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boel getcombination() { Example:

pos = @; N =4 ... number of items
flag = @; P =3 ... maximum number of combined items
do { combination = @@@ ... input/output vector of length P
combination[pos]++;
if (combination[pos] <= N) { Output after 34 calls:
if (flag > @) { lea 411
for (1 = pos - 1; 1 »>= @; i--) { 288 221
combination[i] = combination[pos]; L] 321
} 460 421
1 116 331
return true; 218 431
} 318 441
else { 410 222
flag = 1; 228 322
pos++; 328 422
428 332
b while (pos < P); 338 432
return false; 438 442
} 440 333
111 433
211 443
311 444

Figure S1. The basic algorithm used to generate the combinations of elements with repetitions
from an input list of N elements (e.g., 1 = ‘H’,2=°C’,3 =‘N’, 4 =‘0’) is shown. The maximum
number of elements in a formula is limited by P. We used P = 200, if not stated otherwise. In the
real implementation, two further optimizations were used. The first was based on the idea that
the input list of elements was sorted by mass. For example, if the cumulative mass corresponding
to the combination 411 (OHH) exceeded a user-defined upper mass limit, the combinations 511,
611, etc. were not generated (for N > 6). Since CycloBranch keeps statistics about the number of
elements in a currently computed combination and since the user can define the maximum
number of occurrences of any element, a similar approach was used to prune out unnecessary
combinations of elements in the second case.
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A Settings... - [}

Search Theoretical Spectrum/Spectra
Sequence/Compound Database Fie: Jsiderapheres/709_siderophares_and_secondary_metabolites. txt | | Seket
Mode: Compound Search - MS, LC-MS, MSI v o
De Navo Search Engine - M5/MS BT L

Compare Peaklist(s) with Spectrum of Searched Sequence - MS/MS
Maximum Number of Threads: Compare Peaklist with Database - MS/MS

Compare Peaklist(s) with Database - MS, LCS, MST
Compound Search - M5, LC-MS, MST

Maximum Number of Reported Sequence Candidates: 1000 S

Peptide Sequence Tag:

M+Nal+ | [ selectan
Experimental Spectrum/Spectra {M+K]+] =
Peptide Type: cycic [M-HI- Eei
Ton Types: [MeNa-2H]-
File: brio_03062018/H_1to1_profile 887 01 4452.djanalysis.baf| [ ] | Select [M+K-2H]- Resct
Scanna.: i B (M- Fe-2H)- v
Precursor m/z Ratio: 0,000000 = H Select All
c
Precursor Lon Adduct: 3 Clear Al
Charge: 2 H N add
51

Precursar mjz Error Tolerance: 1,000 ppm +| Neutral Losses / Chemical lements: 1

Remove
m/z Error Tolerance: \z,unu ppm = |

Default
Minimum Threshold of Relative Intensity: |3,000 % ]

= HCON

Minimum Threshold of Absolute Intensity: | 100000 H
mfz Reatio: | minimum: 650,000 %] [masimum: 1400,000 +]  Maximum Number of Combined Losses/Elements: 180 g
f— [0,050000 D 5| ReportUnmatched Theoretical Peaks:

Generate Full Isotope Patterns:

Database of Building Blocks

0

Wirimum Number of Isotopic Peaks:

Building Blocks Database Fie: Select Mirimum Number of Spectra: +]
Maximum Number of Combined Blocks: start: 1 + | middle: 1 * | end: 1 = Minimum Number of Ton Types: = \
Incomplets Paths in De Nove Graph: remove (speed up the search) Basic Formula Check:
— Advanced Formula Check:

Maximum Cumulative Mass of Blocks: 0,000 2 PR E
N-fC-terminal Modifications File: Select Isotope mjz Tolerance: |0,000 pom = ‘
e ey Isotope Intensity Tolerance: |1n,uuu % s \
Disable Precursor Mass Filter: Cydic N-terminus: SR R T

Sequence: Edit
Internal Fragments: Cydic C-terminus:

Modifications: N-terminal C-terminal Branch
Enable Scrambling: Regular Order of Ketide Blodks:

Formula:

Cancel Apply Load Save 'examplel_ans.inl || Save As...

Figure S2. CycloBranch’s settings dialog configured for analysis of LC-MS data using the
database-free approach.
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A Settings... - [}

Search Theoretical Spectrum/Spectra

Sequence/Compound Database Fie: Jsiderophores/703_siderophores_and_secondary_metabolites. txt Select
Mode: Compound Search - MS, LC-MS, MST v

Score Type: Number of y-ons
N . = Maimum Number of Reparted Sequence Canddates: | 1000 =

Peptide Sequence Tag:

M+ Nal+ A || selectan
Experimental Spectrum/Spectra {Mm]l =
Peptide Type: cycic [M-HI- Eei
Ton Types: [MeNa-2HI-
File: [D:lraw_data/MSI/TO14_new_reduced.imaMl Select [M+K-2H]- Resct
Scan no.: L o IMEE2HES v
Precursor m/z Ratio: 0.000000 = H Select All
c
Precursor Ton Adduct: 3 Clear Al
Charge: [ H N add
s2
Precursor myz Error Tolerance: 1.000 ppm + Neutral Losses / Chemical Elements: e g
emove
m/z Error Tolerance: \z.unu ppm = |
Default
Minimum Threshold of Relative Intensity: [0.500 % ]
— HCON
Minimum Threshold of Absolute Intensity: [0 H
mjz Ratio: | minimm: 350,000 %] [masimum: 250,000 ] Maximum Number of Combined Losses Elements: [ 150 =
f— [0.001000 D 5| ReportUnmatched Theoretical Peaks:

