.65 ppm
i MS2 A m/z: -2.65 ppm 746.57196

20

Sample

40
30

Felative Abundance

20

315.21353

7337020 q0a24288 16262149 | 34234076 “‘5”-3|1”9T| 52148725 704.91595
1 1
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Molecular annotation: C41H83N206P, +H, m/z 731.60608, SM(d36:1)

e~
" /o,
Standard used : SM(d18:1/18:0) from Sigma S0756 [HMDB12099] e
Validated as : SM(d36:1) using LC-MS/MS method ‘Positive’
LIPID_STD_MIX_FDR_1_2mix_all_10_CE10 #10263 RT: 17.94 AV:1 NL: 2.71E5 [M+H]+
F: FTMS + p ESI d Full ms2 731.47@hcd10.00 [51.00-765.00]
731.60699
100+
90
80 HO
ge 70—E ™~ / \ /OH
S 3 ] N\/\\ /P
© 5 co J/t O” A\
© B g O
c 3 cn-
© £ 50
-’ ] 184.07347
5 fa
fia 3
304
20 .\
10 [M-H20+H]
05 11879082 16648013 | 207.32730 250.71295 29254492 334.11911 40813699  456.02768 564.81476 605.54785 682.09882 [ 1397082
T T T 1 T T T T ] T T T [T T T | T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T [ T T T T [ T T T T T
100 150 200 250 300 350 400 450 500 550 600 650 700 750
miz
Mouse_Whole_Brain_CHCI3_Lip_ext_3Xdil_Pos_incl_list_CE10 #8944 RT: 1843 AV: 1 NL: 1.11E7
F: FTMS + p ESI d Full ms2 731.60@hcd10.00 [51.00-765.00]
731.60687
100+
30~
80
o L 70 MS1 A m/z: -0.41 ppm
o g 7 5
g— § 0] MS2 A m/z: -1.08 ppm
S 7
507
(‘[g § = 184.07346
T 40
€ ]
304
20
3 713.60254
10
- 96.71181 122.70651 213.94234 250.00787 285.86005 394.66119 431.38748 515.89355 551'34993| 622.86835
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Molecular annotation: C39H79N206P, +H, m/z 703.5748, SM(d34:1)

Standard used
Validated as

: SM(d18:1/16:0) from Sigma 91553 [HMDB61712]
: SM(d34:1) using LC-MS/MS method ‘Positive’

LIPID_STD_MIX_FDR_1_2mix_all_10_CE10 #10203 RT: 17.84 AV: 1 NL: 4 38E7 M+HT*
F: FTMS + p ESI d Full ms2 703.56@hcd10.00 [50.00-735.00] [ ]
703.57574
100+
90-
60 HO
U 70 \W/ \ ,OH
g "
bt E 7 5 -~
® § 60 /+\,/\O A\
gl 3 7 O
c 2 50
© 2 7
o F 407 184.07349
»n e
307
207
] H
103 16365837 605.54126 [M'HZO"'H]
1 73.37926 104.10741 131.07381 | 250 44647 564 | 64435901 68556506 | 723.60889
) s e B sy B ) By s B B By s Ny N B By Oy B B B N S HE S S R N O L T 1 T T T T 1 T T T T [ T T 1
50 100 150 200 250 300 350 400 450 500 550 600 650 700
miz
Mouse_Whole_Brain_ CHCI3_Lip_ext_3Xdil_Pos_incl_list_CE10 #8664 RT: 17.78 AV: 1 NL: 8.80E5
F: FTMS + p ESI d Fuil ms2 703.57@hcd10.00 [50.00-735.00]
100 703.57550
90-
80
o , 707 MS1 A m/z: 0.31 ppm
— (=] 3
g— § s0° MS2 A m/z: -0.99 ppm
5 O]
£ 7
© £ 50
(75] 'S 184.07349
T 404
¢ 7
307
207
107
ol 8057069 24069514 28524405 31327475 36753235 52347424 577, 605.54474 63500305 675.08618 | 723.68402
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2. LC-MS/MS validation of annotations with
no authentic standards available



Metabolite annotations with no standards were available

Annotation

PC(34:0)

