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Checklist before starting:

1 I have read theublication and user guidelines associated with IGBEGEAN.

1 My spectra are sufficiently mass calibrated (mass error < 1 ppm) and in the requested
format for use in ICBMDCEAN. If | want to starty analysis with the Method
detection limit MDL) calculatiors, | have exported my data asa@natto-noise ratio
(SNRof 0 from preceding software the format: m/z (mass), | (intensity), S/N
(signalto-noise based on preceding software), Res. Or ResPow (resolution power).
Form/z | supply a precision of at least 5 decimals.



m/z | S/N Res.

92.1424641 854283 1.4 2713601

1 lunderstand that ICBNDCEAN is a free software that will undergo continuous
further development. It comes without any warranty. If used poblication or else, |
will acknowledge ICBMDCEAN as stated in the site notice including the version
number and the settings | used.

From the ICBMDCEAN main page (www.icom.de/IGBIM@EAN) click on tlgart buttonto
initiate a new data processing opeia. You will be prompted with a dialogue of
checkboxes inquiring some basic preconditions for the subsequent data handling (e.qg.
whether your data input meets the requirements for a good result).

Example datdor all steps of the formula attribution process are available for download on
the ICBMOCEAN Start page.

Designed for analysing Fourier Transform lon Checklist

Cyclotron Resonance Mass Spectrometry data: | have read the publication and user guidelines associated with
ICBM-OCEAN.
Method detection limit (MDL): My spectra are sufficiently mass calibrated (mass error < 1 ppm)

and in the requested format for use in ICBM-OCEAN. If | want to
start MDL calculations | have exported my data at a SNR of 0
from preceding software.

| understand that ICBM-OCEAN is a free software that will

Attribut lecular las t K - T ity undergo continuous further development. It comes without any
ribute molecular formulas to mass peaks, use isotopes ratios to veri - y

most probable assignment and gain insights into structure and chemical warranty. If used for publication or else, | will acknowledge
parameters of your data ICBM-OCEAN as stated in the site notice.

' Start é Cancel Continue

Figure 1: Before you start with your ICBMCEAN data processing you will be prompted to check
some premises for the ewation to guarantee that you will arrive at an optimal result but also
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Remove noise peaks from your samples
Sample junction:

Combine multiple samples into one crosstab
Molecular formula attribution:

Note: ICBMOCEAN is designed to be used directly in the browser (online). For very large

datasets calculations can be done ioifl. For this youmustupload your data as in the online

Y2RS odzi Oft AO1 GKS dawdzy 2FFEtAYySE odzidz2zy Ay
paragraph). For the offline mode yooustsupply your email address as well as a project

name and type (e.g. Marine DOM, TerrestDOM). Results will be calculated with the

settings you chose in the user interface (on all pa®#SL, sample junction, formula

attribution)!). Alternatively you can upload a profile that you created. For creating a profile
selectall your settingsint £ Gl oa&ax 32 (2 GKS aairdsS y2a4ArA0S¢
LINE FAESE odziG2y o ! F3GSNI &2 dzNouiwll iedeiverad emalNE OS & & S
with a link to download the respective results. The offline modeentlydoes only raw

calculdions but does not supply all steps e.g. interactive validation plois tiee online

mode. We recommend using the online mode if your data is below 1 GB.



Step 1. Method detection limit (MDL)

Sample junction  Formula attribution  Site notice
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Load your calibrated masslists into the tdy clicking the browse button. Make sure the
GOageé¢ FAESAa @2dz glyd G2 dzLX 21 R FNB ASLJ NI (SR
below the browse field before clicking. Masslists should contdin(m/z), S/N (S/N),

resolving power (ResPJwand intensity (1) with the column names given in the brackets.