Generate Full Isotope Patterns:

Database of Building Blocks

0

Wirimum Number of Isotopic Peaks:

Building Blocks Database File: Select Mirimum Number of Spectra: [s0 g
Maximum Number of Combined Blocks: start: 1 + | middle: 1 * | end: 1 = Minimum Number of Ton Types: = \
Incomplets Paths in De Nove Graph: remove (speed up the search) Basic Formula Check:
. Advanced Formula Check:
Maximum Cumulative Mass of Blocks: 0,000 S e
N-fC-terminal Modifications File: Select Isotope mjz Tolerance: |2‘000 pom = ‘
e ey Isotope Intensity Tolerance: |5 000 % s \
Disable Precursor Mass Filter: Cydic N-terminus: SR R T
Sequence: Edit
Internal Fragments: Cydic C-terminus:
Modifications: N-terminal C-terminal Branch
Enable Scrambling: Regular Order of Ketide Blodks:
Formula:
Cancel Apply Load Save 'example2_msiin’ | | Save As...

Figure S3. CycloBranch’s settings dialog configured for analysis of MSI data using the
database-free approach.
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A Settings... - [} *

Search Theoretical Spectrum/Spectra
Sequence/Compound Database Fie: Select
Mode: Compare Peaklist(s) with Spectrum of Searched Sequence - MS/MS v
Score Type: Sum of relative intensities of matched peaks
. Maximum Number of Reported Sequence Candidates: | 100 =
Maximam Number of Threads: L B i “
Peptide equence Tag:
Select Al
Experimental Spectrum/Spectra
Peptide Type: Other v Clear All
Ton Types:
File: }DxE/PcH,(315w1e1E,UHR,unhnezaLnuunu1.d,'analys\s.baf Select Reset
Scan no.: 1 g
Precursor m/z Ratio: \ 325,067330 = | H Select All
c
Precursor Ton Adduct: [ ] 3 Clear Al
Charge: [ H N add
s:2
Precursor mjz Error Tolerance: [2,000 ppm ] MeutralLosses / Chemical Elements:
Remove
m/z Error Tolerance: \z,unu ppm = |
Default
Minimum Threshold of Relative Intensity: |5,000 % ]
= HCON
Minimum Threshold of Absolute Intensity: [0 H
mfz Ratio: minimom: 100,000 =] [maximum: 0,000 B Maximum Nurber of Combined Laosses/Hements: |38 g
e [0,0010000a 3] ReportUnmatched Theoretical Peak:
Generate Full Isotope Pattemns:
Datahase of Bulding Blodks Mirimum Number of Isotopic Peaks: =]
Building Blocks Database Fie: BrickDatabases/inhouse _siderophores_blocks. bt Select Wirimum Number of Spectra: 1 :
Maximum Number of Combined Blocks: start: 2 + | middle: 2 * | end: 2 = Minimum Number of Ton Types: 1 =
Incomplets Paths in De Nove Graph: remove (speed up the search) Basic Formula Check:
. Advanced Formula Check:
Maximum Cumulative Mass of Blocks: 0,000 = | o rete e
N-fC-terminal Modifications File: Select Isotope m/z Tolerance: 2,000 pom -
e ey Isotope Intensity Tolerance: 10,000 % B
Disable Precursor Mass Filter: Cyclic N-terminus: SR R T
Sequence: Edit
Internal Fragments: Cycic C-terminus:
Modifications: N-terminal C-terminal Eranch
Enable Scrambling: Regular Order of Ketide Blocks:
Formula: C14H16M20352
Cancel Apply Load Save 'example3_msms.ni | | Save As...

Figure S4. CycloBranch’s settings dialog configured for the analysis of the fragment ion mass
spectrum of pyochelin [C14H16N203S+H]*.
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A Settings... - [} *
Search Theoretical Spectrum/Spectra
Sequence/Compound Database Fie: Select
Mode: Compound Search - MS, LC-MS, MST v
Score Type: Mumber of y4ons
. Maximum Number of Reported Sequence Candidates: | 1000 =
Maximam Number of Threads: L B i “
Peptide equence Tag:
M+Cu-2H+K]+ A || selectal
Experimental Spectrum/Spectra {Mo‘Cu-}H]- ! =
Peptide Type: Cyclic . [M+Zn-H]+ Clear Al
=S [M#Zn-2H+Na]+
File: }A complex/EDTA_Zn_Na3, J:usjyuk,nuunu1.d,'analys\s.baf| Select (M Zn-2He K]+ Reset
Scan no.: 1 g (M- Zn-3H)- v
Precursor m/z Ratio: 0.000000 = H Select All
c
Precursor Ton Adduct: o Clear Al
Charge: [ H N add
Na:3
Precursor m/z Error Tolerance: 1.000 ppm $ MNeutral Losses / Chemical Elements:
Remove
m/z Error Tolerance: \mnu ppm = |
Default
Minimum Threshold of Relative Intensity: [0 100 % ]
= HCON
Minimum Threshold of Absolute Intensity: [0 H
m/z Ratio: [minimem: 0,000 %] [masimum: 500,000 ] Maximum Number of Combined Losses Elements: g
e [0.0010000a 3] ReportUnmatched Theoretical Peak:
Generate Full Isotope Pattemns:
Datahase of Bulding Blodks Mirimum Number of Isotopic Peaks: =]
Building Blocks Database Fie: Select Mirimum Number of Spectra: 4]
Maximum Number of Combined Blocks: start: 1 + | middle: 1 * | end: 1 = Minimum Number of Ton Types: = \
Incomplets Paths in De Nove Graph: remove (speed up the search) Basic Formula Check:
. Advanced Formula Check:
Maximum Cumulative Mass of Blocks: 0,000 = | o rete e
N-fC-terminal Modifications File: Select Isotope mjz Tolerance: |n‘nnn pom = ‘
e ey Isotope Intensity Tolerance: |1n.uuu % s \

