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https://travis-ci.org/ElucidataInc/ElMaven
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CHAPTER 1

Contents

1.1 EI-MAVEN Features

MAVEN and EI-MAVEN share the following features:
e Multi-file chromatographic aligner
» Peak-feature detector
* Isotope and adduct calculator
 Formula predictor
* Pathway visualizer
* Isotopic flux animator

EI-MAVEN is faster, more robust and has more user friendly features as compared to MAVEN.

1.2 Download

EI-MAVEN installers are available for Windows (7, 8, 10) and MacOS (1.5 and above). Download EI-MAVEN’s latest
version or daily build for your preferred environment.

1.3 Build

Contributors can build EI-MAVEN on Windows, Ubuntu or Mac systems by following these instructions. Users are
recommended to download the installers provided here.



http://genomics-pubs.princeton.edu/mzroll/index.php
https://elucidatainc.github.io/ElMaven/
https://elucidatainc.github.io/ElMaven/
https://elucidatainc.github.io/ElMaven/Downloads/
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1.3.1 Windows

* Download MSYS?2 installer and follow the installation instructions provided on their website.

e Open MSYS2 and give the following commands to set up libraries and tool chains for EI-MAVEN. Reopen

MSYS2 when required:
— For 64 bit
$ pacman --force -Sy
$ pacman --force -Syu
$ pacman —--force -Su
$ pacman --force -Sy base-devel msys2-devel mingw-w64-x86_64-toolchain

—mingw-w64-x86_64-qt5 mingw64/mingw-w64-x86_64-hdf5 mingw64/mingw-w64-—
—x86_64-netcdf mingw64/mingw-w64-x86_64-boost msys/git

— For 32 bit
$ pacman —-force -Sy
$ pacman —--force -Syu
$ pacman --force -Su
$ pacman —--force -Sy base-devel msys2-devel mingw—-1686-toolchain mingw—

—1686-9gt5 mingw32/mingw-1686-hdf5 mingw32/mingw-1686-netcdf mingw32/
—mingw—-1686-boost msys/git

* Open mingw64.exe from the MSYS2 folder and give the following commands:

$ cd <PathToInstallationFolder> #for example: cd /c/User/Admin/Desktop
$ git clone https://github.com/ElucidataInc/ElMaven.git

$ ./run.sh

$ ./bin/El_Maven_0.x #for example: ./bin/El_Maven_0.2

ElI-MAVEN loads with two windows: one for logging the application status and another for data analysis.

1.3.2 Ubuntu

* Open the terminal and give the following commands to set up the libraries and tool chains for EI-MAVEN:

$ sudo apt-get update

$ sudo apt-get install g++

$ sudo apt-get install gt5-gmake gtbaseb5-dev gtscript5-dev gtdeclarative5-
—dev libgtbSwebkit5-dev libsglite3-dev libboost-all-dev lcov libnetcdf-dev
$ cd <PathToInstallationFolder> #for example: user@pc:~$ cd Desktop/

$ git clone https://github.com/ElucidataInc/ElMaven.git

$ ./run.sh

$ ./bin/El_Maven_0.x #for example: ./bin/El_Maven_0.2

EI-MAVEN loads with two windows: one for logging the application status and another for data analysis.

1.3.3 MacOS

¢ Install Xcode from App store
¢ Download and Install Qt5.6
This will give you the Qt5.6.2 dmg file. Using the dmg file install Qt under the directory /Users/Your_User_Name/

 Using the terminal execute the following commands:

1.3. Build 3
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$ sudo xcodebuild -license accept

$ xcode-select —--install

$ /usr/bin/ruby —-e "$(curl —-fsSL https://raw.githubusercontent.com/
—sHomebrew/install/master/install)"

brew install boost

brew install 11lvm@3.7

brew install netcdf

cd ~

touch .profile

echo "PATH=/Users/SUSER/Qt5.6.2/5.6/clang_64/bin/:$PATH" > .profile
source .profile

mkdir ~/maven_repo

cd ~/maven_repo

git clone https://github.com/ElucidataInc/ElMaven.git

cd ElMaven

source ~/.profile

gmake CONFIG+=debug -o Makefile build.pro

make —j4

vy i Ay 0y Uy O A

1.3.4 Switching Versions
Users can switch between versions once they have compiled EI-MAVEN successfully on their system. Follow these
steps to pull a specific release:

* Choose the version you wish to install from the list of releases. (We recommend the version tagged “Current
Release”. Past releases are not stable and should be avoided)

* Find the version tag (v0.2.x, 0.1.x, etc) on the left of release notes.
* Open your terminal and move to the installation folder

¢ Give the following commands in the terminal:

cd ElMaven

./uninstall.sh

git checkout develop

git pull

git checkout v0.x.y (Example: v0.4.1)

w0

— Build the new version using the following commands:

+ For Windows and Ubuntu

$ ./run.sh

* For MacOS

$ source ~/.profile
$ gmake CONFIG+=debug -o Makefile build.pro
$ make -3j4

1.4 User Documentation

Welcome to the EI-MAVEN user documentation!

1.4. User Documentation 4
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EI-MAVEN is an open source LC-MS data processing engine that is optimal for isotopomer labeling and untargeted
metabolomic profiling experiments. Currently EI-MAVEN exists as a desktop application that runs on Windows,
Ubuntu and MacOS. The software can be used to view the mass spectra, align chromatograms, perform peak-feature
detection and alignment for labeled and unlabeled mass spectrometry data. The aim of this software package is
to reduce complexity of metabolomics analysis by using a highly intuitive interface for exploring and validating
metabolomics data.

Find out more about the software through the links below.

1.4.1 Introduction
Git Repository

ElI-MAVEN’s repository can be found on GitHub here.

1.4.2 Getting Started
EI-MAVEN User Interface

Following is the general workflow involved in EI-MAVEN:

Samples and
Reference
Loading
Automated Targeted Feature
Feature Detection Detection

e EIC Extraction -

——— | Peak Detection —l
Alignment Peak Grouping

‘— Peak Scoring -
Export (PDF, CSV,
%’ JSON)

Compare Sets

!

Annotate
Metabolites

Peak detection, alignment, grouping and scoring are done multiple times for best results in the EI-MAVEN workflow.
Data from different cohorts can be compared using visualisation tools and easily exported to other formats.

1.4. User Documentation 5
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EI-MAVEN User Interface

File Widgets Help
% = L 2

= ) Auto Detect(+1) Charge1 - AreaToj : [m/zZ] MW / Compound _ +/-5.000000 “lppm:
Open Align Peaks Match OPtions polly {+1) Charg B (/2] . 4 B

g ®

- o @ = ARE #F35 &= e w e B

Widget Bar |:>

Sample Space EIC Window

(=EHeowpa [ ==a8]

Global Settings

Global Settings can be changed from the Options dialog

Instrumentation

1.4. User Documentation 6
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File Widgets Help

= X
= ‘I v N Auto Detect(+1) Charge 1 . AreaTo :[m/z] MW / Compound  +/- 5.000000 - ppm:
Open Align Peaks Match OPtions polly (1) Charg B [m/2] pound_+/ ee
VaRHPE%U= QWE £ e 2w =% =
semple name fit %
|Ih
P
Instrumentation | File Import Peak Detection Peak Filtering Isotope Detection EIC (XIC) [BETA] Peak Grouping Group Rank Libraries Exter < | *! S
Instrumentation Type @
Polarity / lonization Mode: Auto Detect = Q1 Accuracy 0.50 amu
lonization Type ESI = Q3 Accuracy 0.50 amu J!
Instrument Type: Filterline All

Use Default Parameters

* Polarity/lonization mode: Polarity information is required for m/z calculation. Users can set the polarity of the
metabolites in their experiment from the drop-down list or set it to Auto-detect.

* Jonization type: lonization methods can affect m/z calculation. Drop-down provides a list of the most popular
ionization types.

e QI accuracy: This is the mass resolution in amu of the first quadrapole.
* 03 accuracy: This is the mass resolution in amu of the third quadrapole.

e Filterline: The drop-down lists different mass ranges and allows the user to process the data in these ranges
separately with different parameters. Primarily used for polarity-switching experiments.

File Import

1.4. User Documentation 7
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File Widgets Help

= K
i~ i X Auto Detect(+1) Charge 1 - AreaTof < [m/z ompound  +/-5.000000 ppm:
Open Align Peaks Match OPtions polly ¢ Y B (m/2] : / ee
VaL @B %= QRE S e e wcE Y B
|Ih
i
PN
Instrumentation File Import| Peak Detection Peak Filtering Isotope Detection EIC (XIC) [BETA] Peak Grouping Group Rank Libraries Exter |/ -
= Centroid Scans @
Scan Filter Polarity Not Filtered ; ® Enable multiprocessing E
Scan Filter MS Level Not Filtered J!

Scan Filter Intensity Minimum Quantile Cutoff 0%

Scan Filter: Minimum Intensity 0ions

Use Default Parameters

* Centroid Scans: Centroid acquisition is an acquisition method where only centroid m/z and intensity are stored.
Centroid m/z is calculated based on the average m/z value weighted by the intensity and m/z values are assigned
based on a calibration file. Users may leave the box unchecked if they have the centroid data or check the box if
centroiding has to be done in EI-MAVEN.

* Scan Filter Polarity: Users may choose to import scans based on the polarity of ions in the scan. Especially
helpful in polarity-switching experiments.

* Scan Filter MS Level: Users may choose to import only MS1 or MS2 scans. This feature can be used with
MS/MS data.

* Scan Filter Minimum Intensity: Sets a minimum threshold for reading in intensity values.

* Scan Filter Intensity Minimum Quantile Cutoff: Scans with x% of their intensity values below the threshold will
be filtered out during import.

* Enable Multiprocessing: In order to reduce the sample load time, EI-MAVEN uses multiprocessing. This be-
havior can be changed by the user.

Peak Detection

1.4. User Documentation 8
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File Widgets Help
= <

= . Auto Detect(+1) Charge1 - AreaToj - [m/2] ompound  +/-5.000000 ppm
Open Align Peaks Match OPtions polly ¢ Y B (m/2] : / ee
Vakl @B kA= QHE 5 e9 2T =M% =]
|Ih
tth
PN
Instrumentation File Import Peak Detection | Peak Filtering Isotope Detection EIC (XIC) [BETA] Peak Grouping Group Rank Libraries Exter |/ -
Peak Detection and Grouping Settings Baseline Calculation @
EIC Smoothing Algorithm Savitzky-Golay . B
Drop top x% intensities from chromatogram 80% Al
EIC Smoothing Window 10 scans J!
Baseline Smoothing 5 scans
Max Retention Time difference between Peaks 0.25 - min

Use Default Parameters

Peak Grouping and Grouping Settings

* EIC Smoothing Algorithm: Smoothing of data points helps in increasing the signal/noise ratio. There are three
algorithms provided for EIC smoothing:

1. Savitzky-Golay: It preserves the original shape and features of the signal better than most other filters
(Learn more).

2. Gaussian: It reduces noise by averaging over the neighborhood with the central pixel having higher weight
but successfully preserves sharp edges. (Learn more).

3. Moving Average: It takes the simple average of all points over time. Signal behavior is not natural. Least
preferred method for smoothing (Learn more).

e EIC Smoothing Window: Number of scans used for fitting in the smoothing algorithm can be adjusted here.

* Maximum Retention Time Difference Between Peaks: Set a limit to retention time (RT) difference between peaks
in a group. Increase the value if alignment fails to center peaks satisfactorily.

Baseline Calculation

* Drop top x% intensities from chromatogram: Set the baseline for every peak. Baseline is obtained once x% of
the highest intensities in a peak are removed from consideration. Baseline should be set high when there is more
noise in the data.

* Baseline Smoothing: Number of scans used for fitting in the smoothing algorithm can be adjusted here.

Peak Filtering

1.4. User Documentation 9


https://www.researchgate.net/publication/270819321_Smoothing_and_Differentiation_of_Data_by_Simplified_Least_Squares_Procedures
https://people.csail.mit.edu/asolar/papers/pldi276-chaudhuri.pdf
https://www.wavemetrics.com/products/igorpro/dataanalysis/signalprocessing/smoothing

EI-MAVEN Documentation, Release v0.4.1

= u R %0 MW / Compound 4/ .
Open Align Peaks Maich Options polly Auto Detect(+1) Charge 1 - AreaTop :[m/z] MW / Compound  +/- 5.000000 Zppm:
Vil @B A= QWE ST e e e EE%

Sample name filter

=E&8

Instrumentation File Import Peak Detection Peak Filtering Isotope Detection EIC (XIC) [BETA] Peak Grouping Group Rank Libraries Exter |-

Isotope Peak Filtering is same as Peak Filtering

=HE@e QY[

Parent Peak Filtering Isotopic Peak Filtering
Min. Signal Baseline Difference  |0.00 Min. Signal Baseline Difference  |0.00
Min. Peak Quality 0.00 Min. Peak Quality 0.00

Use Default Parameters

* Minimum Signal Baseline Difference: Set the minimum difference between intensity and baseline to detect any
signal as a valid peak.

Isotope Detection

Open Align Pe‘:ks Jﬁh Opi::ns Poqy Auto Detect(+1) Charge1 - AreaTop :[m/z] Mw / Compound __ +/-5.000000 JBPM:
FaR B k= QHE £3h e = LT R =

Sample name filter 5

Instrumentation File Import Peak Detection Peak Filtering| Isotope Detection | EIC (XIC) [BETA] Peak Grouping Group Rank Libraries Exter - {*!

Samples Are Labeled? Filter Isotopic Peaks based on these criteria
Minimum Isotope-parent correlation 0.20

E@o o ®Q [

(=]
[=3]

Bookmark, peakdetection & file export @ D2 ® C13 @ N15 & S34 Isotope is within [X] scans of parent 5 scans
Abundance Threshold 1.0 J
Isotopic widget © D2 ¥ (13 ®N15 @ S34 Maximum %Error to Natural Abundance 100.00 %

o Correct for Natural C13 Isotope Abundance

Use Default Parameters

Are Samples Labeled?

* Bookmarks, peak detection, file export: Select the labeled atoms that should be used in bookmarking, peak
detection and export. D2: Deuterium, C13: Labeled carbon, N15: Labeled nitrogen, S34: Labeled sulphur.

1.4. User Documentation 10
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* Isotopic widget: Select the labeled atoms that should be displayed in the isotopic widget. D2: Deuterium, C13:
Labeled carbon, N15: Labeled nitrogen, S34: Labeled sulphur.

* Number of M+n isotopes: Set the maximum number of labeled atoms per ion in the experiment.

* Abundance Threshold: Set the minimum threshold for isotopic abundance. Isotopic abundance is the ratio of
intensity of isotopic peak over the parent peak.

Filter Isotopic Peaks based on these criteria

* Minimum Isotope-Parent Correlation: Set the minimum threshold for isotope-parent peak correlation. This
correlation is a measure of how often they appear together.

e Isotope is within [X] scans of parent: Set the maximum scan difference between isotopic and parent peaks. This
is a measure of how closely they appear together on the retention time scale.

* Maximum % Error to Natural Abundance: Set the maximum natural abundance error expected. Natural abun-
dance of an isotope is the expected ratio of amount of isotope over the amount of parent molecule in nature.
Error is the difference between observed and natural abundance as a fraction of natural abundance.

» Correct for Natural C13 Isotope Abundance: Check the box to correct for natural C13 abundance.

EIC (XIC) [BETA]

¥ = L R < 0O
= ) Auto Detect(+1) Charge/1 - AreaToj < [m/z +/-5.000000 m:
Open Align Peaks Match OPtions polly ) g P [m/2] 4 Bp

VaHPE K= WE 3= 2 |wnTc B

SRS

Instrumentation  File Import Peak Detection Peak Filtering Isotope Detection EIC (XIC) [BETA] Peak Grouping Group Rank Libraries Exter - |-

EIC Calculation
FICTur  (May

=EH@e Q[

Use Default Parameters

* EIC Type: Select a method to merge EICs over m/z. There are two options:
1. MAX: Merged EIC is created by taking the maximum intensity across the m/z window at a particular scan.

2. SUM: Merged EIC is created by taking the sum average of intensities across the m/z window at a particular
scan.

Peak Grouping

1.4. User Documentation 11
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File Widgets Help

= ® x

Open Align Peaks Match OPtions polly
VaHPEK= QWE £ e e wc B

Auto Detect(+1) Charge[1 - AreaTop < [m/2)! ompound  +/-5.000000

Instrumentation File Import Peak Detection Peak Filtering Isotope Detection EIC (XIC) [BETA] Peak Grouping Group Rank Libraries Exter i’ !

Peak Grouping Score @ Consider
score = 1.0/ ((distX*A)+0.01)/ . .
((distY*B)+0.01) * (C*overlap) distX Weight

distY Weight = 1

= 1

where
distX = Rt difference of peaks Overlap Weight — 1

Use Default Parameters

* Peak Grouping Score: Peaks are assigned a grouping score to determine whether they should be
grouped together. There are two formulas for grouping score calculation:

1. score = 1.0/((distX * A) + 0.01)/((distY * B) + 0.01) * (C * overlap)
2. score = 1.0/((distX * A) + 0.01)/((distY * B) + 0.01)
The score depends on the following 3 parameters and their weights:

* RT difference or DistX: Difference in retention time between the peaks under comparison. Closer
peaks are assigned a higher score.

* Intensity difference or DistY: Difference in intensity between peaks under comparison. Smaller
difference accounts for a higher score.

* Overlap: Fraction of retention time overlap between the peaks under comparison. Greater overlap
accounts for a higher score.

— Uncheck Consider Overlap to calculate grouping score without overlap.
— Sliders are provided to adjust the weights attached to each of the three parameters.

Group Rank

- ppm:

EEH@ s pPAL [ ==a8

1.4. User Documentation
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¥ = L 5
% " I N Auto Detect(+1) Charge 1 . AreaToj : [m/z] omf d  +/-5.000000
Open Align Peaks Match OPtions polly ¢ ¢ < L : 4

VaHPEK= @WE L3¢ W B

Instrumentation File Import Peak Detection Peak Filtering Isotope Detection EIC (XIC) [BETA] Peak Grouping Group Rank Libraries Exter |/
Group Rank Formula Consider Ret

Group Rank = ((1.1-Q)") * (1 /(log(1 + )~p) || QU2IEY Weight == 0

Where Intensity Weight == 1.0

Q= Quality of a group

Use Default Parameters

* Group Rank Formula: Group rank is one of the parameters for group filtering. There are two formu-
las below for group rank calculation:

1. Group Rank = ((1.1-Q) " A) * (1/(logI + 1)) * B)
2. Group Rank =((1.1-Q) " A) * (1/(log + 1)) *B) * (dRT) * (2 * C)
The score depends on the following 3 parameters and their respective weights A, B and C:

* Q or Group Quality: Maximum peak quality of a group. Peaks are assigned a quality score by a
machine learning algorithm in EI-MAVEN. Better quality leads to a higher rank.

[ or Group Intensity: Maximum intensity of a group. Better intensity leads to a higher rank.
* dRT or RT difference: Difference between expected retention time and group mean RT.

— Consider Retention Time: Check the box to use formula (b) for group rank calculation. Formula
(a) is used by default.

— Quality Weight: Adjust slider to set weight for group quality in group rank calculation.
— Intensity Weight: Adjust slider to set weight for group intensity in group rank calculation.

— dRT Weight: Adjust slider to set weight for retention time difference in group rank calculation.
The slider is disabled if Consider Retention Time is unchecked.

Sample Upload

Load Sample Files

Load sample files into EI-MAVEN and click on Show Samples Widget

- ppm:

=88

=H@e»®Qy [

on the widget bar to

show/hide the project space. Blanks will not show up in the sample list if the file names start with ‘blan’ or ‘blank’.

1.4. User Documentation
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File Widgets Help
= <

= 5 Auto Detect(-1) Charge 1 - AreaTo :[m/z] MW / Compound  +/- 5.000000 - ppm:
Open Align Peaks Match OPtions polly il ¢ = b o ! o
VaRD @R %= QRE £5 e e e B B
m/z: 482.9589-482.9637 %
Sample name Filt:
Sample © Set Scalin IJL

* exampleProject [8.60+05

e 1.00
1.00
1.00
1.00
1.00

[3.20+05

1.00 l2.8e+05

091215_1M = 100 lagos
09121511 1.00
091215_0M  ~ 1.00
091215_0i 1.00

=HE@e QY[

1.60+05

126405

Unknown compound. Clipboard set to

Load sample files into EI-MAVEN and click on Show Samples Widget on the widget bar to show/hide the project
space. Blanks will not show up in the sample list if the file names start with ‘blan’ or ‘blank’.

There are three columns in the project space:

* Sample: This column has the sample name and the random color assigned to the sample. Double-click the
sample name to change the color.

* Set: The set column holds the cohort name for every sample. For example: subjects and controls.

* Scaling: This column holds the normalization constant for every sample. For example, all intensities in a sample
will be halved if the constant is two. This is done to normalize data if sample volumes are different.

Sample Space Menu
. Load Project: Sample files can be loaded here.

. Load Meta: Users may upload a meta file with sample and set names in a comma separated file (.csv)
or double-click to enter text. Meta file template is shown below:

1.4. User Documentation 14
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A B

Sample Set
091215 5SM Test

091215 5i Control

091215 45M Test
091215 45i Control
091215 3M Test
091215 1M Test

o o o

Zi]
. Save Project as: Current state of EI-MAVEN can be saved in a .mzroll file for future use. All the
settings, EICs and peak tables are stored in the file and may be reloaded at any point in the future.

. Change Sample Color: Sample colors can be changed by either clicking on this menu button or
double-clicking the sample name. Users can pick a color of their choice to represent their samples.

. Remove Samples: Apart from deselecting samples, users also have the option to remove samples from
the project space. The sample files will not be deleted, only removed from EI-MAVEN’s project space.

Y4

. Show/Hide Selected Samples: Samples can be selected/deselected in batches. This is especially helpful
when dealing with large datasets as the EIC window gets increasingly noisy with more samples.

. Mark Sample as Blank: Users can select sample files and set them as blanks as depicted below.
Clicking the button again will reverse the move.

1.4. User Documentation 15
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File Widgets Help
= <
Open Align Peaks Match OPtions polly

VaREPE %= QWE £ &= 2 [wnc EmE%

. - Set As a Blank Sample
Sample name filte

Sample © Set Scalin
- exampleProject o405,
1.00
1.00
1.00
1.00

1.00 80405

091215_1M  ~ 1.00 [2.40405
091215_1i 1.00
091215_0M = 1.00
091215_0i 2 1.00

1.60405

1.20405

Unknown compound. Clipboard set to

Compound Database

Load Reference File

Auto Detect(-1) Charge|1 : AreaTop

m/z: 482.9589-482.9637

 [m/z]Mw / Compound

+/-5.000000

ppm:

ERS

=E@e Q[T

| A B c | D | E
1 |[compound formula id r category
2 |cholesteryl sulfate C2TH46045 HMDBOOG53 17.25
3 |Deoxycholic acid C26H43MN0O5 C05464 16.79
4 [trans_trans-farmesyl diphosphate C15H2807P2 co0448 16.74
5 |Cholic acid C24H4005 HMDBOOG619 16.69
6 |Geranyl-PP Cl0H2007P2 Co0341 16.46
7 |Taurodeoxycholic acid C26H45N06BS C05463 16.23
8 |lipoate CBH140252 Coov25 15.97
9  |3-hydroxy-3-methylglutaryl-Cof-nega CZ2TH44NTO20P35 |CDO356 15.72
10 |butyryl-CoA C25H42NTO17P3S |CO0G30 15.72

Reference file contains a list of metabolites and their properties that are used for peak detection. This is a comma
separated (.csv) or tab separated (.tab) file with compound name, id, formula, mass, expected retention time and
category. It is preferable but not necessary to have retention time information in the reference file but either mass or
formula is required. In case both mass and formula are provided, formula will be used to calculate the m/z. Click on
the Show Compounds Widget on the widget toolbar to view the compounds panel. Users may upload a new reference
file or use any of the default files loaded on start-up.