Select all the files you want to include in your analysis. The andehichthey appear in the

folder will be the ordein whichthey will be processed. Noise estimation in this step can be

done based on instrumental blanks, operational blanks or it is directly derived from the

samples. If blank analyses are available, the respective files have to meet certain naming
O2y@SyiiArzya (2 06S NBO23IyAl SR 0 &l NHKYSS yaielaf (¢S Y25NJ
GEof Iyl Ww2LISNI GA2y ¢ Ydzad o6S Ay Ot dZRSR®

/| tA01 a2LSyéd ¢KS FAtSa gAftt o0S dzL) 21 RSR

O] | ——————

Browse. 30 files
load complete

Figure2: MDL calculation options in ICBOICEAN following file upload.
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show up. If you are an Orbitrap user, you can do a single mass shift by selecting the

respective checkbox and filling in the mass shift parameters. If you are willingpdysyour

data for a later metaanalysis of datasets processed by IGBM 9! b X &a4Sf SO0 GKS &
archiveformetd yI f @eaAadYé OKSO|1062Ed ¢KAAa Aa y2i YIyYyR
dataset on our server. If the user agrees, he will be includednretaanalysis publication

when enough data is collected globally. Otherwise (if not agreed) supplied datasets will be

deleted from the server after the browser is closed. The option to remove outliers of

suspicious mass vs. resolution power pairs is &blkeliminate outliers like sidpeaks. It is

based on the first derivative of a kernel density estimation applied on the residuals in a

median regression.
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When MDL calculation is completed;o plots will appear that show the result of the
respective calculation (Figis8 and 4) and help to find a suitable MDL level for your data.
The blue lines should show a monotonic increase. If the fitted detectiohdaems too high

or shows a strong curvature, you may select the number of samples with the highest noise
from the table tobe excludel from the analysis and click run again.
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Figure3: Output of an MDL calculation based on imt#d operational blanks. Displayed are the noise

peaks (black dots) and the derived MDL levels that will be used to distinguish between true peaks
and noise.

By clicking the respective download buttons, you can choose which results you want to
download (eg. MDL1, MDL2, MDL3). Which one you choose depends on your preference of
minimizing type | or type Il errorAt higher MDL level, the risk to include false positives
decreases (Figure 4c), while at the same time the risk to exclude true peaks as noise
increases.
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QQ-Plot of sample and noise quantiles
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Figure4: (a) QQ plot of the noise (green) and sample quantiles (yellow). The point where these two diverge should be considered asitime MIDL to be
chosen for further processing. (b) Estimated ratio of noise to total peaks. (c) Approximation of falseptuséipect for different MDL levels. Panel§ show
results of outlier removalPanelg shows howside peaks flank a true peak. Such side peaks can be eliminated byQCBMN during processiiggf)



12¢ 16 G5S5aStSO0 O2yidlFYAYlFIGA2YyacY

After MDL calculation took place a plot will appear inside this tab (Figure 5). Notice: the plot
might take some time to load, depending on the size of your data. By brushing points inside
the plot and clicking on thé&oggle points button, peaks can be excluded for further

analysis.
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Figure5: Manual deselection of contaminanédter MDL calculation.

1.3 Recommended settings

For our example we recommend using MDL2.5 (see text Figure 4).

Step 2. Sample junction

Start MDL Formula attribution Site notice

21¢ 106 a{FYLX S 2dzyOlA2yE

Either proceed with your MDL data, selecting one of the options in the radio buttons or load

a new datafile into the tool by clickingtieNR2 g4 S o0dzi 2y | yR GCAfS Lyl
maximum toleranceat which masses from different samples should be merged. Select your
22AYAYy3 YSUK2RX SAOGKSNI aFlhad 22Ayé 2N GLINBOA
slower. If you want to recalibrate 2 dzNJ Yl daSasx Of AO1 2y GKS a! &as
select the elements and their respective ranges and a maximum tolerance for a formula

attribution needed inside the recalibration process as well as other settings e.g. the

analyzing mode (positivenegative). Select the recalibration method you want to use as well

as whether you want to do a median or mean fit for recalibration along the mass axis. The



results of a recalibration or sample junction can be evaluated from error visualizations
(Figure7 and 8). Default tolerances for recalibration and junction are both 0.5 ppm.

Figure6: Sample junction options in ICBOICEAN following input of MDL data.

