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Introduction

This Supporting Information file contains 22 supporting tables (Tables S-1 to S-22), twelve
supporting figures (Figures S-1 to S-12), six supporting text resources (Notes S-1 to S-6), and two
supporting data sets (Data Sets S-1 to S-2). This file contains 69 references.

Supporting data to reproduce our findings can be found online, free of charge.

Data Set S-1. Tandem MS raw data can be found on the Mass Spectrometry Interactive Virtual
Environment (MassIVE) under the following links as *.mzML files:

e ftp://massive.ucsd.edu/MSV000087117/ (soil DOM data)
e fitp://massive.ucsd.edu/MSV000088869/ (SRNOM data)
e ftp://massive.ucsd.edu/MSV000087133/ (reference compound data)

Data Set S-2. Six Supporting Information * .xIsx files are available via PANGAEA Data Publisher:
https://doi.pangaea.de/10.1594/PANGAEA.932592

e "dsO1", contains the processed reference compound data and fragmentation sensitivities of
14 phenolic reference compounds, and general information on the analyzed parts of the
DOM mass spectrum (molecular indices, number of precursors, number of product ions).
Contains four data sheets.

e “ds02” — “ds05” each contain the aligned DOM molecular composition data obtained at
different collision energies for four mass windows ("ds02", m/z 241; "ds03", m/z 301;
"ds04", m/z 361; "ds05", m/z 417) and include mass difference matching results (non-
indicative Am features, reference compound (14 phenolics) Am features, and SIRIUS
library spectra Am features) for both DOM samples (SRNOM, only NCE25). Each file
contains five data sheets.

e "ds06" contains the full Am feature lists (including the full SIRIUS-annotated list for
negative ESI mode and a TOP1000 Am feature list for positive ESI mode) and all data
tables to reproduce analyses and figures from the manuscript (e.g., aggregated matching
results for indicative Am features (incl. N- and S-containing precursors), DOM precursor
fragmentation sensitivity data, two-way clustering data of precursors and Am features, and
structure suggestions classified into compound classes. Contains 20 data sheets.


ftp://massive.ucsd.edu/MSV000087117/
ftp://massive.ucsd.edu/MSV000088869/
ftp://massive.ucsd.edu/MSV000087133/
https://doi.pangaea.de/10.1594/PANGAEA.932592

94 Table S-1. Information on reference compounds and solutions used in this study (structural formulas, see Fig. S-1).

ID | Reference compound MW [Da] Formula Supplier Weighed Final
portion [mg] | concentration
[ppm]

1 Vanillic acid 168.14 CsHsO4 Sigma-Aldrich | 1.98 200

2 | 4-Hydroxycinammic acid 164.04 CoHsOs Sigma-Aldrich | 3.91 200

3 | Gallic acid 170.12 C7HsOs Sigma-Aldrich  3.89 200

4 | 2-Methoxy-4-methylphenol | 138.16 CsH1002 Sigma-Aldrich | 10.9 200

5 | 3-Methoxyphenol 124.14 C7HsO2 Sigma-Aldrich | 13.1 200

64 | 2,3-Dimethoxy-5-methyl- 182.18 CoH1004 Alfa Aesar 2.5 200
1,4-benzoquinone

7 | Chlorogenic acid 354.31 C16H1809 Sigma-Aldrich = 3.57 200

8 | Ellagic acid 302.19 C14HesOs Sigma-Aldrich | 0.99 <124

9 | 6-0,p-Coumaryl-1,2- 630.51 Ca20H26016 Sigma-Aldrich = 0.35 39
digalloylglucose

10 | Catechin 290.27 C15H1406 Sigma-Aldrich | 1.35 100

11 | Epigallocatechin gallate 458.37 C22H18011 Santa Cruz 0.98 100

12 | Spiraeoside 464.38 C21H20012 Carl Roth 0.85 100

13 | Isoquercetin 464.38 C21H20012 Santa Cruz 0.49 55

14 | Myricitrin 464.38 C21H20012 Sigma-Aldrich | 0.31 33

95
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Table S-2. Instrument settings for fragmentation experiments. Settings were optimized for reference compound
detection to obtain high-quality Am data for known structures in order to allow search for structural analogs in DOM.

Method stage Factor Reference compounds DOM samples
Sample DOC [ppm] Max. 200, see Table S-1 = 100
Solvent 50/50 MeOH/ H20 50/50 MeOH/ H20
Flow [ul*min-"] 10 7
Electrospray lonization mode Negative Negative
ionization Source fragmentation [eV] 0 40
Needle position Variable D
Sheath gas [a.u.] Variable 25
Aux gas [a.u.] Variable 0
Sweep gas [a.u.] 0 0
Spray voltage [kV] Variable 2.65
Capillary Temp. [°C] 275 275
lon optics S-Lens RF level [%] Variable 70
Multipole 00 offset [V] 1.1 1.0
Lens 0 [V] 3.2 3.2
Multipole 0 offset [V] 9.4 9.4
Lens 1 [V] 17.3 17.2
Multipole 1 offset [V] 13.8 13.2
Multipole RF Amplitude [Vp-p] 800 792
Front Lens [V] 10.3 10.0
Tandem MS Act Q 0.25 0.25
Act time [ms] 0.1 0.1
Isolation window [amu] 1 1
Normalized collision energies NCE: 15, 20, 25 NCE: 15, 20, 25
MS Detection Max. Inject time [ms] 5 2
Automatic Gain Control™ 5E4 5E4
Scans per MS2 experiment [n] 50 150
Resolution 240.000 240.000
Transient length [s] 0.8 0.8
Profile mode Reduced Reduced
Scan range [m/z] Variable Variable

Table S-3. Recalibration peaks used for reference compound Orbitrap tandem MS measurements. Compound #1 — #6
were only recalibrated by precursor ion exact m/z. References: 'Ncube et al., 2014; 2Mullen et al., 2003; 3Fischer et
al., 2011; “Engstrom et al., 2015; SWyrepkowski et al., 2014; *Rockenbach et al., 2012; Gu et al., 2003; $Miketova et
al., 2000; °Yuzuak et al. 2018; 'Fabre et al., 2001; ''Saldanha et al., 2013.

ID

7

10
11

12

13

14

Reference compound | Precursor Product ions used as recal peaks, exact m/z Reference
exact m/z (Formula)

Chlorogenic acid 353.088 191.0561 (C7H1106), 179.035 (CO9H704), [1]
109.0295 (C6H502)

Ellagic acid 300.999 229.0143 (C12H505), 185.0244 (C11H503), [2, 3, 4, 5]
145.0296 (C9H502)

6-0,p-Coumaryl-1,2- 629.115 459.0933 (C22H19011), 465.0675 (C20H17013),  [6, 7]

digalloylglucose 169.0142 (C7H505), 163.0401 (C9H703)

Catechin 289.072 109.0295 (C6H502) [6,7,8,9]

Epigallocatechin 457.078 169.0142 (C7H505) [7, 8]

gallate

Spiraeoside 463.088 301.0354 (C15H907), 178.9986 (C8H305), [10]
107.0139 (C6H302)

Isoquercetin 463.088 301.0354 (C15H907), 178.9986 (C8H305), [4,10]
151.0037 (C7H304), 107.0139 (C6H302)

Myricitrin 463.088 316.0225 (C15H808), 317.0303 (C15H908), [10, 11]

(

178.9986 (C8H305), 151.0037 (C7H304)



Table S-4. Precursor and major product ions of the 14 reference compounds. The deprotonated precursor ion form was always dominant, except for compound #6,
where the radical anion form dominated. Numbers in brackets indicate %-ion abundance relative to base peak (=100%) and the respective normalized collision
energy (NCE) at which mass spectra were acquired. In some cases, further MS3 experiments (note asterisk at ID) were conducted at NCE 20 (#6*) or NCE 20 and
25 (#12%, #13%*).

ID

1

6*

10

1"

12

12*

13

13*

14

Reference compound
Vanillic acid
4-Hydroxycinammic ac.
Gallic acid

Creosol

m-Guaiacol
2,3-Dimethoxy-5-
methyl-1,4-

benzoquinone

MS? of #6 (Methyl loss)
isolated at NCE 25

Chlorogenic acid
Ellagic acid

6-0,p-Coumaryl-
digalloyl-Glucose

Catechin

Epigallocatechin
Gallate

Spiraeoside

MS? of #12 (Aglycone)
isolated at NCE 20
Isoquercetin

MS?® of #13 (Aglycone)
isolated at NCE 25

Myricitrin

Formula

C8H804

C9H803

C7H605

C8H1002

C7H802

C9H1004

C8H804

C16H1809

C14H608

C29H26016

C15H1406

C22H18011

C21H20012

C15H1007

C21H20012

C15H1007

C21H20012

Precursor ion (m/z)
167.0350 (35; at NCE 25)
163.0401 (25; at NCE 25)
169.0142 (16; at NCE 25)
137.0608 (8; at NCE 25)
123.0452 (8; at NCE 25)

182.0585 (6; at NCE 20)

167.03498 (1; at NCE 20)

353.0878 (7; at NCE 20)

300.9990 (100; at NCE 25)

629.1148 (2; at NCE 25)

289.0718 (22; at NCE 25)

457.0776 (8; at NCE 20)

463.0882 (3; at NCE 20)

301.03537 (35; at NCE 25)

463.0882 (1; at NCE 25)

301.03537 (32; at NCE 25)

463.0882 (2; at NCE 25)

Product ions (m/z)

152.0115 (92); 123.0452 (100); 109.0925 (<1); 108.0217 (18); 95.0503 (<1)
145.0296 (<1); 121.0296 (<1); 119.0295 (100); 93.0346 (<1)

125.0244 (100)

122.0374 (100); 109.0295 (2); 95.0503 (<1); 95.0139 (<1); 93.0346 (<1)
108.0217 (100); 95.0139 (1)

167.0350 (100); 152.0115 (<1)

152.0115 (100); 139.0401 (3); 125.0245 (1); 121.0296 (<1)

191.0561 (100); 179.0350 (4); 161.0245 (<1); 109.0295 (<1); 99.0451 (<1)
257.0092 (5); 229.0143 (5); 201.0193 (1); 185.0244 (3); 163.0401 (<1); 161.0245 (<1); 145.0296 (<1)

477.1039 (8); 465.0675 (100); 459.0933 (48); 313.0565 (3); 271.0459 (5); 193.0142 (<1); 187.0401 (<1)

271.0612 (3); 247.0612 (5); 245.0820 (100); 231.0299 (6); 227.0714 (2); 205.0506 (35); 203.0714 (8); 188.0479 (1);

187.0401 (1); 179.035 (15); 167.035 (2); 165.0194 (4); 163.0401 (<1); 162.0323 (<1); 161.0609 (2); 161.0245 (<1);
151.0401 (2); 125.0244 (5); 123.0452 (<1); 121.0296 (<1); 109.0295 (2); 99.0451 (<1); 93.0346 (<1)

413.0879 (2); 331.0459 (95); 319.0458 (5); 305.0666 (33); 287.0561 (10); 275.0561 (3); 269.0455 (5); 193.0142 (12);
169.0142 (100)

301.0354 (100)

300.0275 (<1); 273.0405 (10); 257.0455 (9); 229.0506 (2); 193.0142 (4); 178.9986 (100); 151.0037 (82); 121.0296 (1);
107.0138 (3)

343.0459 (2); 301.0354 (100); 300.0275 (22)

300.0275 (<1); 283.0248 (3); 273.0405 (11); 257.0455 (9); 255.0299 (1); 239.0350 (2); 229.0506 (3); 211.0401 (1);
193.0142 (4); 178.9986 (100); 151.0037 (88); 121.0296 (2); 107.0138 (4)

359.0408 (2); 337.0564 (1); 317.0303 (50); 316.0225 (100); 178.9986 (3)
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Table S-5. Results of reference compound’s tandem MS data analysis with SIRIUS'? (for product ion annotation and fragmentation tree generation) and

CSI:FingerID" (for structure prediction by comparison of fragmentation trees).

ID Reference NCE Levels Precursor SIRIUS: Peaks and assigned formulas SIRIUS: Fragmentation tree CSl:FingerID result
compound/  neutral
molecular formula
1 Vanillic acid 10,15,20,25 [M-H]- 6 peaks, 83% peaks with assigned formula, 99.87 total ~ Correct formula = tree#1, Tree score 11.97  Score 86.31%, 1% hit
(CgHs04) 167.03498 explained intensity, -0.01 ppm absolute error (Median) (100%), correct tree has lowest ppm error
2 4-Hydroxy-cinnamic 10,20,25 [M-H]- 2 peaks, 100% peaks with assigned formula, 100 total  Correct formula = tree#1, Tree score 12.71 no prediction possible
acid (CoHsOs3) 163.04007 explained intensity, 0 ppm absolute error (Median) (99.94%), correct tree has lowest ppm error
3 Gallic acid (C7HeOs) 10,15,20,25 [M-H]- 2 peaks, 100% peaks with assigned formula, 100 total ~ Correct formula = tree#1, Tree score 2.19  no prediction possible
169.01425 explained intensity, -0.01 ppm absolute error (Median) (98.63%), correct tree has lowest ppm error
4 Creosol (CsH1002) 10,20,25 [M-H]- 4 peaks, 100% peaks with assigned formula, 100 total ~ Correct formula = tree#1, Tree score 10.95  Score 64.79%, 1% hit
137.06080 explained intensity, 0.16 ppm absolute error (Median) (99.95%), correct tree has lowest ppm error
5 m-Guaiacol (C7HgO2) 10,20,25 [M-H]- 3 peaks, 100% peaks with assigned formula, 100 total ~ Correct formula = tree#1, Tree score 7.4  Score 58.04%, 2" hit
123.04515 explained intensity, 0.23 ppm absolute error (Median) (99.91%), correct tree has lowest ppm error
6 2,3-Dimethoxy-5- 10,15,20 [M]- 3 peaks, 100% peaks with assigned formula, 100 total  Correct formula = tree#2, Tree score 5.95  Score 57.32%
methyl-1,4- 182.05846 explained intensity, -0.01 ppm absolute error (Median) (41.87%), correct tree has lowest ppm error (wrong isomer)
benzoquinone
(CoH1004)
7 Chlorogenic acid 10,15,20 [M-H]- 6 peaks, 100% peaks with assigned formula, 100 total  Correct formula = tree#1, Tree score 7.15 Score 89.60%, 1% hit
(C16H1809) 353.08781 explained intensity, -0.34 ppm absolute error (Median) (99.28%), correct tree has lowest ppm error
8 Ellagic acid 10,20,25,30,35,40  [M-H]- 55 peaks, 85% peaks with assigned formula, 99.25 total ~ Correct formula = tree#2, Tree score 54.17  Score 80.83%, 1% hit
(C14HsOs) 300.99899 explained intensity, -0.1 ppm absolute error (Median) (7.71%), correct tree has lowest ppm error
9 6-op-Coumaryl- 10,15,20,25 [M-H]- 15 peaks, 87% peaks with assigned formula, 99.6 total ~ Correct formula = tree#1, Tree score 19.53  Score 73.33 %, 1t hit
digalloyl-Glucose 629.11481 explained intensity, -0.19 ppm absolute error (Median) (26.29%), correct tree has lowest ppm error
(C20H26016)
10 Catechin (C15H140s) 10,15,20,25, [M-H]- 41 peaks, 98% peaks with assigned formula, 99.94 total  Correct formula = tree#1, Tree score 59.49  Score 82.12%
30 289.07176 explained intensity, -0.03 ppm absolute error (Median) (100%), correct tree has lowest ppm error (wrong isomer)
1 Epigallocatechin 10,15,20 [M-H]- 18 peaks, 67% peaks with assigned formula, 98.34 total ~ Correct formula = tree#1, Tree score 27.55  Score 84.36 %, 15t hit
Gallate 457.07764 explained intensity, 0.25 ppm absolute error (Median) (68.78%), correct tree close to lowest ppm
(C22H18011) error
12 Spiraeoside 10,15,20 [M-H]- 5 peaks, 40% peaks with assigned formula, 98.86 total  Correct formula = tree#1, Tree score 4.87  no prediction possible
(C21H20012) 463.08820 explained intensity, -0.01 ppm absolute error (Median) (35.26%), correct tree has lowest ppm error
13 Isoquercetin 10,15,20,25 [M-H]- 9 peaks, 78% peaks with assigned formula, 99.61 total  Correct formula = tree#1, Tree score 4.65 Score 92.25 %, 15t hit
(C21H20012) 463.08820 explained intensity, 0.24 ppm absolute error (Median) (56.76%), correct tree has lowest ppm error
14 Myricitrin 10,15,20,25 [M-H]- 12 peaks, 83% peaks with assigned formula, 99.5 total ~ Correct formula = tree#1, Tree score 12.79  Score 86.90 %, 1% hit
(C21H20012) 463.08820 explained intensity, 0.26 ppm absolute error (Median) (95.61%), correct tree has lowest ppm error
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Table S-6. List of reported DOM Am features from MS! studies (within-spectrum Am’s or “mass spacings”, as in refs
[14], [15], [17] and [18]) and MS? studies (tandem MS Am’s, as presented in refs [19]-[22]). Occurrence refers to
matches across 159 precursor peaks investigated. References: '“Zhang et al. 2014; Longnecker & Kujawinski 2016;
16Cortés-Francisco & Caixach 2015; "Kunenkov et al. 2009; ®Kujawinski & Behn 2006; *Witt et al. 2009;
200sterholz et al. 2015; 2'Hawkes et al. 2018; ?*Pohlabeln & Dittmar 2015.