[M+Zn-H] 1+ C10H13N208Na3 (1+ C10 H12 N2 Na3 08 Zn ;)

100 %

90% [M=Zn-H] 1+ C10H13N208Na3 (1+ C10 H12 N2 Na3 08 662Zn ;)

?g : 42295408 [M+Zn-H] 1+ C10H13N208Na3 (1+ C10 H12 N2 Na3 08 68Zn )

gg: 42495221

;g z [M+Zn-H] 1+ C10H13N208Na3 (1+ 13C C9 H12 N2 Na3 08 68Zn [97.26%)],1+ C10 H12 N2 Na3 170 O7 83Zn [2.74%])

fg: . . 42585612

0% T T T T —* T T T 1
420.471 421342 422213 423.083 423854 424,825 425695 426.566 427.427 428307 429178

Pattern Type  Theoretical m/z  Theoretical Intensity [%]  Experimental m/z  Relative Intensity [%] ~ Absolute Intensity Error [ppm] Summary Formula Name
1 [M+Zn-H] 1+ 420957276 100000000 420957267 100.000000 324407327 -0,020882 1+ CIOHIZNZNa3OBZn; C10H13N208Na3
2 [MeZn-H] 1+ 421954311 0.738718 421.954333 2617156 0051775 1+ CI0HIZ1MNNNa3 08 Zn; C10H13N202Ns3
3 [M+Zn-H] 1+ 421960654 11.120469 421,960594 762039 34912843 0142997 1+ 13CC8H12N2Na3 08 Zn [87.26%]; 1+ C10 H12 N2 Na3 170 07 Zn [2.74%]; C10H13N208N33
5 [M+Zn-H] 1+ 422954164 422954085 62201094 2017 -0.187223 1+ CI0H12N2Na3 08 66Zn ; C10H13N208Na3
6 [M+Zn-H] 1+ 422961321 1.643993 422.961448 1.585230 5142601 1+C10H12N2 Na3 180 07 Zn C10H13N208Na3
7 [M+Zn-H] 1+ 422.963985 0.526410 422,963767 0.547469 1776029 -0.516137 1+ 13C2CBHIZN2Na3 08 Zn; C10H13N208Na3
8 [M+Zn-H] 1+ 423951199 0423818 423951187 537 1549165 -0,026753  1+C10H12 15NNNa3 08 66Zn ; C10H13N208Na3
9 [M+Zn-H] 1+ 423955259 8431010 423955181 9.269733 30071694 -0.183443 1+ C10HI1ZN2Na3 08 672n; C10H13N208Na3
10 [M+Zn-H] 1+ 423.957542 £.380035 4239 5 22354188 -0.393516 1+ 13C C9 H12 N2 Na3 08 662n [97.26%]; 1+ C10 H12 N2 Na3 170 O7 66Zn [2.74%]; C10H13N208Na3
11 [M+Zn-H] 1+ 423.964876 0177810 423964743 541080 -0.314116 1+ 13CCIHIZNZNa3 180 07 Zn; C10H13N208Na3
12 [M+Zn-H] 1+ 424952976 38.556447 424952813 144339444 -0.382851 1+ CIOHIZNZNa3OB66Zn; C10H13MN208Na3
13 [M+Zn-H] 1+ 424958510 1.855068 424958340 6513436 -0.308617 1+ C10 H12 N2 Na3 180 07 662n [50.84%];1+ 13C C9 H12 N2 Na3 08 67Zn [49.16%]; C10H13N208Na3
15 [M+Zn-H] 1+ 425.950011 0.284824 425,949936 0.304414 987542 -D.174500 1+ C10HIZ 15NN Na3 08 682n C10H13N208N33
16 [M+Zn-H] 1+ 425956334 4287638 425956124 4685914 1520 0.541353 | 1+13CCO H12N2Na3 08 68Zn [97.26%]; 1+ C10 H12N2Na3 170 07 68Zn [2.74%]; C10H13N208Nz3
18 [M+Zn-H] 1+ 425961764 0.102013 425.961570 0.190501 612000 -0.454261 1+ 13CCOHIZNZNa3 180 07 862n ; C10H13N208Ka3
19 [M+Zn-H] 1+ 426.953455 1274933 426,953201 1.544104 5009185 -0.595509 1+ C10HI2NZNa3 08 70Zn ; C10H13N208N33
20 [M+Zn-H] 1+ 426957221 0633866 426,957002 0.762328 2473048 -0.514075 1+ C10H12N2 Na3 180 07 68Zn ; C10H13N208Na3
21 [M+Zn-H] 1+ 426.959686 0.202965 426,959302 0.265221 860395 1+ 13C2 C8H12N2 Na3 08 68Zn ; C10H13N208Na3
22 [M+Zn-H] 1+ 427.956810 0.137893 427.956475 0.132425 429506 1+ 13C C2 H12 N2 Na3 08 70Zn C10H13N208Na3
<