1.4. User Documentation
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<
q E a MW / Co +/- 5. 5
Open Align peaks Match OPtons poly Auto Detect(-1) Charge|1 . AreaTop [m/z] MW / Compound  +/-5.000000 ppm
= .
8 eknowns e QWE FEe=s e nnc By bt
E m/z: 482.9589-482.9637
& |compound Name Filter %
$ name © mfz rt ™
3 XANTHURE... 204.030228 14.14 Be+05 +N
E XANTHOSIN... 363.034729  12.7
G XANTHOSINE 283.068420  7.74 L
Y XANTHINE 151.026154  1.18 i
VALINE 116071701 1 2008 2
uTpP 482961273  14.81
URIDINE 243.062256 1.7 g
URIC ACID 167.021057  6.17 =
URACIL 111.020004  1.18 @
323.028595 10 2-80105 R
UDP-N-ACE... 606.074280 13.58
UDP-D-GL! 579.027039  14.68 o
UDP-D-GLU... 565.047729  13.44
upP 402.994934  13.81 b 40405 @
TYROSINE 180.066620 2 ol

TRYPTOPHAN 203.082596 7.5
TREHALOSE... 341.108948  1.18
TREHALOSE... 421.075256  6.95
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TAURODEO... 498289490 16.23
TAURINE 124007393 0.82
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S-METHYL-5'"... 296.082275  11.6
S-ADENOSY... 398.137787 7
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lae 04

Unknown compound. Clipboard set to
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UDP-N-ACE... 606.074280  13.58
UDP-D-GLU... 579.027039  14.68
UDP-D-GLU... 565.047729 13.44
UDP 402.994934  13.81 b dos0s
TYROSINE ~ 180.066620 2
TRYPTOPHAN 203.082596 7.5
TREHALOSE... 341.108948  1.18
TREHALOSE... 421.075256  6.95
TRANS_TRA... 381.123749  16.74 [pe+08
THYMINE 125.035652 2.6
THYMIDINE ~ 241.082993 5.4
THREONINE  118.050964 1
THIAMINE-P... 344.071350 11 160405
THIAMINE P... 424.037689  9.56
THIAMINE 264105042 0.8
TAURODEO... 498289490 16.23
TAURINE 124007393 0.82
SUCCINYL-C... 866.123962  15.41
SUCCINATE ~ 117.019333  11.6
SN-GLYCER... 171.006409 7.3
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SERINE 104.035316 1
SEDOHEPT... 368.999359  13.64
SARCOSINE ~ 88.040405 1
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S-ADENOSY... 398.137787 7
S-ADENOSY... 354.147949 1
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1.26+05

lae+04

Unknown compound. Clipboard set to

An Extracted Ion Chromatogram is a graph of Intensity vs. retention time for a certain m/z range. EIC window
displays the EIC for every group/compound selected or m/z range provided. The group name and/or the m/z range is
displayed at the top. Following are the different menu options on top of the EIC window:
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&\

. Zoom Out: The EIC is initially zoomed-in to display the region near the expected retention time of a
group. This button will zoom out and display the whole retention time range for the selected m/z range. Users
may zoom in to a region by right dragging the mouse over it. Left-dragging will zoom out.

1
. Copy Group Information to Clipboard: On clicking this button, group information is copied to the
clipboard with every row representing a different sample.

. Bookmark as Good Group: Users can manually curate a group as ‘good’ and store it in the bookmark
table using this button. (Manual curation of groups has been covered here)

File Widgets Help

= X
I = b IR < O Auto Detect(-1) Charge[1 - AreaTop :[m/2]191.01983643  +/- 5.000000 ~ppm:
Open Align Peaks Match OPtions polly
8 > = iy . | =
IvaRPEAL= QWE 5@ e EEEY% L]
E citrate m/z: 191.0188-191.0207 %
& [sample name filter
2 -
$  sample Set SC bgesss I
3 - exampleProject
2 10 i
S 19 Baess E
1.0 2
1.0
1.0 bows c’
1.0
10 @
1.0
1o peess ®
1.0 P
1.0
1.0 [12ew0s b
1.0
10
1.0
[Be+04 J
e 04
PeakTable1 @ ® . 3¢ 57600 T B & W = @
# © D Observed m/z Expected m/z rt rt delta #peaks #good Max Width Max AreaTop Max S/N Max Quality
» 152 citrate 191.0199 191.0197 1530 170 16 7 20 3.1e+04 20 078
» «151 citrate 191.0198 191.0197 1377 047 16 16 26 23405 16 084
50 N-acetyl-glutamate 188.0566 188.0564 1341 011 16 16 12 9.9¢+03 1230 085
+ 149 N-acetyl-glutamine 187.0724 187.0724 375 325 16 15 21 7.4e+04 491 084
» 148 Indoleacrylic acid 186.0559 186.0560 780 7.14 16 16 17 1e+04 1145 085
» 147 3-phosphoglycerate 184.9857 184.9857 13.57  0.01 16 10 15 1.1e+04 473 0.84
+ 146 3-phospho-serine 184.0016 184.0016 814  0.06 16 16 36 3.7e+04 965 085
» 145 tyrosine 180.0666 180.0666 460 260 16 3 44 9.6e+03 3 053
» 144 tyrosine 180.0665 180.0666 326 126 16 4 29 1.5e404 2 0.52
» 143 tyrosine 180.0665 180.0666 3.87 1.87 16 1 30 1.3e+04 2 0.61
» 142 tyrosine 180.0667 180.0666 1585  13.85 16 7 26 8.9¢+03 17 075
» 141 D-glyceraldehdye-3-phosphate 168.9907 168.9908 1372 637 16 10 13 1.3e404 777 083
> 140 D-glyceraldehdye-3-phosphate 168.9905 168.9908 870 135 16 10 62 2.5e+04 1175 084
citrate
. 3 ) L
. Bookmark as Bad Group: User can manually curate a group as ‘bad’ and store it in the bookmark

table using this button. (Manual curation of groups has been covered here)
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File Widgets Help

& = ' \1@ 23
= : Auto Detect(-1) Charge 1 . AreaTo :[m/z] 148.04370117 +/-'5.000000 - ppm:
Open Align Peaks Match OPtions polly ) E = e 4 a2
IvaRJPR %= QWE FT e e nnc E Y% ]
E methionine m/z: 148.0430-148.0445 %
& [sample name filter {72000
) .
E Sample ) Set Sai l].h
3 - exampleProject l6400.0 |'N
g- = 1.0
S 1.0 E
3 1.0 lse000 4
1.0 P
1.0
1.0 Jeooo c’
1.0
1.0 @
10 o000
10 2
1.0 o
10 [eooo
1M 10 16}
091215_1i 1.0
10 oo mﬁ
1.0
v
00.0
- 2 # s o = n w
PeakTable 1 x@ X . X @ TH B w = O
# © D Observed m/z Expected m/z rt rt delta #peaks #good Max Width Max AreaTop Max S/N Max Quality
+ ©170 methionine 148.0437 148.0438 347 197 16 4 25 5.6e+03 265 0.68
+ 169 methionine 148.0438 148.0438 1313 11.63 16 10 13 2.1e+04 1792 0.85
» 168 O-acetyl-L-serine 146.0459 146.0459 5.80 4.70 16 1 30 2.5e+04 4 0.72
» 167 O-acetyl-L-serine 146.0458 146.0459 773 6.63 16 4 23 1.5e+04 15 0.76
+ 166 O-acetyl-L-serine 146.0458 146.0459 425 3.15 16 16 76 1.7e+06 61 0.84
+ 165 glutamate 146.0459 146.0459 5.80 1.60 16 1 30 2.5e+04 4 0.72
» 164 glutamate 146.0458 146.0459 773 353 16 4 23 1.5e+04 15 0.76
» 163 glutamate 146.0458 146.0459 4.25 0.05 16 16 76 1.7e+06 61 0.84
+ 162 citrate/isocitrate 191.0198 191.0197 16.01 241 16 1 14 1.4e+04 45 0.48
+ 161 citrate/isocitrate 191.0199 191.0197 14.97 137 16 4 20 1.1e+04 9 0.56
> 160 citrate/isocitrate 191.0199 191.0197 1530 1.70 16 7 20 3.1e+04 20 0.78
+ 159 citrate/isocitrate 191.0198 191.0197 13.77 047 16 16 26 2.3e+05 16 0.84
+ 158 isocitrate 191.0198 191.0197 16.01  2.41 16 1 14 1.4e+04 45 0.48
methionine 2
. History Back: EIC window display history is recorded. Clicking this button will display the previous

state of the window.

|
—
. History Forward: EIC window display history is recorded. Clicking this button will display the next
state of the window, if available.

. Save EIC Image to PDF File: Saves the current EIC window display in a PDF file.
. Copy EIC Image to Clipboard: Current EIC window display is copied to clipboard.
. Print EIC: Current EIC window display can be directly printed out.
I
A
. Auto Zoom: Auto Zoom is selected by default. It zooms-in and centers the EIC to the expected RT.

The expected retention time is depicted as a dashed red line.
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K
) - : X +/5. :
Open Align peaks Match OPtions polly Auto Detect(-1) Charge|1 : AreaTop [m/z] 148.04370117 /- 5.000000 “lppm
9
£ eknOWNS e QRE L3 e e | wTc ERE% ®
E UTP m/z: 482.9589-482.9637
& [Compound Name Filter %
£ name < mfz t u}:
3 XANTHURE... 204.030228 14.14 60405 Hi
& XANTHOSIN... 363.034729  12.7
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URACIL 111.020004 1.18 Expected RT |:> @
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TYROSINE ~ 180.066620 2 o
TRYPTOPHAN 203.082596 7.5 il
TREHALOSE... 341.108948  1.18
TREHALOSE... 421.075256  6.95 j!
TRANS_TRA... 381.123749  16.74 o105
THYMINE 125.035652 2.6 Iy
THYMIDINE ~ 241.082993 5.4
THREONINE ~ 118.050964 1
THIAMINE-P... 344.071350 11 1.60:05
THIAMINE P... 424.037689  9.56
THIAMINE ~ 264.105042 0.8
TAURODEO... 498.289490  16.23
TAURINE 124.007393  0.82 [ 2ecs
SUCCINYL-C... 866.123962  15.41 -
SUCCINATE ~ 117.019333  11.6
SN-GLYCER... 171.006409 7.3
SHIKIMATE-... 253.011887  13.44
SHIKIMATE ~ 173.045547  10.92 lBe-04
SERINE 104.035316 1
SEDOHEPT... 368.999359  13.64
SARCOSINE ~ 88.040405 1
S-RIBOSYL-L... 266.070374  0.68 liovos
S-METHYL-5'... 296.082275  11.6
S-ADENOSY... 398.137787 7
S-ADENOSY... 354.147949 1
S-ADENOSY... 383114319 6 o
ure

C

. Show TICs: Displays the Total Ion Current. TIC is the sum of all intensities in a scan.

. Show Bar Plot: Displays the peak intensity for a group in every sample. Intensity can be calculated
by various methods known as quantitation types in EI-MAVEN. Users can change the quantitation type from the
drop-down list on the top right or choose to display other parameters like retention time and peak quality.

get:

¥ = L < 0 Auto Detect(1) Charge 1 [AreaTop m/I148.04370117 _ +/{5000000 _ ppm:
Open Align peaks Match OPtions polly

Help

2
£ eknowns W QWE e e | B
E ; UTP m/z: 482.§589-482.9637
Af Compound Name Filter ]3a'r P]Ot
€ name  omfz t s
3 XANTHURE... 204.030228 14.14 60105 1
S XANTHOSIN... 363034729 127
S XANTHOSINE 283.068420 7.74 A
. XANTHINE  151.026154 1.18 L :
VALINE 116.071701 1 20405 Quantitation Type 2
UTP 482.961273 _ 14.81
URIDINE 243.062256 1.7 c’
URICACID  167.021057  6.17
URACIL 111.020004 1.18 @
UMP 323.028595 10 oes0s P
UDP-N-ACE... 606.074280 13.58 -
579.027039  14.68 rs
. 565047729  13.44
402.994934  13.81 b doscs °
TYROSINE  180.066620 2 o
TRYPTOPHAN 203.082596 7.5
TREHALOSE... 341.108948  1.18
TREHALOSE... 421.075256  6.95 y\|
TRANS_TRA... 381.123749  16.74 [pe+08
THYMINE 125.035652 2.6 h
THYMIDINE  241.082993 5.4
THREONINE ~ 118.050964 1
THIAMINE-P... 344.071350 11 160405
THIAMINE P... 424.037689  9.56
THIAMINE 264105042 0.8
TAURODEO... 498289490  16.23
TAURINE 124007393 0.82 -
SUCCINYL-C... 866.123962  15.41
SUCCINATE ~ 117.019333  11.6
SN-GLYCER... 171.006409 7.3
SHIKIMATE-... 253.011887 13.44
SHIKIMATE  173.045547  10.92 o104
SERINE 104.035316 1
SEDOHEPT... 368.999359 13.64
SARCOSINE  88.040405 1
S-RIBOSYLL... 266.070374  0.68 oo
S-METHYL-S'... 296.082275  11.6
S-ADENOSY... 398.137787 7
S-ADENOSY... 354.147949 1
S-ADENOSY... 383.114319 6 o
ure =
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. Show Isotope Plot: Displays the isotope plot for a group. Each bar in the plot represents the relative
percentage of different isotopic species for the selected group in a sample.

File Widgets Help

o Ain Pé‘_&s Mﬁh 0pii<ons Ey Auto Detect(-1) Charge 1 |. AreaTop : [m/z] 808.11914062 +/-5.000000 lppm:
ivaRDPR A= QHE £ e 2w Y% ®
E acetyl-CoA m/z: 808.1145-808.1226 %
& [sample name filter
g sample < Set S lresoa ]lh
2 - exampleProject
g r 1 t
8 1 e [
g 2
T koo e
1.
1. Q
'1I l4e+03 E
1. FJ
1 pe+03 D
1.
Isotope Plot: = C13 @ N15 @ D2 @534 Other:<1.00% - peak Table 1 EQQ ] Q,z Q? 7o @ W - - J
acetyl-CoA # D Observed m/z Ex| h
> 58  S-adenosyl-L-methioninamine 354.1466 35¢
' e e R - 57 uop 402.9954 a0
I T . - 56 UDP 402.9953 404
] [ S5 acetylCoa 8081121 894
[ e | eeeee— 744.0843 744
» 53 NADP+ 742.0688 74;
' ] I . 5> napH 664.1181 664
I I | S - 51 glutathione disulfide 611.1453 611
» 50  UDP-N-acetyl-glucosamine 606.0747 60¢
I I N [ 49 ADP-Dglucose bl e
> 48  UDP-D-glucuronate 579.0275 57¢
> 47  UDP-D-glucose 565.0482 565
I e [ B Y - i GTP 521.9838 520
» 45  ATP 505.9888 50!
> 44 UTP 482.9617 48;
> 43 CTP 481.9777 48
> 42 dTTP 480.9825 48(
* 41 NAD+ 662.1021 662
> 40  glucose-6-phosphate 259.0222 25¢
. 3} glucose-6-phosp!’|ate gg?oggz ??‘
IsotopeWidget:: pulllsotopes(() started
. Show Box Plot: Displays the boxplot for a group. The box plot shows the spread of intensities in the
group and where each peak lies in relation to the median. Median of the intensities is the vertical line between

the boxes.

Apart from the top menu, there are other features in the EIC window. Right-click anywhere in the window and go to
Options.
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File Widgets Help
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Some of the important options are:

* Show Peaks: Peaks are marked by the colored circles that represent the quality score of the peak. Bigger the
circle, better the peak quality. This option allows the user to show/hide the peak quality score.

* Group Peaks Automatically: Peak grouping happens automatically when grouping parameters are changed. To
prevent automatic grouping, user can uncheck this option.

* Show Baseline: Hide/Show the baseline for every peak. (Read more about baseline here).

* Show Merged EIC: Merged EIC is the sum average of EICs across samples. It smoothens the data and helps in
grouping peaks.

* Show EIC as Lines: In case of large number of samples, it can get difficult to look at short individual peaks as
they are obscured by larger peaks. Showing EIC as lines cleans up the display window and allows the user to
look at small peaks.

Mass Spectra

Mass Spectra Widget displays each peak, its mass, and intensity for a scan. As the widget shows all detected masses in
a scan, the ppm window for the EIC and consequently grouping can be adjusted accordingly. This feature is especially
useful for MS/MS data and isotopic detection.
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Alignment

Prolonged use of the LC column can lead to a drift in retention time across samples. Alignment shifts the peak RTs in
every sample to correct for this drift and brings the peaks closer to median retention time of the group.

Click on the Align button and adjust the settings.

File Widgets Help

Alignment Options
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The first panel in Alignment options is for Group Selection criteria. ‘Group’ here refers to a set of peaks across samples
that is annotated as a particular ion.

* Group must contain at least [X] good peaks: The value of x is set to filter out groups that do not have at least
x good peaks from the alignment process. As there is only one peak per sample for a group, this value should
not exceed the number of samples in your project. This option allows the users to discard groups with very few
good peaks under the assumption that those could be stray peaks.

* Limit total number of groups in alignment to: Users can change the number of groups being used for alignment
in case there are too many groups detected after the peak detection process.

* Peak Grouping Window: This value controls the number of scans required to get the most accurate peaks. Enter
a high number if the reproducibility is low to ensure best results.

The next panel is for Peak Selection settings:

* Minimum Peak Intensity: The intensity value can be adjusted to only look at high or low intensity peaks in case
you have prior information about the concentration of metabolite users are looking for.

* Minimum peak S/N ratio: This is the minimum signal to noise ratio of your experiment. Increase the value if
you see too much noise in the data.

* Minimum Peak Width: This is the least number of scans to be considered to evaluate the width of any peak.

* Peak Detection Algorithm: Select the Compound Database Search algorithm and then choose an appropriate
database from the next drop-down menu.

The Alignment Algorithm panel provides the following options:

» Alignment Algorithm: There are three alignment algorithms available in EI-MAVEN: Obi-Warp, Poly fit and
Loess fit. Loess fit has been released as a beta feature for now.

* Maximum number of Iterations: This parameter is only required for Poly fit algorithm. Enter the number of
times EI-MAVEN should fit a model to the data in order to align it.

* Polynomial Degree: This is the degree of the non-linear model we are trying to fit. Recommended settings are
entered by default.

Click on Align at the bottom.
Alignment Visualizations

ElI-MAVEN provides three visualizations for alignment analysis.

th

» Show Alignment Visualization: Click on in the widget bar to open this visualization. Click on any
grouped peak to look at its delta RT vs RT graph as shown.
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» Show Alignment Visualization (For All Groups): Click on = in the widget bar for this visualization.

e Widgets Help

N Auto Detect(-1) Charge 1 AreaToj : [m/z] 808.11914062 +/- 5.000000 m:
Open Align peaks Match OPtions polly ST L e 7 £

AlignmentVisualizationForAllGroups

”
8 «knowns FE QWE £ e e omTc EEEs ®
3 TP /2 482.9589-4829637
@ |Compound Name Filter ls.60+05 ‘
‘g name © mfz rt | ]JL
2 XANTHURE... 204.030228 14.14 20405 H
& XANTHOSIN... 363034729 127
G XANTHOSINE 283.068420 7.74 8005 ]
© XANTHINE  151.026154 1.18 :
VALINE 116.071701 1 fpder0s S
uTP 482.961273  14.81
URIDINE 243.062256 1.7 fpe+0s | c’
URICACID  167.021057  6.17
URACIL 111.020004  1.18 6ex05 @
323.028595 10 8
. 606.074280  13.58 20405
. 579.027039  14.68 Py
. 565047729  13.44 er04
402.994934  13.81 167}
180.066620 2 oo
TRYPTOPHAN 203.082596 7.5 . o
h

Retention Time Deviation

5 75 10 125 15 175
Retention Time

AlignmentVisualization AlignmentVisualizationForAllGroups
IsotopeWidget:: pulllsotopes(() started

|
» Show Alignment Polynomial Fit: Click on in the widget bar for Poly fit alignment.
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The above graphs give a clear indication of how aligned/misaligned the peaks are. Users may run alignment again
with different parameters if required (or with a different algorithm).

Peak Detection

Peak detection algorithm pulls the EICs, detects peaks and performs grouping and filtering based on parameters con-
trolled by the users. The algorithm groups identical peaks across samples and calculates the quality score by a machine

learning algorithm. Click on the Peaks icon on the top to open the settings dialog.
There are 3 tabs for setting Peak Detection parameters:

1. Feature Detection Selection
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The Feature Detection Selection panel has the following parameters:

* Automated Feature Detection: This is one of the two strategies for finding peaks. Automated search
creates thousands of mass slices across the whole m/z and retention time space to find all peaks
present in the sample. This strategy is used when looking for new/unknown metabolites in the
samples.

— Mass Domain Resolution: This value defines the m/z range of every mass slice in parts per
million

— Time Domain Resolution: This value defines the scan range (or retention time range) of every
mass slice

— Limit Mass Range: User can limit the automated search to a range of m/z according to their
requirements

— Limit Time Range: User can limit the automated search to a retention time range according to
their requirements

* Compound Database Search: Database search is used to search for compounds listed in the reference
file using their m/z information. For better accuracy, retention time information can also be used for
the search.

— Select Database: Select a desired reference file for the search from the drop-down list

— EIC Extraction Window: Provide a ppm buffer range to all compound masses. A larger window
is useful for processing low resolution data. The window should be smaller for high resolution
data to reduce noise.

— Match Retention Time: Enable/disable use of retention time information along with m/z to
perform database search. Compounds can have different retention times in every experiment,
therefore this option should only be checked if the reference file is specific to the experiment
and the sampled used. Enter the time buffer in the accompanying box.

— Limit Number of Reported Groups Per Compound: Multiple groups can be annotated as the
same compound, especially when retention time is not taken into consideration for the search.
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Users can set the value to only report X best groups according to their rank. The group rank
formula will be discussed later in the tutorial.

* Match Fragmentation: This panel is activated for MS/MS data.
* Report Isotopic Peaks: Check this box to find and report isotopic peaks for labeled data.

To perform peak detection with reference, check the box next to Compound Database Search and choose
the appropriate database. The EIC Extraction Window should be set according to the instrument’s re-
solving power. Select the Match Retention Time option if you wish to search for compounds using both
the m/z ratio and retention time value given in the database. In case of a generic database, searching by
retention time is not recommended.

2. Group Filtering
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After grouping is done, groups that do not fulfill the criteria shown above are filtered out.
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Load Model

) [FindPeaks cancel
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* Minimum Peak Intensity: Groups with no peak intensities above this threshold are filtered out. The drop-down
list beside the input box defines how intensity is calculated. Different methods of intensity calculation are known
as quantitation types. The slider below can be adjusted to change the minimum percentage of peaks per group
that must pass the threshold (minimum number of peaks is 1).

* Minimum Quality: Quality of peaks is calculated using a machine learning algorithm. Groups with no peak qual-
ities above this threshold are filtered out. The slider below can be adjusted to change the minimum percentage

of peaks per group that must pass the threshold (minimum number of peaks is 1).

* Minimum Signal/Blank Ratio: Signal/Blank ratio is the ratio of peak intensity over maximum intensity observed
in blanks. Groups with no peaks above this threshold are filtered out. The slider can be adjusted to change the
minimum percentage of peaks per group that must pass the threshold (minimum number of peaks is 1). This

helps in filtering out peaks that are also present in blanks.

* Minimum Signal/Baseline Ratio: Signal/Baseline ratio is the ratio of peak intensity over baseline value for that
peak. Baseline calculation is used to filter out noise in the signal and will be discussed later in the tutorial.
The slider can be adjusted to change the minimum percentage of peaks per group that must pass the threshold
(minimum number of peaks is 1).
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* Minimum Peak Width: Peak width is equal to the number of scans that a peak is spread over. Groups with no
peak widths above this threshold are filtered out. Spurious signals can be filtered out using this option.

* Peak Classifier Model File: This is the default model that is used by the machine learning algorithm for classi-
fying peaks according to their quality.

Change the settings according to the data and click on Find Peaks to run peak detection. For beginners, performing
peak detection with default values at first is recommended. Users may then adjust the settings depending on their
results.

3. Method Summary
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Peak Table
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PeakTable1 @ ® . % 00 T B Q@ w -
# D Observed m/z Expected m/z rt rt delta #peaks #good Max Width Max AreaTop Max S/N Max Quality
» 150 N-acetyl-glutamate 188.0566 188.0564 1311 011 16 16 12 9.9e+03 1230 0.85

* 149  N-acetyl-glutamine 187.0724 187.0724 3.75 3.25 16 15 21 7.4e+04 491 0.84

+ 148 Indoleacrylic acid 186.0559 186.0560 7.80 7.14 16 16 17 1e+04 1145 0.85

+ 147 3-phosphoglycerate 184.9857 184.9857 13.57  0.01 16 10 15 1.1e+04 473 0.84

» 146 3-phospho-serine 184.0016 184.0016 8.14 0.06 16 16 36 3.7e+04 965 0.85

» 145 tyrosine 180.0666 180.0666 4.60 2.60 16 3 44 9.6e+03 3 0.53

+ 144 tyrosine 180.0665 180.0666 3.26 126 16 4 29 1.5e+04 2 0.52

* 143 tyrosine 180.0665 180.0666 3.87 1.87 16 1 30 1.3e+04 2 0.61

» 142 tyrosine 180.0667 180.0666 15.85 13.85 16 7 26 8.9e+03 17 0.75

* 141 D-glyceraldehdye-3-phosphate 168.9907 168.9908 13.72 637 16 10 13 1.3e+04 777 0.83

+ 140 D-glyceraldehdye-3-phosphate 168.9905 168.9908 8.70 135 16 10 62 2.5e+04 175 0.84

» 139  hydroxyphenylpyruvate 179.0351 179.0350 1428 0.70 16 16 47 7.4e+03 23 0.82

> 138 aconitate 173.0092 173.0092 1113 2.87 8 5 15 6.80+03 825 0.83

ure

Groups information obtained after Peak Detection is stored and displayed in the form of a Peak Table with a row
representing a group and its corresponding features in columns. Users can show/hide the peak table by clicking on

the widget bar.
Peak Table Features
Following are the different features/columns in a peak table:

* #: is the serial number for a group

* ID: Group ID is assigned according to the search mode used during peak detection. In case of Automated search,
groups are named by their m/z and retention time values separated by ‘@’ sign. For example, ID for a group
with 230.2 m/z and 1.89 RT will be given as ‘230.2@1.89’. In case of Database search, groups are annotated as
a compound from the reference file. For example, ‘malate’.