PE(P-38:5)

PE(40:6)

PS(36:1)

Galactosylceramide(d42:2)

PC(34:2)

Sum formula

C42H84NO8P

C43H76NO7P

C45H78NO8P

C42H80NO10P

C48H91NO8

C42H80NO8P

Validated as

PC(16:0_18:0)

PE(P-18:1_20:4)

PE(18:0_22:6)

PS(18:0_18:1)

Galactosylceramide or
Glucosylceramide (d18:1_24:1)

PC(16:0_18:2)

Validation summary

HD:
SD:

HD:
SD:

HD:
SD:

HD:
SD:

HD:
SC:

ChoP
16:0 FA, 18:0 FA

38:5 FA (NL)
20:4 FA, 18:1 FA+PEA

40:6 FA (NL)
18:0 FA, 22:6 FA

36:1 FA
18:0 FA, 18:1 FA

Cer, Cer-H20, Cer-2H20 (NL)
18:0 FA-amide, Sph-H20, Sph-2H20

according to Boutin et al. (2016) Anal Chem.
2016 Feb 2;88(3):1856-63

HD:
SD:

ChoP
16:0 FA, 18:02 FA

HD: Head-group FA: Fatty acid, ChoP: Phosphocholine, Cer: Ceramide, Sph: Sphingosine, PEA: Phosphorylethanolamine
SD: Side chain NL : neutral loss of head-group



Molecular annotation
No standard
Validated as

: C42H84NOS8P, +H, m/z 762.60073, PC(34:0)

RT: 000 -25.00 SM: 7B

: PC(34:0) [HMDB07970] using LC-MS/MS method ‘Positive’

o 18.88 NL:1.69E9
Base Peak miz=
90 Sample XIC, 762.60073 +2 ppm ;ﬁf-ﬁ‘g 0-76260636 F:
a0 Mouse Whole_Brain_CHC
13_Lip ext 3Xdil_Pos ind
list_CE10
70 e
B
[ =
T &0
=
=
3 50
L0 MS1 A m/z: -0.21 ppm
=
7 = MS2 A m/z: -1.89 ppm
20
10
1297 17.00 1764 19.95 2077 21.99 23.08 23.99 2494 2619 2810
|:|| T T LI T T LI T L T T T 1 T T T T T T T T L LI L T T T T i o T (Fa Mo () T L L LI T 1
0 i 4 5 8 10 12 14 15 18 20 27 24 265 i)
Time (min}
Mouse_Whole_Brain_CHCI3_Lip_ext_3Xdil_Pos_incl_list_ CE10 #9826 RT: 20.13 AV:1 NL: 2.61E6 [M+H]+
F: FTMS + p ESI d Fuil ms2 762.51@hcd10.00 [53.00-795.00]
100-. 762.60217
90~ Sample MS/MS
80
707
g 3
8 60
E s J HO\ OH
£ 50 N -
3 = -
£ 407 ol
e O
30
20- 184.07355
J . +
10 170.67912 [M-H20+H]
o 142 66537 . 250.53004 288.00726 365.26831 394.29904 49233847 53354626 S577.51965 621.60004 744.60120
T 1 1 [ 1. 1.1 [ 1 1 11 | 1 1.1 1 | 1 1 1 1 | 1 1 1 1 [ Tt 1 1 [ 1 1 1 T [ T 1 T ©= [ T 1 1 1 [ T T T T [ T t T T [ T T T T [ T T T T [ T T TT
21 100 150 200 250 300 350 400 450 500 550 600 650 700 750
mfz
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Molecular annotation
No standard

Validated as
RT: 0.00 -29.00 SM: 7B

: CA2H84NO8P, +FA-H, m/z 806.59103, PC(34:0)

: PC(16:0_18:0) [HMDBO07865] using LC-MS/MS method ‘Negative 2’

100 18.95 ML: 262E3
Base Peak miz=
g0 &06.58700-806 59506 F :
ms M5 )
20 Sample ch, at 806.59103 (i5 ppm) Mouse Whole_Brain_CH
Cl3_Lip_ext Neg_incl_lis
{ CE30
70 —
ol
-
5 g0
[ =
2 50
e MS1 A m/z: -5.79 ppm
£ 40
o
T 3p
20
10 LL\
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Molecular annotation : C43H76NO7P, +H, m/z 750.5432166, PE(P-38:5) ™ e e ,\<\ ™