Figure S5. Analysis of spectrum containing ethylenediaminetetraacetic acid (EDTA) with zinc.
CycloBranch’s settings dialog configured for the analysis of direct infusion electrospray mass
spectrum (ESI-MS) containing EDTA with three atoms of sodium and one atom of zinc (top);
and fine isotope structure annotated using the database-free approach (bottom). The spectrum
was collected in positive ion mode.
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A Settings... - [}
Search Theoretical Spectrum/Spectra
Sequence/Compound Database File: Select
Mode: Compound Search - MS, LCMS, MSI v
Score Type: Mumber of y-ions
Maximum Number of Threads: 1 B Maximum Number of Reported Sequence Candidates: 1000 5
Peptide Sequence Tag:
[M+Ni-H]+ A || selectal
Experimental Spectrum/Spectra M+ Ni2H Na+
Peptide Type: Cyclic [M+Ni-2H+K]+ Clear All
Ton Types: [MeNi-3H]-
File: & complex/EDTA_Ni_Na3_pos_R250k 000001 d/analysis.baf | Select M+ Cu-H]+ Resct
Sean s . B [M+Cu-2HsNa]+ ©
Precursor m/z Ratio: 0.000000 = H Select All
c
Precursor Ion Adduct: 0 Clear All
Charge: [ g : s Add
a:
Precursor myz Error Tolerance: 1.000 ppm + Neutral Losses / Chemical Elements:
Remove
m/z Error Tolerance: \mnu ppm = |
Default
Minimum Threshold of Relative Intensity: [0 100 % +
HCON
Minimum Threshold of Absolute Intensity: \u s |
m/z Ratio: [minimem: 0,000 %] [masimums 500,000 ] Maximum Number of Combined Losses Elements: g
EWHM: ‘u.umunu Da = | Report Unmatched Theoretical Peaks:
Generate Full Isotope Patterns:
Database of Buiding Blocks Mirimum Number of Isotopic Peaks: =]
Building Blocks Database File: Select Minimum Number of Spectra: Bl
Maximum Number of Combined Blocks: start: 1 + | middle: 1 * | end: 1 = Minimum Number of Ton Types: = \
Incomplete Paths in De Nove Graph: remove (speed up the search) Basic Farmula Check:
. ke . Advanced Formula Check:
Maximum Cumulative Mass of Blocks: 0.000 - N/O Ratio Check:
N-fC-terminal Modifications File: Select Isotope mjz Tolerance: [2.000 pom g
e ey Isotope Intensity Tolerance: |1n.uuu % = \
[M+Ni-H] 1+ C10H13N208Na3 (1+ C10 H12 N2 Na3 Ni 08 ;)
100 %
90 %
80%
T0% - - .
50% [M+Ni-H] 1+ C10H13N208Na3 (1+ C10 H12 N2 Na3 60Ni 08 ;)
50 % 41695883
40%
0% [M+Ni-H] 1+ C10H13N208Na3 (1+ C10 H12 N2 Na3 62Ni 08 ;)
20% 55
10% | ; :
'
0% T T T T T T 1
414818 415382 415.908 416,454 417.001 417.547 418.093 418,639 419.185 41971 420277
Pattern Type  Theoretical m/z  Theoretical Intensity [%]  Experimental m/z  Relative Intensity [%] ~ Absolute Intensity ~ Error [ppm] Summary Formula Name
1 [M+Ni-H] 1+ | 414963479 100.000000 414.963467 100.000000 463679282 0022413 1+ CIOHIZNZNaINiOB8; C10H13N208Na3
2 [M+Ni-H] 1+ 415960514 0738718 415960484 0.733541 3401278 -0.070451 1+ CI0HIZ ISNNNa3 MO8 ; C10H13N208Na3
3 [M+Ni-H] 1+ 415966857 11.120469 415966766 10.696249 49596292 -0.218857 | 1+ 13C CIH1ZNZNa3NiO8 [97.26%]; 1+ C10H12 N2 Na3 Ni 170 07 [2.74%]; C10H13N208Na3
4 [Ms+Ni-H] 1+ 415969756 0.138015 415.962459 0.187304 363902 0713220 1FC10ZHHILN2Na3NiOS; C10H12M208Ma3
5 [M+Ni-H] 1+ 416958918 38.519821 416958835 42.230689 195814956 0192734 1+ C1OHIZNZNa3 60N OB ; C10H13N208Na3
6 [M+Ni-H] 1+ 1.643995 416.967646 1.663340 7712563 -0.187632 1+ CI0HIZNZNa3Ni 180 OF; C10H13N208Na3
7 [M+Ni-H] 1+ 0.525410 416969939 0.540912 250209 -0.509133 1+ 13C2C8HIZN2Na3Ni OB ; C10H13N208Na3
8 [M+Ni-H] 1+ 0.284353 0.291430 1351301 -0.086640 | 1+C10HI12 15N NNa3 6ONI 08 ; C10H13N208Na3
9 [M+Ni-H] 1+ 1674430 1.804021 -0.244656 | 1+C10HI12ZNZNa36INIO8 ; C10H13N208Na3
10 [M+Ni-H] 1+ 4,283585 417.962139 4301250 -0.375492 14 13C C9 H12 N2 Na3 60Ni 08 [57.26%];1+ C10 H12 N2 Na3 60N 170 07 [2.74%]; C10H13N208Na3
11 [M+Mi-H] 1+ 210 417.970038 0.183380 250296 -0.338114 1+ 13CCOHIZNZNa3 N 1830 07 C10H13N208Na3
12 [M+Mi-H] 1+ 418956476 5.338815 418.956323 5.545471 25713202 -0.364192 1+ CIOHIZNZNa3S2NIOF ; C10H13N208Na3
13 [M+Ni-H] 1+ 412963026 0.814366 412963076 0.624571 2896005 0.120139 1+ C10 H12 N2 Na3 60N 180 O7 [77.76%];1+ 13C CIH1ZN2Na3 61N 08 [22.24%]; | C10H13M208Na3
14 [M+Ni-H] 1+ 418965628 418.965385 0.240732 1116225 -0.579452 1+ 13C2C8HI2N2Na3 B0NIO8 ; C10H13N208Na3
15 [M+Mi-H] 1+ 419959831 419,959609 0558333 2589804 1+ 13CCOHIZNZNaZ 62Mi 03 ; C10H13N208Na3
<

