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3 Technical Background

I 6806 | LI AOlea2y A& | a2Dsl N8B GKIG Oy oS | 00Sa
4SS YR AYGSNIOG 4AGKI Aada KIFIYRfSR 2y GKS FTNRyGSy
¢KS F2fft26Ay3 LI NFINLKA KSR PSRSORYOSBRABE SKWLIBSE!

OPENRYGISYR

¢tKS TNRYISYR: [{RA2REY2OFYLIMA 8&E OLRSYGKAOK Aa A
GSONR 6 a SN | @ LISNI ST ¢call N deld [SIYYSH dal&BR ol B A S @ G NHzO
gSolLJ IS 2F GKS LK AOlFe2y o6& SELXAOAGEE RSOt NAY
AYF3Sa SGO0Od ! RRAsz2ylffeées I ¢a[] GSYLXIFIGSa 2DSy 02y
¢KS | LILISIKS RASISNByili StSYSylia Ada ROEUYBER KKERK/ OB
FILOAfAGEFGSR o6& dzaAy3a I fA06NI NE wémd 68E&A YLINBIRESW yW8IRA I/ {{
Oty o068 FLIWIXASR 2 YI1S 6S0ariSa AyiGadSNI Oa@Sod LG |
GKS Of A O1CRB/Y it SYRIzg B NIOY S sd2edl PER) S+ddab@pEas 0 BSIdAER (2 a
GKS RS@GSt2LIVSyil 27F R YWD SaRI0dAD\R i & | AEE/ASI2R A Do | NB
0KdZB NN yi K2Y23SySAade lom@e g2AR O2RS NBRdzyRIyOe
odn I O1 SYR

¢KS oF O SyiRAER 2N SBEOIDANMS a2 KFyRfS dzaSNJ REGF o L
2DSYy dzLJ 2 R Uf S&a 2NJ SyiGdSNJ GSEG YlydzZ tted ¢KAA A
GKS PBhaKodMREBNI SEI YLX ST | dzZASNI Oly S¢[ifSNDIgKYDRB
0N} YyaYAgSR (2 (GKS aSNBSNJFYyR O2YLI NBR G2 RFEGlFOL
¢t KS NBadzZ G§a NBE NBUOdzNYySR G2 (GKS OftASydG G2 6S RAA
I ONaDI W2 FIREIBG DO BYRSY G A& OK22aAy3a |y F LILINRLINRIF G
F2dzy Rl a2y 2F | $6S06 [ LILXAOlFla2y®d CNIVYSg2N]l a RSGSNY
6'w[0O Ad KIFJRIER @z RISyaPREREPECNDEGAREOSt 2GIVEF G0 &
Of mSONIIBEINE NI Ooa2y 2NJ 20SNJ F RRAa2y It TSI GdgNSyaOS A1 S
GKS o616 01SyR Oy 68 RS@GSt2LISR Ay lFyeé fly3dzZ 3sSs v
9ELINBA& FT2N W JI 200Nh@BZ! 3/ (RK NI a7 § F2 NNt eali k2B Y LI
TN YSAZ2NR T20d ®@ah BORALIGE W ANERINPINIKE aAYAL | N
I 6806 | CREAIMNIBRIYoyd® 201 &

0odd f MSSYNIBSNIdzy A Ol a2y
20K WFWRIYG] SYR NB SaaSyeslftée | 02ttt S0ea2y 2F Uf S
¢tKSasS UfSa INB K2aldSR 2y | aSNUENINKBSIO2ViQgVy&ds
F LI AOlFoa2ys dzaSNA ySSR (2 SyidSNI GKS !w[=Z 6KAOK 3
I 650 ONRGaASNID C2ff26Ay3a (KIGZT GKS 0NRGHIMBASYRSE
¢KS NBIldzSad Aa | YSaal3dS (KIFISEKIENNFAFEHXEBET G 2 @3
2NRSNJ (2 68 O2NNBOGf & dzy REMNB 6! 252 RR BLATEGNERK ByyRE 1) 95 A
LI 84848 GKNRAZAK YdzZ aLX S LINPEASA 0SF2NB Al NBI OKS3
I ¢¢t ASNBSNI 2N aAYLi & 6So0 aSNBSND