* Observed m/z: is the median m/z of the group.

» Expected m/z: is the m/z value provided in the reference file for the compound represented by the group. This
field is populated only in case of Database search.

* rt: is the median retention time of the group.

* rtdelta: is the difference between expected retention time from the reference file and the observed RT. This field
is set to -1 in case of Automated Search.

* #peaks: is the number of peaks in the group.

* #good: is the number of good peaks in a group. A good peak is defined as one with its quality score above the
defined threshold in Peak Detection dialog.

Max Width: is the maximum peak width in a group. Peak width is defined as the number of scans over which a
peak is spread.
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* Max AreaTop: is the maximum peak AreaTop intensity in a group. AreaTop is one of the quantitation types used
to represent peak intensity in EI-MAVEN. Read more about the different quantitation types here.

* Max S/N: is the maximum peak signal/noise ratio in a group.
* Max Quality: is the maximum peak quality score in a group.

* Rank: is the group rank. The formula and parameters involved have been explained here.
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# - D Observed m/z Expected m/z rt rt delta #peaks  #good  MaxWidth Max AreaTop Max S/N Max Quality
> 150 N-acetyl-glutamate 188.0566 188.0564 1341 011 16 16 12 9.9¢+03 1230 0.85
> 149 N-acetyl-glutamine 187.0724 187.0724 375 325 16 15 21 7.4e+04 491 0.84
» 148 Indoleacrylic acid 186.0559 186.0560 780 714 16 16 17 1e+04 1145 0.85
> 147 3-phosphoglycerate 184.9857 184.9857 1357 001 16 10 15 1.1e+04 473 0.84
> 146 3-phospho-serine 184.0016 184.0016 814  0.06 16 16 36 3.7e+04 965 0.85
> 145 tyrosine 180.0666 180.0666 460 260 16 3 44 9.6e+03 3 0.53
> 144 tyrosine 180.0665 180.0666 326 126 16 4 29 1.5e+04 2 0.52
> 143 tyrosine 180.0665 180.0666 387 187 16 1 30 1.3e+04 2 061
> 142 tyrosine 180.0667 180.0666 15.85  13.85 16 7 26 8.9e+03 17 0.75
> 141 D-glyceraldehdye-3-phosphate 168.9907 168.9908 1372 637 16 10 13 13e+04 777 0.83
> 140 D-glyceraldehdye-3-phosphate 168.9905 168.9908 870 135 16 10 62 2.5e+04 175 0.84
> 139 hydroxyphenylpyruvate 179.0351 179.0350 1428  0.70 16 16 47 7.4e+03 23 0.82
- 138 aconitate 173.0092 173.0092 1113 287 8 5 15 6.80+03 825 0.83
utp

Multiple groups can be annotated as the same compound especially when retention time information is not used during
Database search. The peak table provides options for filtering, comparing or exporting data from the table. Following
are the different menu options available in the peak table:

m Switch between group and peak views: Switching to Peak view displays only Peak information. This
includes group number, group ID, Expected m/z, Observed m/z, retention time and intensity of all peaks in
the group with sample names as the respective column headers. Peak intensity cells are colored based on their
relative values in a group. Highest intensity value has the lightest color and vice-versa.
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= X
= . - 3 X +/-5. 2
Open Align peaks Makch OPtions polly Auto Detect(-1) Charge 1 . AreaTop [m/z] 168.06654358 /- 5.000000 “lppm
g \
£ exnowns 1T @RE S = LT Emey (=
E UTP m/z: 482.9589-482.9637
& |Compound Name Filter ‘
$ name © mz rt 0e+05 ]ﬂ:
3 XANTHURE... 204.030228 14.14 ‘ I'N
S XANTHOSIN... 363034729 127 20105
o XANTHOSINE 283.068420  7.74 [
Y XANTHINE  151.026154 1.18
VALINE 116.071701 1 2.80+05
UTP 482.961273  14.81
URIDINE 243.062256 1.7
URICACID ~ 167.021057  6.17 [paes0s
URACIL 111.020004  1.18
UMP 323.028595 10

UDP-N-ACE... 606.074280 13.58 feoe

UDP-D-GLU... 579.027039  14.68
UDP-D-GLU... 565.047729 13.44 .
402.994934  13.81
TYROSINE 180066620 2
TRYPTOPHAN 203.082596 7.5 2605
TREHALOSE... 341.108948  1.18
TREHALOSE... 421.075256  6.95
TRANS_TRA... 381.123749  16.74 o+04
THYMINE ~ 125.035652 2.6
THYMIDINE ~ 241.082993 5.4
THREONINE ~ 118.050964 1 fles0t
THIAMINE-P... 344.071350
THIAMINE P 424 037689

"
956

PeakTable1 N@ ® . X 5 05 1@ e o e

# © 1D Observed m/z Expected m/z rt 091215_240M 091215_240i 091215_120M 091215_120i 091215_45M 091215_45i 091215_15M 09/
> 176 pyridoxine 168.0665 168.0666 3570.41 24261260 4849.82 233467 4173.82 [2559566 I 4712.61
> 175 phenylalanine 164.0716 164.0717 4.68463e+06 3.35967e+06 __ 4.75213e+06 3.64234e+06 _ 4.64550e+06  3.18198e+06  4.6850de+06
» 174 Aminoadipic acid 160.0615 160.0615
» 173  Aminoadipic acid 160.0613 160.0615
> 172 Aminoadipic acid 160.0614 160.0615 61080.8
> 171 2-Aminooctanoic acid 158.1187 158.1187 I 4753.67
> 170 methionine 148.0437 148.0438
> 169 methionine 148.0438 148.0438
> 168 O-acetyl-L-serine 146.0459 146.0459 . 5y
> 167 O-acetyl-L-serine 146.0458 146.0459 . 119243 8598.33
» 166 O-acetyl-L-serine 146.0458 146.0459 1.06525e+06 873441  1.33902e+06 973313 1.38217e+06 1.56378e+06  1.44338e+06
> 165 glutamate 146.0459 146.0459 16399.3 17950.8 203203 19486.1
ute .
13 9 3
. Mark Group as Good: Used to manually curate selected peaks as ‘good’. User can also press ‘G’ on

their keyboard for the same. Manual curation has been described here.

" h ' " Auto Detect(-1) Charge 1 : AreaTo :[m/z] 191.01983643 +/-5.000000 S ppm:
Open Align Peaks Match OPtions polly ¢ g ALCaTOP i /2] 4 (PR3

P - ‘
%ﬁ-?ﬁ%( AWE LY e W EFE% B
E citrate m/z: 191.0188-191.0207
& [sample name filter L)
£ sample - set SA bygenos i
s
= 10 i
S 19 Beews s
1.0 ES
10
10 owos c’
10
19 @
10
1o feewcs ®
10 s
19
10 fr2ew0s 1)
10
10
10
ev0s 2
o0t
PeakTable1 N@® . X 70> TE- & W - =
# - D Observed m/z Expected m/z rt rt delta #peaks #good Max Width Max AreaTop Max S/N Max Quality
+ 152 citrate 191.0199 191.0197 1530 1.70 16 7 20 3.1e+04 20 078
» +151 citrate 1910198 1910197 1377 047 16 16 26 2.3e405 16 0.84
+ 150 N-acetyl-glutamate 188.0566 188.0564 1311 011 16 16 12 9.9¢+03 1230 085
+ 129 N-acetyl-glutamine 187.0724 187.0724 375 325 16 15 21 7.4e404 491 084
- 148 Indoleacrylic acid 186.0559 186.0560 780  7.14 16 16 17 Te+04 1145 085
» 147 3-phosphoglycerate 184.9857 184.9857 1357 001 16 10 15 1.1e+04 473 0.84
+ 146 3-phospho-serine 184.0016 184.0016 814 006 16 16 36 376404 965 085
- 145 tyrosine 180.0666 180.0666 460 260 16 3 14 9.6e+03 3 053
- 144 tyrosine 180.0665 180.0666 326 126 16 4 29 1.5e+04 2 052
» 143 tyrosine 180.0665 180.0666 387 187 16 1 30 13e+04 2 0.61
- 142 tyrosine 180.0667 180.0666 1585 1385 16 7 26 89403 17 075
- 141 D-glyceraldehdye-3-phosphate 168.9907 168.9908 1372 637 16 10 13 1.3e+04 777 083
» 140 D-glyceraldehdye-3-phosphate 168.9905 168.9908 870 135 16 10 62 2.5e+04 175 0.84 :
citrate 2
. H H ¢ s
. Mark Group as Bad: Used to manually reject peaks by marking them as ‘bad’. User can also press

‘B’ on their keyboard for the same. Manual curation has been described here.
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8= L R <
= : Auto Detect(-1) Charge 1 . AreaTo :[m/z] 148.04370117 +/-'5.000000 - ppm:
Open Align Peaks Match OPtions polly Gliherd B /2] 4 PR
IvaRJPR %= QRE &5 e e wnc EE% B
E methionine m/z: 148.0430-148.0445 %
& [sample name filter 7200.0
) =
E Sample ) Set Sai l].h
3 - exampleProject l6400.0 it}
S B 1.0
S 1.0 =
< 1.0 Jse000 ]_
1.0 2
1.0
1.0 Jeooo c’
1.0
10 @
10 o000
10 2
1.0 o2
10 [eooo
®
1.0
10 oo m
1.0
v
00.0
- 2 # s e w s we
Peak Toble 1 @R . ¥ 05 T EH D B -
# D Observed m/z Expected m/z rt rt delta #peaks #good Max Width Max AreaTop Max S/N Max Quality
+ ©170 methionine 148.0437 148.0438 3.47 1.97 16 4 25 5.6e+03 265 0.68
+ 169 methionine 148.0438 148.0438 1313 11.63 16 10 13 2.1e+04 1792 0.85
» 168 O-acetyl-L-serine 146.0459 146.0459 5.80 4.70 16 1 30 2.5e+04 4 0.72
» 167 O-acetyl-L-serine 146.0458 146.0459 773 6.63 16 4 23 1.5e+04 15 0.76
+ 166 O-acetyl-L-serine 146.0458 146.0459 425 3.15 16 16 76 1.7e+06 61 0.84
+ 165 glutamate 146.0459 146.0459 5.80 1.60 16 1 30 2.5e+04 4 0.72
» 164 glutamate 146.0458 146.0459 773 353 16 4 23 1.5e+04 15 0.76
» 163 glutamate 146.0458 146.0459 4.25 0.05 16 16 76 1.7e+06 61 0.84
+ 162 citrate/isocitrate 191.0198 191.0197 16.01 241 16 1 14 1.4e+04 45 0.48
+ 161 citrate/isocitrate 191.0199 191.0197 14.97 137 16 4 20 1.1e+04 9 0.56
> 160 citrate/isocitrate 191.0199 191.0197 1530 1.70 16 7 20 3.1e+04 20 0.78
+ 159 citrate/isocitrate 191.0198 191.0197 13.77 047 16 16 26 2.3e+05 16 0.84
+ 158 isocitrate 191.0198 191.0197 16.01  2.41 16 1 14 1.4e+04 45 0.48
methionine

.. Train Neural Net: Used to retrain the neural net algorithm to recognize good/bad peaks. User manually
curates 100 peaks to train the algorithm.

. Delete Group: Deletes the selected group(s) from the peak table.

L ]
&
* Show Scatter Plot: Opens the Scatter plot widget used to compare different cohorts via Scatter plot and
Volcano plot.

The remaining are export options and will be detailed in the Export section.

Statistics

EI-MAVEN comes equipped with a statistics module for comparing data across different cohorts. Users can set the
sample cohorts either by editing the Set column in the Sample space, or upload a meta file with sample and cohort
names as detailed above under the Sample Space Menu section.

The statistics module can be accessed through the Peak Table menu.
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= u 2 < 0
) Auto Detect(-1) Charge[1 - AreaTop - [M/2]402.99530029  +/- 5.000000 Jppm:
Open Align Peaks Match OPtions polly
8 eknowns G QEE £33 a9 e ke =% ®
E _ _ UDP m/z: 402.9929-402.9969 q
é name c om/z rt roos lJ.h
3 CYSTATHIO... 221.060150 1
g- CYCLICAMP  328.045258  13.44 b7 20008 et Sz +N
S CYCLICBIS(... 689.087585 14.2 ]_
Y crp 481.977234 149 2
CREATININE ~ 112.051636 o0t N
CREATINE 130.062195 -
COENZYMEA 766.107971  15.4 des04 c’
CMP 322.044586 8.5
CITRULLINE  174.088409 0.9 f1-50+04 @
CITRATE/IS... 191.019730 13.6 p
CITRATE 191.019730 13.6 Ge+04
CITRACONL... 129.019333  13.29 o
CHOLINE 103.100266 276404,
CHOLICACID 407.280304  16.69 @
CHOLESTER... 465304413  17.25 1.8e404
CELLOBIOSE 341.108948  3.86 ﬁ
CDP-ETHAN... 445053101  6.38 0403 0 samples selected 0samples selected
CDP-CHOLINE 488.107880  6.33 A!
—_— = © 4| | CompareSets | Reset Done S_— N
@ - Bookmark Table ﬁ O @ @ E @ 3?:{:.‘ Min LOG2 Fold Diff -100.00 Min. Intensity 1.0 p. value 1.00000000 _
# - D ob Set Missing Values ' 100.00 Min. Good Samples 0 FDR Correction [No Correction Max /N Max Quality
»+ 176 pyridoxine 168.0665 76870666 . T 16 7 31 596703 4 0.56
> 175 phenylalanine 164.0716 164.0717 4.10 0.30 16 16 83 5e+06 126 0.84
+ 174  Aminoadipic acid 160.0615 160.0615 4.82 1.60 16 8 25 2.1e+04 925 0.82
+ 173 Aminoadipic acid 160.0613 160.0615 4.07 0.85 16 16 36 2e+04 1877 0.85
+ 172 Aminoadipic acid 160.0614 160.0615 773 4.51 16 16 16 6.4e+04 28 0.84
* 171 2-Aminooctanoic acid 158.1187 158.1187 15.88  -1.00 16 14 38 5.5e+03 9 0.81
+ 170 methionine 148.0437 148.0438 3.47 197 16 4 25 5.6e+03 265 0.68
+ 169 methionine 148.0438 148.0438 1313 11.63 16 10 13 2.1e+04 1792 0.85
+ 168 O-acetyl-L-serine 146.0459 146.0459 5.80 4.70 16 1 30 2.5e+04 4 0.72
» 167 O-acetyl-L-serine 146.0458 146.0459 773 6.63 16 4 23 1.5e+04 15 0.76
+ 166 O-acetyl-L-serine 146.0458 146.0459 425 3.15 16 16 76 1.7e+06 61 0.84
+ 165 glutamate 146.0459 146.0459 5.80 1.60 16 1 30 2.5e+04 4 0.72
» 164 glutamate 146.0458 146.0459 7.73 353 16 4 23 1.5e+04 15 0.76
» 163 glutamate 146.0458 146.0459 4.25 0.05 16 16 76 1.7e+06 61 0.84
+ 162 citrate/isocitrate 191.0198 191.0197 16.01 241 16 1 14 1.4e+04 45 0.48
+ 161 citrate/isocitrate 191.0199 191.0197 14.97 137 16 4 20 1.1e+04 9 0.56
» 160 citrate/isocitrate 191.0199 191.0197 1530 1.70 16 7 20 3.1e+04 20 0.78
+ 159 citrate/isocitrate 191.0199 191.0197 13.77 047 16 16 26 2.3e+05 16 0.84
ubpP

Set1/Set2: Select two cohorts to be compared

* Min Log?2 Fold Difference: Fold difference is a measure of how much the intensity of a group changes from one
cohort to another. User can set the minimum threshold for this value in log,format.

* Min Intensity: Groups with all peak intensities less than this value will be filtered out from the comparison
process.

e pvalue: A t-test is performed to find if the intensity distributions of the two selected cohorts are significantly
different from each other. This test returns a p-value indicating how significantly different a group behaves
between the two cohorts. A lower p-value shows higher significance.

* Set Missing Values: User can set the default intensity value to be used in case the group is missing from a sample.

* Min. Good Sample: Groups should have a minimum number of good peaks (based on peak quality score) to be
considered for comparison.

* FDR Correction: False discovery rate is the expected proportion of false positives in a test. There are a number
of ways to correct for false positives. (Read More)

e Compare Sets: Click to get comparison results.
Compare Sets opens the scatter plot by default
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&\

. Zoom Out: Zooms out of the plot.
. % Compare Samples: Opens the compare samples dialog again to adjust settings.
L]
L]
. Scatter Plot: The axes represent the average peak intensity (Peak Height) for sample 1 and 2 respec-

tively. Each bubble is a group. The bubble size represents fold change between the samples. The significance (or
p-value) of the fold change is represented by the bubble color. Red and blue signify higher intensity in sample
1 and 2 respectively. Opaqueness of the bubble represents the significance (or inverse of p-value) of the fold
change between cohorts.

“:

. Volcano Plot: The axes represent fold change and significance of fold change respectively. Red and
blue bubbles represent positive and negative fold change respectively.

I_= _I: .
. Delete: Deletes a data point from the graph.

. Scatter Plot Table: A separate Peak Table is created with all filtered groups being used for statistical
analysis. User can also export these in a CSV or JSON.

Export

Users can either save the state of the project or export only relevant data from the peak table. These are the different
export options available in EI-MAVEN:
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amples|Projects|Peaks Ctrl+0

T e et agermi ] Auto Detect(-1) Charge[1 | AreaTop - [m/7]482.96166992  +/-5.000000 ppm
Load Compound List
ave Project As AQWE £y &= m® wTc EEY% (]
Save Settings UTP m/z: 482.9589-482.9637 %
Load Settings v
Options Be+05 ]JL
Add S3 credentials
Report Bugs! +N
Exit 26405 P
S=ORANTHIN oo 2
VALINE 116.071701 1 P
UTP 482961273 14.81
URIDINE 243.062256 1.7 froen0s c’
URIC ACID 167.021057  6.17
URACIL 111.020004  1.18 @
UMP 323.028595 10 2.4e+05 D
UDP-N-ACE... 606.074280 13.58
UDP-D-GLU... 579.027039  14.68 -y
UDP-D-GLU... 565.047729 13.44 boesos
UDP 402.994934  13.81 ﬁ
TYROSINE 180.066620 2
TRYPTOPHAN 203.082596 7.5 60105 HH
TREHALOSE... 341.108948  1.18
TREHALOSE... 421.075256  6.95 ﬂ
TRANS_TRA... 381.123749  16.74
THYMINE 125.035652 2.6 2a+05 L
THYMIDINE  241.082993 5.4
THREONINE ~ 118.050964 1
THIAMINE-P... 344.071350 11 004
THIAMINE P... 424.037689  9.56
THIAMINE 264.105042 0.8
TAURODEO... 498.289490  16.23 o4
TAURINE 124.007393  0.82
SUCCINYL-C... 866.123962  15.41

SUCCINATE  117.019333 11.6

Bew - .

Peak Table 1 Eﬁ@ . :;23'03 74
# © D Observed m/z Expected m/z rt rt delta #peaks #good Max Width Max AreaTop Max S/N Max Quality
» 115 glycerate 105.0193 105.0193 3.05 3.64 16 1 37 1.2e+04 18 0.74
* 114 glycerate 105.0194 105.0193 5.54 1.15 16 14 29 9.5e+03 1079 0.84
» 113 serine 104.0353 104.0353 3.56 2.56 16 2 26 6.1e+03 6 0.61
* 112 4-aminobutyrate 102.0561 102.0561 5.78 178 16 0 30 9.8e+03 5 0.45
» 111 4-aminobutyrate 102.0560 102.0561 425 0.25 16 16 69 1.1e+06 87 0.84
* 110 dimethylglycine 102.0561 102.0561 5.78 -1.00 16 0 30 9.8e+03 5 0.45
+ 109 dimethylglycine 102.0560 102.0561 4.25 -1.00 16 16 69 1.1e+06 87 0.84

ure

* Save Project as: This option is available in the File menu. It saves all peak tables and current settings in a
.mzroll file. On loading the .mzroll file, all sample files are uploaded and the peak tables and EIC are available.

-
If the user wishes to save only certain Peak Tables, they can click on at the top of the Peak Table(s).
This will only store that specific peak table instead of all.

LFEe B
y .
* Generate PDF Report: This option is available on at the top of the Peak Table. It saves all EICs with
their corresponding bar plots in a PDF file.
5y
L
» Export Groups to SpreadSheet (.csv): This option is available on top of the Peak Table . You can

choose to export the whole table or a subset of the data. There are 4 possible selections: export only selected
groups, export all groups, export only good groups or export only bad groups. The data is stored in a comma
separated file.
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&= Lop X

= ) 6 2 z +/-5. “ppm:
Open Align peaks Match OPtions polly Auto Detect(-1) Charge|1 | AreaTop [m/z] 482.96166992 /- 5.000000 PPM
£ eknowns e QWE FE e r T EE% ®
£ UTP /s 482.9569-482.9637
& |Compound Name Filter i
é name c mz rt 3.66+05 Are; |II|
S XANTHURE... 204030228 14.14 : Wi
S XANTHOSIN... 363.034729  12.7 :
S XANTHOSINE 283.068420 7.74 b 20405 : B —ds I
© XANTHINE  151.026154 118 - . i —
VALINE 116071701 1 "~ %gsg E N
uTP 482.961273  14.81 — -
URIDINE 243.062256 1.7 froe0s 1887 [atglz A c’
URICACID ~ 167.021057 617
URACIL 111.020004 1.18 @
UMP 323028595 10 b 40105 P
UDP-N-ACE... 606.074280 13.58
UDP-D-GLU... 579.027039  14.68 °
UDP-D-GLU... 565.047729 13.44 2o:05
ubp 402.994934  13.81 1)
TYROSINE  180.066620 2
TRYPTOPHAN 203.082596 7.5 o)
TREHALOSE... 341.108948  1.18 16405
TREHALOSE... 421.075256  6.95 M
TRANS_TRA... 381.123749  16.74
THYMINE  125.035652 2.6 1.20405 I
THYMIDINE  241.082993 5.4
THREONINE  118.050964 1
THIAMINE-P... 344.071350 11 0404
THIAMINE P... 424.037689  9.56
THIAMINE ~ 264.105042 0.8
TAURODEO... 498.289490  16.23 lios0s
TAURINE 124007393 082
SUCCINYL-C... 866123962  15.41
SUCCINATE ~ 117.019333  11.6
P OME sy T et ToTST 1
PeakTable1 Y@ ® . X #7605 T BI & W "
# - ID [ Export Selected ected m/z rt rt delta #peaks #good Max Width Max AreaTop Max S/N Max Quality
> 115 glycerate [l ExportAllGroups (FEH] 305 364 16 1 37 1.2e+04 18 0.74
+ 114 glycerate jl¢  Export Good 554 115 16 14 29 9.5e+03 1079 0.84
> 113 serine )0 Export Bad 356 256 16 2 26 6.1e+03 6 0.61
> 112 4-aminobutyrate 102.0561 X 578 178 16 0 30 9.8¢+03 5 0.45
> 111 4-aminobutyrate 102.0560 102.0561 425 025 16 16 69 1.1e+06 87 084
> 110 dimethylglycine 102.0561 102.0561 578 -1.00 16 0 30 9.8e+03 5 045
» 109 dimethylglycine 102.0560 102.0561 4.25 -1.00 16 16 69 1.1e+06 87 0.84
ure
» Export EICs to Json: This option is available on top of the Peak Table . It exports all EICs to a Json

file.

EI-MAVEN Command Line Interface
The peakdetector executable in EI-MAVEN can load sample files, perform peak detection and save the resulting peaks
in a CSV or mzroll file. It reads a configuration file with user-set parameters and paths to input and output files.

This executable is not part of installer versions of EI-MAVEN. Please clone the repository and build EI-MAVEN to
use this feature.

Create a default configuration file

Users need an XML file to specify their configuration and specify directory paths. The XML template can be generated
using a simple command and modified according to user requirements.