No standard He — .
Validated as : PE(P-38:5) using LC-MS/MS method ‘Positive’
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H,C

Molecular annotation : C43H76NO7P, -H, m/z 748.52756, PE(P-38:5) o ,\<\ DO

No standard He = &N,
Validated as : PE(P-18:1_20:4) using LC-MS/MS method ‘Negative 1’
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Molecular annotation : C45H78NOS8P, +H, m/z 792.55378, PE(40:6) /W\_/\_/\_/\_/\V—)J\
No standard — ’\-<\ T

Validated as : PE(18:0_22:6) [HMDB09709] using LC-MS/MS method Posg}
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Molecular annotation : C42HS8ONO10P, +H, m/z 790.55918, PS(36:1)

No standard /\/\/\/\/\/\/\/\/J\ N o 5

Validated as : PS(36:1) using LC-MS/MS method ‘Positive’ ! :
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Molecular annotation: C42HS80NO10P, -H, m/z 788.54353, PS(36:1)

Mo standard /\/\/\/\/V\/\/\/LL i .

Validated as : PS(18:0_18:1) [HMDB10163] using LC-MS/MS method ‘Negative 1’ SOV NPN NN
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Molecular annotation: C48H91NO8, +H, m/z 810.68166, Galactosylceramide(d42:2)
No standard
Validated as : Galactosylceramide(d18:1_24:1) [HMDB10712] or
Glucosylceramide(d18:1_24:1) [HMDB04975]
RT: 0.00-29.00 SM:. 7B . ..
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Molecular annotation: C42HS80ONOS8P, +H, m/z 758.56935, PC(34:2)

No standard /\/\/\/\/\/\/\)L B W
Validated as : PC(34:2) using LC-MS/MS method ‘Positive’ H, u”\<\ o\ /e,
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Molecular annotation: C42HS8ONOS8P, -H+FA, m/z 802.55973, PC(34:2)

No standard /\/\/\/\/\/\/\)EL , B A
Validated as : PC(16:0_18:2) [HMDB07973] using LC-MS/MS method ‘Negative 2’ .:”\<\ N\, H_Cx"‘“*cu.
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Supplementary Data 2

Analysis of rat brain datasets

Methods

Imaging mass spectrometry

Two wild-type mouse brains (a1, a2) were obtained from Envigo RMS GmbH (Rossdorf,
Germany). Care and handling of all animals complied with EU directive 2010/63/EU on the
protection of animals used for scientific purposes. 12 um thick sections were collected on a
cryomicrotome (Leica CM1950) and thaw-mounted onto indium tin oxide (ITO) coated glass
slides (Bruker Daltonics, Bremen, Germany) and immediately desiccated. 2,5-
dihydroxybenzoic acid (DHB) MALDI-matrix was applied by sublimation using a custom-
made sublimation chamber.

For MALDI-MS measurements the prepared slides were mounted into a slide adapter
(Bruker Daltonics) and loaded into the dual source of a 12T FTICR mass spectrometer
solariX (Bruker Daltonics). The laser was running at 500 Hz and the ions were accumulated
externally (hexapole) before being transferred into the ICR cell for a single scan. External
calibration was carried out using arginine clusters in the electrospray mode.

A MALDI image from the animal a1 (dataset RBa1s1) was acquired with x-y-raster widths of
50 ym using smartbeam™ || laser optics with the laser focus setting minimum (=10 um). For
a pixel a single scan was recorded using the ions generated by 30 laser shots. Every
spectrum was internally calibrated by single point correction using matrix cluster of DHB
[C14HgOs, m/z=273.039364] if present. Data was acquired for the mass range
150<m/z<3,000 followed by a single zero filling and a sin-apodization.