The results can be downloaded with thebwnloadt button.
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Figure7: Optional recalibration to correct for systematic error in mass accuracy.naqd$ erroris
plotted againstm/z, a significant systematic error withanifest as a notinear trend (original
sample). b) The recalibration will minimize the error by reconstructing the systematic bias along the
mass axis and subtracting it for each mass (adjusted sample).

2.2 Recommended profile of settings



Usedstandard snoothé if you are an FTCRMS user. If you are an Orbitrap user and
smoothing results are not sufficient, té#ensor product smootband run again. Although

this method is currently in a beta stage it might optimize results for Orbitrap users.
Ifyourd G &aK2ga AYONBlIaAy3ad GFENAIFIYyOS Ff2y3a (KS
2Nkl YR dzaS aft 23 RAFTTFE (2 O02LIS 6AGK OGKIFGO

We recommend usingfast joiré whenever possible.
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Hartigan's Dip test result: D = 0.112 ; p < 0.01 Note: should be significant

Figure8: Sample junction mass merging with different toleranc@df tolerance is chosen too high

the junction will result in a bimodal distribution. Here, slightly deviating masses in different samples
(due to instrumentablvariability) which actually correspontb identicalmolecularformulae are not
properly mergedB) If tolerance is chosen well, the result will show a unimodal distributidprvith a
well-chosen tolerance the nearest neighbor distance distribution will at least be bimodal and
I I NI A 3 lesfvallbe stgrificantd



Step 3. Molecular formula attribution

Stat MDL  Sample junction

o ®m Foitmala aftributions

You can either proceed from sample junction or load a new file (sample junction output).
Use the respective radio buttons to select which data you want to use. Select elements and

NJ )/EISé GKIFEG @&2dz ¢! y‘ﬁ G2 dzas ¥F2 NJéYz)\fySCIIddfzﬁ-él\ﬁl T2
additional elements.
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Figure9: Formula attribution options in ICBI@CEAN following input of sample junction data.

Select the tolerance you want to allow for formula attribution, as well as mode (positive,

negative) and the filters you want to apply to find the likeliest molecular formula (see Table

1; for detailssee ICBM/ 9! b LJdzof A OF G A2y 0 & IlbwsS8ploadingalistt / 2 y (0 |
of known contaminants that are deleted from the dataset at the end of the formula

attribution process. Click on rudo not click the checkbaxwSA YA SNIi Mo/ 9 wmMpb
Use only in isotope enrichment experiments. Caution: caR gre® S ¢ NP yuBlesdlpa dzf G a a
are planning to do enrichment experiments, in communication with the Marine

Geochemistry group.

A result table will appear listing all attributed formulae as well as Van Krevelen diagrams

(Figures 10 and 11) and a table thi a statistical summary how many molecular formaula

could be attributed or are isotope verified relative to the likeliest matches.riiass

displayedn the tablerefers to the neutral molecule, not the measured ionized compound. If

the homologous seriefilter option is used, the respective network can be visualized by

selecting a formula from the table and cliogd 8@ K2 ¢ Yy S (i 4 2 Nlh thenéxlota dzZNBE M H
the isotope ratio deviance for the element selected in the box below the plot (Figuiis 13)

visualized inaviolinpldt LyaA RS (G(KS &St SO0 o62E a/ Kz22a$8 NB
different results, influencing the table and Van Krevelen diagram (see Table 2). Depending

on what is selected here, the download button on the lower left of plage can be used to

download the chosen results.



Figurel0O: Van Krevelen diagram showing all isotope verified likeliest matches in an example dataset
while color codindyy individual aromaticity indices (fk). The number oflepicted formulae can be
confined by certain criteria (aromatic, highly unsaturated, unsaturated, saturated compounds;
oxygenpoor or-rich). Other characteristics can be color coded, i.e. double bond equivalents (DBE) or
aromaticity (Al). For details atie definition of the different groups and characteristics see IEBM
OCEAN publication.

Figurell: Frequency distribution of all isotope verified likeliest matches in van Krevelen space.
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