* Open the terminal

* Move to your local EI-MAVEN folder:

’$ cd user@pc:~/ElMaven/ElMaven ‘

» Execute the following command

— For Windows and Ubuntu:

’$ ./bin/peakdetector.exe —--defaultxml ‘

— For MacOS:
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$ ./bin/peakdetector.app/Contents/MacOS/peakdetector —-xml config.
—xml

e A default XML will be created in your current folder

Peak detector parameters

CLI provides a limited number of parameters for user-modification. Default values are used for all other parameters
used in EI-MAVEN GUL

The template XML contains three sets of parameters:
1. OptionalDialogArguments: Global parameters

» Users need to know the ionization mode and accepted values are O (neutral), -1 (negative) and +1 (positive):
ionizationMode type="int" value="-1"

* Jonization charge. This is the number of positive or negative charge added to every ion. Accepted values are
positive integers: charge type="int" value="1"

e Mass accuracy. Set the +/- ppm range for m/z values: compoundPPMWindow type="float"
value="5"

2. PeaksDialogArguments: Peak detection parameters

* Peak Detection Algorithm. Accepted values: “0” for Compound Database Search, “1” (or higher)
for Automated Feature Detection: processAllSlices type="int" value="0"

Following are the arguments used in Automated Peak Detection and their GUI equivalents. These can be
found in the ‘Feature Detection Selection’ tab of Peaks Dialog:

¢ ‘Limit m/z Range’ minimum: minScanMz type="float" value="0"

e ‘Limit m/z Range’ maximum: maxScanMz type="float" value="1e+009"

¢ ‘Limit Time Range’ minimum: minScanRt type="float" value="0"

e ‘Limit Time Range’ maximum: maxScanRt type="float" value="1e+009"

¢ ‘Limit Intensity Range’ minimum: minScanIntensity type="float" value="50000"

e ‘Limit Intensity Range’ maximum: maxScanIntensity type="float"
value="1e+010"

¢ ‘Mass Domain Resolution’: ppmMerge type="float" value="20"

Following are the arguments used in Compound database search and their GUI equivalents. These can be
found in the ‘Feature Detection Selection’ tab of Peaks Dialog:

* ‘Select Database’. Enter full path to the database file: Db type="string" value="0"

e ‘Match Retention Time (+/-)’. Value of ‘0’ will set the flag as false. Positive integer value will set
the allowed deviation in minutes: matchRtFlag type="int" value="0"

e ‘Limit Number of Reported Groups per Compound’: eicMaxGroups type="int"
value="0"

Isotope detection. Following are the settings used to pull isotopes in case of database search and their
GUI equivalents. These can be found in the ‘Isotope Detection Options’ in the Options Dialog:

» Choose labels present in your data. Enter a four digit value of ‘1’s and ‘0’s each representing a label:
D2, N15, S34 and C13. For eg. 0000 signifies no labels, 0001 signifies your data has C13 label and
1111 signifies your data has all four labels: pullIsotopes type="int" value="0"
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EIC processing. Following are the parameters used for EIC processing and filtering and their GUI equiv-
alents. These can be found under the ‘Peak Detection’ tab of Options Dialog:

e ‘Maximum Retention Time Difference between Peaks’: grouping _maxRtWindow
type="float" value="0.5"

* ‘EIC smoothing window’: eicSmoothingWindow type="int" value="10"

Group Filtering. Following are the parameters used for filtering detected groups and their GUI equivalents.
These can be found under the ‘Group Filtering’ tab of Peak Dialog:

e ‘Minimum Peak Intensity’: minGroupIntensity type="float" value="5000"

e Quantitation type of the intensity set in ‘Minimum Peak Intensity’. Accepted val-
ues are- “0”:AreaTop, “1”:Area, “2”:Height, “3”:AreaNotCorrected: quantitationType
type="int" value="0"

* ‘At least x% peaks above minimum intensity’ slider. Enter value in percentage. 0% will default to 1
peak: quantileIntensity type="float" value="0"

e ‘Minimum Quality’: minQuality type="float" value="0.5"

e ‘At least x% peaks above minimum quality’ slider: quantileQuality type="float"
value="0"

e ‘Minimum peak width’. Enter number of scans: minPeakWidth type="int" value="1"

e ‘Minimum  Signal/Baseline  Ratio’: minSignalBaseLineRatio type="float"
value="2"

e ‘Minimum Good Peak/Group’. Value should be less or equal to the number of samples:
minGoodGroupCount type="int" value="1"

e ‘Peak Classifier Model File’. The default model file can be found in the bin folder of EI-MAVEN
installation. Enter full path to the ‘default.model’ file: model type="string" value="0"

* Notused by CLI: rtStepSize type="float" value="20"

3. GeneralArguments: General parameters

Run

Alignment. Positive integer value will run an alignment algorithm: alignSamples type="int"
value="0"

Export EIC in JSON. Positive integer value will save EICs JSON in user-specifed output folder: saveEicJson
type="int" value="0"

Output directory. Enter full path to desired output folder: outputdir type="string" value="0"

Save Project. Positive integer value will save the project as a .mzroll file in user-specified output folder. This
file can be loaded in EI-MAVEN GUI for further processing or visualization: savemzroll type="int"
value="0"

Sample Path. Enter full path to a sample file in each row: samples type="string" value="0"

Once the parameters and directory paths have been set in the configuration file, run peak detection from the terminal
using the following command from the EI-MAVEN root directory:

¢ Windows and Ubuntu:

$ ./bin/peakdetector.exe --xml config.xml
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¢ MacOS:

$ ./bin/peakdetector.app/Contents/MacOS/peakdetector —--xml config.xml

The resulting CSV file (and other files depending on the configuration) can be found in the specified output directory.

Help

To print the help commands, execute the following:

$ Peakdetector.exe -h

1.4.3 Tutorials
Unlabeled LC-MS Workflow

This is a tutorial for processing Unlabeled LC/MS data files through EI-MAVEN.

Preprocessing

msConvert is a command-line/GUI tool that is used to convert between various mass spectroscopy data formats,
developed and maintained by proteoWizard. Raw data files obtained from mass spectrometers need to be converted to
certain acceptable formats before processing in EI-MAVEN.

Input
msConvert supports the following formats:
* .mzXML
e .mzML
¢ .RAW ThermoFisher
* RAW Walters
» .d Agilent
o .wiff ABSciex

The settings used for msConvert as a GUI tool are captured in the following screenshots:
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a5 MSConvertGUI (64-bit)

- X
@ Listof Files (O File of file names

Ao bowe oo WsComvet

Fiters

MS Level v
Levels
1 -
Add | | Remove

Fiter Parameters

Output Directory:
| | Browse

Options
Output fomat: mzML | Extension: ||
Binary encoding precision: @ 646t (O 32bit
e nr
TPP compatibility: Package in gzip: []
Use numpress linear compression: []
Use numpress short logged float compression: [ ]

Use numpress short posttive integer compression: [ ]

Use these settings next time | start MSConvert Start

Note: zlib compression is enabled by default in msConvert. EI-MAVEN in its current form does not support zlib
compression. It is important to uncheck “Use zlib compression” box.

QOutput

msConvert can convert to an array of different formats but EI-MAVEN primarily uses .mzXML and .mzML formats.

Launch EI-MAVEN

Once sample files are ready for processing, launch EI-MAVEN.
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File Widgets Help
= <

Open AEH Pgaks Match OPtions polly
CaH@Rv%= QHE £E = (wnc EmEYe

Sample name filte

Auto Detect(+1) Charge/1 |- AreaTop < [m/Z M

ompound  +/- 5.000000 ppm :

=E80

EE@e pPQY [T

AlignmentVisualization " BookmarkTable N@ ® . X[ | 5 0) T El &
—

ID Observed m/z Expected m/z rt rt delta

Spectra AlignmentVisualization

Adjust Global Settings

Global Settings can be changed from the Options dialog . There are 9 tabs in the dialog. Each of these tabs
has parameters related to a different module in EI-MAVEN. For example, a tab for Instrumentation details, a tab for
File Import settings etc.

v = i S
Open Align Peaks Match OPtions polly

VaRdPEk= QHE Fi &= 2w Em%

Sample name filter

File Widgets Help

=
o)
Q

Auto Detect(+1) Charge1 |- AreaTop - [m/z2] MW / Compound _ +/-5.000000 ~ppm:

==

Instrumentation File Import Peak Detection Peak Filtering Isotope Detection EIC (XIC) [BETA] Peak Grouping Group Rank Libraries Exter |

EEH@e p®Q [

Peak Detection and Grouping Settings Baseline Calculation
EIC Smoothing Algorithm Savitzky-Golay - . »
Drop top x% intensities from chromatogram 80%
EIC Smoothing Window 10 . scans
Baseline Smoothing 5scans
Max Retention Time difference between Peaks 0.25 - min

Use Default Parameters

AlignmentVisualization “ Bookmark Table m 0 @ - @ lg' % T ‘ @
#

© D Observed m/z Expected m/z rt rt delta

Spectra AlignmentVisualization
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To know more about the functionality of different tabs and their settings, users can see the Widgets page. Please be
sure to set the desired settings before processing an input file.

Load Samples

Users can go to File in the Menu and click on Load Samples|Projects|Peaks option. Then navigate to the folder
containing the sample data, select all . mzXML or .mzML files and click Open. A loading bar displays the progress at
the bottom.

File Help

Load Classification Model Auto Detect(+1) Charge 1 |- AreaTop < [m/Z] MW / Compound  +/-5.000000 ppm

Load Compound List

Save Project As Y, ALYk = e o TIC B R Y%
Save Settings

Load Settings

Options

&S

Add S3 credentials
Report Bugs!
Exit

EE@e »PQY [T

AlignmentVisualization

“ BookmarkTable N@ X . X[ | 5 05 T El &
. -

ID Observed m/z Expected m/z rt rt delta

Spectra AlignmentVisualization

When the samples have loaded, users should see a sample panel on the left side. If it is not displayed automatically,
click on the Show Samples Widget button on the toolbar. EI-MAVEN automatically assigns a color to every sample.
Users can select/deselect any sample by clicking the checkbox on the left of the sample name.
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File Widgets Help

= £
= h ) g Auto Detect(-1) Charge|1 . AreaTop < [m/z] MW / Compound  +/- 5.000000 ppm :
Open Align Peaks Match OPtions polly

VaRE@R%= QHE L3 &= xc K%
Sample name filter

Sample
~ exampleProject

m/z: 153.0186-153.0201

K8

10.0

o
o

Bt

. it}
; [720.0 ]_l
- o) S
j 30.0 q
. @
: J3
B »
: ®
. H

yul

Spectra ) . v 2 BookmarkTable m@@ =[] Fe T - E2)

ID Observed m/z Expected m/z rt rt delta

Spectra| AlignmentVisualization
Done importing

Load Compound Database

Users can click on Compounds option in the leftmost menu, navigate to the folder containing the standard database
file, select the appropriate .csv file and click Open. Alternatively, users may use any of the default files loaded on
start-up.

File Widgets Help

£
o)
Q

w = I <
= 3 Auto Detect(-1) Charge|1 - AreaToj :[m/z] MW / Compound  +/-5.000000 - ppm
Open Align Peaks Match OPtions polly Sl g 2 m/2] L 2 4 22

=SRM2 VE @QEE L3 m ohnc EE%

Compound Name Filter

name c omfz 6]
XANTHURE... 204.001/16...
XANTHOSIN... 287.000/15...
XANTHOSIN... 369.000/97.... 20.0
XANTHOSIN... 375.000/10...
XANTHOSIN... 365.000/97....
XANTHOSIN.... 293.000/15...
XANTHOSINE  283.000/15... 300
XANTHINE-... 155.000/11...
XANTHINE _... 156.000/11...
XANTHINE  151.000/10... lsa00
VALINE-N15  119.000/55.....
VALINE-N14  118.000/55....
VALINE-CBZ... 256.010/14...
VALINE-CBZ... 255.000/14... 1450.0
VALINE-CBZ... 255.013/14...
VALINE-CBZ... 254.013/14...
VALINE-CBZ... 253.013/14...
VALINE-CBZ... 252.013/14... 60.0.
VALINE-CBZ... 251.016/14...
VALINE-CBZ... 251.050/14... .

VaHPEK=

= — " )m ' " 4 \”

Spectra “ Bookmark Table EQQ =[] F TE '@

* D Observed m/z Expected m/z rt rt delta

m/z: 153.0186-153.0201

10.0

== 4

EE@e»PQY [T

i
I
i
M

SRS

Spectra  AlignmentVisualization ]
Done importing &

This is a sample Compound Database:
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Jfr | nucleic acids

A B ® D E F G H 1 J K L M

1 compound formula id t category
2 cholesteryl sulfat C27H4604S HMDB00653 14.31

3 Deoxycholic acid C26H43NO5 C05464 0.82

4 trans_trans-farne C15H2807P2  C00448 1

5 Cholic acid C24H4005 HMDB00619 13

6  Geranyl-PP C10H2007P2  C00341 16.46

7 Taurodeoxycholic C26H45NO6S  C05463 3.86

8 lipoate C8H140282 G00725 8.5

9 8-hydroxy-3-metl C27H44N7020P C00356 1.89

10 butyryl-CoA C25H42N7017P C00630 7.45

11 malonyl-CoA C24H38N7O19P C00083 6.7

12 propionyl-CoA  C24H40N7017P C00100 7.7

13 acetoacetyl-CoA C25H40N7018P C00332 4.2

14 acetyl-CoA C23H38N7017P C00024 1.12

15 dGTP C10H16N5013P G00002 14.68 nucleic acids
16 succinyl-CoA/me C25H40N7019P C00091|C00683| 07

17 malonyl-CoA C24H38N7019P C00083 11.6

18 3-methylphenylai C9H1002 HMDB02222 7.35

19 coenzyme A C21H36N7016P C00010 14.14

20  acetoacetyl-CoA C25H40N7018P C00332 7

21 Phenylpropiolic € C9H602 HMDBO00563 13.58

22 3-hydroxybutyryl- C256H42N7018P G01144|C03561 3.5

23 guanosine 5'-dipl C10H11N5017P4 15.64

21 Indnlaacniic aric C11HANNAY HMNRNN724 7R

+| = Compound DB.csv

It lists all metabolite names, chemical formula, HMDB ID, and the class/category of compounds they belong to (if
known).

Mark Blanks

Users can mark the blanks by selecting the blank samples from the list on screen, and clicking on the Set as a Blank

-—
Sample icon in Samples menu.
File Widgets Help
X

y Auto Detect(-1) Ch 1 . Arealc ;| MW / C d - 5.000000 5

Open Align Peaks Match OPtlons Polly uto Detect() (Charge 1 |AreaTop. . d[m/A/MW /Compound _J+/ Bbm*

Va@BRv%= Q#E £ e ® i Tc EEY% ®

Set As a Blank Sample m/z: 153.0186-153.0201 ‘
Sample name filter

[810.0 e

sample < set Mh
~ exampleProject

t

[

N

2

(630.0 q

@

2

091215

of ~ N ol
0] . o

) i
\} ) ‘

e

Spectra “ Bookmark Table ﬁO@ Ei] :?' 0@? s - @

D Observed m/z Expected m/z rt rt delta

Spectra | AlignmentVisualization
Done importing &l

Multiple blanks can be marked together. The blanks will appear black as shown in the image below:

1.4. User Documentation 45



EI-MAVEN Documentation, Release v0.4.1

File Widgets Help

= K

Open Align Peaks Match OPtions polly

VaH@E%N= QRE LI« m® nTcEEH%
iz 1530186-153.0201

Sample name filter

100
Sample © Set
* exampleProject

Auto Detect(-1) Charge[1 - AreaTop < [m/ZMW / Compound  +/-5.000000 Jppm:

Ea8

B i
z [720.0 L
W o) 2
- 30.0
- <
. (©}
B £
2 2
e
.
- ©
v 0912151~
i

H’“

pecha) 369 = B)

fo 091215_0M scan#1645 rt:25.07 ms:1 ion:- prodMz:404.756 " Bookmark Table Iy 0 ® . R[] ST &)
;-2 D Observed m/z Expected m/z I3 rt delta
04

02

0.0

Spectra | AlignmentVisualization
Done importing

Alignment

Prolonged use of the LC column can lead to a drift in retention time across samples. Alignment shifts the peak retention
time in every sample to correct for this drift and brings the peaks closer to median retention time of the group.

¥ = L R < 0O

- 3 Auto Detect(-1) Charge|1 . AreaTop :[m/z] MW / Compound  +/- 5.000000 ppm :
Open Align peaks Match OPtions polly
“KNOWNS WE @NE X« e wnnc EE%S =

UTP m/z: 482.9589-482.9637

Compound Name Filter ‘
name m/z W
XANTHURE... 204.030228 Wil
XANTHOSIN... 363.034729 i
XANTHOSINE 283.068420 ™
XANTHINE ~ 151.026154 passos :
VALINE 116.071701 N
URIDINE 243.062256 lo.ges05 g
URICACID  167.021057
URACIL 111.020004 @
UMP 323.028595 8
UDP-N-ACE... 606.074280 baoi0s
UDP-D-GLU... 579.027039 Py
UDP-D-GLU... 565.047729
uDP 402.994934 L)
TYROSINE  180.066620 fer0s T
TRYPTOPHAN 203.082596
TREHALOSE... 341.108948
TREHALOSE.... 421.075256 1 60105 ﬂ
TRANS_TRA... 381.123749
THYMINE  125.035652
THYMIDINE ~ 241.082993
THREONINE  118.050964 [1.2e+05
THIAMINE-P... 344.071350
THIAMINE P... 424.037689
THIAMINE ~ 264.105042
TAURODEO... 498.289490 o104
TAURINE 124.007393
SUCCINYL-C... 866.123962
SUCCINATE ~ 117.019333 lhe+04
SN-GLYCER... 171.006409
SHIKIMATE-... 253.011887

SHIKIMATE  173.045547 . B
- T s e

Spectr L Q
ige( “ 091215_0M scan#1645 rt:25.07 ms:1 ion:- prodMz:404.756 Bookmark Table m 0 @ x @ 32’:' 0@ ~ - @

08 D Observed m/z Expected m/z rt rt delta

00
Spectra AlignmentVisualization
ure

In the above image, EIC for a UTP group is displayed. If the samples were aligned, all peaks would lie at the same
retention time. Since this is not the case, the samples need to be aligned.
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ti

Alignment visualization | *———— can be used to judge the extent of deviation from median retention time.

CRE

3 Auto Detect(-1) Charge 1 . AreaTo
Open Align peaks Match OPtions polly Cjchars ’

V/Compound  +/-5.000000 ppm :

“KNOWNS U QWE £« e nc EEY% B
TP e 482 9569-462.9657
T / %
= [ &
XANTHURE... 204.030228
XANTHOSIN... 363.034729 i
XANTHOSINE 283.068420 [p20:05 ]
XANTHINE  151.026154 ]
VALINE 116.071701 N
482961273 psesos
URIDINE 243.062256 g
URICACID  167.021057 '
URACIL 111.020004 e-0s @
ump 323028595 8
UDP-N-ACE... 606.074280
UDP-D-GLU... 579.027039 feeos ®
UDP-D-GLU... 565.047729
uDP 402.994934 L6
TYROSINE  180.066620 16005 =
TRYPTOPHAN 203.082596
TREHALOSE... 341.108948
TREHALOSE... 421.075256 [1.2e+05 ‘!
TRANS_TRA... 381.123749
THYMINE  125.035652
THYMIDINE ~ 241.082993 o104
THREONINE  118.050964
THIAMINE-P... 344.071350
THIAMINE P... 424.037689 hesos
THIAMINE  264.105042
TAURODEO... 498.289490 L
AlignmentVisualization B
Re-squared = 0.00000 | =
(Compound RT = 14,8100 | -
ke | =
a -
E -
13 -
a
145 15 155 16

Retention Time
IsotopeWidget:: pulllsotopes(() started

In the above visualization, each box represents a peak from the selected group at its current retention time. Samples
are said to be perfectly aligned when all peak boxes lie on the same vertical axis. The peaks are considerably scattered
in the above image and therefore the samples should be aligned for better grouping of peaks.

Perform Alignment

Alignment settings can be adjusted using the Align button . This example was aligned with Poly fit algo-
rithm with default parameters.
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File Widgets Help

X

Alignment Options

= . 1 . AreaTop - [m/z] MW / Compound  +/- 5.000000 _ppm:
Open Align Peaks Match OP Polly Group Selection Criteria for use in Alignment
“KNOWNS ol (% ﬁ & # Y 4= = 1B |l TIC Group must contain at least [X] good peaks |1 peaks 1 U
o Limit total number of groups in alignment to (1000 groups
Compound Name Filter umberotgretpsnetg o %
name =T 6005 Peak Grouping Window 10scans
XANTHURE... 204.030228 ‘ Alignment w.r.t Expected Rt !
XANTHOSIN... 363.034729 b 2es0s Peak Selection m
XANTHOSINE 283.068420 2o 7
XANTHINE 151.026154 Minumum Peak Intensity  5000.00 ] :
VALINE 116.071701 Minimum Peak S/N Ratio 2 2
UTP 482.961273 p-80+05
URIDINE 243.062256 Minimum Peak Width 3 scans G
URICACID 167.021057 : "
URACIL 111020004 b 4405 Peak Detection Algorithm Compound Database Search A @
UMP 323.028595 Select Database =KNOWNS R
UDP-N-ACE... 606.074280 5
UDP-D-GLU... 579.027039 (#0105, -y
UDP-D-GLU... 565.047729 Alignment Algorithm
402.994934 Alignment Algorithm Poly Fit 9 b
TYROSINE 180.066620 180205, : .
TRYPTOPHAN 203.082596 Maximum Number of Itterations 10
TREHALOSE... 341.108948 Polynomial Degree 5
TREHALOSE... 421.075256 28405, ‘!
TRANS_TRA... 381.123749
THYMINE 125.035652
THYMIDINE ~ 241.082993 8e+04.
THREONINE ~ 118.050964
THIAMINE-P... 344.071350
THIAMINE P... 424.037689 l4e 104
THIAMINE 264.105042
TAURODEO... 498.289490
AlignmentVisualization -‘ e
4
a
E
a
Status Undo Aligment
14.5 I 0% Align Cancel 16

AlignmentVisualization | AlignmentVisualizationForAllGroups
IsotopeWidget:: pullisotopes() started

Post-alignment the peaks in the group should appear closer to the median retention time of the group.

le Widgets Help

<
d ‘A \L@ ) a Auto Detect(-1) Charge|1 . AreaTop < [m/z] MW / Compound  +/- 5.000000 ppm :
Open Align peaks Match OPtions polly

=KNOWNS

TE QR £ e e wnc B

28

TP m/z: 482.9589-482.9637
Compound Name Filter "
name m/z 18.62+05 ™
XANTHURE... 204.030228 ‘
XANTHOSIN... 363.034729 i
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URACIL 111.020004 paes0s @
UMP 323.028595 8
UDP-N-ACE... 606.074280
UDP-D-GLU... 579.027039 fges05 Py
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uDP 402.994934 L)
TYROSINE  180.066620 160405
TRYPTOPHAN 203.082596
TREHALOSE... 341.108948
TREHALOSE... 421.075256 [1.2e+05 ﬂ
TRANS_TRA... 381.123749
THYMINE  125.035652
THYMIDINE ~ 241.082993 010
THREONINE ~ 118.050964
THIAMINE-P... 344.071350
THIAMINE P... 424.037689 laes04
THIAMINE ~ 264.105042

DEO... 4 0

=3

0.4-

Retention Time Deviatior:

ignmentVisualizationForAllGroups

Retention Time

AlignmentVisualization AlignmentVisualizationForAllGroups
IsotopeWidget:: pulllsotopes(() started
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THIAMINE P... 424.037689 l4os04
THIAMINE  264.105042
TAURODEO... 498.289490

=

=@ w®PQy [T

AlignmentVisualization L

R-squared = -0.88222 =
Compound RT = 14.8100! i

Samples
[

145 15 155 16
Retention Time
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Pre-alignment, the peaks were considerably scattered while the aligned peaks lie nearly on the same axis. Users can
run alignment again with different parameters if required (or with a different algorithm). Further details on Alignment
settings are available on the Widgets page.

Peak Grouping

Peak grouping is an integral part of the EI-MAVEN workflow that categorizes all detected peaks into groups on the
basis of certain user-controlled parameters. A group score is calculated for every peak during the process. The formula
for this score takes into account the difference in retention time, intensities between peaks (smaller difference leads
to a better score) and any existing overlap between them (higher extent of overlap leads to better score). All three
parameters have certain weights attached to them that can be controlled by the users. The formula for the score is
shown in the image. More details on it can be found on the Widgets page.

Instrumentation File Import Peak Detection Peak Filtering Isotope Detection EIC (XIC) [BETA] Peak Grouping Group Rank Libraries Exter « | *!

Peak Grouping Score @ Consider
score = 1.0/ ((distX*A)+0.01)/ . .
((dist¥*B)+0.01) * (C*overlap) distX Weight ~ — 1
distY Weight =0 1
where
distX = Rt difference of peaks ; Overlap Weight — 1

Use Default Parameters
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The above image shows two groups in the EIC window. The highlighted (solid circles) peaks belong to group A, the
peaks to its left with empty circles belong to another group B. The short peaks in group A that are close to the baseline
and peaks in group B come from the same samples. Additionally, the high intensity peaks of group A have a similar
peak shape to group B peaks. These peaks might have been wrongly classified into separate groups because of the
difference in retention time range of the two sets of peaks. The weights attached to difference in retention time and
intensities, and extent of overlap can be adjusted for better grouping.