Formula
C.1H20
H2

C2H4
H-1NO
CHO
CH:20

S

CH40O

2x H20
C2H20
CsHs
CHNO
CO2
C2H40
C3H20
C202

C4Hs
CO2+ H20
HNO3

SO2
C4H4O
C3H202
CO2+CO
C2H3NO2
CO2 + CH4O
SOs
H2SOs

2x CO2

2x CO2 + H20

Exact mass difference
1.979265
2.01565
12
13.979265
14.01565
15.994915
16.0313
18.010565
25.979265
27.010899
27.994915
28.031300
28.990164
29.00274
30.010565
31.972072
32.026215
36.021130
42.010565
42.04695
43.005814
43.989830
44.026215
54.010565
55.98983
56.0626
62.000395
62.995617
63.961902
68.026215
70.005480
71.984745
73.016379
76.016045
79.956817
81.972467
87.979660
105.990225

Reference(s)
[14, 15]

[14 - 18]
[14 - 16]
[15]

[14 - 18]
[14 - 18]
[19]
[16,19-21,a.0.]
[14]

[14]

[14 - 17]
[14 - 16]
[14]

[16]

[14, 16, 17]
[22]

[20, 21]

[20]

[14, 17]
[16]

[14]

[16, 19 - 21, a.0.]
[15, 16]
[17]

[14]

[16]

[19 - 21]
[16]

[22]

[15, 21]

[17]

[19]

[14]

[20]

[22]

[22]

[16, 19 - 21]
[19 - 21]

Explanation

Acetic acid/ -H20 and -CO2
(De-)hydrogenation

Glyoxylic acid/ -H20 and -COz2
O/H2 exchange
(De-)methylation
(De-)hydroxylation/ Oxygen
Methane

Water

C=0 insertion

Formimino transfer

Formyl transfer/ Carbon Monooxide
B-oxidation/ fatty acid synthesis
Nitrosylation

Formyl-group related
Hydroxymethyl transfer

Sulfur

Methanol

Combination

Hydroxypyruvic acid/ -H20
Repeated (de-)methylation
Carbamoyl- or isocyanide transfer
Carbon dioxide/ Carboxyl group
Acetaldehyde analogon
Propynal analogon

Glyoxylic acid/ -H20

Repeated (de-)methylation
Combination

Nitrate

Sulfur dioxide

Vinyl Ketene

Propiolic acid analogon
Combination

Tryptophanase

Combination

Sulfur trioxide

Sulfurous acid

Combination

Combination
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Table S-6 continued.

Formula

CO2 + SO2

2x CO2 + CO

2x COz2 + CH40
CO2 + SOs

2x CO2 + 2 H20

3x CO2

2x CO2 + H20 + CO
3x CO2 + CH4

3x CO2 + H20
C7H604

3x CO2 + CH4O

3x CO2 + 2 H20

4x CO2

3x CO2 + H20 + CO
4x CO2 + CH4

4x COz + H20

Exact mass difference

107.951732
115.974575
120.005875
123.946647
124.000790
131.969490
133.985140
148.000790
149.980055
154.026610
163.995705
167.990620
175.959320
177.974970
191.990620
193.969885

Reference(s)
[22]
[19]
[20]
[22]
[19]
[19, 20]
[19]
[19]
[19, 20]
[17]
[20]
[19]
[19]
9]
[19]
[19]

Explanation

Combination
Combination
Combination
Combination
Combination
Combination
Combination
Combination
Combination

Dihydroxyl-benzoic acid analogon

Combination
Combination
Combination
Combination
Combination
Combination

10
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Table S-7. List of all 50+5 Am features extracted from the reference compound dataset covering several types of
aromatic structures (Figure S-1). Eight non-indicative Am’s often found in DOM (Table S-6) are marked with
[DOM]. Five Am’s were added without detection in the tandem MS data of the reference compounds to enable their
search in the DOM data (thus the final number of 55). They are indicated by [ADD] and included the neutral loss
analogs of precursor ions of compounds #1, #4, #8 and #10, and the common product ion of compounds #12 and #13
(originating from a sugar loss: neutral molecular formula C¢H;oOs) used for MS? experiments. Contribution of MS?
data is marked with an asterisk (*) at the compound ID. Compound identifiers are put in brackets if the Am feature
was detected below 1% relative intensity (based on base peak) across three NCE levels. Am’s that contributed only
below <1% were only taken into account if detected for more than one compound. Occurrence refers to matches across
159 precursor peaks investigated. Eq., equivalent; Comb., combination; pred. predicted by SIRIUS.'?

Formula
CHs;*
H.O

CO
CoHs
C,H,0
CO,
CH,0°*
CH,0,
C3HsO
C,H402°
CH,03
C,05
C4H40;
C3H20s
C2H20,
C30,
CsHeO3°
C4HeO3
C4HgO3
CsH40,
C6H602
C4H,0,4
C30s
C4HgO4
C7H602
C7H802
C6H603
Cs5H40,4
C7H603
CgH1002
CeH1004
CeH1204°
CsHsOs

Exact Am
15.02347
18.01056
27.99491
28.03130
42.01056
43.98983
44.99765
46.00548
58.04186
59.01330
62.00039
71.98474
84.02113
86.00039
89.99531
99.97966
101.02387
102.03169
104.04734
108.02113
110.03678
113.99531
115.97457
120.04226
122.03678
124.05243
126.03169
128.01096
138.03169
138.06808
146.05791
147.06573
150.03169

Compound ID
1,4,5,6, 6*
(2), 10, 13%, (14)

(4), 6%, (8), 12%, 13*

4,5
(2), (4), 6%, 10

1,2,3,(7), 8,10, 11, 12%, 13~

(). (8)

(6%, 13, (13%)
10

1, (10)

10, 13

(1), 8, (10), 12, 13*

10

(1), 10

(10), 13*

8

10

10

14

12*,13*

10

(8). (10)

8

13

10, 12*, 13*
10, Precursor (5)
(10), 11, 14
10

10, 11, (13%)
Precursor (4)
14

14

12*,13*

Explanation

Methyl radical, loss from radical ion on (6)

Water [DOM]

Formyl transf./ Carbon Monooxide [DOM]
-oxidation/ fatty acid synthesis [DOM]
Hydroxypyruvic acid/ -H,O [DOM]

Carbon dioxide/ Carboxyl group [DOM]

Formic acid equivalent, radical

Formic acid equivalent

Acetone eq.; comb. C2H20 (ethenone) + CH4 (pred.)
Acetic acid eq., radical

Comb., CO; + H,O [DOM]

Comb., CO, + CO [DOM], Carbon Suboxide
Combination, C302 (carbon suboxide) + CH4 (pred.)
Combination, C302 (carbon suboxide) + H20 (pred.)
Oxalic acid equivalent

Comb., CO, + 2x CO

Radical loss from ion, not matched

Comb., C4H402 + H20 (pred.)

Hydroxybutyric acid equivalent

Benzoquinone equivalent

Benzenediol eq.; comb., C302 + CH4 + C2H2 (pred.)
Butynedioic acid equivalent

Comb., 2x CO, + CO [DOM]

Tetrose equivalent

Loss from flavonols; Comb. on (10): C302 + C4H6 (pred.)
3-Methoxyphenol (m-Guaiacol) unit

Phloroglucinol unit

Comb., C3H402 + C202 (pred.)

Comb., C6H602 + CO (pred.)

[ADD] Creosol unit

Sugar unit

Sugar unit, radical form

Loss from flavonols

11
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132

Table S-7 continued.

Formula
C7H404
CoHeO3
CeH1005
CeH1205°
CoH3gO3
CsHgO4
C7HeO0s
C7H100s
CsH4O05
CoHgO4
CsHeOs
CoH1004
C7H3sO06
CyHeOs
C13H1206
Ci3H4607
C15H1205
Ci15H1406
C14HeOs
C15H1007
C16H1207
C1gH140s

Exact Am
152.01096
162.03169
162.05282
163.06065
164.04734
168.04226
170.02152
174.05282
180.00587
180.04226
182.02152
182.05791
188.03209
194.02152
264.06339
284.08960
288.06339
290.07904
302.00627
302.04265
316.05830
358.06887

Compound ID
9,11

7

12,13

(12), 13

9, 10, Precursor (2)
Precursor (1)

9, 11, Precursor (3)
7, (14)

12*,13*

(7), 10

11

(7). (9)

9), 11

12*,13*

11

(13), 14

11

Precursor (10)
Precursor (8)
Precursor (12*, 13%)
9

9

Explanation

Incomplete gallic acid unit; H20 retained

Incomplete caffeoyl unit; H20 retained

Sugar unit

Sugar unit, radical form

p-coumaric ac.; Comb. on (10): C7H603 + C2H2 (pred.)
[ADD] Vanillic acid unit

Gallic acid unit

Quinic ac. (7)

Loss from flavonols

Caffeic ac.; Comb. on (10): C7H802 + 2x CO (pred.)
Comb., C6H603 (e.g., Phloroglucinol) + C202 (pred.)
Comb. on (9): Coumaryl + 2x H20 (pred.)

Comb., C7H605 (e.g., Gallic acid) + H20 (pred.)
Loss from flavonols

Degrad. Catechin C ring after loss A or B-ring

Not matched

Loss of Catechin, gallic ac. remains

[ADD] Catechin unit

[ADD] Ellagic acid unit

[ADD] Flavonol subunit

Remaining coumaryl subunit after gallic acid loss
Remaining sugar core after coumaryl/ galloyl loss

12
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134
135
136
137
138

139

Table S-8. Properties of IPIMs (isolated precursor ion mixtures) at four nominal masses (“m/z”) and different collision energies (“NCE”, first row) and statistical
correlation of both factors with these properties (“p-value” two columns to the right; p-value <0.05, significant). Correlations with nominal mass only included the
data from one NCE 0 level (non-fragmented) except the number of fragments (row “ProductsN°E29”; determined at NCE 25); correlations with NCE level include
all NCE levels across the four IPIMs. Data shows averages from duplicate measurements except for NCE 0. Blue and red indicate positive/ negative correlation.
) or grey indicate significance levels > 0.05. Brackets are put around obvious correlations: the number of atoms in heavier molecules is

Lighter colors ( s

higher, and precursor number sinks upon fragmentation. WA, ion-abundance weighted average.

Property

NCE
Precursors
Precursors assigned'
ProductsN¢E25)
H/Cwa

O/Cwa

#Cwa

#Hwa

#Owa

Almoawa
DBEwa
DBE-Owa
NOSCwa

m/z 241

0
33
21

0
0.91
0.37
13.1
1.7
4.54
0.53
8.26
3.72
-0.07

15
33
21
65
0.90
0.35
13.3
11.8
4.35
0.54
8.43
4.08
-0.11

20
29
21
131
0.85
0.30
13.8
11.8
3.95
0.58
8.98
5.03
-0.17

25
26
20
198
0.81
0.26
14.3
1.7
3.56
0.62
9.51
5.94
-0.21

m/z 301

0

37
30

0
0.94
0.45
15.2
141
6.51
0.47
9.17
2.66
0.04

' Assigned; precursor with an assigned molecular formula.

15
38
31
87
0.93
0.43
15.5
14.3
6.29
0.48
9.38
3.08
0.00

20
36
30
238
0.90
0.37
16.1
14.5
5.77
0.52
9.94
417
-0.08

25
26
26
321
0.80
0.29
17.3
13.8
4.90
0.60
11.5
6.56
-0.13

m/z 361

0
43
34
0
0.98
0.48
176
17.0
8.14
0.42
10.1
1.97
0.07

15
44
35
111
0.97
0.46
17.8
17.2
7.92
0.43
10.3
2.33
0.03

20
40
34
297
0.96
0.41
18.6
17.7
7.31
0.45
10.8
3.51
-0.07

25
29
26
390
0.80
0.33
20.2
15.8
6.32
0.57
13.3
6.97
-0.07

m/z 417

0
44
40

0
0.99
0.53
19.6
19.3
10.0
0.39
11.0
0.99
0.14

15
44
40
131
1.00
0.50
20.0
19.8
9.65
0.39

1.50
0.07

20
43
40
401
1.01
0.43
21.1

8.67
0.41
11.5
2.87
-0.08

25
31
30
491
0.97
0.30
23.1
221
6.78
0.47
13.1
6.31
-0.28

p-value
m/z

0.026
0.043
0.002
0.032
0.038
(0.020)
(0.000)
(0.003)
0.010
0.010
0.003
0.012

p-value
NCE

(0.000)

(0.000)
0.003
0.000

0.957
0.004
0.004

0.000
0.000

13



140
141
142
143
144
145
146
147
148
149
150

151

Table S-9. Overview of correlations (Pearson’s r; red, negative correlation; blue, positive correlation) between key
properties of the IPIM (representing the bandwidth of possible isomers behind a given exact precursor m/z) at m/z
241 (precursor ions with molecular formula = 20). Shown are descriptors of ionization and fragmentation behavior
(i.e., initial intensity (Iabs, initial), fragmentation at different NCE stages (Iri, 10ss) and number of matches to non-
indicative Am’s reported for DOM (Table S-1) and their relation to the precursor’s m/z (here, equivalent to mass
defect) and molecular formula (numbers of #C, #H and #O atoms, their atomic H/C and O/C ratios, the nominal
oxidation state of carbons (NOSC)?, number of oxygen-corrected double bond equivalents (DBE-O)*, and the
number of CO; (0 — 4), H,O (0 — 2), CO (0 — 1) losses inferred from non-indicative Am’s and their combinations
(Table S-1). Other molecular indices as double bond equivalent (DBE), aromaticity index (Almod)?’, and the number
of CH; losses (0 — 4) were tested but showed non-significant (ns) relationships in this analysis. Explanation of p-value
notation: p > 0.05, “ns”; 0.05>p > 0.01, “*”; 0.01 = p > 0.001, “**”; p < 0.001, “***>,

m/z

#C

#H

#0

H/C

o/c

NOSC
DBE-O

n CO;

n H,0

n CO

Irel, loss, NCE 15
Irel, loss, NCE 20
Irel, loss, NCE 25

Iabs, initial

Irel, loss, NCE 15

-0.59 **
-0.63 **
-0.5*

0.63 **

0.68 **
0.61**

0.52*

Irel, loss, NCE 20

-0.64 **
-0.74 ***
-0.54 *

0.77 **

0.78 ***
0.66 **

0.65 **
0.51*

0.94 ***

lrel, 1oss, NCE 25 | labs, initiar | Matches

-0.68 **

-0.78 ***

-0.59 **

0.77 *** 0.62 **

0.74 *** 0.53*

0.69 ***

0.64 ** 0.53 * 0.84 ***

0.52* 0.54 * 0.86 ***

0.69 *** | 0.74 ***

0.73 ***

0.88 *** 0.5*
0.52*
0.81 ***

14



152 Table S-10. Overview of correlations (Pearson’s r; red, negative correlation; blue, positive correlation) between key
153 properties of the IPIM (representing the bandwidth of possible isomers behind a given exact precursor m/z) at m/z 301
154 (precursor ions with molecular formula = 27). Shown are descriptors of ionization and fragmentation behavior (i.e.,
155 initial intensity (Labs, initial), fragmentation at different NCE stages (Irel, 10ss) and number of matches to non-indicative
156 Am’s reported for DOM (Table S-1) and their relation to the precursor’s m/z (here, equivalent to mass defect) and
157 molecular formula (numbers of #C, #H and #O atoms, their atomic H/C and O/C ratios, the nominal oxidation state
158  of carbons (NOSC)?, number of oxygen-corrected double bond equivalents (DBE-0)?*, and the number of CO; (0 —
159 4), HO (0 — 2), CO (0 — 1) losses inferred from non-indicative Am’s and their combinations (Table S-1). Other
160 molecular indices as double bond equivalent (DBE), aromaticity index (Almod)**, and the number of CH; losses (0 —
161 4) were tested but showed non-significant (ns) relationships in this analysis. Explanation of p-value notation: p > 0.05,
162 “ns”;0.05>p>0.01,“*”;0.01 >p>0.001, “**”; p <0.001, “***>,

lrel, 1oss, NCE 15 | lrel, loss,NCE20 | lrel, toss,NCE 25 | labs,initial | Matches

m/z -0.47 * -0.66 *** -0.43 *

#C -0.59 ** -0.85 *** -0.87 ***

#H -0.53 **

#0 0.64 *** 0.9 *** 0.83 *** 0.54 **
H/C

o/c 0.64 *** 0.87 *** 0.77 *** 0.45*
NOSC 0.48 * 0.73 *** 0.56 **

DBE-O -0.49 ** -0.64 *** -0.78 *** -0.41*
n CO, 0.59 ** 0.62 *** 0.46 * 0.54 ** | 0.85***
n H,O 0.48 * 0.49 ** 0.5** 0.71 ***
n CO 0.44*

Irel, loss, NCE 15 0.83 *** 0.55 ** 0.52 **
Irel, 1oss, NCE 20 0.84 *** 0.56 **
Iret, toss, NCE 25 0.47*
Labs, initial 0.81 ***