Figure S6. Analysis of spectrum containing EDTA with nickel. CycloBranch’s settings dialog
configured for the analysis of direct infusion ESI-MS containing EDTA with three atoms of

sodium and one atom of nickel (top); and fine isotope structure annotated using the database-free
approach (bottom). The spectrum was collected in positive ion mode.
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A Settings... - [} *

Search Theoretical Spectrum/Spectra
Sequence/Compound Database File: Select
Mode: Compound Search - M3, LCMS, MSI ~
Score Type: Mumber of y-ions
Maximum Number of Threads: 1 B Maximum Number of Reported Sequence Candidates: 1000 5
Peptide Sequence Tag:
[M+Cu-Hl+ " Select All
Experimental Spectrum/Spectra [Me Cu-2He Nal
Pentide Type: Cydic [M+Cu-2H+K]+ e
Ton Types: [MeCu-3H]-
File: bi_accum. 1s_excpower22% 8scans 000001 djanalysis.baf | Select [M+Zn-H]+ Resct
Seannas . = [M+Zn-2H+Na]+ .
Precursor m/z Ratio: 0.000000 = H Select All
c
Precursor Ton Adduct: o Clear Al
Charge: [4 H :a Add
Precursor myz Error Tolerance: 1.000 ppm T Neutral Losses | Chemical Elements:
Remove
m/z Error Tolerance: \mnu ppm = |
Default
Minimum Threshold of Relative Intensity: [0 100 % g
HCON
Minimum Threshold of Absolute Intensity: \u = |
m/z Ratio: [minimms 0.000 =] [masimum: 500.000 ] Maximum Number of Combined LossesElements: =]
Era \u.uumun e = | Report Unmatched Theoretical Peaks:
Generate Full Isotope Patterns:
Database of Building Blocks Mirimum Number of Isotopic Peaks: =]
Building Blocks Database File: Select Minimum Number of Spectra: = \
Maximum Number of Combined Blocks: start: 1 + | middle: 1 + end: 1 = Minimum Number of Ion Types: = \
Incomplets Paths in De Novo Graph: remove (speed up the search) Basic Formula Check:
. odke . Advanced Formula Check:
Maximum Cumulative Mass of Blocks: 0.000 - /O Ratio Check:
N-fC-terminal Modifications File: Select Isotope mjz Tolerance: |D‘Dm] pom = ‘
e Isotope Intensity Tolerance: [10.000 % 3
[M+Cu-3H] 1- C10H1SN208MNa1 (1- C10 Cu H12 N2 Na 02 )
373.97928
100 %
80 %
80 %
0% [M=Cu-3H] 1- C10H1SH208Na1 (1- C10 B5Cu H12 N2 Na OF )
80 %
375.97757
50 %
40%
0%
209% [M+Cu-3H] 1- C10H15N208Na1 (1- 13C C965Cu H12 N2 Na 08 [37.26%]1- C10 65Cu H12 N2 Na 170 O7 [2.74%];)
10% l 376.968098
1
% T T T T T T T T T 1
373.026 373.689 374.352 375.015 IT5.679 376.342 377.005 377.668 378.331 378.994 379.658
Pattem Type  Theoretical mfz  Theoretical Intensity [%] ~ Experimental mfz  Relative Intensity [%] ~ Absolute Intensity ~ Error [ppm] Summary Formula Name
1 [MsCu-3H] 1 100.000000 373979281 100.000000 1359385103 0010574 1-C10CUH1ZNZNa 08 C10H15N208Na1
2 [M+Cu-3H]1- 0738718 0492215 6691094 0311733 1-C10CuH12 15NN Na 08 ; C10H15N208Na1
3 [MsCu-3H]1- 11.120459 9.4247 128112064 0038870 1-13CCO CuH12N2Na 08 [57.26%); - C10 CuH12 N2 Na 170 07 [2.74%]; CIOHI5M208Mal
5 [M+Cu-3H] 1- 44.571346 46.324360 629726455 0.242500 1-C1085CUHIZNZ Na OF C10H15N208NaT
6 [M+Cu-3H]1- 375983530 1,643995 375.983627 1.357 18452521 0.257862 1-C10 CuH1ZNZNa 180 07 ; C10H15N208NaT
7 [M+Cu-3H]1- 375085095 0.526410 375.0986086 0432826 5883760 0.241287 1-13C2CB CUHI2ZN2Na 08 ; CI0H15M208Na
8 [M+Cu-3H]1- 376974313 0.329257 3769 0.278600 3787243 0514592 1-C1065CUHIZ ISNNNa 08 CI0H15M208Nal
9 [M+Cu-3H]1- |376.980857 4956543 376.980979 4454966 60560147 0324191 | 1-13CC9 65Cu H1ZN2Na OB [97.26%];1- C10 65Cu H1Z N2 Na 170 OF [2.74%]; C10H15M208Na1
10 [M+Cu-3H] 1- |376.985885 810 376987013 0.151329 2057140 0354977  1-13CC9 CuH12N2Na 180 07; CIOH15N208Na1
11 [M+Cu-3H]1-  377.081723 0.732751 0.641408 2720423 0.619920 1-C1065CUHI2N2Na 180 07 CI0H15M208Na
12 [M+Cu-3H] 1- 0.234628 0213427 2901290 0.556159 1-13C2C865CUHIZNZ Na OF C10H15M208NaT
< b4