Grouping parameters can be changed from the Options dialog

Instrumentation File Import Peak Detection Peak Filtering Isotope Detection EIC (XIC) [BETA] Peak Grouping Group Rank Libraries Exter | *!

Peak Grouping Score

score = 1.0/ ((distX*A)+0.01)/
((distY*B)+0.01) * (C*overlap)

where

distX = Rt difference of peaks

@ Consider
distX Weight
distY Weight

Overlap Weight =0

Use Default Parameters
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Giving less priority to difference in retention time and intensities results in the two groups being merged into a single
group while the peaks that lay close to the baseline are no longer classified as valid peaks.

Baseline

When measuring a number of peaks, it is often more effective to subtract an estimated baseline from the data. This
baseline should be set where ideally no peaks occur. Although sometimes the program sets a particular baseline such
that one or more peaks occur below that baseline value. In the following image, the dashed line represents each
baseline:

File Widgets Help
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£ exnowns e QWE e e o Tc EEY% ®
£ tyrosine m/z 180.0657-180.0675
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% - Lo
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S XANTHOSIN... 363.034729
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VALINE 116.071701 ysen »
uTP 482961273
URIDINE 243.062256 <’
URICACID  167.021057 ¢
URACIL 111.020004 (€Y
UMP 323.028505 8
UDP-N-ACE... 606.074280 © lt5ei04
UDP-DGLU... 579.027039 P
UDP-D-GLU... 565.047729
UbP 402.994934 167}
TYROSINE ~ 180.066620  :
TRYPTOPHAN 203.082596 | HE
TREHALOSE... 341.108948 1 120404
TREHALOSE... 421.075256 ¢ y\|

TRANS_TRA... 381.123749

THYMINE 125.035652  z
THYMIDINE  241.082993 ¢
THREONINE ~ 118.050964  ~
THIAMINE-P... 344.071350 7 9e:03
THIAMINE P... 424.037689 ¢
THIAMINE 264.105042  (
TAURODEO... 498.289490  °
TAURINE 124.007393  (
SUCCINYL-C... 866.123962
SUCCINATE ~ 117.019333 6e+03
SN-GLYCER... 171.006409 1
SHIKIMATE-... 253.011887 7
SHIKIMATE 173.045547

SERINE 104.035316
SEDOHEPT... 368.999359 °
SARCOSINE  88.040405 1 Bes08

S-RIBOSYL-L... 266.070374  (
S-METHYL-5'... 296.082275
S-ADENOSY... 398.137787 1
S-ADENOSY... 354.147949  °
S-ADENOSY... 383.114319 ¢

tyrosine

The corresponding peaks are indicated with solid circles:
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File Widgets Help
= X

" @ N Auto Detect(-1) Charge 1 . AreaTo, :[m/z] 180.06654358 +/- 5.000000 B m :
Open Align Peaks Match OPtions polly ¢ Y B [m/2] / ee
3
. 3, > 18-

£ exnowns U QWE £ e e LTe EEY% [
E tyrosine m/z: 180.0657-180.0675 %
& |compound Name Filter
s ‘ 210008 b}
£ name m/z |||.
S XANTHURE... 204.030228
S XANTHOSIN... 363.034729 tt.
XANTHOSINE 283.068420
O XANTHINE 151026154

VALINE 116.071701 11.8ev04

ute 482961273 -

URIDINE 243.062256

URIC ACID 167.021057 €

URACIL 111.020004

UMP 323.028595
UDP-N-ACE... 606.074280 °  .15e+04
UDP-D-GLU... 579.027039 °
UDP-D-GLU... 565.047729

UDP 402994934
TYROSINE 180.066620  z
TRYPTOPHAN 203.082596 i
TREHALOSE... 341.108948 7 .1.2e:04
TREHALOSE... 421.075256 ¢
TRANS_TRA... 381.123749  °
THYMINE 125.035652
THYMIDINE ~ 241.082993 &
THREONINE ~ 118.050964  ~
THIAMINE-P... 344.071350 7 9e+03
THIAMINE P... 424.037689 ¢
THIAMINE 264.105042  (
TAURODEO... 498.289490  °
TAURINE 124.007393  (
SUCCINYL-C... 866.123962
SUCCINATE ~ 117.019333  °© e:03
SN-GLYCER... 171.006409 i
SHIKIMATE-... 253.011887 7
SHIKIMATE 173.045547

=H@e»®Qy [

SERINE 104.035316
SEDOHEPT... 368.999359
SARCOSINE ~ 88.040405 7 Bew03

66.070374  (
96.082275 7
98.137787
S-ADENOSY... 354.147949 -
S-ADENOSY... 383.114319 ¢

tyrosine

The baseline correction can be done in the Peak Detection tab by clicking on Options button:

1
Instrumentation File Import Peak Detection Peak Filtering Isotope Detection EIC (XIC) [BETA] Peak Grouping Group Rank Libraries Exter ‘| * |

Peak Detection and Grouping Settings Baseline Calculation
EIC Smoothing Algorithm Savitzky-Golay ) .
Drop top x% intensities from chromatogram |F% [
EIC Smoothing Window 10 . scans
Baseline Smoothing 5scans
Max Retention Time difference between Peaks 0.25 . min

Use Default Parameters

Further details on settings can be accessed here.

The m/z option scans the groups to find any specific m/z value and plot its corresponding EIC. The +/- option to its
right is to specify the expected mass resolution error in parts per million (ppm).
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<

Open Align peaks Match OPtions poly Auto Detect(-1) Charge 1 . AreaTop |[m/z]Mv / Compound /- 5.000000 ppm
o
Jaions S QRE £ e m o EEY ©
€ UTP /i 482.6589-482.9637
& |Compound Name Filter ‘
@ . e
€ name m/z H.h
3 XANTHURE... 204.030228 3.6e+05 +N
’:El XANTHOSIN... 363.034729
o XANTHOSINE 283.068420 ]_.
Y XANTHINE 151.026154
VALINE 116.071701 b5 20006 N
482.961273
URIDINE 243.062256 g
URIC ACID 167.021057 ¢
URACIL 111.020004 1 @
UMP 323.028595 1 28e+05 E
UDP-N-ACE... 606.074280
UDP-D-GLU... 579.027039 o
UDP-D-GLU... 565.047729 °
UDP 402.994934 ' Laeuos b
TYROSINE 180.066620 2 l
TRYPTOPHAN 203.082596 1
TREHALOSE... 341.108948  °
TREHALOSE... 421.075256 ¢ ﬂ
TRANS_TRA... 381.123749 1 2%

THYMINE 125.035652  z
THYMIDINE ~ 241.082993 &
THREONINE ~ 118.050964  ~
THIAMINE-P... 344.071350 °  l1.6e:05
THIAMINE P... 424.037689 ¢
THIAMINE 264.105042 (
TAURODEO... 498.289490 -
TAURINE 124.007393  (
SUCCINYL-C... 866.123962
SUCCINATE ~ 117.019333
SN-GLYCER... 171.006409 1
SHIKIMATE-... 253.011887 7
SHIKIMATE 173.045547 1 8es04
SERINE 104.035316
SEDOHEPT... 368.999359  °
SARCOSINE  88.040405
266.070374  (
296.082275
398.137787 1
... 354.147949
S-ADENOSY... 383.114319 ¢

120405

jrens

Mass Spectra

Mass Spectra Widget displays each peak, its mass, and intensity for a scan. As the widget shows all detected
masses in a scan, the ppm window for the EIC and consequently grouping can be adjusted accordingly. This feature is
especially useful for MS/MS data and isotopic detection.

File Widgets Help

[ K
= ile ) Auto Detect(-1) Charge[1 |- AreaToj < [m/z] MW / Compound _+/-5.000000 “ppm:
Open Align Peaks Match OPtions polly g s [ MY = ¥ RS
“ n The 3 - -
£ exnowns HE QHE £I @5 m e EEEY% ®
£ UTP mjz: 452.4585-482.9637
& [Compound Name Filter i
$  name s mfz 60105 Mh
S XANTHURE... 204.030228
S XANTHOSIN... 363.034729 i
G XANTHOSINE 283.068420 1 20405 .
O XANTHINE 151026154 :
VALINE 116071701 N
uTP 482961273 1 28e0s
URIDINE 243.062256 1 c’
URICACID  167.021057 ¢
URACIL 111.020004 1 24005 @
uMP 323.028595 P
UDP-N-ACE... 606.074280 C
UDP-D-GLU... 579.027039 1  20:05 P
UDP-D-GLU... 565.047729
ubp 402994934 1)
TYROSINE  180.066620 7 160105
TRYPTOPHAN 203.082596 i
TREHALOSE... 341.108948
TREHALOSE... 421.075256 ¢  120+0 M
TRANS_TRA... 381.123749 1
THYMINE 125035652 2
THYMIDINE  241.082993 ¢  |aos0s
THREONINE  118.050964
THIAMINE-P... 344.071350
THIAMINE P... 424.037689 ¢ L.t
THIAMINE ~ 264.105042  (
TAURODEO... 498289490 7
T b test T st sy = f
Spectra s
360405 091215_45i scan#998 rt:15.19 ms:1 ion:- prodMz:482.961
520005
(482.961395%""
280108
240105
20405
1.60105
120005
se-04
lew0d 51977600 483.964752
fose 48166 — us2:36 — 48376 uss a6 4849657335 16 - 4856185972137 4ge:56

IsotopeWidget:: pullisotopes() started

1.4. User Documentation 53



EI-MAVEN Documentation, Release v0.4.1

Peak Curation

There are multiple ways to curate peaks in EI-MAVEN, though following are the two broad workflows:
1. Manual Peak Curation using Compound DB widget

To use manual curation using the compound DB widget, users have to iterate over all the compounds in the compound
DB on the extreme left of the window, as highlighted in the image below.
W = LR X

Open Align Peaks Match OPtions polly

FE Q#E L@ m oTc EEY%

Auto Detect(-1) Charge 1 . AreaTop < [m/z] 579.02746582 +/- 5.000000 ppm :

3
=
Z
o]
2
zZ
G

- UDP-D-glucuronate r/z: 579.0242-579.0299
Compound ne Filter

name ©m/z J

E&@

1es0s
XANTHURE... 204.030228
XANTHOSIN... 363.034729
XANTHOSINE 283.068420
XANTHINE ~ 151.026154
VALINE 116.071701
uTP 482961273 7 lese:os
URIDINE 243.062256

URICACID ~ 167.021057 ¢

URACIL 111.020004 | ldssos
UMP 323.028595
UDP-N-ACE.... 606.074280 1

laserns
UDP-D-GLU... 565.047729 1

720108

Compounds Samples

ubDP 402.994934

TYROSINE 180.066620 2  l36e+05
TRYPTOPHAN 203.082596 1
TREHALOSE... 341.108948
TREHALOSE... 421.075256 ¢ 270405
TRANS_TRA... 381.123749

THYMINE 125.035652  z
THYMIDINE ~ 241.082993  §  l1.8e+05
THREONINE ~ 118.050964
THIAMINE-P... 344.071350

THIAMINE P... 424.037689 ¢ 9e+04
THIAMINE 264.105042  (
TAURODEO... 498.289490

EE@e pPQY [T

o

Bookmark Table x@ &) . X[ || 2 60 "B & w

# * D Observed m/z Expected m/z t rt delta #peaks #good Max Width Max AreaTop Max S/N Max Quality

UDP-D-glucuronate

Once on a compound, EI-MAVEN shows the highest ranked group for that m/z. Users can now choose a group or
reject it.

First, users need to double click on the peak group of their choice. This will get the retention time line to the median
of the group and also add the metabolite to the bookmarks table (as shown in the image below). Users can read more
about the bookmarks table here.
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o u R < 0O
- ) Auto Detect(-1) Charge 1 - AreaTop :[m/z] 579.02746582  +/- 5.000000 “ppm:
Open Align Peaks Match OPtions polly
g =
£ <kNowNs W QWE £ w0 Tc EEEY B
3 T UDP-D-glucuronate n/z: 579.0242-579.0299
& [Compound Name Filter %
3 [name__~ [mz bsoce IR
3 XANTHURE... 204.030228 +N
g- XANTHOSIN... 363.034729
© XANTHOSINE 283.068420 i 7.20405 ]
XANTHINE 151.026154 7 :
VALINE 116.071701 P
uTtpP 482961273 7 le3e+05
URIDINE 243.062256 g
URIC ACID 167.021057 €
URACIL 111.020004 7 ls4e+05 @
UMP 323.028595 7 E
UDP-N-ACE... 606.074280 5
UDP-D-GLU... 579.027039 7|  l45e:05 -y
UDP-D-GLU... 565.047729 7
402.994934 L)
TYROSINE 180.066620 2 13,6405
TRYPTOPHAN 203.082596 1
TREHALOSE... 341.108948  °
TREHALOSE... 421.075256 ¢ 2.7e+05 )!
TRANS_TRA... 381.123749 1
THYMINE 125.035652 2
THYMIDINE ~ 241.082993 £  l1.8e+05
THREONINE ~ 118.050964  °
THIAMINE-P... 344.071350 7
THIAMINE P... 424.037689 ¢  lge+04
THIAMINE 264.105042  (
TAURODEO... 498.289490  °
Eeoviivere Dibiveavediib il Iy o
Bookmark Table @ &) . 3% || £ 6 T Bl &) w
# © D QObserved m/z Expected m/z rt rt delta #peaks #good Max Width Max AreaTop Max S/N Max Quality
1 UDP-D-glucuronate 579.0275 579.0270 15.05 037 16 16 14 6.4e+05 32 0.84

Group Validation Status: Good=0 Bad=0 Total=1

When the users select the first group, they would be asked if they would like to auto-save the state of the application.
This feature allows the users to go back to their curated peaks if they so wish in future.

File Widgets Help

= <
o . S B .. +/- 5.4 a
Open Align peaks Match OPtions poly Auto Detect(-1) Charge 1 . AreaTop [m/z] 168.06654358 /- 5.000000 ppm
8 <knowns TEH QAWE £ e= ® T EE% B
£ T UDP-D-glucuronate m/z:575.0242.579.0299
& |Compound Name Filter %
) peT—— ik
S XANTHURE... 204030228 i
S XANTHOSIN... 363.034729
£ XANTHOSINE 283.068420 1 726105 =
© XANTHINE 151026154 1 :
VALINE 116.071701 A
uTP 482961273 1 aewos
URIDINE 243062256 1 <’
URICACID ~ 167.021057 ¢
URACIL 111.020004 | lsdesos €Y
UMP 323.028595 1 8
UDP-N-ACE... 606.074280 1
UDP-D-GLU... 579.027039 ° lase«0s P
UDP-D-GLU... 565.047729 1
ubP 402.994934 CRNTIIET 16}
TYROSINE  180.066620 7  cewos ot
TRYPTOPHAN 203.082596 @ Doyouwant toenable HH
TREHALOSE... 341.108948 autosave?
TREHALOSE... 421.075256 € 270105 yul
TRANS_TRA... 381.123749 1 No | [i¥es)|
THYMINE 125035652 2

THYMIDINE ~ 241.082993 ¢ 11.8e405
THREONINE ~ 118.050964 -
THIAMINE-P... 344.071350  °
THIAMINEP... 424.037689 ¢ 9e+04
THIAMINE 264.105042  (
TAURODEO... 498.289490  °

BookmarkTable Y@ ® . X[ #7600 T & W
# ° D Observed m/z Expected m/z it rtdelta  #peaks  #good  MaxWidth  MaxAreaTop MaxS/N  Max Quality
1 UDP-D-glucuronate 579.0275 579.0270 15.04 036 16 16 14 6.4e+05 32 084

Group Validation Status: Good=0 Bad=0 Total=1
Qualifying peaks as good or bad is explained in the next few sections.
2. Automated Peak Curation

EI-MAVEN can automatically select high intensity and high quality groups. This workflow is called automatic peak
curation. To enable this workflow users have to click on the peak detection widget present in the top left of the window.
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Upon clicking the peak detection widget the following dialog box will open.

Instrumentation File Import Peak Detection Peak Filtering Isotope Detection EIC (XIC) [BETA] Peak Grouping Group Rank Libraries Exter ||

Peak Detection and Grouping Settings Baseline Calculation
EIC Smoothing Algorithm Savitzky-Golay . .
Drop top x% intensities from chromatogram 80%
EIC Smoothing Window 10 . scans
Baseline Smoothing 5 scans
Max Retention Time difference between Peaks |0.25 . min

Use Default Parameters

Users can read more about the peak detection widget here.

Upon selecting the default parameters, users can click on Find Peaks to select the most important peaks. Once the
peak detection is completed, a peak table shows up at the bottom of the window.

W = L X
- 1. S 3 A +/- 5. B
Open Align peaks Match OPtions polly Auto Detect(-1) Charge 1 . AreaTop [m/z] 565.04821777 /- 5.000000 “lppm
u = a
$ ekNOWNS L eawE glz-,hr-gﬁrg.inc%‘% )
E UDP-D-glucose m/z: 565.04494565.0505
& |Compound Name Filter loe0s %
£ name < mfz ]Jh
3 XANTHURE... 204.030228
S XANTHOSIN... 363.034729 Tes05 tth
€ ]
S XANTHOSINE 283.068420 1 5
© XANTHINE 151026154 1 | :
= VALINE 116.071701 N
=UTP 482961273
URIDINE 243.062256 1 5aes0s c’
URICACID ~ 167.021057 €
URACIL 111.020004  ° @
<UMP 323.028595 1 lsaewos ®
= UDP-N-AC... 606.074280 ° -
<UDP-D-GL... 579.027039 o
<UDP-D-GL... 565.047729 7 4505
5UDP 402.994934 L)
“TYROSINE  180.066620  :
<TRYPTOP... 203082596 | 605
TREHALOSE... 341.108948  °
TREHALOSE... 421.075256 ¢ yul
TRANS_TRA... 381123749 1  [27%%
THYMINE 125.035652 2 A
THYMIDINE 241082993 & | o o
“THREONINE 118.050964  °
THIAMINE-P... 344.071350  °
THIAMINE P... 424.037689 ¢ lge.04
THIAMINE ~ 264.105042  (
TAURODEO... 498.289490 -

PeakTable1 N@ X . % 60 TE. & W -
# D Observed m/z Expected m/z rt rt delta #peaks #good Max Width Max AreaTop Max S/N Max Quality

47  UDP-D-glucose 565.0482 565.0477 1333 011 16 16 15 7e+05 32 0.84

46 GTP 521.9838 521.9834 1529 035 16 16 93 3.9e+04 949 0.84

45 ATP 505.9888 505.9885 1531 037 16 16 61 1.1e+06 " 0.82

44 UTP 482.9617 4829613 1518 037 16 16 91 2.8e+05 109 0.83

43 CTP 481.9777 481.9772 15.03 013 16 16 90 4.4e+04 2139 0.84

42 dTTP 480.9825 480.9820 1535 041 15 8 18 1.1e+04 562 0.84

41 NAD+ 662.1021 662.1019 9.14 0.52 16 16 32 1.2e+05 32 0.84

40  glucose-6-phosphate 259.0222 259.0225 7.87 1.02 16 " 27 1.1e+04 971 0.81

39 glucose-6-phosphate 259.0222 259.0225 837 1.52 16 m 47 7.5e+03 718 0.83

38 glucose-6-phosphate 259.0224 259.0225 11.21 436 16 9 18 1.2e+04 1386 0.84

UDP-D-glucose

Users can now iterate over these peaks by marking them as good or bad by clicking on the good or bad buttons present
in the peak table as shown below.
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| BS
i )
Open Align Peaks Match OPtions polly

P )
épmowws h QOWE £ e e 0T Y%
& |Compound Name Filter 210404
§ name m/z
3 XANTHURE... 204.030228
g- XANTHOSIN.... 363.034729 1 8es04
© XANTHOSINE 283.068420 i
Y XANTHINE 151.026154 7
< VALINE 116.071701
< UTP 482961273 1 .5es04
URIDINE 243.062256
URIC ACID 167.021057 €
URACIL 111.020004 <
< UMP 323.028595
2 UDP-N-AC... 606.074280 2404
< UDP-D-GL... 579.027039
< UDP-D-GL... 565.047729
= UDP 402994934
<TYROSINE  180.066620  Z {90403
#TRYPTOP... 203.082596 i
TREHALOSE... 341.108948 -
TREHALOSE... 421.075256 ¢
TRANS_TRA... 381.123749  ° {60403
THYMINE 125.035652 2
THYMIDINE ~ 241.082993 &
=THREONINE 118.050964  ~
THIAMINE-P... 344.071350  ° Je+03
THIAMINE P... 424.037689 ¢
THIAMINE 264.105042  (
TAURODEO... 498.289490 7
PeakTable1 N@ & . ®TE D W
# © D Observed m/z Expected m/z rt rt delta
150 N-acetyl-glutamine 187.0724 187.0724 375 325
149  Indoleacrylic acid 186.0559 186.0560 7.79 7.15
148 3-phosphoglycerate 184.9857 184.9857 13.56  0.02
147 3-phospho-serine 184.0016 184.0016 8.13 0.07
© 146 tyrosine 180.0666 180.0666 4.59 2.59
© 145 tyrosine 180.0665 180.0666 3.26 1.26
® 144 tyrosine 180.0665 180.0666 3.88 1.88
143 tyrosine 180.0667 180.0666 15.84  13.84
142 D-glyceraldehdye-3-phosphate 168.9907 168.9908 13.71  6.36
141 D-glyceraldehdye-3-phosphate 168.9905 168.9908 870 135
tyrosine

Guidelines for Peak Picking

#peaks

tyrosine m/z:

#good

Auto Detect(-1) Charge[1 : AreaTop :[m/z]180.06654358  +/-5.000000

180.0657-180.0675

=

FE@ o p®Q Y [T

Max Width Max AreaTop Max S/N Max Quality
21 7.4e+04 491 0.84
17 1e+04 1145 0.85
15 1.1e+04 473 0.84
36 3.7e+04 965 0.85
44 9.6e+03 3 0.53
29 1.5e+04 2 0.57.
30 1.3e+04 2 0.59
26 8.9e+03 17 0.76
13 1.3e+04 777 0.83
62 2.5e+04 1175 0.84

* A peak’s width and shape are two very crucial things to look at while classifying a peak as good or bad. A peak’s
shape should have a Gaussian distribution and width should not be spread across a wide range of retention time.

File Widgets Help

<
Open Align Peaks Match Options polly
ivaRd@R%i= Q#E F£i«e= m uTcEmEY

& [Sample name filter

Auto Detect(-1) Charge|1

indole m/z: 116.0500-116.0512

AreaTop - [M/2]116.05055237  +/-5.000000 ppm:

E&S

‘: Sample Set L1.6ev05
:
g il
& bseros i
ﬁ
1.2e405 @
le+05 Q
. L -
Gaussian Distibution
oo
091215 )
091215_1i a
oesoa 2
oot "
12e+04
— >
- ——
PeakTable1 N@ ® . % 5600 T B W Width .
# - ID Observed m/z Expected m/z t rt delta #peaks #good Max Width Max AreaTop Max S/N Max Quality
123 betaine 116.0717 116.0717 317 -1.00 16 2 37 2.4e+04 2 0.59
122 indole 116.0506 116.0506 7.79 0.29 16 16 32 1.3e+05 37 0.84
121 2-keto-isovalerate 115.0400 115.0401 8.78 4.28 16 5 31 Se+03 5 0.68
120 2-keto-isovalerate 115.0401 115.0401 13.40 0.34 16 16 51 6.4e+04 64 0.83
119 fumarate 115.0038 115.0037 13.52 0.02 16 7 16 1.5e+04 191 0.78
118 fumarate 115.0037 115.0037 1335 0.15 16 8 15 1.2e+04 33 0.81
117 fumarate 115.0038 115.0037 1277 073 16 14 21 1.4e+05 25 0.80
116 fumarate 115.0036 115.0037 4.41 9.09 16 16 46 1.2e+05 189 0.84
115 glycerate 105.0193 105.0193 3.05 3.64 16 1 37 1.2e+04 18 0.72
114  glycerate 105.0194 105.0193 5.54 1.15 16 15 29 9.5e+03 1079 0.84

Group Validation Status: Good=0 Bad=4 Total=180

» Peak Intensities for a group are plotted as bar plots for all the samples. These bar plots have heights relative to
the other samples.Thus, for a good peak the intensities should be high.
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<

le Widgets Help

= <

= Auto Detect(-1) Charge[1 | AreaTop - [M/z]116.05055237  +/-5.000000 ppm:

S
o)
Q

Open Align Peaks Match OPtions polly

) » c =
ivaRd@REvh= Q#E FRe5 = wTcEES =]
€ _ indole m/z: 116.0500-116.0512 %
& |Sample name filter
s N e
‘é Sample S Set L1.6ev0s uh
+ exampleProject
g i
S L1.40105 [
8 Bar Plots [ > ke
2
112405 g
e+05 E
r 3
091215_1M fpe+04 L)
091215_1i
091215_0M
091215_0i Be+04 ‘!
iosoa h
2es04
N .
PeakTable 1 M@ ® . % £ TEH D B —
# © D Observed m/z Expected m/z rt rt delta #peaks #good Max Width Max AreaTop Max S/N Max Quality
123 betaine 116.0717 116.0717 3.17 -1.00 16 2 37 2.4e+04 2 0.59
122 indole 116.0506 116.0506 7.79 0.29 16 16 32 1.3e+05 37 0.84
121 2-keto-isovalerate 115.0400 115.0401 8.78 428 16 5 31 Se+03 5 0.68
120 2-keto-isovalerate 115.0401 115.0401 13.40 034 16 16 51 6.4e+04 64 0.83
119 fumarate 115.0038 115.0037 13.52 0.02 16 7 16 1.5e+04 191 0.78
118 Ffumarate 115.0037 115.0037 1335 0.15 16 8 15 1.2e+04 33 0.81
117  fumarate 115.0038 115.0037 1277 073 16 14 21 1.4e+05 25 0.80
116 Ffumarate 115.0036 115.0037 4.41 9.09 16 16 46 1.2e+05 189 0.84
115 glycerate 105.0193 105.0193 3.05 3.64 16 1 37 1.2e+04 18 0.72
114 glycerate 105.0194 105.0193 5.54 115 16 15 29 9.5e+03 1079 0.84

Group Validation Status: Good=0 Bad=4 Total=180

* Intensity Barplot heights should be higher for all the samples than Blank samples. We use intensities of Blank

samples to set our group baseline. Blank intensities are used to calibrate intensity values across zero concentra-
tion.