163
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Table S-11. Overview of correlations (Pearson’s 1; red, negative correlation; blue, positive correlation) between key
properties of the IPIM (representing the bandwidth of possible isomers behind a given exact precursor m/z) at m/z 361
(precursor ions with molecular formula = 30). Shown are descriptors of ionization and fragmentation behavior (i.e.,
initial intensity (Labs, initial), fragmentation at different NCE stages (Irel, 10ss) and number of matches to non-indicative
Am’s reported for DOM (Table S-1) and their relation to the precursor’s m/z (here, equivalent to mass defect) and
molecular formula (numbers of #C, #H and #O atoms, their atomic H/C and O/C ratios, the nominal oxidation state
of carbons (NOSC)%, number of oxygen-corrected double bond equivalents (DBE-O)*, and the number of CO, (0 —
4), HO (0 — 2), CO (0 — 1) losses inferred from non-indicative Am’s and their combinations (Table S-1). Other
molecular indices as double bond equivalent (DBE), aromaticity index (Almod)>>, and the number of CH, losses (0 —
4) were tested but showed non-significant (ns) relationships in this analysis. Explanation of p-value notation: p > 0.05,
“ns”; 0.05>p>0.01, “*”;0.01 > p>0.001, “**”; p < 0.001, “***,

m/z

#C

#H

#0

H/C

o/C

NOSC
DBE-O

n CO;

n H:0

n CO

Irel, loss, NCE 15
Irel, loss, NCE 20
Irel, loss, NCE 25

Iabs, initial

Irel, loss, NCE 15
-0.58 ***
-0.76 ***
-0.49 **
0.84 ***

0.85 ***
0.76 ***
-0.51
0.45*

lrel, 1oss, NCE 20 | lrel, toss,NCE 25 | labs, initial

0.6

-0.88 *** -0.85 ***
-0.47 **
0.92 *** 0.81 ***
0.9 ** 0.75 ***
0.74 *** 0.43 *
-0.64 *** -0.8 ***
0.51 ** 0.43* 0.71 ***
0.42* 0.46 * 0.62 ***
0.63 ***
0.92 **x 0.66 ***
0.85 ***

Matches

04~

0.83 ***
0.79 ***
0.6 ***

0.45*
0.44*
0.92 ***

16
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Table S-12. Overview of correlations (Pearson’s 1; red, negative correlation; blue, positive correlation) between key
properties of the IPIM (representing the bandwidth of possible isomers behind a given exact precursor m/z) at m/z 417
(precursor ions with molecular formula = 34). Shown are descriptors of ionization and fragmentation behavior (i.e.,
initial intensity (Labs, initial), fragmentation at different NCE stages (Irel, 10ss) and number of matches to non-indicative
Am’s reported for DOM (Table S-1) and their relation to the precursor’s m/z (here, equivalent to mass defect) and
molecular formula (numbers of #C, #H and #O atoms, their atomic H/C and O/C ratios, the nominal oxidation state
of carbons (NOSC)%, number of oxygen-corrected double bond equivalents (DBE-O)*, and the number of CO, (0 —
4), H,O (0 — 2), CO (0 — 1) and C7HeO4 (0 — 1)!7 losses inferred from non-indicative Am’s and their combinations
(Table S-1). Other molecular indices as double bond equivalent (DBE), aromaticity index (Almed)*’, and the number
of CH; losses (0 — 4) were tested but showed non-significant (ns) relationships in this analysis. Explanation of p-value
notation: p > 0.05, “ns”; 0.05 > p > 0.01, “*”; 0.01 = p > 0.001, “**”; p < 0.001, “***>,

lrel, 1oss, NCE 15 | lrel, loss,NCE20 | lrel, toss,NCE 25 | labs, initial | Matches

m/z -0.58 *** -0.67 *** -0.38 * -0.36 *
#C -0.64 *** -0.79 *** -0.78 *** -0.43 *
#H -0.49 ** -0.56 ***

#0 0.79 *** 0.88 *** 0.82 *** 0.37 * 0.63 ***
H/IC

o/C 0.8 *** 0.86 *** 0.75 *** 0.55 ***
NOSC 0.67 *** 0.77 *** 0.53 ** 04~
DBE-O -0.42* -0.49 ** -0.65 *** -0.35*
n CO; 0.72 *** 0.74 *** 0.61 *** 0.74 *** | 0.89 ***
n H:0 0.51* 0.57 *** 0.56 *** 0.54 ** 0.67 ***
n CO 0.57 *** | 0.53 **
n C;HeO4 0.84 *** | 0.7 ***
lrel, loss, NCE 15 0.89 *** 0.54 *** 0.44 * 0.69 ***
Iret, 1oss, NCE 20 0.76 *** 0.46 ** 0.69 ***
Irel, loss, NCE 25 0.52 **
Labs, initial 0.92 ***

17
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List of Am‘s

Proposed specificity in DOM
(Tables S-14, S-15)

Table S-13. Lists of Am values used for analysing matching patterns in Van Krevelen space.

Am members and counting rule

Am cluster (Table
S-14) or Am list
(Tables S-6 or S-7)

If-rule: 4 if matched to 4CO,, 4CO,+CHy,
or 4CO,+H,0; 3 if matched to 3CO,,
3C0O,+CH,4, 3CO,+H20, 3CO,+H,0+CO,
3C0O,+CH,0 or 3C0O,+2H,0; 2 if matched

Some in clusters 1

. General, carboxylic acids and to 2CO,, 2CO,+H,0, 2CO,+CO, . .
CO units (uptofour) 1~ e 2C0,+CH;0, 2C0,+2H,0 e _ell_gcglg, S'ilgof them in
2C0O,+H,0+CO, 1 if matched to CO,,
CO,+H,0, CO,+CO, CO,+CH,40,
CO,+S0; or CO,+S0Og3; 0 if matched to
none of these
If-rule: 4 if matched to C4Hs; 3 if matched C.Ha in cluster 7: all
. to CsHe; 2 if matched to CyHj; 1 if . ’
CHa units (up to four) General matched to CHy: 0 if matched to none of gf them in Table S-
these
If-rule: 2 if matched to 2CO; 1 if matched
. General, benzenoids and @ to CO, CO,+CO, 2C0O,+CO,
COunits (P10 2)  orivatives 2C0,+H,0+CO or 3CO,+H,0+CO; 0 if = Cluster®
matched to none of these
*CH; unit Benzenoids and ethers Match to *CH; loss _IC_);ubslteng 7, only
Polyol egs. Organ_o oxygen compoqnds, Sum of matches to Am’s in cluster 2 Cluster 2
especially polyols and glycosides
Shared between

Phenylpropanoids and

phenylpropanoids and polyketides

Sum of matches to Am’s in clusters 3 and

Clusters 3 and 4

Benzenoids but also benzenoids, but also | 4
vinylogous acids in general
Not specific for gallate-containing o =« . C7H404 (gallate
spzcles (el Sel4) oL removal with water remaining) C;HsO
Gallate egs. equivalent to its loss in 9) “116Y5 | part of cluster 4

compounds #9 and and #11
(Figure S-1, Table S-4)

(gallate removal) and C;HgOs (gallate
removal with additional water abstraction)

189
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Table S-14. Matching behavior of precursor clusters A — H (color-scaled) against Am features derived from reference compounds measured on the same instrument

191  (Table S-7). “Count” shows the number of compounds showing this feature in the SIRIUS list. Cluster number (“#”) indicates groups of Am’s that matched
192 similarly with DOM precursors. Am cluster 5 was omitted here because it did not match with DOM precursors. The right side of the table (colored column heads)
193 shows the specificity of each Am feature for compound classes defined by Classyfire. Numbers indicate the percentage of compounds showing the Am feature in
194 SIRIUS, associations between clusters and compound classes are highlighted in bold. Colors and abbreviations, see below table.
OA*+ OOx+
PP+PK o C6H6+ = OrgHCy
L 4o < o L, * m o« . -
S * B FA * L T > 3 I 4 o (@] o [6) =
© O (o) *
Am Count' # A B b E F 6 Hlo 3 §|S S 2 3|+ g £ 8 §(38|8 8§ B & 2le 8 8 8 &
C305 & | 70 100 38 (100 36 | | T ) R I S
4 142 1 - 4 - - - - |- - - - e .
©30 70 13 [ 100 50 | 100 ° %
C5H404 152 1 . . e BRI - - = fa = = o= = = = = <
C4H204 142 1 - 3% - | - - - |- - - - 48
20 88 50 | 100
H2 41 1 T [ = | = - > o ofefs & s & ofs o =& o =
C3H203 6 25 | 100 88 100 36 68 €6
CH202 1289 o0 31 100 88 100 8 | ) ) -7 ) ) ) Y
2H204 1 1 T [ = = = | = - > o ofefs & s & ofs o =& o =
C2h20 3 30 17 100 63 100 79
C4H603 465 1 - - 13 - T - e e
3 100 8 50 79
C4H804 317 2 a7 N .- B - |- = = = | = - - - - [ - 76 48 16 - - | - 42 - - -
4H 24 2 e - - |- T e .
Cc4nsos 3 33 100 63 20 | 93 8
C7H1005 110 2 - - - T . e [
88 13 64
H1 2 2 S ' A - - |- - - - - - 982 7 - - |92 77 - -
C6H1005 620 - . o 9 6 80 9 E)
C6H1004 289 2 - - - T . e [
20 88 13 10 | 64
C8H603 246 3 50 13 75 100 88 20 14 |5 - 25|88 - - - 69 - 94 - |- - - - 25 25| - - - - -
C9H603 155 3 N . B 81 43 - | - = = o= | = 76 - - 67| - - - - - -l - - . &7
C9H803 229 3 87 - 19 | 48 - - - 8 - 94 39| - - - - o . . . L.
50 63 | 100
7H602 254 = = = | = T = > o ofefls & 5 & o= = =& o =
C7HEO > 1 20 50 38 75
C6H402 63 3 e - - - - T
20 75 63 63 20
2H402: 621 = = = | = T = 7 A [ B L
c2h40 6 3 44 63 75 60 3 ’
C6H602 114 3 e - - - 58 - - - | - - - - - |- - . ..
6 38 75 10
C4H402 252 3 - I - = = o= | = = = = | = - = o of]]ais & = = o= = = o
H1002 17 T - - |- - e
C8r100 8 3 25 63 88 21
C7H802 179 3 - - - T : i [
44 63 100 43
C6H603 66 3 I ., . 50
C3H60 539 3 - - 18 | - = = o= | = - 58 45 - | - - . 70 18 18| - - - - -
13 [ 88 100 20 | 64
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195

196  Table S-14. Continued.

OA+ OOx+
PP+PK CA+ C6H6+ COx
S a < no2 - B oy o
< S * S x FA * w T > 6 14 (@) o
Am Count' # A B C D G Hlo @ S |S|o & 2 3| +*|lo & t 8 5|81 3 8 & %
C9H1004 154 4 2 I - - - - - B B B = = <= = = = = == = = = =
C8H8O4 129 4 - - - - - - - - - - - e I .
10 21
COHBO4 184 4 0 67 26 - | - - - - | - - = . T
C8HB6O5 56 4 I X e
30
C7HBO5 79 4 - - . [ . . 73 = = eof=:i= = = = =/]= = = = =
30 14
7H 4 - - - - - - - e e
CTH806 3 10 10 20 14
C7H404 102 4 - - - ler - - - . . 87 = = eof=:i= = = = =/]= = = = =
7 13 50
7H 142 4 - - - - - - - e e
C7He03 10 3 25 30
C9H605 68 41 5 19 20 5 o R 2 2 - 100 - - - |- oo e
C8H405 35 4 - - - I - - - - e e .
co2 3368 6 - - - |- 9 7 - 19| - | - = = @ =W = = = == = = = =
H20 2574 6 - - - - - 49 - 25| 20 | - - - - - |- i - - 75 - |- - - - -
CH203 1282 6 - - - - 88 78 58 20 | 22 - - - - - 98 - - - 81 - - - - - -
€203 592 6 . - T - - e T
co 958 6 - [ - e
C2H20 610 7 o - - - 18 - - - - 53 I
CH3- 1383 7 - - - I - |93 5 57 40 - | - - - 5 - - |- - - - -
C2H4 367 7 - - - I - - - e
197 *classes have been aggregated for visualization, full data can be found in the PANGAEA datasets, see introduction of this document. Classes and abbreviations (G marks general specificity to the class):
198 Dark orange = Phenylpropanoids and polyketides (PP+PK), flavonoids (FLAV), Linear 1,3-diarylpropanoids (L2arP); yellow = Organic acids and derivatives (OA+), Vinylogous acids (VA), Carboxylic
199 acids and derivatives (CA+), Carboxylic acids (CA), Monocarboxylic acids and derivatives (MCA), Amino acids, peptides and analogues (AA); lilac = Lipids and lipid-like molecules, here only
200 encompassing the subclass of Fatty acyls (FA); light blue = Benzenoids (C6H6+), Phenols (PH), Phenol ethers (PHE), Benzene and substituted derivatives (C6H6), Benzopyrans (BPy); green = Organic
201 oxygen compounds (OOx+), Organic oxides (OOx), Organooxygen compounds (COx), Alcohols and polyols (ROH), Carbohydrates and carbohydrate conjugates (CARB), Ethers (ROR), Carbonyl
202 compounds (C=0), Acryloyl compounds (ACR); dark blue = Organoheterocyclic compounds (OrgHCy), Oxanes (Ox), Oxacyclic compounds (OxCy), Lactones (LCT), Pyrans (Py).
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209

Table S-15. Summary of two-way clustering of DOM precursors (highlighted in red) and 14 reference compounds (highlighted in green, numbers refer to Figure
S-1; #12* and #13* refer to MS? spectra of flavonoid aglycons). Numbers are coverage in Am matches compared to overall Am’s per Am cluster; values > 20%
are highlighted in bold, values <10% ore greyed out. Am clusters are shown in rows (“CL. #”, 1 - 7) and precursor clusters in columns (A — H, for details, see Table
S-14 and original clustering data in PANGAEA datasets). Additional columns show respective numbers of Am matches (“n”) and assigned cluster name (compare
Table S-14). In the lower row, numbers of precursors per precursor cluster are given for both samples combined and individually. Few reference compounds

clustered with precursor clusters D - H.

he) °
[0} £ 8 8 c
= o e S 5 b} s 2
g ¢ % F 8 8 o gz 8 E) 8 3 £
c & 32 E & 2 @ 9 & 3 ¥ e 3T ® 3 5
D & <] o =2 s Q9 8 a2 o & = 8 5 2 T
g o0 2  ® == §&§ W » @ = g < T = o
woy i a O O © _- J o = > o E T o
Cl. # n A R F by B & 2 5 2 3 ¥ % ¥ C F by R £ D E F % G H  Assigned cluster name
1 8 25 38 13 13 13 98 64 63 94 39 | Combinations of ubiquitous losses (H20, CO)
2 5 24 20 20 40 60 93 25 10 77 | Polyol-equivalent losses
3 12 25 25 8 40 | 68 |8 67| 16 | 15 | Phenylpropanoids and Benzenoids
4 10 20 30 10 30 50 o1 |40 20| 25 Phenols (i.e., Benzenoids)
5 12 1717 17 none
6 5 78 60 60 100 39 40 20 20 20 20 | 35 40 20 71 100 98 80 100 90 | Carboxylic acids (ubiquitous losses, CO2)
7 3 33 78 33 100 67 33 | &1 92 83 33 53 36 | Benzenoids (*CHs, C2Ha4)
Precursors 6 22 13 16 8 7 10 14 Total = 96
Soil DOM 5] 9 4 7 2 4 5 8 44
SRNOM 1 13 9 9 6 3 5 6 52

21



Table S-16. Lignin-like precursor formulas (after Minor et al., 2014)%°and their molecular properties and clustering (column “precursor cluster”) based on Am

211 matching with tandem MS data of reference compounds (Tables S-14 and S-15). Color coding is given only for visual guidance (yellow — green = min — max).
212 Molecular properties are: m/z, mass to charge ratio; Iini, initial ion abundance; HL NCE, Half-life NCE; H/C, Hydrogen-to-Carbon ratio; O/C, Oxygen-to-Carbon-
213 ratio; structural grouping based on Minor et al., 2014 (A; all are “L” = Lignin)?® and Hawkes et al., 2020 (B; “AR” = Aromatics, “LO” = Low-oxygen unsaturated,
214 “HO” = High-oxygen unsaturated, “AL” = Aliphatics, C = Condensed aromatics).?’” Am matching vs. 14 reference compounds (“Refs.”) and SIRIUS Am list.
215 Precursor clusters (B - H) denote the clusters in Tables S-14 and S-15 (color only for visual guidance). Am clusters refer to the same tables (coverage given in %
216  of Am’s in that cluster). *only detected in SRNOM.
HL Domains Am’s Precursor Association to Am cluster, % coverage
Formula Sample m/z e | g | M€ OfC g B | Refs. | SIRIUS | Cluster ci1 cl2 ci3 cla cis cl6 c7
C14H18095* SRNOM | 361.0599 - - L HO 5 119 13 0 0 0 0 0
C15H22085* SRNOM | 361.0962 - - L HO 4 141 13 0 0 0 o | e | o
C17H18N207* SRNOM | 361.1041 - - 1.06 | 0.41 L LO 5 272 5 13 0 0 0 0 0
C20H22N208* | SRNOM | 417.1302 | - - | 110 o040 L Lo 4 | 362 | 0 0 0 0 60 0
Soil DOM 3086 | 17.9 8 193 13 0 0 0 60 0
C18H26011 sRnom | 417-1401 - - L HO 5 553 0 0 5 60 5
C16H14N208* SRNOM | 361.0675 - - 0.88 | 0.50 L AR 5 93 0 0 0
SRNOM - - 14 91 0 8
C14H1004 Soil DOM 241.0506 -! 0.71 0.29 L C 15 76 0 3
C24H1807 Soil DOM 1940 0.75 | 0.29 0
sRNOm | 1170979 - - 0.75 | 0.29 : AR 0
C17H1409 SRNOM | 361.0565 - - 0.82 L AR
SRNOM - -
C18H1808 soil pom | 3810929 peioo o 100 0.44 L Lo
C19H2207 SRNOM | 361.1293 - - 116 | 037 L LO
SRNOM | 417.0827 - -
C20H18010 Soil DOM 12407 179 | 090 | 050 L Lo
C21H2209 SRNOM | 417.1191 - - 1.05 | 0.43 L Lo
C22H2608 SRNOM | 417.1555 - - 118 | 036 L LO
Soil DOM 15815 | 20.0
C16H1406 sanom | 3010717 - - 0.88 | 038 L AR
SRNOM - -
C17H1805 soil pom | 3011081 [imo—image 106 0.29 L Lo
C21H2209 Soil DOM | 417.1191 LO
C11H1406 SRNOM | 241.0718
C17H1409 Soil DOM | 361.0566
SRNOM
C19H14011 il Do | 417:0463
C11H1406 Soil DOM | 241.0719
SRNOM
C12H1805 il Do | 241-1081
217
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218 Table S-15. Continued.