Qx m)<\<



l ¢¢t &ASNUSNAEGH BEEROK WHOBMEBANB A4Sy i (KS 02yySOeaz2y o
GKS O2yiSyid GRODSABMSY KAGRBA IKSGES ASNWBSNA Oly ai:
AYF2NXYEo2y KIFa (2 06S NBIdzZSaG§SR FNRBY Fy | LILX AOI a¢
FYR A& aSyid OAl GKS w2 KNG NINR @& | SHREE  NIBEPRIzA INBIRS 3
Ad olFlasSR 2y | fry3adza 3S GKS 1 ¢¢t aSNIIINICR2MNI & 8yli2KiR
FLILIE AOF o RFEAGKSERBB LR So { SANZSINI D | & NP & NAo i GRS | 10D
Y2ZRUPYAHFMBECKSE 020K O2yBSNI AyO02 YAy s ylAEONR FNKIPAES & ( 3
RAOa 2yl NBE CORWAAN NBYWAWSY GEKSA #B8Hpdz8 &6 O NAIF o6f Sav | yR
NEBalLRRyaSa Zpadwmpeet { NEaBRSNIPSNA 2DSy f NBIFRe AyOf d:
1K234S REBRA D ISADEND IAYE | NB 02y a® REMNHASDyNEMESINAESS AL
dza SFdzZA +a GKS@& AYLINRGS LISNF2NXIyOS o6& RAAGNROGddz
a S Odmdaniee o

— — m
— Sl m

e I — A —
Client Web Server WSGI Server Application

CAJweNBRSt 2T EKBSAI DEYWdzy A Ol a2y ®



4 Methodsand Implementation
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Fﬁnmo 0.9.0 Developed by M. Zdouc, S. Habicht et al.

FERMO: Streamlined Molecular Feature Prioritization

FERMO is an app for the processing, analysis, and prioritization of molecules from
complex LC-MS/MS data

<

R

FERMO integrates LC-MS/MS data, quantitative biological data, and group
metadata in a combined analysis platform. Samples and molecular features are
scored for their putative novelty, chemical diversity, and associatedness to
quantitative biological data. This allows for pragmatic prioritization of molecular
features and samples for further investigation.

FERMO can be used in different modes, which can be accessed by clicking the
buttens on the bottom of the page.
More information on FERMO can be found in the README or in the FERMO Wiki.

Processing mode Loading mode
Standard peak table processing mode. Session file loading mode
This mode requires 2 molecular features peak table and MS/MS This mode requires a previously created FERMO session file in the
data in the MZmine3 format. Optionally, users can also provide files json format. This can be either created by running data in the peak
containing grouping metadata, quantitative biological data, and a table processing (standard) mode, or by obtaining a session file from
spectral library for annotation purposes. others.
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Developed by Mija M Zdouc, PhD. et &l

FERMO: Streamlined Molecular Feature Prioritization
FERMO is an app for the processing, analysis, and prioritization of molecules from complex LC- E] Q
MS/MS data. i *
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FERMO integrates LC-MS/MS data, quantitative biological data, and group metadata in a

combined analysis platform. Samples and molecular features are scored for their putative
novelty, chemical diversity, and associatedness to quantitative biological data. This allows for

pragmatic prioritization of molecular features and samples for further investigation. v Y
Processing mode Loading mode
Standard peak table processing mode Session file loading mode
This mode requires a molecular features peak This mode requires a previously created FERMO
table and MS/MS data in the MZmine3 format. session file in the json format. This file can be
Optionally, users can also provide files containing either created by running data in the peak table
grouping metadata, quantitative biological data, 1 processing (standard) mode, or by obtaining a e
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Sample Table - [ ain Chromatagra

iaing] Sample Chromatogram overview: 5458_5457_mod.mzXML

Click any row In the sample tabls to isualize the sample
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Sample Table 4
A
Number of Value
Total samples: 11
Total features: 143
Selected features: 94
Selected networks: 43
Non-blank: 94
Blank & MS1 49
. S ed Selected || * Filename:
Filename  GrouP ¢oatures networ 5440_5439_mod.mzXML
5458 5457 .. C 34 34 * Diversity-score: 0.21
® Spec score: 0.25
5440_5439_... A2 16 16
« Mean novelty score: 0.19
S SHE = © = L2 « Total features: 23
5434_5433_.. S 39 39 » Non-blank features: 16
5432_5431_.. A2 30 30 « Blank & MS1 features: 7
D3_H3_mod.... BLANK 0 0
5425 5426 .. C 16 16 ~
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Main Chromatogram