MALDI images from the animal a2 (datasets RBa2s1 and RBa2s2) were acquired with x-y-
raster widths of 100 uym using smartbeam™ |l laser optics with the laser focus setting
medium (=40 um). For a pixel, a single scan was recorded using the ions generated by 50
laser shots. Every spectrum was internally calibrated by single point correction using a
matrix cluster of DHB [C14HoOg]" at m/z 273.039364 and [Phosphatidylcholine+H]" at m/z
760.585082. Data was acquired for the mass range 200<m/z<3,000 followed by a single
zero filling and a sin-apodization.

Data was exported from SCiLS Lab software (SCiLS, Bremen) and in the imzML format.
Centroid detection was performed and the centroided data was stored again as imzML. lon
images were generated with a window of +4 ppm. A hot-spot removal was performed for
each image independently by setting the value of 1% highest-intensity pixels to the value of
the 99'th percentile followed by an edge-preserving denoising using a median filter with the
window 3x3.



Results

Summary

FDR-controlled molecular annotatlon

a
RBa)151 RBa2s1 _ Sumformula Adduct Annotation

22 Cp7H3403 [M+Na]* Nandrolone

23 8 phenproplonate ' Q

CagH7308P [M+Na]* PA(36:2) ——
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RBa2s2 CygH7gNOgP [M+H]*  PC(38:7) //

Figure SD1.1. Showcasing the FDR-controlled molecular annotation for three MALDI-
FTICR imaging MS datasets from rat brain coronal sections (HMDB, FDRyesirea=0.1): a)
Venn diagrams showing numbers of molecular annotations and a list of ten annotations
from all three datasets, b) exemplary ion images of four annotations (see Table SD1.2 for
detailed information about all ten annotations), as well as FDR curves illustrating: f)
superiority of MSM as compared to individually considered exact mass filtering and
measure of spatial chaos, and g) decrease of reliability of molecular annotation while
simulating deteriorated mass accuracy and resolution by taking signals with a larger m/z
tolerance.

1 L)'] \J exact mass filtering

measure of spatial chaos

MSM

100 .
number of annotations

Properties of the collected datasets

Three high-mass resolution imaging MS datasets were collected from rat brains from two
animals (a1 and a2). One section (RBa1s1) was collected from the first specimen (RBa1)
and two consecutive sections were collected from the second specimen (RBa2). All three
sections were prepared and imaged within the same day. These datasets can be considered
as two biological and two technical replicates.

Table SD1.1 shows detailed properties of the datasets. Briefly, each of the collected spectra
contained approximately two million m/z channels over the m/z range 100-3000. For the
considered mass resolving power (FWHM for a peak at m/z 760.5543 was 0.0038), the
amount of potential peaks (the peak capacity of each spectrum) was 470000. Across the
datasets a typical peak capacity filling of 2% was observed.

Data availability

The imaging mass spectrometry data is publicly available at the MetaboLights repository
under the accession numbers MTBLS313.
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Dataset
Property RBa1s1 RBa2s1 RBa2s?2
Specimen type Rat brain Rat brain Rat brain
Section direction Coronal Coronal Coronal
Pixel size (um) 50 100 100
Number of pixels 44674 10727 10916
Number of m/z bins 2019850 1955436 1955436
Number of peaks per
spectrum 7200 +/- 700 11000 +/- 800 11000 +/- 800
Raw data size
[compressed]* (GB) 340 [40] 80 [10] 80 [10]
Collected m/z range”" 150-3000 200-3000 200-3000
Mass resolving  power
(at m/z 700) 70000 80000 80000

Table SD1.1. Technical summary of the collected high-resolution imaging MS datasets. *Raw data
stored as 32-bit floats; compressed data stored in the proprietary .h5 (SCIiLS Lab 2014b) format.
AThe m/z range of 100-1000 was included in analysis.

Negative control experiment

As the last step of the evaluation of the proposed FDR approach, we performed a negative
control experiment when using an implausible adduct as the target. For this, instead either of
the common adducts (+H, +Na, and +K), we considered either of the implausible adducts as
the target. The list of possible decoy adducts was reduced by taking out the considered
implausible adduct.