Formula sample m/z o HL H/C o/c Domains Am'’s Precursor Association to Am cluster, % coverage
P nt NCE A B Refs. | SIRIUS | Cluster ci1 ci2 ci3 cla cls cle
Soil DOM 9086 | 16.9 12 145 38 0 0 0
C13H1808 SRNOM 301.0928 - - L HO 15 191 38 o 10 0
C19H2207 Soil DOM | 361.1292 | 11254 | 189 | 1.16 0.37 L LO 26 249 42 30 8
Soil DOM 5695 | 19.8 14 224 25 60 25 0 0
C20H2606 SRNOM 361.1656 ) i 0.30 L LO 26 33 30 3
C22H2608 Soil DOM | 417.1554 | 5746 | 19.5 | 1.18 0.36 L LO 20 38 33 20 0
Soil DOM 2396 9 285 0 40 17 0 0
C23H3007 SRNOM 417.1918 a - 0.30 L LO 21 50 33 10 0

219
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Table S-17. S-containing precursor formulas in soil porewater DOM. Molecular properties given are: m/z, mass to charge ratio; Lii, initial ion abundance; HL
NCE, Half-life NCE, collision energy required to decrease ion abundance by 50%; H/C, Hydrogen-to-Carbon ratio; O/C, Oxygen-to-Carbon-ratio; structural
grouping based on Minor et al., 2014 (A; “L” = Lignin or carboxyl-rich alicyclic molecules, “T” = Tannin, “CH”, Condensed hydrocarbons, “P”, Protein-like,
“NA”, part of no group)?® and Hawkes et al., 2020 (B; “AR” = Aromatics, “LO” = Low-oxygen unsaturated, “HO” = High-oxygen unsaturated, “AL” = Aliphatics,
C = Condensed aromatics).?” Am matching is given for reference compound (“Refs.”) and SIRIUS-derived Am lists. The last columns show Am matching with
SIRIUS data: “Am‘s with S”, percentage of Am features that contain an S atom; “Am‘s mass”, percentage of Am features with mass <100 Da or >100 Da (based
on all Am matches); “Range of loss with S Am”, values indicate the range (min — max) percent of C, H or O (of a precursors molecular formula) lost in a Am
feature containing S. Color coding: yellow — green = min — max.

HL Structural gr. Am’s Am’s with Am'‘s mass [%] Range of loss with S Am [%]

Formula m/z b | Ncg | W/C | OfC A B Refs. | SIRIUS S [%] <100Da >100Da C H o

COHB06S 2409813 | 212 | 191 | 067 | 067 T AR 0 16 100 63 38 0-44 0-33 0-67
C13H603s 240.9965 40 | 221 | 046 | 023 | NA € 0 6 50 50 50 0-15 0-0 0-33
C10H10055 2410176 | 200 | 19.8 | 1.00 050 | L Lo 1 54 98 59 41 0-70 0-60 0-80
C14H1002S 2410328 | 628 | 113 | 071 | 014 | CcH € 0 32 56 63 38 0-43 0-40 | 0-100
C10H609S 3009660 | 108 | 17.1 | 0.60 | 090" NA AR 1 8 88 25 75 0-30 0-33 33-67
C11H1008S 301.0023 | 204 | 181 | 091 | 073 T HO 1 49 B 37 63 0-55 0-60 0-75
C15H10055 301.0176 | 336 | 13.1 | 067 | 033 NA AR 0 40 100 55 45 0-60 0-60 0-60
C14H22055 301.1114 | 372 | 230 157 036 | P AL 0 78 85 29 71 0-57 0-82 0-80
C15H2604S 301.1479 70 173 027 | P AL 0 26 9% 27 73 13-53 | 23-69 | 0-75
C12H10011S | 360.9872 89 | 154 | 083 | 092 T HO 0 9 100 2 78 0-17 0-40 | 36-55
C16H1008S 361.0023 | 119 | 196 | 063 | 050 NA AR 1 45 98 44 56 0-50 0-60 0-63
C13H14010s | 361.0234 | 322 | 168 | 1.08 | 077 T HO 2 54 72 30 70 0-31 0-57 0-60
C14H18095 361.0598 | 2048 @ 17.2 | 129 @064 | L HO 3 78 71 41 59 0-43 0-67 0-67
C15H2208s 361.0962 | 4500 194 147 053 L HO 3 74 66 50 50 0-40 0-64 0-75
C16H2607S 361.1326 | 692 | 227 163 044 | P AL 1 37 59 57 43 0-50 8-69 0-71
C18H10010S | 416.9922 76 | 17.5 | 056 | 0.56 | NA C 1 24 9% 54 46 0-39 0-40 0-50
C15H140125 | 417.0134 | 318 | 166 | 093 | 080 T HO 2 4 74 36 64 0-20 0-43 0-50
C19H1409S 417.0285 | 298 | 170 | 074 | 047 | L AR 1 83 94 37 63 0-53 0-71 0-56
C17H22010S | 417.0859 | 1672 | 190 | 129 059 L HO 3 152 51 28 72 0-41 0-55 0-80
C18H26095 4171224 | 1974 | 208 @144 050 | L Lo 3 99 61 38 62 0-44 0-54 0-56
C19H3008S 417.1588 | 944 | 231 158 042 | P AL 2 43 60 58 4 0-42 0-60 0-50
C20H34075 4171951 | 167 | 245 170 035 | P AL 0 19 53 63 37 5-40 | 12-53 | 0-29
C24H3404s 417.2104 | 1465 142 017 | NA Lo 0 16 100 50 50 4-50 0-53 0-50
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Table S-18. N-containing precursor formulas in soil porwater DOM. Molecular properties given are: m/z, mass to charge ratio; lini;, initial ion abundance; HL NCE,
Half-life NCE, collision energy required to decrease ion abundance by 50%; H/C, Hydrogen-to-Carbon ratio; O/C, Oxygen-to-Carbon-ratio; structural grouping
= Lignin or carboxyl-rich alicyclic molecules, “T”’ = Tannin, “CH”, Condensed hydrocarbons, “P”, Protein-like, “NA”, part of
no group)®® and Hawkes et al., 2020 (B; “AR” = Aromatics, “LO” = Low-oxygen unsaturated, “HO” = High-oxygen unsaturated, “AL” = Aliphatics, C = Condensed
aromatics).?” Am matching is given for reference compound (“Refs.”) and SIRIUS-derived Am lists. The last columns show Am matching with SIRIUS data: “Am‘s
with N”, percentage of Am features that contain N atoms; “Am‘s mass”, percentage of Am features with mass <100 Da or >100 Da (based on all Am matches);
“Range of loss with N Am”, values indicate the range (min — max) percent of C, H or O (of a precursors molecular formula) lost in a Am feature containing N.
Color coding: yellow — green = min — max.

based on Minor et al., 2014 (A; “L”

Formula

C12H6N204
C13H10N203
C14H14N202
C15H18N20
C13H6N207
C10H10N209
C14H10N206
C18H10N203
C11H14N208
C15H14N205
C19H14N202
C16H18N204
C17H22N203
C15H10N209
C19H10N206
C16H14N208
C20H14N205
C17H18N207
C21H18N204
C18H22N206
C17H10N2011
C18H14N2010
C22H14N207
C19H18N209
C23H18N206
C20H22N208
C21H26N207

(0}
0-75
0-100
0-100
0-100
0-57
33-67
0-83
0-33
13-75
0-80
0-50
0-75
0-67
0-67
0-50
0-75
0-60
0-86
0-75
0-83
0-55
0-60
0-57
0-78
0-67
0-88

m/z o HL H/C o/c Structural gr. Am’s Am’s with Am'‘s mass [%] Range of loss with N Am [%]
NCE A B Refs. SIRIUS N [%] <100Da >100Da C H
241.0255 207 22.6 0.50 0.33 NA C 2 11 73 100 0 0-25 0-0
241.0619 897 23.7 0.77 0.23 CH C 3 54 91 76 24 0-77 0-60
241.0982 526 24.8 1.00 0.14 CH AR 2 60 92 68 32 0-64 0-57
241.1346 39 25.9 1.20 0.07 CH LO 0 30 97 60 40 0-60 0-67
301.0102 54 18.8 0.46 0.54 NA C 1 13 92 85 15 0-38 0-33
301.0311 132 18.1 1.00 0.90 T HO 2 6 67 67 33 0-30 0-20
301.0464 510 20.7 0.71 0.43 L C 3 70 91 54 46 0-71 0-60
301.0618 111 0.56 0.17 CH C 0 11 82 64 36 0-50 0-40
301.0675 128 18.5 1.27 0.73 NA HO 1 30 90 43 57 0-64 0-71
301.0828 | 1186 19.4 0.93 0.33 L AR 4 151 92 48 52 0-73 0-71
301.0981 82 0.74 0.11 CH C 0 21 90 33 67 0-63 0-57
301.1194 409 22.4 1.13 0.25 CH LO 2 164 94 40 60 0-75 0-78
301.1559 38 23.4 1.29 0.18 NA LO 0 111 95 35 65 0-71 0-82
361.0312 352 18.3 0.67 0.60 NA AR 1 60 95 38 62 0-53 0-60
361.0466 197 17.9 0.53 0.32 NA C 1 25 92 52 48 0-63 0-60
361.0676 | 1423 17.4 0.88 0.50 L AR 4 139 92 35 65 0-69 0-71
361.0829 164 0.70 0.25 CH C 0 74 93 30 70 0-75 0-71
361.1040 | 1602 18.1 1.06 0.41 L LO 4 202 93 29 71 0-71 0-78
361.1193 75 0.86 0.19 CH AR 0 99 95 15 85 0-76 0-78
361.1404 300 19.4 1.22 0.33 L LO 1 210 94 26 74 0-72 0-82
417.0210 72 19.4 0.59 0.65 NA C 1 22 95 64 36 0-47 0-60
417.0575 563 18.3 0.78 0.56 L AR 4 102 92 37 63 0-56 0-71
417.0726 140 0.64 0.32 NA C 0 55 96 35 65 0-59 0-71
417.0938 992 18.4 0.95 0.47 L LO 4 200 94 28 72 0-68 0-78
417.1090 100 0.78 0.26 L AR 0 118 97 15 85 0-74 0-78
417.1302 535 19.8 1.10 0.40 L LO 3 264 95 22 78 0-70 0-82
417.1666 103 223 1.24 0.33 L LO 1 253 96 19 81 0-71 0-85

0-86
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Table S-19. S-containing precursor formulas in SRNOM. Structural grouping based on Minor et al., 2014 (A; “L” = Lignin or carboxyl-rich alicyclic molecules,
“T” = Tannin, “CH”, Condensed hydrocarbons, “P”, Protein-like, “NA”, part of no group)*® and Hawkes et al., 2020 (B; “AR” = Aromatics, “LO” = Low-oxygen
unsaturated, “HO” = High-oxygen unsaturated, “AL” = Aliphatics, C = Condensed aromatics).?’” Am matching is given for reference compound (“Refs.”) and
SIRIUS-derived Am lists. “Am‘s with S”, percentage of SIRIUS Am features that contain an S atom; “Am‘s mass”, percentage of Am features with mass <100 Da
or >100 Da (based on all SIRIUS Am matches); “Range of loss with S Am”, values indicate the range (min — max) percent of C, H or O (of a precursors molecular
formula) lost in a SIRIUS Am feature containing S.

Structural gr. Am’s Am's with Am'‘s mass [%] Range of loss with S Am [%]
Formula m/z H/C | OfC iy B Refs. | SIRIUS S [%] <100Da >100Da c H o
C9H606S 240.9813 0.67 0.67 T AR 1 18 94 61 39 0-44 0-33 0-67
C13H603S 240.9965 0.46 0.23 NA C 0 6 50 50 50 0-15 0-0 0-33
C10H1005S 241.0176 1.00 0.50 L LO 1 63 97 57 43 0-70 0-60 0-80
C14H1002S 241.0329 0.71 0.14 CH C 0 36 44 53 47 0-43 0-40 0-100
C14H606S 300.9811 0.43 0.43 NA C 2 9 78 89 11 0-14 0-0 0-50
C11H1008S 301.0023 0.91 0.73 T HO 2 70 87 40 60 0-64 0-60 0-75
C15H1005S 301.0176 0.67 0.33 NA AR 3 56 89 55 45 0-67 0-60 0-80
C19H1002S 301.0330 0.53 0.11 CH C 0 34 6 26 74 5-11 0-0 0-50
C16H1404S 301.0539 0.88 0.25 CH AR 2 107 84 40 60 0-69 0-71 0-75
C13H1806S 301.0750 1.38 0.46 L LO 2 171 78 33 67 0-69 0-78 0-83
C14H2205S 301.1114 1.57 0.36 P AL 0 112 79 32 68 0-57 0-82 0-80
C15H2604S 301.1477 1.73 0.27 P AL 0 35 94 26 74 13-53 23-69 0-75
C15H609S 360.9661 0.40 0.60 NA C 0 8 100 75 25 0-13 0-0 0-44
C16H1008S 361.0024 0.63 0.50 NA AR 2 53 94 45 55 0-50 0-60 0-63
C20H1005S 361.0176 0.50 0.25 NA C 1 26 23 50 50 0-15 0-40 0-40
C13H14010S 361.0233 1.08 0.77 T HO 3 91 57 32 68 0-31 0-71 0-60
C17H1407S 361.0388 0.82 0.41 L AR 3 137 93 39 61 0-59 0-71 0-71
C14H1809S 361.0599 1.29 0.64 L HO 5 119 71 44 56 0-43 0-67 0-89
C15H2208S 361.0962 1.47 0.53 L HO 4 141 56 39 61 0-47 0-64 0-75
C12H26010S 361.1177 2.17 0.83 CA AL 0 3 0 100 0 0-0 0-0 0-0
C16H2607S 361.1326 1.63 0.44 P AL 1 90 48 36 64 0-50 8-69 0-86
C17H3006S 361.1689 1.76 0.35 P AL 0 33 27 42 58 6-47 20 - 60 17 - 50
C18H10010S 416.9922 0.56 0.56 NA C 1 33 94 45 55 0-44 0-60 0-60
C22H1007S 417.0074 0.45 0.32 NA C 1 11 45 64 36 0-14 0-40 0-29
C15H14012S 417.0134 0.93 0.80 T HO 3 53 77 40 60 0-27 0-43 0-50
C19H1409S 417.0286 0.74 0.47 L AR 1 114 89 39 61 0-53 0-71 0-67
C30H100S 417.0382 0.33 0.03 NA C 1 120 3 26 74 0-3 0-20 0-0
C23H1406S 417.0440 0.61 0.26 NA C 0 56 38 32 68 0-43 0-50 0-50
C16H18011S 417.0495 1.13 0.69 T HO 4 133 52 33 67 0-38 0-67 0-73
C20H1808S 417.0646 0.90 0.40 L LO 0 15 0 53 47 0-0 0-0 0-0
C17H2208S52 417.0680 1.29 0.47 L LO 0 11 91 36 64 6-71 0-41 0-25
C17H22010S 417.0861 1.29 0.59 L HO 4 179 62 32 68 0-47 0-64 0-80
C21H2207S 417.1012 1.05 0.33 L LO 0 179 86 26 74 0-57 0-73 0-71
C18H2609S 417.1224 1.44 0.50 L LO 3 184 46 29 71 0-44 0-62 0-89
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Table S-19. Continued.