Sample Chromatogram overview: 5458_5457_mod.mzXML
Click any row in the sample table to visualize the sample

10
Retention Time (min)

1 - . Selected
Not selected
0.8 ! O unique to
Z I sample
0
3 os O unique to group
= Blank + MS1
2
w04
w
ot
0.2
0 5 10 15 20
. Focused feature
0.5 I\ [ Related (same
0 network)
5 15 2

Cytoscape view - spectral similarity networking

apo. 323 %JP-:'" e
SO I 1325 i
{06 3307 vz

522358

M Focused feature I Present in sample

ture [D: 54

+ Precursor myz: 303.1543

+ Retention time (avg): 7.29

= Annoctation: Mone (user-library),
Villalstonine(MS2Query)

» MS2Query class pred: Tryptophan alkaloids(NPC superclass),
Alkaloids and derivatives(CF superclass)

+ Detected in samples: 5425_5426_mod.mzXML

Other samples O Unique to sample D Unigue to group
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Feature ID 6 Visualize features @

Precursor m/z 261.1445
O ALL SELECTED HIDDEN

Retention time (min) 5.86
Blank associated features @

Feature intensity 70000
(absolute) (5458_5457_mod.mzXML) ° DESIGNATE
Feature intensity 1.0 DO NOT DESIGNATE
(relative)

Novelty Score @
Blank-associated False . .
MNovelty score 0.22 0 1
QuantData- False 3 i i
assodiated Relative intensity @
QuantData-trend Falze . .
Peak overlap (%) 88.0 0 1

Peak overlap (%) @
v . B v

Spectral library: best None
match
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https://fermo.bioinformatics.nl/example
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Field Applicatbn Source
Natural product research Drug discovery [1]
Microbiome research Understanding the role of microbiota [2]
Clinical research Personalized drug therapy [3]
Plant research Plant metabolism [4]
Food science Detection of toxic food contaminants [5]
Environmental science  Detection, monitoring of pollution in water/soil, [6]
Identification of chemicals of emerging concern [7]
Forensics Identification of unknown metabolites from drugs, [8]
New illicit drug identification, [9, 10]
Doping prevention [11]
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Data Aspect Examples

Preprocessing software Mzmine3[12],
OpenMg13],
XCM$S14],
MAVEN15],
MetaboAnalys{16] etc.
Size Few MB up to many GB
Number of samples Tens up to thousands

Type ofmolecules Lipids,
Sugars,
Amino acids,
Fatty acids etc.
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Situation Solution
'A4SNJ KFa | O0Saa G2 G FERMO onlinewould notrequire installation a

no rights to install software and the privat
computer is too old/slow or just not powerfL
enough to handle hugdatasets

NP researcher measured 3000 samples: extr:
from different strains of a bacterium cultivate
under different conditions, extracted i
different ways etcA too manyfor FERMO tc
handle

Employee of a pharma company wants
analyze their sensitive data but it should NOT
any way become publicly accessible

FERMO processing was performed in
browser but now the user wants to look at the
results while they have to travel, however tt
internet connection is unreliable

Junior researcher has never worked with
commandline, doesnot even know how to
navigate to foldersd installation may become
difficult

User has changing workplacesuch as
laboratory, office and homeoffice with each a
different compute but their institution doesot
have servers to work on

User normally preprocesses the data with XC
and has never worked with Mzmine before

would allow remote computation

Integration of sample preselection tools such
Inventa would help to choose a feasible numk
of samples

Thet 201 f @GSNBRA2Y 2F C
computer does not expose the data to the pub

Loading the processed data into the loc
application makes evaluation of the resul
possible without an internet connection

FERMO online would not require installation
knowledge of commandine usage

FERMO online would allow access to |
software without installation on any device

Accepting output of differen preprocessing
tools would allow more flexibility for the user t
work with their preferred preprocessin
software
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