Figure SD1.2 shows the obtained negative-control FDR curves (in grey) as well as the FDR
curves for the common adducts +H, +Na, and +K (in green, orange, blue). Most of the
negative-control curves are higher that confirms the soundness of our FDR approach
(implausible adducts should not be annotated). For better understanding of the difference
between the individual negative-control FDR curves, we calculated an Area Under Curve
value for the first 500 annotations (AUCsq,). As expected, AUCsq, values (Figur SD1.3) for
most of the implausible adducts are higher than for plausible ones. A few implausible
adducts (+Be, +F) consistently have AUC5,, comparable to plausible adducts. Although we
looked into this, so far we have no definite explanation.
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Figure SD1.2. FDR curves for the negative-control experiment when using an implausible
adduct as the target (in grey, one curve per an implausible adduct). For comparison, the
FDR curves for the common adducts (+H, +Na, +K) are shown. The curves are shown for
only 200 first molecular annotations to better see the region of interest.
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Figure SD1.3. Summary of the negative control experiment, showing an Area Under
Curve value (for the first 500 annotations) for each FDR curve from Figure SD1.2.
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Comparing alternative scoring measures
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Figure SD1.4. FDR-curves when using different scoring measures: exact mass matching
(light green), measure of chaos (dark green) and MSM (orange). The FDR-curves show
that the MSM measure outperforms other measures (has lowest FDR-curve).

FDR-curves plot the FDR against the number of annotations to illustrate now many
annotations would be made at a fixed FDR, or what the FDR at a particular MSM threshold
is. Figure SD1.4 shows the FDR-curves when using the MSM score (proposed annotation
approach) as well as when using either exact mass matching or measure of chaos along as
scoring measures instead of MSM. One can see the using MSM outperforms other
measures (providing the lowest FDR-curve). They also help quantify how unspecific exact
mass filtering is (with the FDR exceeding 0.75 after 10 annotations) and highlight the need
for an advanced score like our proposed MSM.

Nature Methods: doi:10.1038/nmeth.4072



Simulating different mass resolving power

The effect of decreasing the resolving power was estimated by changing the m/z-tolerances
used when sampling the ion signal from the imaging MS dataset. The FDR curves for each
of the technical replicate datasets (RBa2s1, RBa2s2) for each of the considered m/z-
tolerances are shown in Figure SD1.5.
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Figure SD1.5. FDR-curves when simulating the change of the resolving power by
increasing the m/z-tolerance used to sample the ion images, for the datasets RBa2s1 and
RBaZ2s2, for the ion adducts +H, +Na, +K.
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Figure SD1.6. The types of ions in the molecular annotation from the datasets RBa1s1,
RBaZ2s1, RBa2s2 (molecular database HMDB, desired FDR 0.1, target ions +H, +Na, +K).

Detailed information on the ions annotated in all three rat brain datasets

Princioal MSM-score value lon images
Sum formula | Adduct n;;c;lzpa Name RBals1 RBa2s1
RBa2s2 RBa1s1 RBa2s1 RBa2s2
Nandrolone
C27H3403 [M+Na]" [429.2400 |phenpropionate | 0.69 0.63 0.44
C39H7308P [M+Na]*|723.4935 [PA(36:2) 0.64 0.41 0.52
PC(33:0)
C41H82NO8P |[M+H]" |748.5851 |PE(36:0) 0.68 0.59 0.32
C41H83N206P |[M+H]" [731.6062 [SM(d36:1) 0.58 0.46 0.56
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PC(34:1)
C42H82NO8P  |[M+Na]"[782.5670 |PE(37:1) 0.57 0.49 0.63

C44HB8ONOS8P |[M+H]" |782.5694 |PC(36:4) 0.48 0.55 0.30

[M+Na]" [804.5514 |PC(36:4) 0.55 0.51 0.67
PE(39:1)
C44HB86NO8BP |[M+H]" [788.6164 |PC(36:1) 0.58 0.80 0.54
PE(39:1)
[M+Na]" [810.5983 |PC(36:1) 0.47 0.63 0.58
PE(P-40:6)

C45H78NO7P |[M+Na]"|798.5408 |PE(dm40:6) 0.60 0.38 0.67

Table SD1.2. Detailed information about the molecular annotations in all three rat brain datasets
(brief information was shown in Figure SD1.1).
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