* A good peak should have standards with varying intensity in a particular fashion (increasing or decreasing).

¢ Quality Control (QC) samples give us information about the quality of the data, i.e., it assesses reproducibility

and software performance. Samples whose intensities and concentrations are already known are used as QCs to
determine if the instrument is working as expected. Values (and scales) can be calibrated using QCs.

* If peak groups of a particular metabolite are separated apart (not aligned well) then we should use stringent

alignment parameters to overcome this problem.

* For a particular metabolite, let’s say if it has n number of groups, then the group which is much closer to the

above guidelines should be selected as a good peak. Multiple groups can also be selected in case of ambiguity
(if retention time information is not provided).

A good peak would look similar to the following peaks:

1.4.

User Documentation 58



EI-MAVEN Documentation, Release v0.4.1

= <
Open Allgn Peaks Maich Options polly Auto Detect(-1) Charge 1 . AreaTop < [m/z] 148.04383850 +/- 5.000000 ppm :
ivaR@Rvi= QHE SHRes ™ oTcEEY L]
€ ‘methionine m/z: 148.0430-148.0445
& |Sample name filter %
12 Sample Set lJ.h
H ) 2seics i
3 = .
s B . L
o A N
© 2 =
B A .4ei04
. B 9 c
, . (€Y
o A
- . Iy
o A o
g B
“ 091215 1M < 167}
“ 091215_1i 2
091215 0M = o
~ 091215_0i e j!
I\

IsotopeWidget:: pulllsotopes(() started
* Gaussian shape
¢ Perfect grouping, narrow retention time

* Good sample intensities

Low blank intensities

QCs look good

* An observable trend in intensity bars of standards, as well as samples.
Some examples of bad peaks are given below:

* The peaks do not have a Gaussian shape. Low intensity peaks are not grouping well. QC intensities (10"4) are
too high with respect to the low sample intensities (1072), which are very close to the noise level.
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% = L B3

Open Allgn Pesks Match OBtions pemy Auto Detect(-1) Charge 1 - AreaTop - [m/2] 160.06152344 +/-5.000000 “lppm:

ivLaRPE%N= QRE L= rm LTCERES (=)

E Aminoadipic acid m/z: 160.0607-160.0623

& [Sample name Filter ‘

-: Sample < Set llll

3 - exampleProject 28e+04

g tth

3 I

240104 c’

(©
r-3
a4l
7y

Aminoadipic acid

* The peaks have a good Gaussian shape. But the blank intensity bars are high. All the sample intensity bars are
shorter or roughly equal to the blank intensities, implying that the peaks are noisy. This should be marked bad
if better groups of the same metabolite are available.

File Widgets Help

I
o)
Q

& = L s
= N Auto Detect(-1) Charge 1 . AreaToj = [m/z] 191.01985168 +/- 5.000000 -~ ppm :
Open Align Peaks Match OPtions polly :1)|Charg P m/2] 4 ep

iIvaR@EA= QHE SR e ™ LTCEEYS L]
£ citrate m/z: 191.0188-191.0207 %
& |Sample name filter
‘: Sample © Set ]]L
3 - exampleProject !
g : 280405 R
S
S 4
P
240105 c
(©
2
r 3
a— i 20405 ﬁ
@ 091215_1i
160105
7y
I\

1.20105

de+04

e

IsotopeWidget:: pulllsotopes(() started

* The intensity levels are high. The blank intensities are lower. However, the peaks are spread over a long range
of retention time, have poor grouping, and have forward trailing peaks. If the signal to noise ratio was improved,
this peak would probably not be detected.
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File Widgets Help

=L <0
e 5 Auto Detect(-1) Charge 1 AreaTo :[m/z] 131.07142639 +/-'5.000000 - ppm :
Open Align Peaks Match OPtions polly 1) & s i G kA

ivald@Rv%i= QWE £ie=smw o1 EE% ®
% Hydroxyisocaproic acid m/z: 131.0707-131.0720 %
8 [sample name filter
-; Sample < Set fev0t ]JL
2 t
E .
S I
s (-
@
2
o
)
. rin
M
'y
I\

IsotopeWidget: pulllsotopes(() started

* In the following image, many sample intensities are missing from the intensities bar plots. Peaks do not have a
Gaussian shape, nor good grouping. These peaks are probably noise which have been wrongly annotated. The
blank intensities are high as well.

File Widgets Help

= <

- . Auto Detect(-1) Charge 1 . AreaTop < [m/z] 282.08432007 +/- 5.000000 ppm :
Open Align Peaks Match OPtions polly
ivaH@Ri= QRE LEe=sm o MY ®
3 s uridine mjz 243.0610:243.0635 %
& [sample name filter
é Sample © Set lJ.h
g ; t
S 1200.0 ]_
: N
: =
(©Y
1000.0
2
o
091215_1M 167}
91215_1i
00 e
I\
'y

0.0

400.0

uridine

This is a noisy group. There are no discrete peaks visible in the image. The X-axis is crowded with noise. The
peak shape is sharp, triangular, or line-like; not Gaussian. The intensity levels are high, but so are the noise
levels.
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| File widgets pelp -

Oin AEH Pé:ks aﬁh Opém P[oay Auto Detect(-1) Charge 1 - AreaTop  [m/2] 282.08432007 +/-5.000000 Zppm:

SHARPEN= GQRE FHes® LICEEY

£ 2-oxobutanoate m/4: 101.0239-101.0249 q

8 [sample name filter

-: Sample ) < Set llll

S|

Zl exampleProject !

3 I
e
(©
£
r-3
mn|
I\
7y

2-oxobutanoate

* The peaks don’t have a Gaussian shape, and are also noisy. The intensity values are very low.

File Widgets Help

= K
w = h IR ) a Auto Detect(-1) Charge[1 - AreaTop :[m/z]354.14633179  +/-5.000000 Jppm:
Open Align Peaks Match OPtions polly - -

ivaRd@2E A= QRE SR LuICEEYS
sample name filter

Ssample - set te+04
+ exampleProject

S-adenosyl-L-methioninamine m/z: 354.1462-354.1497

=8

Compounds Sam|

FEEH@ e »®Q [T

FE— SR
IsotopeWidget: pulllsotopes(() started

* For low intensity groups like this, the peak characteristics can be determined by zooming in.
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File Widgets Help

h IR <

I B
ign Peaks Match OPtions polly

o Auto Detect(-1) Charge[1 : AreaTop : [m/2] 426.02258301 +/-5.000000 < ppm:
pen

ivad@Evi= QWE SR e ® LTCER% B
E 270405 ADP m/z:426.0200426.0243 [
& [sample name filter
$ sample - Set I]II
3 - exampleProject i
£ 24er0s Y
S I
210105 ¢
@
£
180105 ®
@ 091215_1M
091215_1i
091215_0M HH
= 150105 I
I
120105 In
90:04
o-04
+04
- - e
ADP =

The mouse can be used to select the area of the peak as shown below

File Widgets Help
K

= N Auto Detect(-1) Charge|1 :|AreaTo :[m/z] 426.02258301 +/- 5.000000 . ppm:
Open Align Peaks Match OPtions polly il g P m/2] 4 ep

IVaRH@B %= Q#E L= e wnc EEYS B
E 272405 ADP m/z: 426.0200-426.0243 %
& [sample name filter
‘2 Sample © Set ]]_h
5 - exampleProject
2 it}
g bdesos L
3 b
f1ev05 e’
@,
®
[1.8e+05 o
091215_1M
@ 091215_1i &
091215_0M ot
150405 2
I
120005 I
o104
er04
aop - o

On zooming, it will be easy to make a decision on peak quality
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<
ign Peaks Match OPtions polly

ITaRPB A= QREB LB es ™ gICEEY
sample name filter 540404

Sample < Set

Auto Detect(-1) Charge 1 - AreaTop < [m/z] 426.02258301 +/- 5.000000 Zppm:

ADP m/z: 426.0200-426.0243

= Y

Compounds Sam

4.80+04

4.20+04

60404

_1M
091215_1i

30404

FEE@cm®Qy [T

2.4e+04

180104

1.20+04

Group Validation Status: Good=0 Bad=4 Total=180

The user can mark any ambiguous peaks as good, and can review all such peaks later in the process.

Export

There are multiple export options available for storing marked peak data. Users can either generate a PDF report to
save the EIC for every metabolite, export data for a particular group in .csv format, or export the EICs to a Json file as
shown below.
File Widgets Help

X

Open Align Peaks Match OPtions polly

%ﬁh@?ﬁ\/{uz QWE £ &= e oTCc EE%

Auto Detect(-1) Charge/1 - AreaTop :[m/z] 218.10336304 +/-5.000000 2 ppm:

pantothenate m/z: 216.1023-218.1045
& [sample name filter LS
= 5 480406 e
-g Sample — Set e- H_h
* exampleProject
g s tt
S 420408 I
P
360406 c
" B
o
240406
: ®
091215_1i ﬂ'ﬁ
8010 ﬂ‘
60405
'7 " ro Sax o6 g 1 g
PeakTable 1 @ X . % & 03[7 B B
# © D Observed m/z Expected m/z rt rt delta #peaks #good Max Width Max AreaTop Max S/N Max Quality
33 glucose-1-phosphate 259.0227 259.0225 6.61 0.69 16 16 15 5.3e+04 15 0.82
32 AMP 346.0562 346.0558 1532 4.02 16 14 39 1e+04 7 0.80
31 AMP 346.0561 346.0558 11.57 027 16 16 59 2.1e+04 1686 0.85
30 ribose-phosphate 229.0120 229.0119 7.55 1.55 16 5 35 8.7e+03 970 0.83
29  ribose-phosphate 229.0120 229.0119 6.84 0.84 15 9 15 6.8e+03 830 0.85
28  pantothenate 218.1034 218.1034 13.66  2.66 16 9 57 1.2e+04 1" 0.82
27  pantothenate 218.1034 218.1034 11.27 027 16 16 21 3.8e+06 34 0.84
26  deoxyribose-phosphate 213.0170 213.0170 5.64 2.10 15 9 8 8.5e+03 1160 0.85
25  D-glucarate 209.0304 209.0303 13.28 0.28 16 8 9 6.1e+03 500 0.84
24 tryptophan 203.0825 203.0826 779 0.29 16 16 36 1.5e+06 33 0.84
Ppantothenate 2

Users can select All, Good, Bad or Selected peaks to export.
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File Widgets Help

<

) Auto Detect(-1) Charge 1 . AreaTol :[m/z]218.10336304  +/-5.000000 m:
Open Align Peaks Match OPtions polly (1) Charg P [m/z] / pp
H > /A o N
iPaPd@R%= QRE LR @ (oY ®
E pantothenate m/z: 218.1023-218.1045 %
& Sample name filter
w . " e
-‘E Sample e Set 14-8e+06 uh
v exampleProject
g . i
: AN - ,-
8 " /
3 2
N 2
B 6er06 <
A
A @
A l3e+06
. 2
- 2
.
091215_1M = e ©
09121511 ¢
.
09121501 ¢ li8eros K
ha
ou05
— e SO oo o o 2 t
PeakTable 1 Rx@ ® . 3¢ 7 00 T & W = ¢c
# * ID o] ExportSelected  STRENA rt rt delta #peaks #good  Max Width Max AreaTop Max S/N Max Quality
33 glucose-1-phosphate PT]_Export All Groups (PR 661 069 16 16 15 5.3e+04 15 0.82
32 AMP [yl Export Good 558 1532 402 16 14 39 1e+04 7 080
31 AMP E¥ Export Bad 558 1157 027 16 16 59 21404 1686 085
30 ribose-phosphate 229.0120 229.0119 7.55 1.55 16 5 35 8.7e+03 970 0.83
29 ribose-phosphate 229.0120 229.0119 684 084 15 9 15 6.8¢+03 830 085
28 pantothenate 218.1034 218.1034 13.66 266 16 9 57 1.2€404 11 082
27 pantothenate 218.1034 218.1034 1127 027 16 16 21 3.8e+06 34 084
26 deoxyribose-phosphate 213.0170 213.0170 564 2.10 15 9 8 8.5¢+03 1160 085
25 D-glucarate 209.0304 209.0303 1328 028 16 8 9 6.1e+03 500 084
24 tryptophan 203.0825 203.0826 779 029 16 16 36 1.5+06 33 0.84
pantothenate
w
b 13 2/ 9 b
The Export Groups to CSV option lets the users save the ‘good’/’bad’ labels along with the peak table.

Users also have the option to filter out rows that have a certain label while exporting the table.

[ rrv W
A

Generate PDF Report option saves all EICs with their corresponding bar plots in a PDF file.

Export EICs to Json option exports all EICs to a Json file.

Another option is to export the peak data in .mzroll format that can be directly loaded into EI-MAVEN by clicking on
the Load Samples|Projects|Peaks option in the File menu. For this, go to the File option in the menu bar, and click on
‘Save Project’.
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B oo e |wTIc B Y

Load Settings

Options

Add S3 credentials

Report Bugs!
_Exit

2.40+06

091215_0i 10108

126406

lbe+05

PeakTable1 @ R . X ‘/03"2 B&e w

# © D Observed m/z Expected m/z rt
33 glucose-1-phosphate 259.0227 259.0225 6.61
32 AMP 346.0562 346.0558 15.32
31 AMP 346.0561 346.0558 11.57
30 ribose-phosphate 229.0120 229.0119 7.55
29  ribose-phosphate 229.0120 229.0119 6.84
28  pantothenate 218.1034 218.1034 13.66
27  pantothenate 218.1034 218.1034 11.27
26  deoxyribose-phosphate 213.0170 213.0170 5.64
25  D-glucarate 209.0304 209.0303 13.28
24 tryptophan 203.0825 203.0826 7.79

Ppantothenate

Labeled LC-MS Workflow

rt delta
0.69
4.02
0.27
1.55
0.84
2.66

#peaks

pantothenate m

#good
16
14
16

Auto Detect(-1) Charge|1

V/2: 218.1023-218.1045

-|AreaTop

- [m/7]218.10336304

+/-/5.000000 . |ppPm

RS

FEmE@emOPQ:!

Max Width

Max AreaTop
5.3e+04
1e+04
21e+04
8.7e+03
6.8¢+03
1.2¢+04
3.8e+06
8.5¢+03
6.1e+03
15406

This is a tutorial for processing Labeled LC/MS data files through EI-MAVEN.

Preprocessing

Max S/N
15

7
1686
970
830
1"
34
1160
500
33

Max Quality
0.82
0.80
0.85
0.83
0.85
0.82
0.84
0.85
0.84
0.84

msConvert is a command-line/GUI tool that is used to convert between various mass spectroscopy data formats,
developed and maintained by proteoWizard. Raw data files obtained from mass spectrometers need to be converted to

certain acceptable formats before processing in EI-MAVEN.

Input
msConvert supports the following formats:
* .mzXML
e .mzML
* .RAW ThermoFisher
* .RAW Walters
e .d Agilent
» .wiff ABSciex

The settings used for msConvert as a GUI tool are captured in the following screenshots:
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a5 MSConvertGUI (64-bit)

- X
@ Listof Files (O File of file names

Ao bowe oo WsComvet

Fiters

MS Level v
Levels
1 -
Add | | Remove

Fiter Parameters

Output Directory:
| | Browse

Options
Output fomat: mzML | Extension: ||
Binary encoding precision: @ 646t (O 32bit
e nr
TPP compatibility: Package in gzip: []
Use numpress linear compression: []
Use numpress short logged float compression: [ ]

Use numpress short posttive integer compression: [ ]

Use these settings next time | start MSConvert Start

Note: zlib compression is enabled by default in msConvert. EI-MAVEN in its current form does not support zlib
compression. It is important to uncheck “Use zlib compression” box.

QOutput

msConvert can convert to an array of different formats but EI-MAVEN primarily uses .mzXML and .mzML formats.

Launch EI-MAVEN

Once sample files are ready for processing, launch EI-MAVEN.
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File Widgets Help
= £

Open AEH Pgaks Match OPtions polly
VaRd@Ev%h= QN¥E £ie= 2 o K%

Sample name filte

Auto Detect(+1) Charge/1 |- AreaTop < [m/Z M

ompound  +/- 5.000000 ppm :

=E80

EE@e pPQY [T

AlignmentVisualization " BookmarkTable N@ ® . X[ | 5 0) T El &
—

ID Observed m/z Expected m/z rt rt delta

Spectra AlignmentVisualization

Adjust Global Settings

Global Settings can be changed from the Options dialog . There are 9 tabs in the dialog. Each of these tabs
has parameters related to a different module in EI-MAVEN. For example, a tab for Instrumentation details, a tab for
File Import settings etc.

v = i S
Open Align Peaks Match OPtions polly

VaRdPEk= QHE Fi &= 2w Em%

Sample name filter

File Widgets Help

=
o)
Q

Auto Detect(+1) Charge1 |- AreaTop - [m/z2] MW / Compound _ +/-5.000000 ~ppm:

==

Instrumentation File Import Peak Detection Peak Filtering Isotope Detection EIC (XIC) [BETA] Peak Grouping Group Rank Libraries Exter |

EEH@e p®Q [

Peak Detection and Grouping Settings Baseline Calculation
EIC Smoothing Algorithm Savitzky-Golay - . »
Drop top x% intensities from chromatogram 80%
EIC Smoothing Window 10 . scans
Baseline Smoothing 5scans
Max Retention Time difference between Peaks 0.25 - min

Use Default Parameters

AlignmentVisualization “ Bookmark Table m 0 @ - @ lg' % T ‘ @
#

© D Observed m/z Expected m/z rt rt delta

Spectra AlignmentVisualization
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The m/z option scans the groups to find any specific m/z value and plot its corresponding EIC. The +/- option to its
right is to specify the expected mass resolution error in parts per million (ppm).

=’ = h \l@ )< u Auto Detect(-1) Charge 1 AreaTop ~|[m/z] MW /Compound  +/-5.000000 ppm: |
Open Align Peaks Match OPtions polly
“u =3
£ <kNowNs W QWE £« w4 Tc EEEY [
£ UTP mz: 452.3569-482.9637
& |Compound Name Filter %
£ name < mfz u”l”l
3 XANTHURE... 204.030228 360105 Hi
& XANTHOSIN... 363.034729
S XANTHOSINE 283.068420 I
© XANTHINE  151.026154 :
VALINE 116.071701 b 20008 S
482.961273
URIDINE 243.062256 c’
URICACID  167.021057 €
URACIL 111.020004 - @
UMP 323.028595 | 28005 o
UDP-N-ACE... 606.074280 * -
UDP-D-GLU... 579.027039 2
UDP-D-GLU... 565.047729
ubp 202994934 bows L)
TYROSINE 180066620  : o1
TRYPTOPHAN 203.082596 1
TREHALOSE... 341.108948 -
TREHALOSE... 421075256 ¢ yul

TRANS_TRA... 381.123749 1 2408
THYMINE 125.035652 2
THYMIDINE ~ 241.082993 ¢
THREONINE ~ 118.050964  °
THIAMINE-P... 344.071350 1 160405
THIAMINE P... 424.037689 ¢
THIAMINE ~ 264.105042  (
TAURODEO... 498.289490 -
TAURINE 124007393 (
SUCCINYL-C... 866.123962  *
SUCCINATE ~ 117.019333  ~
SN-GLYCER... 171.006409 i
SHIKIMATE-... 253.011887  °
SHIKIMATE ~ 173.045547  ©  |ses04
SERINE 104.035316  *
SEDOHEPT... 368.999359
SARCOSINE  88.040405
S-RIBOSYLL... 266.070374  (
-5'...296.082275
. 398.137787 i
... 354147949 -
S-ADENOSY... 383.114319 ¢

1.20405

l4e+04

ure

To know more about the functionality of different tabs and their settings, users can see the Widgets page. Please be
sure to set the desired settings before processing an input file.

Load Samples

Users can go to File in the Menu and click on Load Samples|Projects|Peaks option. Then navigate to the folder
containing the sample data, select all . mzXML or .mzML files and click Open. A loading bar displays the progress at
the bottom.
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File Widgets Help

| Load Samples|Projects|Peaks
Load Classification Model Auto Detect(+1) Charge 1 - AreaTop < [m/z] MW / Compound +/-5.000000 “lppm:

Load Compound List

Save Project As (O, AL YL = s e | TIC B2 Y%

Save Settings ‘
Load Settings y
Options Ilil
Add S3 credentials

Report Bugs! Hi

Exit

=EH@ pPQ[]

AlignmentVisualization " BookmarkTable N@ ® . X[ | # ) T B Q

ID Observed m/z Expected m/z rt rt delta

Spectra AlignmentVisualization

When the samples have loaded, users should see a sample panel on the left side. If it is not displayed automatically,
click on the Show Samples Widget button on the toolbar. EI-MAVEN automatically assigns a color to every sample.
Users can select/deselect any sample by clicking the checkbox on the left of the sample name.

File Widgets Help

¥ = L R < 0O
= N Auto Detect(-1) Charge 1 : AreaTo :[m/z] Mw / Compound  +/- 5.000000 - ppm:
Open Align Peaks Match OPtions polly (1) Charg P /2] MW/ Comp 4 pp!

VaR@E%N= QNE LI e @ uc K% ©
sample name filter 0t 150201 %
Sample : Set 100 MI":
* exampleProject . H

i 200 e
W ) %
f 30.0 q
B (©
i 40.0 2
: 2
¥ 091215 1i g 1 - o o o] i
‘ b ‘: 4 ;“ ’ ) LT ’\
700 . ” { o I ’1, ‘> \ in
“.” ; | ; ,
Spectra " Bookmark Table mﬁ@ ] e - )
© D Observed m/z Expected m/z rt rt delta
Spectra| AlignmentVisualization

Done importing &

Load Compound Database

Users can click on Compounds option in the leftmost menu, navigate to the folder containing the standard database
file, select the appropriate .csv file and click Open. Alternatively, users may use any of the default files loaded on
start-up.
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idgets Help

N Auto Detect(-1) Charge 1 AreaTo :[m/z] Mw / Compound  +/- 5.000000 . ppm:
Open Align Peaks Match OPtions polly Gliherd P [m/2MW / Comp 4 s

esam2 T QRE £ e e wTc ERE% L
m/2:153.0186-153.0201
Compound Name Filter %
10.0
name c mjz | uh
XANTHURE... 204.001/16...
XANTHOSIN... 287.000/15... it}
XANTHOSIN... 369.000/97.... {7200 L
XANTHOSIN... 375.000/10... 2
XANTHOSIN... 365.000/97.... o 2
XANTHOSIN... 293.000/15... ¥
XANTHOSINE  283.000/15... 00 c’
XANTHINE-... 155.000/11...
XANTHINE _... 156.000/11... @
XANTHINE
VALINE-N15 ree E
VALINE-N14 o
VALINE-CBZ...
VALINE-CBZ... 50.0 b
VALINE-CBZ...
VALINE-CBZ... 254.013/14... dﬁ
VALINE-CBZ... 253.013/14...
VALINE-CBZ... 252.013/14... 1600, A!
VALINE-CB. 251.016/14... —
VALINE-CBZ... 251.050/14... .
700
VaRHPE%U=
Sample name filter aol
sample < Set ‘
* exampleProject
A
. 0.0
A
A
- g .
Spectra Book
# ID Observed m/z Expected m/z rt rt delta
Spectra | AlignmentVisualization
Done importing &
This is a sample Compound Database:
Jfr | nucleic acids
A B ® D E F G H 1 J K L M
1 compound formula id t category
2 cholesteryl sulfat C27H4604S HMDB00653 14.31
3 Deoxycholic acid C26H43NO5 C05464 0.82
4 trans_trans-farne C15H2807P2  C00448 1
5 Cholic acid C24H4005 HMDB00619 13
6  Geranyl-PP C10H2007P2  C00341 16.46
7 Taurodeoxycholic C26H45NO6S  C05463 3.86
8 lipoate C8H140252 C00725 8.5
9 8-hydroxy-3-metl C27H44N7020P C00356 1.89
10 butyryl-CoA C25H42N7017P C00630 7.45
11 malonyl-CoA C24H38N7O19P C00083 6.7
12 propionyl-CoA  C24H40N7017P C00100 7.7
13 acetoacetyl-CoA C25H40N7018P C00332 4.2
14 acetyl-CoA C23H38N7017P C00024 1.12
15 dGTP C10H16N5013P G00002 14.68 nucleic acids
16 succinyl-CoA/me C25H40N7019P C00091|C00683| 07
17 malonyl-CoA C24H38N7019P C00083 11.6
18 3-methylphenylai C9H1002 HMDB02222 7.35
19 coenzyme A C21H36N7016P C00010 14.14
20  acetoacetyl-CoA C25H40N7018P C00332 7
21 Phenylpropiolic € C9H602 HMDBO00563 13.58
22 3-hydroxybutyryl- C25H42N7018P C01144|C03561 3.5
23 guanosine 5'-dipl C10H11N5017P4 15.64
21 Indnlaacniic aric C11HANNAY HMNRNN724 7R

+1 Compound DB.csv ‘

It lists all metabolite names, chemical formula, HMDB ID, and the class/category of compounds they belong to (if
known).