Figure S7. Analysis of spectrum containing EDTA with copper. CycloBranch’s settings dialog
configured for the analysis of direct infusion ESI-MS containing EDTA with one atom of sodium
and one atom of copper (top); and fine isotope structure annotated using the database-free
approach (bottom). The spectrum was collected in negative ion mode.
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Figure S8. Fusion of identified compounds with an optical image. From left to right—droplet-
generated circles of bnGTX ([C1sH20N204S>+Na]*, m/z 379.07567), FOXE ([C27HasNsOo+K]",
m/z 639.31144), and TAFC ([CsoHesoNeO15+Fe—2H]", m/z 906.33041).
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©5 Experimental Spectrum No. 495 - X: 263 ¥: 66

Eile Find View Help
= - -
g, x q - = Q Q Q iii ol N Fij | ~ v miz [539,148000  [%] - [s42,825000 2 Set Reset
6.59386 % 41 +
Co7Hyg™ KNgOg 13(:21 2C25H4BKNGOQ"‘ [97.62%)
e N , 527509 % 641.30041 13012, 170160+ (9 2g0
[M+K] 1+ C27TH4BN603 (1+ C27 H48 K N6 08 ) C27H45KN5150|603* C c26H4EKNE o} OB [2.38%)]
639.31124 3.95632 % 64131543 641.31793
e 263754 %

80 % a

80% 1.31877 %

70%

0% 0%T T T T 1

641.307 641.31 641.312 641.315 641.317 64132

50 % [M+K] 1+ C27TH48NE09 (1+ 13C C26 H48 K N6 09 [98.84%];1+ C27 H48 K N& 170 08 [1.16%];)

4% 540.31455

0%

200 [M+K] 1+ C2TH4BNBOY (1+ C27 H4E 41K NB 09 ) 14K 1+ C2THABNGOS (1+ 13C C26 H4E 4T NG 03 :

10% B41.30941 642 31260

% T T Ly T T * T 1
639,148 639516 639,883 640251 640618 640936 641354 641722 64209 6542 457 642 825
Pattern Type Summary Formula Theoretical m/z  Theoretical Intensity [%] ~ Experimental m/z  Relative Intensity [%] Absolute Intensity  Error [ppm] Name

1 [M+K] 1+ 1+C27HBKNG 09 ; 639.311436 100.000000 639.311245 100.000000 3132580 -0.292692 C27TH48NGO09
2 [M+K] 1+ 1+C27HABK ISNNS 08 ; 640.308471 2216155 640.308367 3522783 110354 -0.161062 C27H48NB0Y
3 [M+K] 1+ L+ 13C C26 H48 KNG 02 [98.84%]; 1+ C27 HA8 K N6 170 08 [1.16%]; 640.314201 29545299 640.314647 29.225271 915505 -0.239750 C27TH48NGO09
4 [M+K] 1+ 1+C27 2HHATKNE 08 640.317713 0.552063 640.316928 1.092882 34235 -1.225414 C27H48N60Y
5 [M+K] 1+ 1+C27H48 41K N5 03 641309554 7.216746 £41.300411 6.593862 206558 -0.222794 C27H48NB0Z
7 [M+K] 1+ 1+C27H48 KNG 180 08 ; 641.315681 1.849494 641.315426 3.008099 94231 -0.398205 C27TH48NGO09
8 [M+K]1+  1+13C2C25H4BKNG 09 [57.62%];1+ 13C CI6HBKNG 170 08 [2.38%]; | 641318166 4206113 641317931 4544359 154886 -0.366354 C27H4BNBOY
9 [M+K] 1+ 1+ 13CCHHAB 41K NE 09 ; 642,312000 2107468 £42,312507 2330018 73272 -0.485321 C27TH4ZNBO
<

Figure S9. Dissecting 1K, 80 and 3C; (inset) from the [M+K+2]" ion of FOXE at FWHM =

0.001.
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C14H17N203S,*
325.0675

CsHgNOoS* |
146.02727 i
»(-CoHgNOS)

¥
y C13H17N20S2*
P . 281.07778

// C1oHgNOS* ;\, (-CO2)
CoHgNOys* © 4MONO29) - 524.02003
172.04290 (-C4H7NO?)
(-C7H7NOS)

CgH1oNS*
128.05303
(-CgH7NO3S)