Am‘s mass [%]

Range of loss with S Am [%]

>100Da

Structural gr. Am’s Am°‘s with
Formula m/2 H/C | o/c A B Refs. | SIRIUS S [%] <100Da
C22H26065 417.1380 | 118 | 027 | L Lo 0 114
C19H3008S 417.1588 @ 158 042 P AL 1 95
C23H30055 417.1744 | 130 022 | NA Lo 0 63
C20H3407S 4171952 | 170 035 | P AL 0 24

C H (o)
0-55 0-69 0-83
0-42 0-60 0-63
28 - 56 15-62 0-50
0-52 0-60 0-80
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Table S-20. N-containing precursor formulas in SRNOM. Structural grouping based on Minor et al., 2014 (A; “L” = Lignin or carboxyl-rich alicyclic molecules,
“T” = Tannin, “CH”, Condensed hydrocarbons, “P”, Protein-like, “NA”, part of no group)*® and Hawkes et al., 2020 (B; “AR” = Aromatics, “LO” = Low-oxygen
unsaturated, “HO” = High-oxygen unsaturated, “AL” = Aliphatics, C = Condensed aromatics).?’” Am matching is given for reference compound (“Refs.”) and
SIRIUS-derived Am lists. “Am‘s with N”, percentage of SIRIUS Am features that contain N atoms; “Am‘s mass”, percentage of Am features with mass <100 Da
or >100 Da (based on all SIRIUS Am matches); “Range of loss with N Am”, values indicate the range (min — max) percent of C, H or O (of a precursors molecular
formula) lost in a SIRIUS Am feature containing N.

Structural gr. Am’s Am'‘s with N [%] Am'‘s mass [%] Range of loss with N Am [%]
Formula m/z | H/C | O/C B Refs. SIRIUS <100Da >100Da  C H )
C12H6N204 | 241.0255 | 0.50 | 0.33 | NA C 2 8 0 0-25 | 0-0 | 0-50
C13H10N203 | 241.0619 | 0.77 | 0.23 | CH c 6 63 25 0-77 | 0-60 | 0-100
C14H14N202 | 241.0982 | 1.00 | 0.14 | CH | AR 2 75 68 32 0-71 | 0-71 | 0-100
C15H18N20 | 241.1346 | 1.20 007 | CH | LO 0 40 60 40 0-60 | 0-67 | 0-100
C16H6N4O3 | 301.0370 | 0.38 | 0.19 | NA C 0 2 0 0 0-0 0-0 0-0
C18H10N203 | 301.0618 | 0.56 | 0.17 | CH c 1 15 67 33 0-50 | 0-40 | 0-67
C15H14N205 | 301.0828 | 0.93 | 033 L | AR | 5 165 42 58 0-73 | 0-71 | 0-100
C19H14N202 | 301.0982 | 0.74 | 0.11 | CH C 1 35 40 60 0-74 | 0-71 | 0-100
C16H18N204 | 301.1193 | 1.13 | 025 | CH | LO 3 218 38 0-75 | 0-78 | 0-100
C9H22N209 | 301.1250 NA | AL 0 1 0 0 0-0 0-0 0-0
C17H22N203 | 301.1557 | 1.29 | 0.18 | NA | LO 0 164 35 0-76 | 0-82 | 0-100
C15H10N209 | 361.0310 | 0.67 | 0.60 | NA | AR 2 16 19 7-60 | 0-60 | 33-67
C19H10N206 | 361.0466 | 0.53 | 0.32 | NA C 1 33 52 48 0-63 | 0-60 | 0-67
C23H10N203 | 361.0620 | 0.43 | 0.13 | NA c 0 7 0 0-4 | 0-40 | 0-67
C16H14N208 | 361.0675 | 0.88 | 0.50 | L AR 93 26 0-69 | 0-71 | 0-75
C20H14N205 | 361.0829 K 0.70 | 0.25 | CH C 2 100 34 0-75 | 0-71 | 0-80
C17H18N207 | 361.1041 | 1.06 | 0.41 | L Lo 34 0-71 | 0-78 | 0-86
C21H18N204 | 361.1193 | 0.86 | 0.19 | CH | AR 1 138 20 0-76 | 0-78 | 0-75
C18H22N206 | 361.1405 | 1.22 | 033 | L Lo 3 26 0-72 | 0-82 | 0-83
C19H26N205 | 361.1767 | 137 | 026 | L Lo 0 225 22 0-74 | 0-85 | 0-100
C21H10N208 | 417.0363 | 0.48 | 0.38 | NA C 1 20 60 40 0-43 | 0-40 | 0-50
C25H10N205 | 417.0521 | 0.40 | 0.20 | NA C 0 8 13 0-12 | 10-60 | 0-60
C18H14N2010 | 417.0572 | 0.78 | 0.56 | L AR 2 5 20 20 11-11 | 50-50 | 0-0
C22H14N207 | 417.0726 | 0.64 | 032 | NA C 0 57 37 0-73 | 0-71 | 0-57
C26H14N204 | 417.0881 | 0.54 | 0.15 | CH C 0 5 60 40 0-27 | 0-36 | 0-0
C19H18N209 | 417.0937 | 0.95 | 0.47 | L Lo 2 151 30 0-74 | 0-78 | 0-78
C23H18N206 | 417.1090 | 0.78 | 0.26 | L AR 0 142 19 0-74 | 0-78 | 0-67
C27H18N203 | 417.1247 | 0.67 | 0.11 | CH C 0 10 20 20 4-44 | 28-33 | 0-33
C20H22N208 | 417.1302 | 1.10 | 0.40 | L LO 4 22 0-75 | 0-82 | 0-88
C24H22N205 | 417.1456 | 092 | 021 | CH | AR 0 211 11 0-75 | 0-82 | 0-80
C21H26N207 | 417.1666 | 1.24 | 033 | L Lo 1 19 0-76 | 0-85 | 0-86
C25H26N204 | 417.1824 | 1.04 | 016 | CH | LO 0 5 40 60 8-52 | 31-73 | 25-50

28



265

266

Table S-21. Structural class-correlated Am features that were matched to CHOS or CHNO precursors in DOM.
“Count” refers to the number of individual structures available for the correlation; the number shows decimals because
individual structure count was divided by the number of MS? spectra available. Correlated classes given are the top
ones out of maximum fifteen (the original table is available via PANGAEA, see introduction). Structural class names
are inherited from the Classyfire ontology and partly shortened (ac., acids; cl., class/ classes; derivs., derivatives;
comps., compounds; Met, Methionine; Cys, Cysteine; dip. org. comps., dipolar organic compounds; analg.,
analogues). Asterisks on class names indicate that this potential precursor structure can be excluded based on the
molecular formula (for example, intact Guanidines would contain at least three N atoms but most precursors analyzed
here had only 2 atoms predicted by molecular formula, as in e.g., C20H22N»Os). Matches in DOM are given as absolute
and percent (in brackets, based on number of all CHOS/ CHNO precursors per sample).

Top correlated structural classes

Sulfonyls; Organosulfonic ac. & derivs.; Organic sulfonic ac. & derivs.; +9 other classes

Organosulfonic ac. & derivs.; Organic sulfonic ac. & derivs.; Sulfonyls, +1 other class
Organosulfonic ac. & derivs.; Organic sulfonic ac. & derivs.

Organosulfonic ac. & derivs.; Organic sulfonic ac. & derivs.; Sulfonyls

Organic sulfonic ac. & derivs.; Organosulfonic ac. & derivs.; Sulfonyls

Sulfonyls

Sulfonyls; Organosulfonic ac. & derivs.; Organic sulfonic ac. & derivs.

Sulfonyls

Alkylthiols; Thiols; *Cys & derivs.
Alkylthiols; Thiols; *Cys & derivs.
Alkylthiols; Thiols; *Cys & derivs.

Am features correlated with thioethers, thia fatty acids, and sulfenyl compounds

Alkylarylthioethers; Aryl thioethers; Thioethers; Sulfenyl comps.; +10 other classes

Thioethers, Sulfenyl comps.; *Dipeptides

Thia fatty ac.; *Met & derivs.; Dialkylthioethers

Thia fatty ac.; Thioethers; Dialkylthioethers; *Met & derivs.; Sulfenyl comps.
*Met & derivs.; Dialkylthioethers; *Dipeptides

Thia fatty ac.; Dialkylthioethers

Organic carbonic ac. & derivs.; N-acyl ureas; Dicarboximides
N-acyl ureas; Ureides; Dicarboximides
Dicarboximides; Barbituric ac. derivs.; Carboxylic ac. imides

Am features correlated with carboximidamides (but also amino acids)

*Guanidines; Carboximidamides; Propargyl-type 1,3-dip. org. comps.; +12 other cl.
*Guanidines; Carboximidamides; Propargyl-type 1,3-dip. org. comps.; +11 other cl.
*Guanidines; Carboximidamides

2-arylethylamines
Aralkylamines

Am features correlated with amino acids, primary amines and peptides

Amino ac. & derivs.; Amino ac., peptides & analg.; Alpha amino ac. & derivs.
Amino ac.; Alpha amino ac. & derivs.; Amino ac. & derivs.; + 8 other classes
Pyrrolidinecarboxamides; Proline & derivs.

Primary amines; Dipeptides; Peptides; Alpha amino ac. amides, + 5 other classes
Proline & derivs.

Serine & derivs.

Dipeptides; N-acyl-alpha amino ac. & derivs.; Peptides; Alpha amino ac. amides; +1 cl.

Peptides

Peptides; Alpha amino ac. amides; N-acyl-alpha amino ac. & derivs.; + 1 other cl.
Peptides; Alpha amino ac. & derivs.; Amino ac.; Alpha amino ac. amides; + 2 other cl.
N-acyl-L-alpha-amino ac.

Proline & derivs.; Pyrrolidine carboxylic ac. & derivs.; Peptides; + 4 other classes
Dipeptides; Peptides; Alpha amino ac. amides; Phenylalanine & derivs.; + 4 other cl.

Am Da Count
Am features correlated with sulfonic acids or sulfonyls
02S 63.9619 214.16
H202S 65.9775 55.32
03Ss 79.9568 88.86
H203s 81.9724 51.53
CO3s 91.9568 32.81
C2H203S 105.9724 32.35
CO4s 107.9517 51.77
C2H403S 107.9881 41.58
Am features correlated with thiols
CH2S 45.9877 67.53
CH202S 77.9775 135.41
C2H202S 89.9775 89.76
C2H20S 73.9826 160.84
C2H402S 91.9932 83.82
C2H60S 78.0139 29.63
C3H602S 106.0088 48.4
C4H602S 118.0088 36.84
C5H802S 132.0245 24.82
Am features correlated with dicarboximides and ureides
CHNO 43.0058 480.31
C2H2N202 86.0116 104.12
C2HNO3 86.9956 128.43
CH2N2 42.0217 181.1
CH4N20 60.0323 103.67
CH6N202 78.0429 30.09
Am features correlated with aralkylamines
CH3N 29.0265 107.2
C2H6N 44.0500 58.03
C2H7NO2 77.0476 43.25
C3H5NO2 87.0320 337.9
C5H10N20 114.0793 37.09
C4H8N203 132.0534 86.09
C5H12N202 132.0898 37.92
C3H6N204 134.0327 7.85
C5H8N203 144.0534 68.76
C5H10N203 146.0691 70.74
C6H14N202 146.1055 51.92
C7H14N203 174.1004 62.72
C7H16N203 176.1160 19.03
C8H14N203 186.1004 51.1
C10H12N203 208.0847 36.38
C12H14N203 234.1004 51.49

Dipeptides

. SR
Soil DOM NOM
Matched CHOS precursors

1(4.3) 13(33.3)

0(0) 1(2.6)

14 (60.9) 17 (43.6)
8(34.8) 12 (30.8)
6(26.1) 8(20.5)

13 (56.5) 17 (43.6)
6(26.1) 13(33.3)
3(13) 12 (30.8)
Matched CHOS precursors
5(21.7) 11(28.2)
0(0) 5(12.8)
8(34.8) 14 (35.9)
Matched CHOS precursors
9(39.1) 16 (41)
1(4.3) 6(15.4)

0(0) 3(7.7)

10 (43.5) 13(33.3)
2(8.7) 0(0)
4(17.4) 9(23.1)
Matched CHNO precursors
3(11.1) 4(12.5)
11(40.7) | 11(34.4)
0(0) 4(12.5)
Matched CHNO precursors
13(48.1) | 19(59.4)

14 (51.9) 11 (34.4)
0(0) 3(9.4)
Matched CHNO precursors
1(3.7) 0(0)
3(11.1) 2(6.3)
Matched CHNO precursors
0(0) 1(3.1)

0(0) 5(15.6)
6(22.2) 6(18.8)
7(25.9) 9(28.1)
5(18.5) 6(18.8)
8(29.6) 7(21.9)
7(25.9) 8(25)
4(14.8) 5 (15.6)
3(11.1) 4(12.5)
3(11.1) 4(12.5)
1(3.7) 3(9.4)
3(11.1) 4(12.5)
4(14.8) 6(18.8)
2(7.4) 3(9.4)
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Table S-22. Correlations (Pearson) between structure hits and specific Am features across CHO precursors in soil
porewater DOM and Suwannee River NOM for selected structural classes. “Am’s” and “Hits” show the maximum

number of each across precursors.

€99

Soil porewater DOM

Suwannee River NOM

Class Am's | Hits | n R? r p Am's | Hits | n R? r p
Benzenoids
Benzenoids (gen.) 4 727 | 56 | 0.34 | 0.58 0.000 | 4 727 | 55 | 0.40 | 0.63 | 0.000
Benzoic acids 2 32 53 | 0.03 | -0.18 | 0.190 | 2 32 47 | 0.02 | -0.15 | 0.300
Methoxybenzenes 8 191 43 | 0.58 | 0.76 0.000 | 12 191 44 | 0.62 | 0.79 | 0.000
Dimethoxybenzenes 6 54 50 | 0.32 | 0.57 0.000 | 6 54 46 | 042 | 0.64 | 0.000
Phenoxy compounds 7 202 | 42 | 053 | 0.73 0.000 | 9 202 | 41 | 052 | 0.72 | 0.000
Styrenes 4 64 29 | 0.15 | 0.38 0.041 | 4 64 30 | 0.08 | 0.28 | 0.139
Benzopyrans 9 354 | 42 | 0.42 | 0.65 0.000 | 12 354 | 39 | 055 | 0.74 | 0.000
Chromones 6 246 | 23 | 0.21 | 0.46 0.026 | 6 246 | 24 | 0.27 | 0.52 | 0.009
Anisoles 17 399 | 57 | 054 | 0.73 0.000 | 21 399 | 56 | 0.54 | 0.74 | 0.000
Phenols 12 621 56 | 0.48 | 0.69 0.000 | 14 621 54 | 047 | 0.69 | 0.000
1-hydroxy-2-unsubstituted benzenoids | 15 604 55 | 0.46 | 0.68 0.000 | 19 604 53 | 045 | 0.67 0.000
1-hydroxy-4-unsubstituted benzenoids | 13 422 46 | 0.31 | 0.56 0.000 | 13 422 43 | 0.30 | 0.55 0.000
Resorcinols 2 66 28 | 0.19 | 0.44 0.020 | 2 66 30 | 0.22 | 047 | 0.009
Methoxyphenols 4 139 | 41 | 043 | 0.66 0.000 | 5 139 | 42 | 0.39 | 0.62 | 0.000
Lipids and lipid-like molecules
Eicosanoids 18 5 30 | 0.00 | -0.02 | 0.896 | 22 5 27 | 0.05 | 0.23 | 0.259
Fatty acids and conjugates 13 36 57 | 0.00 | 0.04 0.783 | 18 36 50 | 0.11 | 0.34 0.017
Hydroxy fatty acids 24 21 41 | 0.00 | 0.07 0.662 | 35 16 36 | 0.06 | 0.24 | 0.159
Long-chain fatty acids 21 23 39 | 0.00 | -0.07 | 0.676 | 30 10 34 | 0.00 | 0.05 | 0.794
Organic acids and derivatives
Carboxylic acids and derivatives 2 474 65 | 0.02 | 0.14 0.278 | 2 474 55 | 0.04 | 0.19 0.155
Methyl esters 2 35 44 | 0.00 | -0.02 | 0.884 | 2 35 42 | 0.05 | 0.21 0.175
Carboxylic acids 10 133 | 62 | 0.01 | 0.10 0.427 | 11 133 | 54 | 0.05 | 0.22 | 0.107
Dicarboxylic acids and derivatives 3 357 | 47 | 0.00 | 0.06 0.668 | 3 357 | 36 | 0.02 | 0.15 | 0.375
Monocarboxylic acids and derivatives 3 230 64 | 0.01 | 0.10 0449 | 3 230 55 | 0.02 | 0.13 0.357
Hydroxy acids and derivatives 1 57 42 | 0.03 | -0.18 | 0.254 | 1 57 34 | 0.00 | 0.05 | 0.770
Vinylogous acids 12 324 | 48 | 0.44 | 0.66 0.000 | 15 324 | 48 | 041 | 0.64 | 0.000
Organoheterocyclic compounds
Lactones 4 401 51 | 0.00 | 0.04 0.773 | 4 401 45 | 0.04 | 0.20 | 0.185
Oxanes 28 133 | 37 | 0.03 | 0.18 0.291 | 29 133 | 31 | 0.06 | 0.25 | 0.182
Pyrans 4 237 | 46 | 0.29 | 0.54 0.000 | 4 237 | 44 | 037 | 061 0.000

indicates the number of CHO precursors included (>0 hits OR >0 matches).
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Table S-21. Continued.