Mark Blanks

Users can mark the blanks by selecting the blank samples from the list on screen, and clicking on the Set as a Blank

Sample icon in Samples menu.
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File Widgets Help

= <

= h \:ﬁ..l G Auto Detect(-1) Charge 1 - AreaTop < [m/Z] MW / Compound  +/- 5.000000
Open Align Peaks Match OPNOHS Polly -

Vald®®E %= P Y@ e wTIC B %
Set As a BlankSampL m/z: 153.0186-153.0201
sample name filter

]
©
3

sam

Sample © Set 100
~ exampleProject H
i 7200 [
; 2
2 (-
: (©
" 2
: 2
© 091215_1i ; @
y\|
Spectra “ Bookmark Table QQQ X £ TES
ID Observed m/z Expected m/z rt rt delta
Spectra | AlignmentVisualization
Done importing
Multiple blanks can be marked together. The blanks will appear black as shown in the image below:
File ﬂ\ts Help
d = h \l-@ )( g Auto Detect(-1) Charge 1 :|AreaTop : [m/z] MW / Compound  +/-/5.000000 - \ppm

Open Align Peaks Match OPtions polly
VaEPR%L= QRE LY@ wncEEY

Set As a Blank Sample m/z: 153.0186-153.0201
sample name filter

10.0
Sample . Set
- exampleProject

ST

=

7200

l540.0

l4s0.0

@ 091215 1i

=@ pPQy [T

1” o

il

: s 2 :
Spectra 2 )
o 091215_0M scan#1645 rt:25.07 ms:1 ion:- prodMz:404.756 Bookmark Table @ ® . %] 4 09 - LS|
gg ID Observed m/z Expected m/z rt rt delta
04
02
0.0

Spectra AlignmentVisualization . ]
Done importing &l

Alignment

Prolonged use of the LC column can lead to a drift in retention time across samples. Alignment shifts the peak retention
time in every sample to correct for this drift and brings the peaks closer to median retention time of the group.
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File Widgets Help

Open Align Peaks Match OPtions polly

<

Auto Detect(-1) Charge 1

. AreaTop

ompound +/-5.000000 “ppm:

=KNOWNS FE QWE £ e e e EEEs B
UTP m/z: 482.9589-482.9637

Compound Name Filte L)
name com/z 60405 MI:
XANTHURE... 204.030228 il
XANTHOSIN... 363.034729 tth
XANTHOSINE 283.068420 I
XANTHINE 151026154 20105 :
VALINE 116.071701 N
~
URIDINE 243.062256 b ge-05 c’
URICACID  167.021057
URACIL 111.020004 @
uMP 323.028595 2
UDP-N-ACE... 606.074280 btci0s
UDP-D-GLU... 579.027039 P
UDP-D-GLU... 565.047729
upP 402.994934 L)
TYROSINE  180.066620 P08
TRYPTOPHAN 203.082596
TREHALOSE... 341.108948

TREHALOSE... 421.075256 1005 M
TRANS_TRA... 381.123749

THYMINE  125.035652

THYMIDINE 241082993

THREONINE 118050964 120405

THIAMINE-P... 344.071350

THIAMINE P... 424.037689

THIAMINE  264.105042

TAURODEO... 498.289490 o104

TAURINE 124.007393

SUCCINYLC... 866.123962

SUCCINATE ~ 117.019333 -

SN-GLYCER... 171.006409

SHIKIMATE-... 253.011887

SHIKIMATE  173.045547 | _ -

Spectra @ 3200 = [

b 091215_0M scan#1645 rt:25.07 ms:1 ion:- prodMz:404.756 BookmarkTable By@ ® . X[ #7050 T @

ﬁ‘; # © D Observed m/z Expected m/z rt rt delta

D4

00

Spectra  AlignmentVisualization

ure

In the above image, EIC for a UTP group is displayed
retention time. Since this is not the case, the samples need to be aligned.

Alignment visualization

i

. If the samples were aligned, all peaks would lie at the same

" can be used to judge the extent of deviation from median retention time.

I = IR K a Auto Detect(-1) Charge|1 - AreaTop v/ Compound _ +/-5.000000 Jppm:
Open Align Peaks Match OPtions polly
#KNOWNS e GWE S e e e BERES B
UTP m/z: 482.9589-482.9637
Compound Name Filte %
name < mjz G0+05 I
XANTHURE... 204.030228 ‘
XANTHOSIN... 363.034729 it
XANTHOSINE 283.068420 20405 I
XANTHINE ~ 151.026154 :
VALINE 116.071701 N
482.961273 paes0s
URIDINE 243.062256 c’
URIC ACID 167.021057
URACIL 111.020004 fpde05 @
UMP 323.028595 P
UDP-N-ACE... 606.074280 -
UDP-D-GLU... 579.027039 fpe+05. r-)
UDP-D-GLU... 565.047729
upp 402.994934 L)
TYROSINE  180.066620 160405
TRYPTOPHAN 203.082596
TREHALOSE... 341.108948
TREHALOSE... 421.075256 1.20405 N
TRANS_TRA... 381.123749
THYMINE ~ 125.035652
THYMIDINE ~ 241.082993 o108
THREONINE ~ 118.050964
THIAMINE-P... 344.071350
THIAMINE P... 424.037689 laor04
THIAMINE  264.105042
TAURODEO... 498.289490
AlignmentVisualization @
R-squared = 0.00000
Compound RT = 14.8100 - =
o -
g -
a -
'Eu -
]
14.5 15 15.5 16

Retention Time
IsotopeWidget:: pullisotopes(() started

In the above visualization, each box represents a peak from the selected group at its current retention time. Samples
are said to be perfectly aligned when all peak boxes lie on the same vertical axis. The peaks are considerably scattered
in the above image and therefore the samples should be aligned for better grouping of peaks.
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Perform Alignment

Alignment settings can be adjusted using the Align button =
rithm with default parameters.

. This example was aligned with Poly fit algo-

File Widgets Help

Alignment Options

<

- Options 1 . AreaTop < [m/z] MW / Compound  +/- 5.000000 ppm :
Open Align Peaks Match OP! Polly Group Selection Criteria for use in Alignment
“KNOWNS o m @ ﬁ ﬁ' # Y ¢u =) . [ TIC Group mustcontainatleast [X] good peaks [1peaks - B®
) Limit total number of groups in alignment to | 1000 groups
Compound Name Filter ) ) e € Joe ‘
e m/z l5.60405 Peak Grouping Window 10 scans me
XANTHURE... 204.030228 ‘ Alignment w.r.t Expected Rt B
XANTHOSIN... 363.034729 ) it
XANTHOSINE 283.068420 20105 Peak Selection , =
XANTHINE 151.026154 Minumum Peak Intensity  5000.00
VALINE 116.071701 Minimum Peak S/N Ratio 2 2
UTP 482.961273 [p.8e+05
URIDINE 243.062256 Minimum Peak Width 3 scans g
peaap ereziost | e Peak Detection Algorithm Compound Database Search @
UMP 323.028595 Select Database =KNOWNS R
. 606.074280
.. 579.027039 fpor05 A ) o
UDP-D-GLU... 565.047729 Alignment Algorithm
ubP 402.994934 Alignment Algorithm Poly Fit : 16}
TYROSINE 180.066620 {-6e+05 n q
TRYPTOPHAN 203.082596 Maximum Number of Itterations 10 H
TREHALOSE... 341.108948 Polynomial Degree 5
TREHALOSE... 421.075256 126405 ﬂ
TRANS_TRA... 381.123749
THYMINE 125.035652
THYMIDINE ~ 241.082993 e+04
THREONINE ~ 118.050964
THIAMINE-P... 344.071350
THIAMINE P... 424.037689 lae+04
THIAMINE 264.105042
TAURODEO... 498.289490
AlignmentVisualization
Sq
Compound RT
b4}
a
E
)
Status Undo Aligment.
14.5 | 0% Align| Cancel 16
AlignmentVisualization | AlignmentVisualizationForAllGroups |
IsotopeWidget:: pulllsotopes(() started 4
Post-alignment the peaks in the group should appear closer to the median retention time of the group.
K
Auto Detect(-1) Charge 1 - AreaTop : [m/z] MW / Compound  +/- 5.000000 ppm

Open Align Peaks Match OPtions polly

G QWE £33 @ o EE%

=KNOWNS

Compound Name Filter

name
XANTHURE...
XANTHOSIN...
XANTHOSINE
XANTHINE
VALINE
UTP
URIDINE
URICACID
URACIL
UMP
UDP-N-ACE.
UDP-D-GLU.
UDP-D-GLU...

TYROSINE
TRYPTOPHAN
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THIAMINE
TAURODEO.

>

0.4-

o
N
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2
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579.027039
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203.082596
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241.082993
118.050964
344.071350
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264.105042
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0404
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AlignmentVisualization AlignmentVisualizationForAllGroups
IsotopeWwidget: pulllsotopes(() started

175

&0

=HE@e Q[

1.4. User Documentation

74



EI-MAVEN Documentation, Release v0.4.1

W = L IR X

Open Align Peaks Match OPtions polly
«KNOWNS W QWE e e | wc B

Compound Name Filte

Auto Detect(-1) Charge[1 |: AreaTop - [m/z] MW / Compound  +/-5.000000 ~ppm:

UTP m/z: 482.9589-482.9637

E&@

name < mjz Go+05
XANTHURE... 204.030228 ‘
XANTHOSIN... 363.034729
XANTHOSINE 283.068420 2405
XANTHINE 151.026154
VALINE 116.071701
uTP 482.961273 paei0s
URIDINE 243.062256
URIC ACID 167.021057
URACIL 111.020004 fpdes05
UMP 323.028595
UDP-N-ACE... 606.074280
UDP-D-GLU... 579.027039 fe+0s
UDP-D-GLU... 565.047729
402.994934
TYROSINE  180.066620 1.60405
TRYPTOPHAN 203.082596
TREHALOSE... 341.108948
TREHALOSE... 421.075256 1.20405
TRANS_TRA... 381.123749
THYMINE ~ 125.035652
THYMIDINE ~ 241.082993 0104
THREONINE  118.050964
THIAMINE-P... 344.071350
THIAMINE P... 424.037689 l4os04
THIAMINE  264.105042
TAURODEO... 498.289490

=

=@ w®PQy [T

AlignmentVisualization L

R-squared = -0.88222 =
Compound RT = 14.8100! i

Samples
[

145 15 155 16
Retention Time
AlignmentVisualization | AlignmentVisualizationForAllGroups
IsotopeWidget:: pullisotopes() started

Pre-alignment, the peaks were considerably scattered while the aligned peaks lie nearly on the same axis. Users can
run alignment again with different parameters if required (or with a different algorithm). Further details on Alignment
settings are available on the Widgets page.

Peak Grouping

Peak grouping is an integral part of the EI-MAVEN workflow that categorizes all detected peaks into groups on the
basis of certain user-controlled parameters. A group score is calculated for every peak during the process. The formula
for this score takes into account the difference in retention time, intensities between peaks (smaller difference leads
to a better score) and any existing overlap between them (higher extent of overlap leads to better score). All three
parameters have certain weights attached to them that can be controlled by the users. The formula for the score is
shown in the image. More details on it can be found on the Widgets page.

Instrumentation File Import Peak Detection Peak Filtering Isotope Detection EIC (XIC) [BETA] Peak Grouping Group Rank Libraries Exter « | *!

Peak Grouping Score @ Consider
score = 1.0/ ((distX*A)+0.01)/ . .
((dist¥*B)+0.01) * (C*overlap) distX Weight ~ — 1
distY Weight =0 1
where
distX = Rt difference of peaks ; Overlap Weight — 1

Use Default Parameters
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6.4e+06

5.6e-+06

J4.8¢+06

Jae+06

3.2¢+06

2.4e+06

J1.6e-+06

Be+05

Peak AreaTo

P
AMPLE_#SRK2BG7_2_3
AMPLE #SRK2BG7 2 4

o

050 .00

sarcosine m/z: §8.0400-88.0408

The above image shows two groups in the EIC window. The highlighted (solid circles) peaks belong to group A, the
peaks to its left with empty circles belong to another group B. The short peaks in group A that are close to the baseline
and peaks in group B come from the same samples. Additionally, the high intensity peaks of group A have a similar
peak shape to group B peaks. These peaks might have been wrongly classified into separate groups because of the
difference in retention time range of the two sets of peaks. The weights attached to difference in retention time and
intensities, and extent of overlap can be adjusted for better grouping.

Grouping parameters can be changed from the Options dialog

Instrumentation File Import Peak Detection Peak Filtering Isotope Detection EIC (XIC) [BETA] Peak Grouping Group Rank Libraries Exter | *!

Peak Grouping Score

score = 1.0/ ((distX*A)+0.01)/
((distY*B)+0.01) * (C*overlap)

where

distX = Rt difference of peaks

@ Consider
distX Weight
distY Weight

Overlap Weight =0

Use Default Parameters
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sarcosine m/z: §8.0400-88.0408
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Lo 050 0.00 0.50 200

Giving less priority to difference in retention time and intensities results in the two groups being merged into a single
group while the peaks that lay close to the baseline are no longer classified as valid peaks.

Baseline

When measuring a number of peaks, it is often more effective to subtract an estimated baseline from the data. This
baseline should be set where ideally no peaks occur. Although sometimes the program sets a particular baseline such
that one or more peaks occur below that baseline value. In the following image, the dashed line represents each
baseline:

File Widgets Help

= = IR < 0O Auto Detect(-1) Charge|1 - AreaTop :[m/2]180.06654358  +/- 5.000000 ~ppm:
Open Align Peaks Match OPtions polly
£ exnowns e QWE e e o Tc EEY% ®
£ tyrosine m/z 180.0657-180.0675
& [Compound Name Filter ‘
% - Lo
€ name m/z lJ.h
3 XANTHURE... 204.030228 i
S XANTHOSIN... 363.034729
£ XANTHOSINE 283.068420 &
O XANTHINE 151026154 :
VALINE 116.071701 ysen »
uTP 482961273
URIDINE 243.062256 <’
URICACID  167.021057 ¢
URACIL 111.020004 (€Y
UMP 323.028505 8
UDP-N-ACE... 606.074280 © lt5ei04
UDP-DGLU... 579.027039 P
UDP-D-GLU... 565.047729
UbP 402.994934 167}
TYROSINE ~ 180.066620  :
TRYPTOPHAN 203.082596 | HE
TREHALOSE... 341.108948 1 120404
TREHALOSE... 421.075256 ¢ y\|

TRANS_TRA... 381.123749

THYMINE 125.035652  z
THYMIDINE  241.082993 ¢
THREONINE ~ 118.050964  ~
THIAMINE-P... 344.071350 7 9e:03
THIAMINE P... 424.037689 ¢
THIAMINE 264.105042  (
TAURODEO... 498.289490  °
TAURINE 124.007393  (
SUCCINYL-C... 866.123962
SUCCINATE ~ 117.019333 6e+03
SN-GLYCER... 171.006409 1
SHIKIMATE-... 253.011887 7
SHIKIMATE 173.045547

SERINE 104.035316
SEDOHEPT... 368.999359 °
SARCOSINE  88.040405 1 Bes08

S-RIBOSYL-L... 266.070374  (
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S-ADENOSY... 383.114319 ¢

tyrosine

The corresponding peaks are indicated with solid circles:
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File Widgets Help
= X
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The baseline correction can be done in the Peak Detection tab by clicking on Options button:

1
Instrumentation File Import Peak Detection Peak Filtering Isotope Detection EIC (XIC) [BETA] Peak Grouping Group Rank Libraries Exter ‘| * |

Peak Detection and Grouping Settings Baseline Calculation
EIC Smoothing Algorithm Savitzky-Golay ) .
Drop top x% intensities from chromatogram |F% [
EIC Smoothing Window 10 . scans
Baseline Smoothing 5scans
Max Retention Time difference between Peaks 0.25 . min

Use Default Parameters

Further details on settings can be accessed here.

Isotope Detection

Samples are labeled?

The Peaks dialog can be used to detect labeled peaks along with the unlabeled ones in the Peaks Table.
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File Widgets Help
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Limit Intensity Range 50000.00 9999999999.00 &
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% ~ Match Retention Time (+/) 1.00 min B
120405 Limit Number of Reported Groups per Compound 10 best M
@ Report Isotopic Peaks
Be+04 Precursor Match Tollerance 0.00
Fragment Peak Matching Tollerance [0.00 [ Isotope Detection Options
4e+04 Minumum Match Score 0.00
it g oSt 1
. o E | Status
AlignmentVisualization § ]
I 0% Find Peaks Cancel
Use Default Parameters

Done importing

On opening the Feature Detection Selection tab, the Report Isotopic Peaks box must be checked. Clicking on the
Isotope Detection Options gives the following window. Alternately, these settings can also be accessed from the
Options dialog.

File Wids elp
23

Auto Detect(-1) Charge 1 AreaTo :[m/z] MW / Compound  +/- 5.000000 - ppm:
Open Align Peaks Match OPtions polly (1)charg B /2] MV B 4 pe

IvaR@B%= QHE SRes ™ oTCEEY L]
13 m/z: 482.9589-482.9637 %
& [sample name filter
-g Sample S— < Set 62105 ||I|
* exampleProject
g ) Hh
., 20405 =
S : [
o N
A 280405 Ead
A c
B
B (©
A
: 2
A 2e+05 Instrumentation File Import Peak Detection Peak Filtering |Isotope Detection EIC (XIC) [BETA] Peak Grouping Group Rank Libraries Exter « | A
s A . q S
< 091215_1M ¢ Samples Are Labeled? Fllr:lgr IsotorlctPeaks bastd on ﬁhise r.rll:e(r)l;0 b
¢ 09121511 - 160408 inimum Isotope-parent correlation .
“ 091215.0M Bookmark, peakdetection & file export @ D2 # C13 @ N15 @ S34  Isotope is within [X] scans of parent 5 scans HH
c 2
1.20408 Abundance Threshold 1.0 M
Isotopic widget @ D2 ¥ C13 ¥ N15 @ S34 Maximum %Error to Natural Abundance 100.00 %
8e+04. © Correct for Natural C13 Isotope Abundance
Y. Use Default Parameters
AlignmentVisualization @

Done importing

* Bookmarks, peak detection, file export: To select the labeled atoms that should be used in bookmarking, peak
detection and export. D2: Deuterium, C13: Labeled carbon, N15: Labeled nitrogen, S34: Labeled sulphur.

* Isotopic widget: To select the labeled atoms that should be displayed in the isotopic widget. D2: Deuterium,
C13: Labeled carbon, N15: Labeled nitrogen, S34: Labeled sulphur.

* Number of M+n isotopes: To set the maximum number of labeled atoms per ion in the experiment.
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* Abundance Threshold: To set the minimum threshold for isotopic abundance. Isotopic abundance is the ratio of
intensity of isotopic peak over the parent peak.

Filter Isotopic Peaks based on these criteria

* Minimum Isotope-Parent Correlation: To set the minimum threshold for isotope-parent peak correlation. This
correlation is a measure of how often they appear together.

e Isotope is within [X] scans of parent: To set the maximum scan difference between isotopic and parent peaks.
This is a measure of how closely they appear together on the retention time scale.

* Maximum % Error to Natural Abundance: To set the maximum natural abundance error expected. Natural
abundance of an isotope is the expected ratio of amount of isotope over the amount of parent molecule in nature.
Error is the difference between observed and natural abundance as a fraction of natural abundance.

e Correct for Natural C13 Isotope Abundance: The box should be checked to correct for natural C13 abundance.

In the image below, Peak Table 3 has a drop down button with metabolites that shows all labeled isotopologues of that
particular metabolite.

File Widgets Help
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% o p z = "
PeakTable1 IN@ X . * #00 T & W - .
# D Observed m/z Expected m/z rt rt delta #peaks #good Max Width Max AreaTop Max S/N Max Quality
v 14  UMP 323.0288 323.0286 1015 0.15 16 16 70 7.7e+04 6179 0.85
1 UMP|C12 PARENT 323.0288 323.0286 1015 015 16 16 70 7.7e+04 6179 0.85
1 UMP|C13-label-1 324.0322 324.0320 1015 0.15 15 15 44 7.1e+03 777 0.84
1 UMP|C13-label-2 325.0359 325.0353 1013 013 4 0 1 2.4e+02 i 0.07
1 UMP | C13-label-3 326.0388 326.0387 1015 0.15 3 0 4 5.7e+02 63 0.08
1 UMP|C13-label-5 328.0455 328.0454 1017 017 6 5 37 4.8e+03 535 0.83
1 UMP|C13-label-6 329.0491 329.0487 1017 017 3 1 19 8.6e+02 122 0.82
1 UMP | C13-label-7 330.0515 330.0521 1015 0.15 2 1 14 4.5e+02 93 0.63
1 UMP|C13-label-8 331.0556 331.0555 10.10  0.10 1 0 2 4e+02 78 0.07
1 UMP|C13N15-label-3-1 327.0372 327.0357 10.10 0.10 1 0 3 2e+03 321 0.09
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= h IR K a Auto Detect(-1) Charge[1 . AreaTop :[m/z]323.02877808  +/-5.000000 _ppm:
Open Align Peaks Match OPtions polly
g =
£ exnowns Ve QB £LE e m unc BEEY% (]
E .
§ [Compound Name Filier 1es05 UMP | C12 PARENT m/z: 323.0270-323.0302 ‘
ﬁ name © m/z ]ﬂ:
3 XANTHURE... 204.030228 I'N
E- XANTHOSIN... 363.034729
© XANTHOSINE 283.068420 i [
©  XANTHINE 151.026154 1 jBo+04
VALINE 116.071701
UutpP 482961273
URIDINE 243.062256
URIC ACID 167.021057 ¢
URACIL 111.020004
UMP 323.028595 oo
UDP-N-ACE... 606.074280 °
UDP-D-GLU... 579.027039
UDP-D-GLU... 565.047729 -
402.994934
TYROSINE 180066620 7 ..o,
TRYPTOPHAN 203.082596 1
TREHALOSE... 341.108948  °
TREHALOSE... 421.075256 ¢
TRANS_TRA... 381.123749 1
THYMINE 125.035652 2
THYMIDINE ~ 241.082993 % .4
THREONINE  118.050964  °
THIAMINE-P... 344.071350  °
THIAMINE P... 424.037689 ¢
THIAMINE 264.105042  (
TAURODE 498.289490
e — " TS d55 .
PeakTable1 @ ® . % 00 T B Q@ w -
# © D Observed m/z Expected m/z rt rt delta #peaks #good Max Width Max AreaTop Max S/N Max Quality
v 14  UMP 323.0288 323.0286 1015 0.15 16 16 70 7.7e+04 6179 0.85
1 UMP | C12 PARENT 323.0288 323.0286 1015 0.15 16 16 70 7.7e+04 6179 0.85
1 UMP|C13-label-1 324.0322 324.0320 1015 0.15 15 15 44 7.1e+03 777 0.84
1 UMP|C13-label-2 325.0359 325.0353 1013 013 4 0 1 2.4e+02 i 0.07
1 UMP | C13-label-3 326.0388 326.0387 1015 0.15 3 0 4 5.7e+02 63 0.08
1 UMP|C13-label-5 328.0455 328.0454 1017 0417 6 5 37 4.8e+03 535 0.83
1 UMP|C13-label-6 329.0491 329.0487 1017 017 3 1 19 8.6e+02 122 0.82
1 UMP | C13-label-7 330.0515 330.0521 1015 0.15 2 1 14 4.5e+02 93 0.63
1 UMP | C13-label-8 331.0556 331.0555 10.10  0.10 1 0 2 4e+02 78 0.07
1 UMP|C13N15-label-3-1 327.0372 327.0357 10.10 0.10 1 0 3 2e+03 321 0.09 U
UMpP a

le Widgets Help

1~ <
) Auto Detect(-1) Charge[1 | AreaTo :[m/2]324.03222656  +/- 5.000000 “ppm:
Open Align Peaks Match OPtions polly Y P [m/2] 4 ee
a
e e