[M+H]+ (1= C14 H17 N2 03 82 ;
325.06751
100 % —
80 % —
20 % —| [M+H]+ -CTHTNOS (1= CT H1O N 02 8 ;)
70 % — 172.04290
60 % —
50 % —
[M+H]+ -C4HBNO25 (1+ C10HBNO S ;)
40% = [M+H]+ -CBHTNO3S (1+ CBHIONS ;)
30 % — 28.05303 190.03234
12800 [l+H]- -CAHTNO2 (1+ C10 HION 0 52) [M+H]= -CO2 (1= C13 HIT N2 0 52 ;)
20 % —
224.02003 o
10% - | 281.07778
| 1
0% 1 T T T T T T T T 1
125 1455 166 1865 207 2275 248 2685 289 30985 330
Fragment Type Summary Formula Theoretical m/z Theoretical Intensity [%] ~ Experimental m/z  Relative Intensity [%] Absolute Intensity Error [ppm]
1 [M+H]+ -CBHTNO3S 1+C6HIONS; 128052846 21531049 128.053030 21531049 60145045 1433515
2 [M+H]+ -CSHINOS 1+C5HBNO2S; 146,027026 6.468297 146,027273 6468297 18068504 1.624108
3 [M+H]+ -CTHTNOS 1+C7HIONO25; 172.042676 62536821 172.042002 62.536821 1315496
4 [M+H]+ -CAHONO2S 1+CIOHSNOS; 190.032111 26565667 190.032345 26.563667 1.231411
5 [M+H]+ -C4HTNOZ 1+CI0HIONOS2; 224019832 2.898911 224,020032 8.392911 24858306 0.893910
6 [M+H]+ -CO2 1+C13HI7N20 525 281.077681 6.481 281.077780 18108350 0.352301
7 [M+HJ+ 1+ CIAHITN20352; 325067510 325.067511 1004 279340992 0.002399
<

Figure S10. Structure of pyochelin and formulas of fragment ions suggested by CycloBranch.
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Table S1. Number of generated combinations of elements for different m/z ranges [All = no
filtering was applied; Sen. = Senior’s filtering rules were applied; Adv. = advanced filtering rules
(including the N/O rule) were used]. The maximum number of elements in a formula was limited
to 200. S:1 and P:1 indicate that only one occurrence of sulfur and phosphorus was allowed,
respectively.

m/z <500 m/z < 1,000 Da m/z < 2,000 Da

Element
S All Sen. | Adv. All Sen. Adv. All Sen. Adv.
HCON 934,19 | 120,3 29,9 |8,101,5|1,730,8 | 399,8 | 46,132,9 | 17,758,0 | 3,331,

2 83 59 35 38 94 61 42 530
HCONS 3,757, | 620,2 | 122, | 65,355, | 16,723, | 2,962, | 796,949, | 352,440, | 29,991

914 12 476 | 150 250 328 136 391 ,863
HCONS | 13,306 | 2,496, | 308, | 444,85 | 121,96 | 8,596, | 11,113,5 | 5,140,83 | 82,784
P ATT 101 917 0,486 4,934 749 84,055 5,916 488
HCONS | 1,681, | 225,4 | 55,5 | 15,438, | 3,350,8 | 775,5 | 90,392,9 | 35,076,5 | 6,604,
1 008 03 11 135 10 99 45 65 713
HCONS | 3,024, | 416,6 | 101, | 29,436, | 6,446,3 | 1,495, [ 177,165, | 69,119,4 | 13,068
1P:1 190 00 546 | 430 84 144 660 26 ,349
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Table S2. Time required to generate combinations of elements for different m/z ranges [mm:ss]
(MALDI-MS or direct infusion ESI).

m/z <500 Da m/z < 1,000 Da m/z < 2,000 Da
Elements All | Sen. | Adv. | All | Sen. | Adv. All Sen. Adv.
HCON 0:00 | 0:00 [ 0:00 | 0:02 | 0:02 | 0:02 0:21 0:26 0:26
HCONS 0:00 | 0:00 | 0:00 | 0:17 | 0:20 | 0:22 5:34 6:53 7:29

HCONSP 0:02 | 0:02 | 0:02 | 1:27 | 1:47 | 2:06 52:05 69:38 86:24

HCONS:1 0:00 | 0:00 [ 0:00 | 0:07 | 0:07 | 0:08 2:03 2:09 2:15

HCONS:1P:1 | 0:00 | 0:00 [ 0:00 | 0:09 | 0:10 | 0O:11 2:16 2:37 2:39
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Comments on Conventional Mass Spectra Settings:

Go to the CycloBranch’s settings dialog (i.¢., click on “Search” - “Settings” in the main
window) and select the mode “Compound Search — MS, LC-MS, MSI”. Define the minimum
and maximum m/z ratios to limit the number of generated molecular formulas. The smaller the
difference between the maximum and minimum m/z ratio is, the faster the search. Click on the
HCON button to define the chemical elements H, C, O, and N in the field “Neutral
Losses/Chemical Elements”. Any custom element can be added. Heteroatoms such as Na or K
need not be added if [M+Na]* or [M+K]" ions are searched. The heteroatoms used in the names
of ion types are included automatically, and thus, computational time can be saved. Define the
maximum number of atoms in a generated molecular formula (e.g., 150 or 180) in the field
“Maximum Number of Combined Losses/Elements”. The smaller the number is, the faster the
search. See the sample configuration in Figure S2 for LC-MS data and that in Figure S3 for
MSI data. The following options can be used to reduce the number of false-positive annotations
of peaks:

(1) Enable the option “Generate Full Isotope Patterns” and define the “Minimum Number of
Isotopic Peaks” (e.g., 2). The theoretical isotopic patterns of compounds are generated and
compared with the experimental spectrum. The “Minimum Number of Isotopic Peaks” (i.e., the
minimum number of annotated peaks in an isotopic pattern used to report a given compound) is
used to remove false-positive formulas.