Soil porewater DOM

Suwannee River NOM

Class Am's | Hits | n R? r p Am's | Hits | n R? r p
Organooxygen compounds
Acryloyl compounds 11 48 39 | 017 | 0.41 0.009 | 13 48 40 | 0.19 | 0.44 | 0.005
Alcohols and polyols 18 452 | 68 | 0.00 @ 0.06 0.644 | 19 452 | 58 | 0.02 | 0.14 | 0.292
Secondary alcohols 24 303 | 53 | 0.00 | -0.07 | 0.639 | 25 303 | 45 | 0.00 | 0.00 | 0.984
Polyols 24 201 50 | 0.00 | -0.03 | 0.829 | 24 201 44 | 0.00 | -0.02 | 0.905
Carbohydrates and carbohydrate conjugates | 28 130 35 | 0.12 | 0.34 0.045 | 29 130 30 | 0.21 | 0.46 0.010
Glycosyl compounds 23 123 | 26 | 0.09 | 0.30 0.136 | 25 123 | 23 | 0.13 | 0.36 | 0.094
Hexoses 14 104 | 19 | 0.01 | 0.10 0.678 | 13 104 | 16 | 0.07 | 0.26 | 0.326
Carbonyl compounds 4 512 65 | 0.00 | -0.04 | 0779 | 4 512 56 | 0.02 | 0.13 0.358
Aryl ketones 4 312 | 30 | 0.15 | 0.38 0.037 | 4 312 | 33 | 0.12 | 0.34 | 0.051
Ethers 7 595 | 57 | 0.22 | 047 0.000 | 7 595 | 52 | 0.26 | 0.51 0.000
Alky! aryl ethers 15 508 | 56 | 0.58 | 0.76 0.000 | 18 508 | 55 | 0.54 | 0.73 | 0.000
Phenylpropanoids and polyketides
Phenylpropanoids and polyketides (gen.) 12 308 | 42 | 0.39 | 0.62 0.000 | 13 308 | 40 | 0.33 | 0.57 0.000
Cinnamic acids and derivatives 1 37 22 | 0.07 | 0.26 0242 | 1 37 26 | 0.01 | 0.12 0.552
Linear 1,3-diarylpropanoids 13 51 39 | 055 | 0.74 0.000 | 15 51 42 | 046 | 0.68 | 0.000
Flavonoids 2 96 25 | 0.26 | 0.51 0.009 | 2 96 24 | 0.37 | 0.60 | 0.002
Flavans 1 75 13 | 0.03 | 0.17 0.580 | 1 75 13 | 0.00 | 0.04 | 0.895
Flavones 2 52 28 | 0.13 | 0.36 0.062 | 2 52 30 | 0.13 | 0.36 | 0.048
Hydroxyflavonoids 2 79 24 | 0.25 | 0.50 0014 | 2 79 24 | 040 | 0.64 | 0.001
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Figure S-1. Overview of reference compounds used in the study (more information in Table S-2). Colors of the
compound IDs refer to the five groups of compound structures analyzed: Group A (black, #1 — #3), Group B (olive,
#4 — #6), Group C (blue, #7 —#9), Group D (orange, #10, #11), and Group E (red, #12 —#14). Groups A and B contain
only one aromatic ring and differ in the presence of functional groups (A: mainly carboxyl, B: mainly methoxy).
Group C contains larger structures containing at least two ring structures from fused subunits (#7, quinic acid, and
caffeic acid; #8, two gallic acid monomers; #9, coumaric acid, two gallic acid units, and glucose). Group D contains
two flavan-3-ol structures, and group E contains three flavonoids with structurally similar but slightly differing flavon-
3-ol structures linked to sugars (glycosides).
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Figure S-2. Error assessment of reference compound Am’s (deviation between measured Am and exact Am), as
predicted by the precursor’s molecular formula and its respective product ions. Relative errors become large when the
mass difference is small.'8
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Figure S-3. Distribution of exemplary known structures in chemical space of a) atomic ratios of H and C vs. O and C
(Van Krevelen plot) and b) H/C ratio vs. molecular weight. Note that the ordinate is the same in both panels. Three
groups of structurally different compound classes from the KEGG database (grey diamonds, tannins, n = 55; blue
squares, flavonoids, n=452; and red triangles, phenylpropanoids, n = 185) are depicted for comparison with reference
compounds used in this study (black dots, n=14). Grey boxes in panel a indicate structural domains reprinted from
Minor et al. (2014)%: 1 — Condensed hydrocarbons, 2 — Lignin or carboxyl-rich alicyclic molecules (CRAM), 3 —
Tannins, 4 — Lipids, 5 — Protein-like, 6 — Aminosugars, 7 — Carbohydrates.
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Figure S-4. Orbitrap tandem MS of soil porewater DOM. a) Detail of the initial MS! DOM spectrum. The scan range
was m/z 120 — 1000. b) Non-fragmented isolated precursor ion mixture (IPIM) @ m/z 301 (NCE 0; see detail in panel
h). No ions at other m/z values were detected (inset; lower mass range < m/z 200, ~20fold enlarged). ¢) Tandem mass
spectrum (MS?) of IPIM @ m/z 301 obtained at NCE 25 and similar inset as in b). Panels d — h) Isobaric detail (exact
mass) of four product ion clusters at NCE 25 (d — g) and the initial IPIM @ m/z 301 (NCE 0, 44 precursor ions). Four
peaks in h) were assigned the molecular formulas C;sH1007, CisH140s, C13H1303s, and Ci7H;30s5 (in order of increasing
exact m/z). For those ions, neutral losses are indicated by arrows between isobars (301/ 257, green; 301/ 151, blue,
and 301/ 139, red). The respective nominal Am of 44 (green, panel g), 150 (blue, f) and 162 (red, €) can be assigned
to exact Am’s of product ions, such as neutral losses of CO; (a common, non-indicative Am, 3 out of 27 matches to
IPIM at m/z 301 shown), CgHeO3 (an indicative Am equivalent to a retro-cyclization loss from flavonol-type-
molecules, 3/ 4 matches shown) and CsH10Os (indicative Am equivalent to neutral loss of glucose unit, 1/ 2 matches
shown). Product ions at m/z 123 (d) had absolute intensities (ion abundances) of 20, 40, and 90, equivalent to signal-
to-noise ratios of ~ 7, 13, and 30; the signals were stable in time and detected in repeated measurements. Exemplary
peaks that were considered noise are marked with an asterisk (*) in panels e and f.

34



Literature delta masses n =54
(0 14 Refs delta masses n=55

H
(=)

m/z 241 m/z 301 m/z 361 m/z 417
NCE 15 36% 2% 38% 5% 48%% 41% %
Nypia=64 Mota=93 Nip=106 Nigra=120
NCE 20 39% | 44% 17% 30% 8% 34% % 61% 6%
Nioi=132 M= 223 Niom=245 Pio=271
NCE 25 33% P% 30%| 40% | 30% 34% 6% 29% 8%
Ny =197 Nyta =288 N =316 Niga=378

Figure S-5. Comparison of matches to the two short Am lists (Table S-6, Table S-7) in relation to nominal mass
(m/z) and normalized collision energy (NCE 15 — 25) in soil porewater DOM, shown as Venn diagrams. niotal
designates the total number of Am matches at each NCE stage for each IPIM (isolated precursor ion mixture).
Percentages indicate the relative amount of unique or shared (overlap) matches between both lists. Note that Venn

circles on top designate overlap in terms of the absolute number of Am’s between lists. Not all Am features were found
in DOM.

35



319

320
321
322
323
325
326

327

40 350

a) b) U
35 ®
® 14 Refs ° .: 300 | o SIRIUS o« |0
® DOM literature °
30 ° 250 . .
%5 ] [7,]
v 25 . v ° °
S S 200 ®eee o
£ 20 ° = R*=0.1476 T @®%
£ N E 150 o * %0,
° W e o
E 15 °® E ® ®
g < 8 %/ o
R2=0.7084 % 100 e ¢ o0
10 : 4 v 9
. o'.: See | @
5 50 e .o.q S 20
@
1 \ P8 e
0 R? = 0.6848 0 7 X
10 100 1000 10000 100000 10 100 1000 10000 100000
log initial ion abundance (NCE 0) log initial ion abundance (NCE 0)

Figure S-6. The number of Am matches in relation to the log initial ion abundance of the precursor in soil porewater
DOM; matching against a) lists of literature-known DOM Am features (brown, Table S-6), reference compound-
derived Am’s (“14 Refs”, blue, Table S-7, including eight shared Am features present also in Table S-6), and b)
SIRIUS list of Am features. Note the different scale in matching between panels a and b. All precursors across the
four IPIMs (n=159) are shown. Regression curves are linear fits (note log scale). In contrast, measures of
fragmentation sensitivity were a poor predictor of the number of matches (Figure S-7).
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Figure S-7. The number of matches in relation to soil porewater DOM precursor fragmentation sensitivity, expressed
as ion abundance loss (upper panels a and b, % change in ion abundance between NCE 0 (non-fragmented) and NCE
25) and half-life NCE, i.e., the NCE level at which initial ion abundance has decreased by 50% (obtained by linear
fits; lower panels ¢ and d). Panels a and ¢ show matches against literature-known DOM Am’s (brown, Table S-6) and
against Am’s observed in reference compound data (“14 Refs”, blue, Table S-7) and panels b and d show matching
against a larger list of SIRIUS Am features (available in the openly available datasets, see introduction of this
document). Fragmentation sensitivity is a poor predictor of match number, but obviously, a precursor needs to
fragment to some degree in order to indicate positive matches. Best fit-curves are linear regressions.

37



2

100 =
90 s All
80 T T B .[ m CHO
o 70 uCHNO
(o))
& 60 CHOS
T 50 m NoRefs
S 40
o 30 ¥
20
iT
0 | | L O| USSR FUC PRI P Y
b) C H (0] N S P Cl Br | F
100 5 ———
90 i I All
80 T 5T mCHO
o 70 “' B CHNO
o
& 60 CHOS
% 50 u NoRefs
£ 40
@ T
o 30 I
20
10 1 i . . Ti
0 F [ISFAS] FFSE 1 FIOE| N
C H @] N S P Cl Br | F

Element

Figure S-8. Matching against the SIRIUS list of Am’s for a) soil porewater DOM and b) SRNOM. Results show the
average 1/- standard deviation of the precursors (159/221 peaks in total, 127/ 144 with an assigned molecular formula,
respectively). The figure shows the relative number of Am’s containing ten elements, divided into five sets of features
(colored bars): All precursors (,,All“, grey), precursors only assigned with a formula containing elements C, H and O
(,CHO", black), precursors with an assigned formula also containing nitrogen (,,CHNO*, blue) or a sulfur atom
(,,CHOS*, orange), and precursors with no molecular formula (“NoRefs”, green). As expected, elements C, H, and O
were part of nearly all matched Am’s, reaching > 80% coverage. N-and S-containing Am’s, although only present in
~30% and ~10% of all matches (grey bars), showed highly consistent matching to CHNO (blue bars, >90% coverage)
and CHOS formulas (yellow bars, ~ 60-80% coverage); likewise, CHO-only formulas indicated no matching to N-
and S-containing Am’s (black bars in “N” and “S” columns). Elements Cl, F and P and were the main additional
elements found to match (but not Br, I). As expected from the literature, less than two percent of peaks indicated
matching to P-containing Am’s, but Cl- (5-10% of all precursors) and F-containing (2-5% of all precursors) peaks
were predicted especially for non-assigned peaks (green bars in “C1” and “F” columns). The detection of these Am’s
offers a way to evaluate the reliability of the formula assignment procedure (which did not include elements CI, F and
P). The matching of P- and Cl-containing Am’s can be explained in two ways: 1) by the presence of precursors without
an assigned formula (green bars). For example, the three non-assigned features m/z 301.0485/ 301.0120/ 240.9910
matched to 18/22/ 7 P-containing and 38/ 22/ 11 Cl-containing Am’s. Mass 241.0249 matched to two Am’s containing
both Cl and F (fluorine; CH2CIF3 = 105.979712 Da, and C2H2CIF30 = 133.974627 Da), which may indicate the
presence of a Cl- and F-containing precursor ion. All in all, the matching revealed that most non-annotated peaks were
combinations of N- and Cl- and to a lower degree also S- and F-containing formulae. 2) Unresolved elemental
compositions (e.g., Cl- and S-containing formulas, i.e., yellow bars in “CIl” and “F” columns) can also contribute to
ambiguity: For example, many CHOS-assigned precursors at IPIMs 417 and 361 matched to the Am of C2HCIN2
(87.982826 Da). A closer look at the potential molecular formulas at their exact m/z with MIDAS Formula Calculator
(v.1.2.6, National High Magnetic Field Laboratory, Tallahassee, United States) revealed the presence of a series of N-
and Cl-containing formulas within = 0.5 ppm distance. The series overlapped with the CHOS formulas by a common
exchange (C407 vs. HSN4S2Cl, 0.08 ppm distance, nominal mass 160), which is hard to resolve even by FTICR-MS
instruments. All in all, we found that CHOS assignments were most affected by this (up to 15% of matches), indicating
potential unresolved formulas containing mainly the elements N, Cl and F.
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Figure S-9. Changes in Am matching frequency upon widening of tolerance window. Match frequency of non-
indicative Am’s (Table S-6) spanning a mass range from 2 — 193 m/z. Data for each of the four IPIMs is presented
(colors, see legend) along with the total number of precursors “n(p)” and the total number of matches across these
precursors “n(m)”. Small numbers below bars indicate absolute numbers of matches (average across all precursors of
the respective IPIM). Error bars are +1SD across all precursors. Match frequency was then plotted vs. mass tolerance
bin (x-axis), indicating how many percent of matches were found in each bin, starting from the exact Am (exact mass
to four digits). The tolerance bin was increasingly widened, and the number of additional (“novel”) matches — i.e.,
those not detected at narrower bin size — was monitored. The plot shows that the majority of matches to non-indicative
Am’s were found within the applied tolerance window (+ 0.0002 Da). It also shows that outside of this window, the
matching frequency drops close to zero, indicating a low match rate in terms of detecting false positives, even when
widening the tolerance bin to £0.001 Da. Note, the analysis of each precursor ion also included a number of Am’s
showing no matches within the + 0.0002 Da tolerance window (often the majority; however, we only used precursors
here that showed at least seven Am matches, which translates into a maximum of 47 negative “hits”, number of Am’s
in the non-indicative list = 54). Also for those Am’s not matched within the applied tolerance window of + 0.0002 Da,
we found no novel (additional) matches in the widened tolerance bins (data included in the figure), indicating that the
Am approach is selective to losses that make chemical sense: We would expect random matches if the calculated Am’s
were derived from noise and not from an inherently structured biogeochemical signal. It also indicates that the peaks
of interest are adequately resolved.
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Figure S-10. Link between matches to Am features CH3®, CO and C>Hs4 and the occurrence of CHy vs. O exchange
series on the precursor (upper row of molecular formulas, here shown for precursors at m/z 361 in SRNOM) and
product ion level (mid and lower row of molecular formulas). Two CHs vs. O product ion series (#1 and #2, yellow
bands) are linked by concurrent losses of CO (red dashed arrows) and C>H4 (green arrows) to two product ion series
at m/z 333 (#3 and #4) and by parallel losses of CH3* (black dotted arrows) to two smaller product ion series at m/z
346 (#5 and #6). Undetected members of the CH4 vs. O exchange series are shown additionally in grey (black crosses
indicate missing Am match due to undetected precursor or product ion).
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Figure S-11. Am match distributions of structural class-related SIRIUS Am features in Van Krevelen space. Dot size scales differently between different classes
and is just shown to highlight putative centroids of each domain. Density lines show approximations of domain boundaries. Class correlations of Am features were
obtained by classifying host strcutures in the SIRIUS database by Classyfire. Left columns (panels a-f) show CHO precursor matching, right columns (panels g-i
and j-1) show matching to CHOS and CHNO precursors, respectively. Left plots in each column visualizes soil porewater DOM data and right plots show Suwannee
River NOM data. Structural classes shown are a) Carboxylic acids, b) Flavonoids, c) Phenylpropanoids and polyketides, d) Fatty acids, ¢) Carbohydrates, f) Pyrans;
g) Dialkylthioethers, h) Sulfonyl compounds, i) Benzensulfonyls; and j) Amino acids, k) Phenethylamines, 1) Aralkylamines. Tables below each column show
exemplary matching statistics of two CHO precursors and one CHOS and CHNO precursor, and highlight the potential ”"mixed” molecular composition of a
precursor. Structural classes given are just a selection and do not add up to 100%; in fact, Am features can be significantly correlated with more than one structural
class, and thus each % contribution (relative importance based on total number of Am matches per precursor) of a class can be interpreted as an independent

property.
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Figure S-12. Effect of mass defect on the number of structure suggestions across both samples. a) Average number
of structure suggestions from natural product databases (“NP”, including including DNP?3, KNApSAcK?’, Metacyc™,
KEGG?*!, and HMDB?) and in-silico databases using predicted enzymatic transformation products of NP structures
from the MINEs database (“NP+1S”).3* The numbers of molecular formulas in each mass defect class are given below
bars; error bars represent one standard deviation (negative standard deviation not shown). In-silico querying helped to
increase numbers in potential structure suggestions. Formulas with low mass defects showed little hits in all databases
considered, in agreement with earlier reports.>* b) Percentage of precursors in CHO, CHOS and CHNO formula
classes without structure suggestions, depending on their mass defect class. Only the NP+IS set (see panel a) is shown.
Absolute numbers of members of each formula class (i.e., representing 100% of that bar) are given below each bar in
the corresponding color. The higher the mass defect, the lower the proportion of molecular formulas not covered by
structural suggestions. However, especially S- and N-containing precursors stand out with an absolute total of 45%
(CHOS, n=19) and 42% (CHNO, n=16) of precursors with no structural suggestion even after in-silico extension of
NP database suggestions by known enzymatic transformations, compared to only 25% (n=21) of CHO precursors.
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Note S-1. Supplementary experimental details

Reference compounds and reagents. We chose a set of 14 aromatic reference compounds as representative plant
metabolites in DOM (Figure S-1). All compounds (Figure S-1) were first dissolved in one ml of ultrapure MeOH
(BioSolve BV, Valkenswaard, the Netherlands; amounts given in mg in Table S-1) and kept at -18 °C upon further
use. One ml ultrapure water (MQ, 18.2 MQ*cm @ 25°C, Merck Millipore, Burlington, MS, USA) was added to each
stock and thoroughly mixed. In the case of Ellagic acid (#8), 100ul DMSO (Dimethylsulfoxide) were added to the
stock to aid in dissolution and vortexed for 15 min at 45°C. Afterward, the stock solution was centrifuged for 1 minute
at 17500 rcf (Hermle Z233 MK-2, Hermle Labortechnik GmbH, Wehingen, Germany). Stocks were diluted (50%
MeOH in ultrapure water) to a final concentration of 20 - 200 mg-C/L and kept at 4°C before analysis. The reference
compounds can be grouped according to their structural properties: Groups A and B contain only one aromatic ring
and differ in the presence of functional groups (A: mainly carboxyl, B: mainly methoxy). Group C contains larger
structures containing at least two ring structures from fused subunits (#7, quinic acid, and caffeic acid; #8, two gallic
acid monomers; #9, coumaric acid, two gallic acid units, and glucose). Group D contains two flavan-3-ol structures,
and group E contains three flavonoids with structurally similar but slightly differing flavon-3-ol structures that were
also linked to sugars (glycosides).