(2) If LC-MS data are processed, define the minimum number of consecutive scans in which an
ion must be detected to be considered a match in the field “Minimum Number of Spectra”

(e.g., 2). If MSI data are processed, the field determines the minimum number of single-pixel
spectra that must be detected for every compound (e.g., 50). Note that this criterion can be
combined with the “Minimum Number of Isotopic Peaks”.

(3) Define a minimum number of ions that must be matched to annotate a given compound. For
example, if [M+H]" and [M+Na]" ions are selected, “Charge” = 2, and “Minimum Number of
TIon Types” = 2, any pair of ions from the set of ions [M+H]", [M+Na]*, [M+2H]?*, and
[M+Na+H]?* must be matched, otherwise the formula is discarded. This option can be combined
with the “Minimum Number of Isotopic Peaks” and “Minimum Number of Spectra”. If MALDI-
MS, direct infusion ESI-MS, and MSI data are processed, the ions must be detected in the same
spectrum. If LC-MS data are processed, the ions may occur at different retention times, which is
advantageous, especially if [M+H]" and [M+Fe-2H]" ions are searched.

(4) Enable the option “Basic Formula Check” to discard formulas that do not meet Senior’s rules.

(5) Enable the option “Advanced Formula Check” to check the advanced filtering rules, as stated
in the manuscript.

(6) Enable the option “N/O Ratio Check” to remove formulas with a number of nitrogen atoms
larger than the number of oxygen atoms.

(7) Define “Isotope m/z Tolerance” tm; iN ppm.

(8) Define “Isotope Intensity Tolerance” tint in %.
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Comments on Standard Product lon Mass Spectra Settings:

In the settings dialog, select the mode “Compare Peaklist(s) with Spectrum of Searched
Sequence - MS/MS” and define the peptide type “Other”. In this mode, a single theoretical
spectrum of a compound is compared with all experimental MS/MS spectra in an input file. The
result of each comparison corresponds to one row in the output report. To perform the
comparison, enter the molecular formula of a neutral compound into the field “Searched
Sequence/Compound - Formula”. Define an input list of chemical elements in the field “Neutral
Losses/Chemical Elements”. Click on the HCON button to use the default chemical elements and
set the “Maximum Number of Combined Losses/Elements”. The upper bound on the number of
combined elements is the number of elements in the formula corresponding to the precursor ion
of the analyzed spectrum. For example, if the precursor corresponds to [C14H16N203S2+H]", use
a value of 38 or lower. Note that the maximum number of occurrences of single elements can be
limited by a colon. For example, S:1 and P:1 can be used to allow only one occurrence of sulfur
or phosphorus, respectively. Furthermore, define the minimum m/z ratio to be as large as
possible (see the impact of mmin below). See the sample configuration in Figure S4.

To perform a comparison of a single experimental MS/MS spectrum with multiple theoretical
spectra (i.e., database compounds), select the mode “Compare Peaklist with Database — MS/MS”
and define the peptide type as “Other”. In this case, the database of compounds
“Sequence/Compound Database File” does not have to include the sequence of building blocks
for any compound. The mandatory items for every compound in the database are only the name
and molecular formula. Because the database may contain many compounds, a precursor mass
filter is enabled by default. This filter can optionally be disabled by the checkbox “Disable
Precursor Mass Filter” to make a comparison of the experimental spectrum with all compounds
in the database. Note that the type of peptide in the database is ignored in this search mode, and
all the compounds are used.

The algorithm for annotation of peaks in product ion mass spectra works a similar way like the
algorithm for conventional mass spectra:

(1) The input list of elements (e.g., H, C, O, and N) is loaded, and combinations of elements are
generated. The number of generated combinations is limited by the maximum number of
elements in a formula according to the “Maximum Number of Combined Losses/Elements” (e.g.,
150).

(2) A combination of elements is discarded if Miotar > M1+ — Mmin Where Mtar is the total mass of
the combination, m1.+ is the mass of singly charged precursor ion, and mmin is the minimum m/z
ratio.

(3) If a theoretical product ion mass spectrum of a single compound, e.g., CaHsNcOy, is
generated, any combination of elements CwHxNyO; is limited by the conditionw <a, x<b,y <c,
and z < d. If theoretical spectra of multiple compounds from a database are generated (within a
specified precursor m/z error tolerance), the maximum numbers of elements are used. For
example, given another database compound, CeHiNgOn, then w < max(a,e), x < max(b,f), y <
max(c,g), and z < max(d,h).
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(4) Senior’s rules no. 1 and 3 are checked. In this case, the sum of valences of all atoms in a
formula had to be even and greater than or equal to 2 * (n — ) where a was the maximum
number of independent molecules of neutral losses. We did not use « = 1 but an empirically
determined value a = 10 what means that at the most ten neutral losses could occur
simultaneously (i.e., a molecular graph could include up to « components). The reason was that
multiple neutral losses of molecules such as water of ammonia did not meet the criterion
2*(n-1).

(5) The remaining combinations of elements are applied as hypothetical neutral losses to a single
molecular formula or a database of molecular formulas. Note that atoms in the formula of an
annotated fragment ion form a subset of atoms in the formula of the precursor ion, what is an
important difference from the MS! approach. Similar to the MS! approach, the presence of a
monoisotopic peak is checked in the experimental spectrum while the theoretical spectrum is
being generated to save the computer’s main memory (i.e., unnecessary isotopic patterns of
fragment ions are not generated).
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