Orbitrap tandem MS analysis of reference compounds. We infused the reference compound solutions directly into
the ESI (electrospray) source of an Orbitrap Elite (Thermo Fisher Scientific, Bremen).*> The ESI was operated in
negative mode, and solutions were infused at a flow rate of 10 ul/ min. We optimized the Orbitrap response for each
substance by tuning sheath and aux gas flows (N,), spray voltage, S-Lens RF, and the ESI needle position to obtain
high-quality Am features. The scan range was chosen depending on the precursor ion m/z. The remaining instrument
settings were left unchanged for all compounds (Table S-2). We performed collision-induced dissociation (CID)
experiments at three normalized collision energy levels (NCE 15, 20, and 25%). MS3 spectra of selected key product
ions were acquired in some cases (aglycons of flavonoids #12 and #13). After recalibration with known product ions
(Table S-3), all major product ion peaks were annotated with a molecular formula. We annotated molecular formulas
by a Matlab routine recently incorporated into an openly available FTMS data processing pipeline.3® We removed
peaks that occurred only once across the normalized collision energy (NCE) gradient or showed a maximum absolute
intensity below 1E3 across all tandem mass spectra. Higher-energy collision induced dissociation (HCD) MS? spectra
were included to confirm low-m/z CID product ions. Ion abundance was normalized to the intensity of the base peak
of each mass spectrum (fragment spectra described in Table S-4). Fragmentation spectra were evaluated with SIRIUS
4.0'2 and CSI:FingerID"? for quality control and interpretation (Table S-5). We calculated Am's between the precursor
ion (always [M-H]- ions, except compound #6, M-e) and all product ions. Separate lists were created for each NCE
level. To exclude unique but less important Am's from our analysis, we derived a list of those features (n=55) that
were 1) either related to a fragment with a minimum relative intensity (base peak) of 1% or 2) detected more than
once across the 14 reference compounds (Table S-7). Eight of these Am's also belonged to the list of literature-known
features found ubiquitously in DOM, e.g., the losses of CO, and H>O. 1192137 These were kept as part of the reference-
compound derived Am feature list for completeness. The comparison of measured to predicted Am features by
molecular formula allowed us to assess assignment errors in our dataset. Above Am values of 75 m/z, the error between
them was below one ppm (Figure S-2). As expected, the error peaked at ~5 ppm at a very small Am range of 15 — 30
m/z.

Processing of tandem MS data: Reference compounds. Raw data were acquired in LTQ Tune Plus 2.7 and
processed and exported as an average mass spectrum from Xcalibur (both Thermo Fisher Scientific, Waltham, MA,
USA). They were then transformed into mzML format with MSconvert from the Proteo Wizard software package>®
and further processed by the software tool mmass.** Peaks were picked at a minimum absolute intensity of 100 and
80% peak height in mmass. We recalibrated the mass spectra by the known exact mass of the precursor ion and
plausible product ions at lower m/z to improve mass accuracy of unknown product ion peaks and the derived Am
values. Calibrant ion identity was checked for plausibility by a threefold confirmatory approach: 1) Suggested
molecular formula in MIDAS (Formula Calculator v.1.2.6, National High Magnetic Field Laboratory (NHMFL),
Tallahassee, USA) based on exact mass and wide elemental constraints; 2) Predicted fragmentation products in Mass
Frontier 7.0 (Thermo Fisher Scientific); and 3) Reports of fragment identity (molecular formula and structure) from
the literature (see references and calibrant ions specified in Table S-3). Alignment of fragment mass spectra and
molecular formula annotation was achieved via a Matlab routine that is now openly available.3® The settings for
formula annotation were as follows: Minimum allowed H/C ratio, 0.3; maximum allowed O/C ratio, 1; minimum
allowed double bond equivalent (DBE), -0.5; charge, -1; min #C, 1; min #H, 1, min #O, 1. The error of most annotated
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formulas was within + 0.5 ppm; the maximum tolerance allowed was £1 ppm. The upper elemental boundaries for
fragment annotation were determined by the reference compounds’ neutral molecular formula. Assignments were
rechecked with MIDAS, especially the presence of radical anions.

DOM samples. We chose a forest topsoil pore water isolate*® (Figure S-4) and Suwannee River Natural Organic
Matter*' from the International Humic Substances Society (IHSS) as exemplary DOM samples for our analysis. The
porewater sample was initially taken in early November 2005 from a sintered glass suction plate system installed in 5
cm soil depth at a long-term monitoring site in a ~50-year old spruce (Picea abies) forest site at Wetzstein, Germany
(50°27° 13” N, 11° 27> 27" E)***%, and immediately freeze-dried for storage. The DOM sample was reconstituted in
acidified ultrapure water (pH 2, hydrochloric acid, p.a.) to a final concentration of ~ 3 mg-C /L and solid phase-
extracted (PPL cartridges, modified styrene-divinylbenzene polymer, BondElut, Agilent, CA, USA) according to a
published protocol** at a PPL/ DOC ratio of ~ 1400. SPE-DOM was eluted in MS grade methanol and stored at -20°C
until further analysis. The extraction efficiency was 86.9 + 1.4% on a carbon basis (arithmetic mean + standard
deviation, n=3). SRNOM was obtained as a powder from IHSS and reconstituted in ultrapure water to obtain a stock
solution of 35.8 £ 3.3 mg-C/L (arithmetic mean + standard deviation, n=3) that was then extracted like the soil
porewater isolate. Extraction efficiency of the SRNOM sample was 79.3 + 5.3% on a carbon basis (arithmetic mean
+ standard deviation, n=2).

Orbitrap tandem MS analysis of DOM. DOM precursors group naturally into precursor ion mixtures (herein called
isolated precursor ion mixtures, "IPIM", plural "IPIMs") within -0.05 and +0.35 Da of an integer m/z.*> We chose four
IPIMs that span the range of maximum ion abundance typically observed in terrestrial DOM samples for fragmentation
(m/z 241, 301, 361, and 417).3° Each IPIM of the soil porewater isolate contained a potential tannic forest marker
described earlier®, as based on the H/C and O/C atomic ratios of the respective molecular formulas (monoisotopic
masses of [M-H] ions are given in brackets): CoHeOs (m/z 240.9990), C11H19010 (m/z 301.0201), C13H14012 (m/z
361.0413) and Ci5H14014 (m/z 417.0311). The isolation window of the front-end linear ion trap in the Orbitrap Elite
was set to 1 Da to isolate a single IPIM. We collected 150 scans per fragmentation experiment (50 in SRNOM data)
and ran every experiment twice. We only considered precursor and product ions detected in both replicate
fragmentation experiments to exclude potential false-positive signals.* We did not observe product ions in the mass
defect region between +0.35 and +0.95 m/z. The ultrahigh resolution and mass accuracy allowed us to link individual
molecular formulas of precursor and product ions, i.e., to deconvolute the data and obtain each individual precursors’
Am matching “profile”.

Processing of tandem MS data: Unknown DOM precursors. The DOM samples were injected at a concentration
of 100 mg-C/L into the above described Orbitrap Elite system. The DOM sample was injected at a five-fold higher
carbon concentration than in preliminary studies®*>*’ to compensate for the low concentration of individual compounds
and increase sensitivity in tandem MS experiments.*® The instrumental settings to create MS' data for precursor ion
isolation were similar to the method described before and yielded a similar response. All tannic marker signals from
the previous study*’ were also found by the Orbitrap in soil porewater DOM, in line with results reported elsewhere.?
The parameters for the MS? experiments were the same as for the reference compounds if not noted differently (Table
S-2). The scan range was adapted to the precursor ion mass. All other parameters were left as chosen in the initial
method.?® The raw data processing followed the same steps as described for reference compounds. Recalibration lists
were constructed from known molecular formulas of precursor ions and ubiquitous non-indicative neutral losses (i.e.,
multiples of CO», H,O, and CO losses, Table S-6)'71>2137 and applied to improve the mass accuracy of the derived
Am data.*’ The final exported peak lists were picked at an absolute signal intensity threshold of 10, equivalent to an
S/N > 3. Alignment of fragment mass spectra and molecular formula annotation followed the same routines and with
similar settings as described for reference compounds except that the elemental boundaries for fragment annotation
were: C, 1-40; H, 1-200; N, 0-4; O, 1-40; S, 0-2. For data cleanup, we first removed peaks that were only detected
once across all tandem mass spectra as they are prone to be noise. Molecular formulas with unlikely combinations of
heteroatoms (N24S and N».4S;) were classified as unassigned peaks, and if multiple formulas were proposed,
preference was given to the CHO formula.

Assessment of precursor ion properties. The fragmentation sensitivity (change in precursor intensity upon
fragmentation) and the number of matches to common mass differences (Table S-6) were checked on the single
precursor level in soil porewater DOM to assess differences between molecular formulas (m/z 241, Table S-9; m/z
301, Table S-10; m/z 361, Table S-11; m/z 417, Table S-12). We determined the fragmentation sensitivity in two
ways, as the relative (%) change in ion abundance at different NCE levels based on the initial values (non-fragmented)
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and as a “half-life NCE”, denoting a 50% decrease in initial ion abundance (derived from linear regression of ion
abundance data). This allowed us to relate properties such as the number of CO; losses to the initial ion abundance or
fragmentation sensitivity of the precursor and its molecular formula. We calculated commonly used molecular indices
from the molecular formula data, such as ion-abundance weighted averages of the number of atoms per formula (C,
H, O), the number of double bond equivalents (DBE), the aromaticity (Almop), or the nominal oxidation state (NOSC)
of the IPIMs. 232548

Collecting Am from reference data. We collected 249916 negative ESI reference spectra of 17994 unique molecular
structures from the GNPS*  (https:/gnps.ucsd.edu/), MassBank™®  (https://massbank.cu/), MoNA
(https://mona.fiechnlab.ucdavis.edu), and NIST (https://www.nist.gov/srd/) spectral libraries. Spectra were measured
on Orbitrap or Q-ToF instruments. While the molecular formula of the precursor ions was known, we putatively
annotated all product ions with SIRIUS (version 4.9).'? All molecular formula differences between the precursor ion
and the annotated product ions were collected. We report 11477 molecular differences and Am's that occur in at least
three different compounds. For some compounds there were multiple measurements; for normalization, we divided
the number of occurrences of each Am in each compound by the number of measurements for this compound. In a
next step, we annotated all reference compounds with compound classes using the ClassyFire webservice.’! For each
pair of compound class and Am, we performed a Fisher's exact test>? to check if the Am is specific for the compound
class. The p-values are multiplied with the number of compound classes (Bonferroni correction). For each Am we
then reported the top 15 compound classes with p-value above 0.001. We excluded compound classes which are non-
informative, namely, "Organic nitrogen compounds", "Organonitrogen compounds", "Organosulfur compounds",
"Organic oxygen compounds", "Organooxygen compounds", "Organic acids and derivatives","Lipids and lipid-like
molecules", "Chemical entities", and "Organic compounds".

Am matching and data analysis. We obtained the Am's of every combination of precursor ions and product ions,
yielding a Am matrix for each of the four IPIMs at three NCE levels (15, 20, 25) for the soil porewater isolate and one
NCE level (25) for SRNOM. To match sets of known Am's and DOM Am matrices, exact Am's were cut behind the
fourth digit. We matched DOM against three lists of known Am features: a) features ubiquitously found in DOM as
reported in the literature (Table S-6), b) features from a set of 14 selected aromatic reference compounds (Table S-7,
Figure S-1) that could represent structural features of plant-derived DOM molecules, and ¢) 11477 Am features from
the 249916 reference compound spectra annotated by SIRIUS as described in the previous section. The tolerance for
a positive match with the DOM Am matrix was set to = 0.0002 Da (2 ppm at 200 Da), thereby roughly accounting for
the mass error of two m/z measurements (precursor and product ion). We assessed the probability of a false positive
match and accounted for molecular formula constraints to evaluate our approach's validity. To analyze patterns of
matching frequency, we visualized precursor formulas in Van Krevelen space.’* We compared individual matching
profiles of reference compounds and DOM precursors to evaluate the potential identity of underlying unknown
structures by two-way hierarchical clustering using Ward's method and Euclidean distance in PAST (v3.10).3
Clustering was also visualized by ordination (PCA) in the same software environment. Precursors that only matched
to literature-known (ubiquitous) Am's were disregarded from the multivariate analysis, but were considered in separate
analyses focusing on N- and S-containing precursors and those containing only carbon, hydrogen and oxygen (CHO).
The matching data was then combined for each NCE level and transformed into presence/ absence format. To evaluate
the predicted potential structures of DOM precursors based on their matching with compound class-associated Am
features, we assessed structure suggestions as an independent source of structural information. We assessed structure
suggestions from different natural product databases, including Dictionary of Natural Products?®, KNApSAcK?,
Metacyc®®, KEGG?!, and HMDB.* Additionally, we also included in-silico suggestions based on known natural
product structures and their potential enzymatic transformation products based on the MINEs database.?* The InChi-
Key of structures was used to exclude stereoisomers and classify structures into major scaffold types by ClassyFire.>"!
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Note S-2. Detailed description of reference compound fragmentation behavior

General note on COz loss and CHa vs. O exchange. We observed CO; losses in nine reference compounds but this
was not limited to the presence of carboxyl functionalities (as in substances #1-3).5 Ring cleavage and rearrangement
reactions from neighboring hydroxyl or carbonyl/ keto functionalities also produced a neutral loss of CO» and did so
at similarly low collision energies as observed for carboxyl functions. For example, we observed CO; losses in
flavonoid aglycons (spiracoside 12*, and quercetin 13*, but not in myricetin 14*, MS? data not shown) or catechin
(10), and to a lower degree also in ellagic acid (8, originating from lactone functionalities).>>%1%1%36Regarding the
CH4 vs. O exchange that is commonly observed in DOM?, it is notable to report the observation that both methoxy-
phenols indicated a formal O vs. CHy insertion. lon abundance of the oxidized product was below 1% at NCE 0 and
increased to 2% (#5, m-Guaiacol) and 17% (#4, Creosol) at NCE 15. Am values were only calculatd for the non-
oxidized product ion. A significant link between losses of CO and C,Hs units also explained the appearance of regular
spacings of CH4 vs. O series in product ions (see section 3.4 in the main text, and Figure S-10).

Group A: Small carboxy-phenols (#1, #2, #3, black numbers in Figure S-1). A dominant CO, loss characterized
the three small carboxy-phenols (#1 Vanillic acid, #2 Hydroxy-cinnamic acid, #3 Gallic acid). Vanillic acid (1) showed
two major loss patterns. The precursor ion initially lost either the methyl radical from its 3-methoxy group (loss of
15.0235 Da) or its carboxyl group (-CO,, -43.9989 Da), leading to product ions m/z 152 or 123. The subsequent loss
of the methyl radical from product ion 123 produced a minor signal at m/z 108. The 4-hydroxy-function was not
affected by fragmentation. Another minor fragment at m/z 81 indicated a ring rearrangement reaction after the loss of
a CoH,O group from m/z 123. Hydroxycinammic acid (2) and gallic acid (3) behaved similarly to (1) in that they lost
the attached carboxyl group and that attached 4-hydroxy (2) or 3,4 and 5-hydroxy groups (3) were not affected by
fragmentation. The absence of a methoxy group (OCH3) in these structures seemed to limit possible fragmentation
reactions to the CO» loss as compared to substances 4, 5, and 6.

Group B: Small methoxy-phenols and methoxy-quinones (#4, #5, and #6, greyish numbers in Figure S-1).
Vanillic acid (#1) shared with members of group B the presence of a methoxy group, which gave rise to the loss of a
methyl radical (CHs*). The methoxy-phenols Creosol (#4) and m-Guaiacol (#5) both showed a major loss of a CH3
radical and a minor one with a mass difference of 28.0313 Da, being indicative of a C,H4 loss. As m-Guaiacol only
contains one methoxy group, the mechanism leading to their common C,Hy loss is probably related to a ring-opening
reaction involving the loss of a dien (H,C=CHy). Similar to 1, also a C;H>O loss was observed directly from the
precursor ion of 4 (but not 5), leading to a minor fragment at m/z 95; this could indicate that the proximity between
attached hydroxyl and methoxy groups governs the formation of this fragment as they were in neighboring positions
in structures 1 and 4 but not in 5. Structure #6 (2,3-Dimethoxy-5-methyl-1,4-benzoquinone) showed two subsequent
losses of methyl radicals from its neighboring 2- and 3-methoxy groups but no loss of a CO unit as expected from the
literature.’® As the precursor itself formed a radical anion, the first product ion at m/z 167 was a regular ion. A
subsequent abstraction of a methyl radical then led to the formation of a new radical anion at m/z 152. MS? experiments
with product ion 167 also showed the formation of the m/z 152 ion but also showed a competing (minor) loss of CO
(product ion m/z 139), possibly from the “free” oxygen of the former methoxy group.

Group C: Linked carboxy-phenols (#7, #8, and #9, blue numbers in Figure S-1). Group C was mainly
characterized by cleavage of ester bonds (e.g., loss of quinoyl or caffeoyl moieties from #7). The intramolecular
lactone bonds in ellagic acid (#8) were, in contrast, exceptionally stable upon fragmentation and yielded rich product
spectra only at higher relative NCE (> 25), featuring indicative CO losses®®, but also losses of CO; as noted above.
Chlorogenic acid (#7) is the ester of caffeic and quinic acid (here, cis-3-O-caffeoylquinic acid). It was relatively
unstable upon collision with N, and nearly fragmented to completeness at NCE 20, yielding one major product ion at
m/z 191. Two initial losses occurred, with the balance being shifted to the loss of the caffeoyl moiety (quinic acid ion,
[M-162-H], producing the major product ion at m/z 191) and a subsequent H>O loss (minor product ion at m/z 173).
In line with previous observations'#, the initial loss of quinic acid from the precursor was not as dominant (caffeic
acid ion, [M-174-HJ, at m/z 179) and showed subsequent minor losses of CO, (m/z 135) or H2O (m/z 161). Ellagic
acid (#8), the dilactone of gallic acid (3), showed remarkable stability and only yielded minor product ions at NCE
20. Rich product ion spectra were only obtained at higher energies (NCE 30-40), which were not applied to DOM in
this study. The structure fragmented in a diverse set of consecutive “CO-loss series”, starting with, for example, a
direct abstraction of CO from the precursor ion (product ion m/z 273), or the loss of a CO; group (m/z 257), all being
somewhat related to the internal lactone structure. In total, seven of those series were predicted by SIRIUS 4.0 through
several combinations of CO, H, OH, CO,, or H; losses, all leading to the opening of the four-ring structure. Water
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losses were predicted to stabilize fragments and competed with CO losses (Figure S-13). The main neutral losses of
two CO units and a CO; unit yielded the known major product ions detected (besides m/z 257) at m/z 229, m/z 201,
and m/z 185.2%The minor ion at m/z 145 was predicted to originate from a chain of one initial CO, loss and four
consecutive CO losses. The major losses from structure #9 (6-o0,p-Coumaryl-Di-galloyl-glucose) were the complete
abstractions of the coumaryl subunit (-164 Da, CoHgO3) and galloyl unit (-170 Da, C;HOs), leading to both major
product ions at m/z 465 and 459. Incomplete loss of the coumaryl (-146 Da, CoH¢O») or galloyl unit (-152 Da, C;H4O4)
were also observed (retention of oxygen at the core structure), the former only in HCD mode. This incomplete loss
was also observed at product ions m/z 459 (losing an incomplete galloyl moiety) and 465 (losing the incomplete
coumaryl moiety), yielding the same product ion at m/z 313.

Group D: Flavanol-related structures (#10 and #11, orange numbers in Figure S-1). Compounds #10 and #11
(group D) shared a CsHsO3 loss (unmodified A ring in #10, abstraction of trihydroxy-benzene from gallate unit in
#11).8%Catechin (#10) had the most diverse product spectrum among all compounds investigated, including some
indicative Am's of retro-cyclization reactions (fragments at m/z 205, 203, 179, 151, 125, and 109, Table S-5).5%5! The
CID mass spectra of Catechin (#10) were composed of a high number of product ions already at rather low normalized
collision energies of NCE 15. The fragmentation began with an initial loss of H,O leading to a product ion at m/z
271% or, the more dominant reaction, with an initial CO loss to yield the product ion m/z 245.% The exact mechanism
of the CO; loss is debated®® but seems to involve the rearrangement of the structure which contains no peripheral
carboxy! functionalities. Further main product ions were found at m/z 205 and 203, 179, and additional ones at m/z
151 and 125. The product ions 205 and 203 have been reported as products of cleavage of the A ring of the Catechin
structure.® Fragmentation tree prediction by SIRIUS 4.0 indicated an initial C30; loss as the starting point of this
reaction. The product ions at m/z 179, 151, and 125 are predicted downstream fragments from m/z 205 after further
losses of CoHa, CO, and C,H> units. The remaining product ion at m/z 125 is likely a phloroglucinol unit (CsHsO3).
Compound #11 (Epigallocatechin Gallate, EGCG), containing a flavan-3-ol subunit, resembled especially #9 through
the presence of a gallate subunit that produced similar Am's: An incomplete galloyl loss with retention of H,O
(C7H404), a galloyl loss (C7HOs), or a combined galloyl and H>O loss (C7HgOgs); these Am’s were thus chosen as
markers of a (potential) gallate loss in DOM. Much similar to 10, also EGCG was characterized by initial losses of
H,O or CO,. The SIRIUS 4.0 fragmentation tree predicted that the CO; loss is the one that leads to further downstream
fragments, with a further dominant loss of a CsHeO unit leading to the first dominant product ion at m/z 331, being
indicative of a C¢HsO3 loss (benzene-triol originating from ring A, B or the gallic acid substituent, GAL).® Due to the
proximity of phenolic hydroxyl groups at ring B and the GAL unit, it is likely that the initial CO, loss starts there.
Another branch of the tree connects the initial CO> loss to subsequent CsH4O, and H>O losses (a cumulative loss of
the GAL unit, -170.0215 Da), yielding product ions at m/z 305 and 287. This indicates the stepwise abstraction of the
linking CO» ester from the flavan-3-0l.® The lost gallic acid unit also forms a diagnostic fragment at m/z 169, similar
to the benzene-triol unit at m/z 125 (the latter only visible in HCD fragmentation mode).

Group E: Flavonol glycosides and aglycones (#12, #13, and #14, red numbers in Figure S-1). The flavonoids (#12
Spiraeoside, #13 Isoquercetin, and #14 Myricitrin) under study indicated the initial abstraction of their attached sugar,
as a neutral loss of 162 (12, 13, both glucose) or 146 (14, mannose), yielding the remaining aglycon flavonol structure
as the main fragment.'' The sugar moieties did not produce a compatible fragment ion. The sugar loss led to either an
anion or a radical anion aglycon. The ratios of both product ions differed among the three substances.* Substance 12
did only yield the anion form while substances 13 and 14 also produced the radical anion forms, with 14 producing
dominantly the radical anion (12, even-electron ion form of aglycon dominated; 13, equal; 14, radical anion (odd-
electron ion) form dominated). This effect has been attributed to the exact location of the glycosylation site.* This
effect also influenced the further fragmentation of the aglycon, which proceeded in 14 (less so in 13) but not in 12. A
further collision of the flavonol aglycon ion (m/z 301 of 12 and 13) led to the detection of diagnostic fragments at m/z
178.9986 and 151.0037 (and others at m/z 121 and 107), originating from a retro-cyclization reaction at ring C upon
loss of the B ring.!° This opens up a way to differentiate the flavonol structure from the flavanol structure (#10, present
also in substance #11), which yielded major product ions at close m/z locations (179.035 and 151.0401). The flavonol
aglycone structure also showed initial losses of CO, and CO from the C ring involving the carbonyl-O (position 4)
and hydroxyl-O (position 3) at the C ring.!%3
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Note S-3. Properties of selected IPIMs and behavior of non-responsive DOM precursor ions

The four chosen IPIMs differed in molecular composition (monotonic, significant, Pearson, p<0.05): Heavier [PIMs
were less aromatic (Almop) but more olefinic (DBE) and oxidized (NOSC) and more diverse in terms of precursor
and product ions (nmax = 44 and 491, respectively; Table S-8). Fragmentation was selective in terms of mass defect
across all IPIMs. With increasing NCE, the remaining mixture of precursors significantly decreased in mass defect,
O/C and NOSC, and increased in average DBE, DBE-O, and Almod (ion abundance-weighted averages; Table S-8),
which translates to a selective fragmentation of C=0 and C-C bonds vs. C=C bonds or ring structures. IPIMs also
became more similar in molecular composition upon fragmentation (i.e., average H/C, O/C, etc.; not shown),
suggesting common properties among precursors resisting fragmentation. This finding supports the view that DOM's
structure is based on a limited set of regular backbone structures with similar properties®®>"-¢4% but could also point
to similar rearrangements of remaining precursor structures upon NCE increase.

Single precursors showed zero or slightly positive changes in ion abundance with increasing collision energy in the
soil porewater sample. The respective formulas had an average O/C ratio of 0.19 and were of low initial ion abundance
(average, 100 a.i.), which at maximum doubled until the highest applied energies. The fraction of ion abundance of
these minor signals was equivalent to 0.5% of total initial ion abundance and thus negligible. Such effects are not
unexpected, as ion detection might be hampered by space-charge effects in the Orbitrap cell.®® However, the small
change in abundance of single signals documents that those effects were negligible in our analysis and affected only
a group of minor signals that were insensitive to fragmentation.

Note S-4. Am matching: Proof-of-concept data and key findings

In line with continua reported in section 3.2 of the main text, we found distinct trends in the Van Krevelen distributions
of Am losses in both DOM samples, namely serial losses of CO,, CO, and CH> units (Figure 2a — ¢, g — i, Table S-
13). Precursors with high O/C ratios expelled up to four CO; units (soil porewater DOM, r=0.52, R*=0.27,n = 127,
p<0.001; SRNOM, r=0.63,R>=0.39, n= 144, p < 0.001) whereas precursors with low O/C ratios showed subsequent
losses of up to four CH; units (r = -0.26, R = 0.07, n = 127, p = 0.003; r = -0.16, R = 0.03, n = 144, p = 0.056).
Precursors with low H/C ratios tended to expel up to two CO units (r=-0.33, R®2=0.11,n=127,p <0.001; r=-0.23,
R2=0.05,n= 144, p = 0.005).

We used two approaches to check the Am matching procedure: 1) through the constraint that is imposed by the
annotated molecular formula of a precursor (which determines the stoichiometry of potential losses), and 2) by
widening the tolerance window used to detect a positive match (which should indicate randomness, i.e., an increase
in the number of matches if the data was affected by low resolution or low sensitivity). As expected, precursors did
not lose more atoms as predicted by their molecular formula: Precursors rich in oxygen were predicted to expel more
oxygen-containing Am's than oxygen-poor precursors that tended to lose CH, or CH3* (and CO) units instead. Most
notably, no precursors matched to a Am that would have exceeded the number of atoms present in their assigned
molecular formula, a condition that has not always been met in earlier studies.’® Sulfur- and Nitrogen-containing
precursors — and only those — dominated the release of S- and N-containing Am's, respectively (such as SO3 or
CH:N,).!%2246A second matching exercise against a library of 11477 Am's substantiated this finding (Figure S-8). We
furthermore did not observe an increase in the number of false-positive matches upon widening of the tolerance
window applied during the Am matching process (Figure S-9, increase up to +/- 5 ppm at a mass difference of 200
Da). Lastly, precursors resisting fragmentation did not match any Am, whereas "labile" precursors fragmented to
relative completeness showed a wide range of matches (Figure S-7).

Most precursors in our study were successfully annotated with a molecular formula containing the major elements C,
H, N, O and S, and as indicated above, this was substantiated by matching to respective Am's of correct mass and
elemental composition. However, a minor number of unannotated and sulfur-containing (CHOS) precursors did
indicate the presence especially of Cl, but also P and F (but not Br or I, which were also part of the SIRIUS Am list,
Figure S-8). The presence of Cl and F could also point to common adduct ions (Cl) or contaminants from Teflon
filters (F) that may be artifacts of sample preparation or ionization conditions. Despite this uncertainty, which was not
the focus of the present study, our results demonstrate the general usefulness of MS? information for those studying
disinfection byproducts or organic nutrients by FTMS.67-%

Note S-5. Potential esterification of DOM by methanol during SPE and storage
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We observed indicative losses of methyl radicals that may originate from methoxy functionalities of aromatic ring
systems®”7?, such as lignin, which contains methoxylated monolignol building blocks (coniferyl, sinapyl alcohol). We
also found 13 matches to the Am equivalent to a CH>O loss in the soil porewater isolate and 19 in SRNOM, which is
thought to be indicative of methoxy functionalities.”’ However, none of the methoxylated reference compounds
showed a CHO loss. The presence of methoxyl groups could, in principle, also relate to the potential methyl ester
formation between carboxyl functionalities and methanol used for solid-phase extraction (SPE).”! However, the soil
porewater DOM sample used herein was freshly extracted (as opposed to the SRNOM extract which was stored for
>2 yrs at -20°C) and thus not stored for a long time (< 2 weeks at -20°C). We showed recently that the *C signal of
the same sample was not diluted by radiocarbon-dead methanol during a dedicated SPE procedure and similar storage
conditions.” Given that methoxylated structures yielded no CH,O losses, we argue that the slightly higher number of
matches in SRNOM (19 vs. 13) is no sign of longer storage but sample-specific differences in molecular composition.
In fact, the higher number in part could be explained by the higher number of precursors fragmented (221 vs. 159).

Note S-6. Structural insight into N- and S-containing DOM precursors.

Negative-mode ESI CHNO precursor ions generally show few neutral N losses in aquatic DOM and thus have been
interpreted as alicyclic or aromatic heterocyclic N such as in imide, pyridinic or pyrrolic moieties that are substituted
with carboxyl and hydroxyl groups.*®”* In line with these earlier reports, we found no evidence of nitrate esters (HNO;
loss, Am = 62.9956) in soil DOM. However, most N-containing precursors (here, all within ranges C10-23H.26N2O 111,
n=27 in soil DOM and Co_»7He.26N2,401-10, n=32) showed a link to N, (Am = 28.0061 Da, 93% in soil DOM, 69% in
SRNOM), N,O (44.0011 Da, 93%/ 63%), and CH4N, (44.0374 Da, 78%/ 59%), and multiple other N losses. Such a
diversity of potential N losses contradicts with previous reports, but many N compounds yield fragments in negative
ion ESI-MS.” Loss of N could indicate direct cleavage under negative ESI conditions, possibly from azo/diazo-
functionalities. Lemr et al. (2000) have shown that cleavage of azo/ diazo-N in metal azo-complexes was possible
directly (MS?) or indirectly (MS?) as Ny or in other reduced forms (e.g., CH3;N, C3H;N,, or CHN).”> Among the
specifically correlated SIRIUS Am features were 14 features assigned to amino acids, peptides or amines in the wider
sense that matched to 0-30% of CHNO precursors in both samples (among them three proline-related ones, 11-22%)
and three linked to dicarboximides with 0-41% of matched CHNO precursors (Table S-21).

S-containing precursors (here, all within ranges Co.24He.3402.12S1, n=23 in soil DOM and Co.30Hs.3401.12S1.2, n=39)
matched with Am’s indicative of sulfonic acids: SO, (Am = 63.9619, 4% of all S precursors in soil DOM, 33% in
SRNOM), SO3 (79.95681, 61%/ 44%) and H,SO3 (81.97246, 35%/ 31%). Against previous reports, however, we also
found potential direct losses of S (31.97207, 65%/ 67%) which could originate from reduced sulfur functionalities,
such as thiophenes, thioethers, sulfoxides and thioesters.?? Other reduced S Am’s were also commonly matched,
including CS (43.97207, 78%/ 77%) and CH,0S (61.98263, 74%/ 56%; possibly as a combination CO+H>S), which
have been observed in positive ionization mode via atmospheric pressure photoionization (APPI) in aromatic reference
compounds.”® This may indicate a more diverse set of S-containing molecules in soil as compared to the deep ocean,
where oxidized species seem to dominate.?> Matched Am’s containing S and > 3 C atoms by tendency contained
oxygen atoms as well, which indicates that extensive S-containing aliphatic chains were likely no common structural
unit in our DOM sample (dominant reduced Am features were, as mentioned, S and CS but also C2HsS, 62.0190, 52%/
44%; H4S, 36.0034, 30%/ 41%, and CsHsS, 76.0347, 39%/ 33%); alternatively, they may have been missed due to
low ionization or because they resisted fragmentation.”® Among the specifically correlated SIRIUS Am features we
found three major groups: Sulfonic acid-related Am’s (n = 8, 0 — 60% matched CHOS precursors in both samples),
alkylthiol/ thiol-related Am’s (n =3, 0 — 36% matched precursors), and thioether-related Am’s (n = 6, 0 - 44% matched
precursors, Table S-21). This finding was in line with a proposed wider structural diversity (but not necessarily
number) of terrestrial CHOS compounds compared to deep-sea DOM.3>"7
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