8 «knowNs UE QWE e e N EEY% B
E R UMP | C13-label-1 m/z: 324.0303-324.0336 ‘
& [Compound Name Filter
$ name < mfz ™
S XANTHURE... 204.030228
S XANTHOSIN... 363034729 i
& XANTHOSINE 283.068420 1 oo
O XANTHINE  151.026154 1

VALINE 116071701 1

utP 482961273

URIDINE 243.062256
URIC ACID 167.021057 €

URACIL 111.020004 1 6e+03
UMP 323.028595 °
UDP-N-ACE... 606.074280 -
UDP-D-GLU... 579.027039 -
UDP-D-GLU... 565.047729 °
402994934
TYROSINE 180.066620 4e+03
TRYPTOPHAN 203.082596 1
TREHALOSE... 341.108948 -
TREHALOSE... 421.075256 ¢

TRANS_TRA... 381.123749
THYMINE 125.035652
THYMIDINE  241.082993
THREONINE ~ 118.050964

ExfE@empQn[

20403

THIAMINE-P... 344.071350 °
THIAMINE P... 424.037689 ¢
THIAMINE 264.105042  (
TAURODEO. 1
e — ? A M aa 4 AA A
PeakTable1 Y@ ® . % 60> TE Q@ w i
# © D Observed m/z Expected m/z rt rt delta #peaks #good Max Width Max AreaTop Max S/N Max Quality
v 14 M 323.0288 323.0286 1015 0.15 16 16 70 7.7e+04 6179 0.85
1 UMP|C12 PARENT 323.0288 323.0286 1015 0.15 16 16 70 7.7e+04 6179 0.85
1 UMP| C13-label-1 324.0322 324.0320 1015 0.15 15 15 44 7.1e+03 777 0.84
1 UMP | C13-label-2 325.0359 325.0353 1013 013 4 0 1 2.4e+02 i 0.07
1 UMP | C13-label-3 326.0388 326.0387 1015 0.15 3 0 4 5.7e+02 63 0.08
1 UMP|C13-label-5 328.0455 328.0454 1017 017 6 5 37 4.8e+03 535 0.83
1 UMP|C13-label-6 329.0491 329.0487 1017 0417 3 1 19 8.6e+02 122 0.82
1 UMP | C13-label-7 330.0515 330.0521 1015 0.15 2 1 14 4.5e+02 93 0.63
1 UMP | C13-label-8 331.0556 331.0555 10.10 0.10 1 0 2 4e+02 78 0.07
1 UMP|C13N15-label-3-1 327.0372 327.0357 10.10 0.10 1 0 3 2e+03 321 0.09
ump .
Show Isotope Plots
This icon on top displays the isotope plots for a group. The red colored bar plot for UTP group is shown
below. Each bar in the plot represents the relative percentage of different isotopic species for the selected group in a

sample.
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" " N Auto Detect(-1) Charge 1 . AreaTo, : [m/z] 482.96166992 +/- 5.000000 B m :
Open Align Peaks Match OPtions polly ¢ Y B [m/2] / ee

=KNOWNS h QOWE £ e e T B
UTP m/z: 482.9589-482.9637
Compound Name Filter
name - mjz t cer05 TH
XANTHURE... 204.030228 14,;]
XANTHOSIN... 363.034729  12. i

XANTHOSINE 283.068420  7.74 20405
XANTHINE  151.026154  1.18
VALINE 116.071701 1
482.961273  14.8  28ew05
URIDINE 243.062256 1.7
URICACID ~ 167.021057  6.17
URACIL 111.020004 1.18 2.40+05
UMP 323.028595 10
UDP-N-ACE... 606.074280 13.5
UDP-D-GLU... 579.027039 14.6 2405
UDP-D-GLU... 565.047729 13.4
UDP 402.994934  13.8
TYROSINE  180.066620 2 160105
TRYPTOPHAN 203.082596 7.5
TREHALOSE... 341.108948  1.18
TREHALOSE... 421.075256  6.95 128405
TRANS_TRA... 381123749 16.7
THYMINE 125.035652 2.6
THYMIDINE ~ 241.082993 5.4 |  sewos
THREONINE ~ 118.050964 1
THIAMINE-P... 344.071350 11
THIAMINE P... 424.037689  9.56 404
THIAMINE  264.105042 0.8
TAURODEO... 498.289490  16.2.

I
(4
@
8
®
HH
yL|
I\

Isotope Plot: @ C13 @ N15 - D2 534 Other: < 1.00 %

=
S
=l

Mass Spectra

Mass Spectra Widget displays each peak, its mass, and intensity for a scan. As the widget shows all detected
masses in a scan, the ppm window for the EIC and consequently grouping can be adjusted accordingly. This feature is
especially useful for MS/MS data and isotopic detection.

File
& S
. Auto Detect(-1) Charge 1 . AreaToj :[m/zZ] MW / Compound  +/- 5.000000 m :

Open Align Peaks Match OPtions polly 9 B m/2 4 Bp
8 <knowNs P QWE £ = onc EE% (]
£ UTP m/z: 482.8589-482.9637
& |Compound Name Filter ‘
8 name © mfz 360405 Hi';
3 XANTHURE... 204.030228 sl
’:El XANTHOSIN... 363.034729 +N
G XANTHOSINE 283.068420 i 20105
Y XANTHINE 151.026154 1

VALINE 116.071701

utpP 482961273 2.86+05

URIDINE 243.062256

URIC ACID 167.021057 €
111.020004 7 j2.4e+05

323.028595
.. 606.074280
o U... 579.027039 ° 2+05
UDP-D-GLU... 565.047729 °
402.994934

TYROSINE 180.066620 2 1.6e+05
TRYPTOPHAN 203.082596 1
TREHALOSE... 341.108948  °
TREHALOSE... 421.075256 ¢ 1.2e405
TRANS_TRA... 381.123749  °
THYMINE 125.035652  z
THYMIDINE  241.082993 & Be+04
THREONINE ~ 118.050964 -
THIAMINE-P... 344.071350  °

THIAMINE P... 424.037689 ¢ 4e+04
THIAMINE 264.105042  (
TAURODEO... 498.289490 -

=EH@e Q[T

i

Spectra

3.6+05 091215_45i scan#998 rt:15.19 ms:1 ion:- prodMz:482.961
320405

280105 482.961395%1

240405

20405

1.6e+05

126405

Bes04

8404

(483.964752
b 1481.977600 484.965753, 485.9721.

IsotopeWidget:: pulllsotopes(() started
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Peak Curation

Generally there are two broad workflows to curate peaks in EI-MAVEN:
* Manual Peak Curation using Compound DB widget
* Automated Peak Curation
Although, for labeled data Automatic Peak Curation is not meaningful because it will not curate any labeled groups.

Manual Peak Curation using Compound DB widget

Clicking the Peaks icon on the top opens the settings dialog.
File Widgets Help
¥ = LR < 0O
= N Auto Detect(-1) Charge 1 - AreaTop < [m/z]MW / Compound _ +/- 5.000000 “ppm:
Open Align Peaks Match OPtions polly
o =
ivaH@BEhi= QRE SRes ™ oTCcEEY ®
E m/z: 482.9589-482.9637 %
& [Sample name filter
s N .
k= Sample Set 366405 ]J_h
3 exampleProject -
a @ Peak Detection it
E - 320005 ™
< Feature Detection Selection | Group Filtering Method Summary :
PN
28er0s Automated Feature Detection: Find peaks by slicing m/z and retention time space EA
ain Resolutic m) [20.0C Limit m/z Range 0.00 c
baoos Time Domain Re: 1 (scans) [10 sca Limit Time Rang @
Limit Intensity Range 5000 8
20405 = Compound Database Search: Limit slices to set of known m/z and retention time values ry
e Select Database KNOWNS
091215_1M q n @
091215_1i 11.6e406 EIC Extraction Window +/- PPM 5.00 ppm
ggl%}g_gM Match Retention Time (+/-) m
i
. 120405 Limit Number of Reported Groups per Compound 10 best Jul

=[Report Isotopic Peaks

nent Peak Matching Tollerance |0.0f | Isotope Detection Options

Status

AlignmentVisualization .
I 0% Find Peaks Cancel

Use Default Parameters

Done importing

Users must check the box for Report Isotopic Peaks in the Group Filtering tab.

Note: Users should not click on Find Peaks after checking the box for manual curation. Clicking on that option would

.(
start Automatic Peak Detection. For adjusting other settings, users can access them through the Options
dialog .

For more details on how to access Peak Detection settings, read this Widgets page.

To use manual curation using the compound DB widget, users have to iterate over all the compounds in the compound
DB on the extreme left of the window, as highlighted in the images below.
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Help
| X
K ) Auto Detect(-1) Charge 1 - AreaTop - [m/z]482.96166992  +/- 5.000000 Zppm:
Open Align Peaks Match OPtions polly B
=KNOWNS U QW £ e 5w e EMEY% ®
E Xanthurenic acid m/j: 204.0292-204.0312 ‘
Compound Name Filter =
name © mfz it 480.0 1":
. 204.030228
XANTHOSIN... 363.034729  12. i
XANTHOSINE 283.068420  7.74 L
XANTHINE ~ 151.026154  1.18 :
VALINE 116071701 1 4200 2
482961273 14.8
URIDINE 243.062256 1.7 c’
URICACID  167.021057 6.1 ® Y
URACIL 111020004 118 &) @
uMP 323028595 10 | 5600 P
UDP-N-ACE... 606.074280 13.5 D
UDP-D-GLU... 579.027039 14.6 y S
UDP-D-GLU... 565.047729 13.4 D
ubP 402994934 138 & 0
TYROSINE ~ 180.066620 2 00 ) & P
TRYPTOPHAN 203.082596 7.5 Y
TREHALOSE... 341.108948  1.18
TREHALOSE... 421.075256  6.95 ® M
TRANS_TRA... 381.123749 16
THYMINE 125035652 2.6 oo In
THYMIDINE  241.082993 5.4
THREONINE  118.050964 1 0%
THIAMINE-P... 344.071350 11
THIAMINE P... 424.037689 9.5
THIAMINE 264105042 08 | |0
TAURODEO... 498.289490 16.2
TAURINE  124.007393  0.82
SUCCINYLC... 866.123962  15.4
SUCCINATE  117.019333  11.
SN-GLYCER... 171006409 7.3 |
SHIKIMATE-... 253.011887 134
SHIKIMATE  173.045547  10.9
SERINE 104.035316 1 ‘
SEDOHEPT... 368.999359 13.6
SARCOSINE ~ 88.040405 1
SRIBOSYL-L... 266.070374  0.68 0
SMETHYL'S'... 296.082275 11
S-ADENOSY... 398.137787 7
S-ADENOSY... 354.147949 1 ‘
S-ADENOSY... 383.114319 6 | J
— S g il
Xanthurenic acid 3
Fil
[l K Auto Detect(-1) Chargel1 : AreaTop - [m/z]482.96166992  +/- 5.000000 ppm
Open Align Peaks Match OPtions polly e T
KNOWNS T QWE £e e Tc EREYS ®
E xanthosine m/z: 783.0670-283.0698 ‘
Compound Name Filter
name ©om/z re | 28000 |I|
XANTHURE... 204.030228  14.1
XANTHOSIN... 363.034729 12 it}
283.068420 A
XANTHINE  151.026154  1.18 :
VALINE 116.071701 1 2
utP 482061273 148 2400
URIDINE 243.062256 1.7 c’
URICACID  167.021057 6.1
URACIL 111.020004 1.18 @
UMP 323.028595 10 8
UDP-N-ACE... 606.074280 13.5
UDP-D-GLU... 579.027039 14.6 2% 2
UDP-D-GLU... 565.047729 13.4
ubP 402994934 138 ©
TYROSINE ~ 180.066620 2 e
TRYPTOPHAN 203.082596 7.5
TREHALOSE... 341.108948  1.18
TREHALOSE... 421075256 695  '°° M
TRANS_TRA... 381.123749 16
THYMINE 125.035652 2.6 h
THYMIDINE  241.082993 5.4
THREONINE  118.050964 1 !
THIAMINE-P... 344.071350 11 | o000 !
THIAMINE P... 424.037689 9.5 |
THIAMINE ~ 264.105042 0.8
TAURODEO... 498.289490 16.2
TAURINE 124007393  0.82
SUCCINYLC... 866.123962  15.4
SUCCINATE  117.019333  11. 00
SN-GLYCER... 171.006409 7.3
SHIKIMATE-... 253.011887 134
SHIKIMATE  173.045547  10.9
SERINE 104.035316 1
SEDOHEPT... 368.999359  13.6
SARCOSINE ~ 88.040405 1 4000
SRIBOSYL-L... 266.070374  0.68
SMETHYL'S'... 296.082275 11
S-ADENOSY... 398.137787 7
S-ADENOSY... 354.147949 1
S-ADENOSY... 383.114319 6 |
5 S ae I
xanthosine 3

Once on a compound, EI-MAVEN shows the highest ranked group for that m/z. Users can now choose a group or
reject it. There are two ways to do this.

In the first workflow, users need to double click on the peak group of his choice. This will get the retention time line
to the median of the group and also add the metabolite to the bookmarks table (as shown in the image below). Users
can read more about the bookmarks table here.
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K
Open Align Peaks Match OPtions

Wk

=KNOWNS

Compound Name Filter

Polly

QWE £ e m o EE%

Auto Detect(-1) Charge 1

UTP m/z: 482,

589-482.9637

name c mjz rt
XANTHURE... 204.030228 14.1
XANTHOSIN... 363.034729  12.
XANTHOSINE 283.068420  7.74
XANTHINE 151.026154 1.1
VALINE 116.071701 1

482.961273 X
URIDINE 243.062256 1.7
URICACID 167.021057  6.17
URACIL 111.020004  1.18
UMP 323.028595 10
UDP-N-ACE... 606.074280 13.5
UDP-D-GLU... 579.027039 14.6
UDP-D-GLU... 565.047729 134
UDP 402.994934  13.8
TYROSINE 180.066620 2
TRYPTOPHAN 203.082596 7.5
TREHALOSE... 341.108948 1.18
TREHALOSE... 421.075256  6.95
TRANS_TRA... 381.123749  16.7
THYMINE 125.035652 2.6
THYMIDINE ~ 241.082993 5.4
THREONINE  118.050964 1
THIAMINE-P... 344.071350 11
THIAMINE P... 424.037689  9.56
THIAMINE 264.105042 0.8
TAURODEO... 498.289490 16.2
TAURINE 124.007393  0.82
SUCCINYL-C... 866.123962 15.4
SUCCINATE ~ 117.019333  11.6
SN-GLYCER. 171.006409 7.3
SHIKIMATE-... 253.011887  13.4
SHIKIMATE 173.045547 109
SERINE 104.035316 1
SEDOHEPT... 368.999359 13.6
SARCOSINE  88.040405 1
S-RIBOSYL-L... 266.070374  0.68
S-METHYL-5'... 296.082275  11.6
S-ADENOSY... 398.137787 7
S-ADENOSY... 354.147949 1
S-ADENOSY... 383.114319 6

ure

W = L

Open Align Peaks Match OPtions

=

=KNOWNS

Compound Name Filter

name Com/z rt
XANTHURE... 204.030228 14.j
XANTHOSIN... 363.034729  12.
XANTHOSINE 283.068420  7.74
XANTHINE 151.026154  1.18
VALINE 116.071701 1
uTtpP 482.961273  14.8
URIDINE 243.062256 1.7
URICACID 167.021057  6.17
URACIL 111.020004  1.18
UMP 323.028595 10
UDP-N-ACE... 606.074280 13.5
UDP-D-GLU... 579.027039 14.6
UDP-D-GLU... 565.047729 134
402.994934 13.8
TYROSINE 180.066620 2
TRYPTOPHAN 203.082596 7.5
TREHALOSE... 341.108948 1.18
TREHALOSE... 421.075256  6.95
TRANS_TRA... 381.123749  16.7
THYMINE 125.035652 2.6
THYMIDINE  241.082993 5.4
THREONINE  118.050964 1
THIAMINE-P... 344.071350 11
THIAMINE P... 424.037689  9.56
THIAMINE 264.105042 0.8
16.2

TAURODEO...

498.289490

3.6e+05

320405

2.80+05

2.40+05

e+05

1.60+05

1.20405

Be+04

4e+04

Polly

AWE £ @= . T EEY%

UTP| C12 PARENT m/z 482.9589-482.9637
o5
b onss
b tescs
2e+05
geuts
-

o104

- AreaTop

< [m/2] 482.96166992

+/-5.000000 Jppm:

&8

FRE@em®QY [T

- AreaTop

< [m/2] 482.96166992

le Widgets Help

Auto Detect(-1) Charge 1

+/-5.000000 Jppm:

&8

FE@e m®Qy [T

Bookmark Table x@ &® . 3¢ [
#

© D
v «176 UTP

«8UTP| C12 PARENT
UTP | C13-label-1
UTP | C13-label-2
UTP | C13-label-3
UTP | C13-label-4
UTP | C13-label-5
UTP | C13-label-6
UTP | C13-label-7
UTP | C13-label-8

@ 0000 ®

ure

Observed m/z Expected m/z 3 rt delta #peaks #good Max Width
482.9617 482.9613 1516 035 16 16 91
482.9617 482.9613 1516 035 16 16 91
483.9650 483.9646 1516 035 16 16 60
484.9662 484.9680 15.16 035 16 15 22
485.9716 485.9713 1518 037 7 4 14
486.9742 486.9747 1517 036 6 3 25
487.9785 487.9781 1516 035 10 8 39
488.9814 488.9814 1516 035 6 3 19
489.9852 489.9848 1517 036 4 3 21
490.9886 490.9881 1514 033 4 1 1

Max AreaTop

2.8e+05
2.8e+05
2.6e+04
4.8e+03
2.1e+03
2.1e+03
3.2e+04
3.5e+03
4e+03

2e+03

Max S/N

Max Quality

When the users select the first group they would be asked if they would like to auto-save the state of the application.
This feature allows the users to go back to their curated peaks if they so wishes in future.
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K
" : Auto Detect(-1) Charge 1 AreaTo :[m/z] 482.96166992 +/- 5.000000 - ppm:
Open Align Peaks Match OPtions polly 1) g B /2] 4 PR
#KNOWNS T QWE L e o E ®
UTP m/z: 482.9569-482.9637
Compound Name Filter L)
name © mfz rt 60405 ™
XANTHURE... 204.030228 14.1
XANTHOSIN... 363.034729  12. +”

XANTHOSINE 283.068420  7.74 26105
XANTHINE 151.026154  1.18

VALINE 116.071701 1

UTP 482.961273  14.8 j2.80+05
URIDINE 243.062256 1.7

URICACID 167.021057  6.17

URACIL 111.020004  1.18 240405
UMP 323.028595 10

UDP-N-ACE... 606.074280 13.5
UDP-D-GLU... 579.027039  14.6 26405
UDP-D-GLU... 565.047729 134
UDP 402.994934  13.8
TYROSINE 180.066620 2 .6e+05
TRYPTOPHAN 203.082596 7.5

Autosave

o Do you want to enable

FE@e m®QY [T

TREHALOSE... 341.108948  1.18 ST
TREHALOSE... 421.075256  6.95 1.2e405

TRANS_TRA... 381.123749  16.7

THYMINE 125.035652 2.6

THYMIDINE ~ 241.082993 5.4 8e+04

THREONINE ~ 118.050964 1

THIAMINE-P... 344.071350 11

THIAMINE P... 424.037689  9.56 40404

THIAMINE 264.105042 0.8

TAURODEO... 498.289490 162

Bookmark Table mﬁ@ . E@ ‘/Z'O&? m&@@ W :
# © D Observed m/z Expected m/z rt rt delta #peaks #good Max Width Max AreaTop Max S/N Max Quality

1 UTtP 482.9617 482.9613 1519 0.38 16 16 91 2.8e+05 109 0.83

Group Validation Status: Good=0 Bad=0 Total=1 3

Users can then use dropdown arrow on bookmarked group to mark all its isotopologues as good or bad.

23
= . - . . +/-/5. E a
Open Align peaks Match OPtions poly Auto Detect(-1) Charge 1 . AreaTop [m/z] 483.96496582 /- 5.000000 PPM
“KNOWNS HE QRE £I @5 » 1Tc EHY% (=]
60104 UTP | C13-label-1 m/z: 483.9622-483.9670 %
Compound Name Filter
name © mfz ™
XANTHURE... 204.030228 8.20404
XANTHOSIN... 363.034729 +N
XANTHOSINE 283.068420 [
XANTHINE 151.026154 1286404 =
VALINE 116.071701 P
482.961273
URIDINE 243.062256 I» sev0s g
URICACID 167.021057
URACIL 111.020004 @
UMP 323.028595 R
UDP-N-ACE... 606.074280 f2e+04
UDP-D-GLU... 579.027039 r-
UDP-D-GLU... 565.047729
ubp 402.994934 160104 16}
TYROSINE 180.066620
TRYPTOPHAN 203.082596 ﬂ
TREHALOSE... 341.108948 1 20408
TREHALOSE... 421.075256 ‘!
TRANS_TRA... 381.123749
THYMINE 125.035652 lses03 h
THYMIDINE  241.082993
THREONINE ~ 118.050964
THIAMINE-P... 344.071350
THIAMINE P... 424.037689 fhes0d
THIAMINE 264.105042
TAURODEO... 498.289490 -
— o S oo — et g 16
Bookmark Table N@ &® . %[ | -
# © D Observed m/z Expected m/z rt rt delta #peaks #good Max Width Max AreaTop Max S/N Max Quality
v «176 UTP 482.9617 482.9613 1516 035 16 16 91 2.8e+05 109 0.83
«8UTP | C12 PARENT 482.9617 482.9613 1516 035 16 16 91 2.8e+05 109 0.83
8 UTP|C13-label-1 483.9650 483.9646 1516 035 16 16 60 2.6e+04 723 0.84
8 UTP|C13-label-2 484.9662 484.9680 1516 035 16 15 22 4.8e+03 612 0.84
8 UTP|C13-label-3 485.9716 485.9713 1518 037 7 4 14 2.1e+03 132 0.84
8 UTP|C13-label-4 486.9742 486.9747 1517 036 6 3 25 2.1e+03 312 0.54
8 UTP|C13-label-5 487.9785 487.9781 15.16 035 10 8 39 3.2e+04 458 0.83
8 UTP|C13-label-6 488.9814 488.9814 1516 035 6 3 19 3.5e+03 443 0.84
8 UTP|C13-label-7 489.9852 489.9848 1517 036 4 3 21 4e+03 205 0.83
8 UTP|C13-label-8 490.9886 490.9881 1514 033 4 1 1 2e+03 275 0.75

ure s

After marking all the groups for a compound, users can scroll down to the next compound and decide on the basis of
shown EIC if the group should be marked for curation.
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lp
I X Auto Detect(-1) Charge 1 |- AreaT [m/2] 483.96496582 /- 5.000000

1 - uto Detect(- arge . AreaToj = m/z] . +/- 5.1 o m -

Open Align Peaks Match OPtions polly 9 B pp
“KNOWNS T QRE Fres e % ®
UDP-N-acetyl-glucosamife m/z: 606.0712-606.0773. ‘
Compound Name Filter e )
name © mfz it Hi"l

XANTHURE... 204.030228  14.1
XANTHOSIN... 363.034729  12.
XANTHOSINE 283.068420  7.7:
XANTHINE 151.026154 1.1

320408

VALINE 116.071701 1

UTP 482.961273  14.8 b gescs

URIDINE 243.062256 1.7 ) o
URICACID 167.021057  6.17

URACIL 111.020004  1.18
UMP 323.028595 10

240408

579.027039  14.6
UDP-D-GLU... 565.047729 134
UDP 402994934  13.8
TYROSINE  180.066620 2
TRYPTOPHAN 203.082596 7.5
TREHALOSE... 341108948  1.1§
TREHALOSE... 421.075256  6.95
TRANS_TRA... 381.123749  16.7
THYMINE ~ 125.035652 2.6
THYMIDINE ~ 241.082993 5.4 | i gev0s
THREONINE ~ 118.050964 1
THIAMINE-P... 344.071350 11

THIAMINE P... 424.037689  9.56
THIAMINE ~ 264.105042 0.8
TAURODEO... 498.289490 16.2 1206
TAURINE 124007393 0.82
SUCCINYL-C... 866.123962 15.4
SUCCINATE ~ 117.019333  11.6
SN-GLYCER... 171.006409 7.3
SHIKIMATE-... 253.011887 134 le-0s
SHIKIMATE  173.045547  10.9

SERINE 104.035316 1
SEDOHEPT... 368.999359 13.6
SARCOSINE ~ 88.040405 1

S-RIBOSYL-L... 266.070374  0.6§  l4e-05
S-METHYL-
S-ADENOSY... 398.137787 7
S-ADENOSY... 354147949 1
S-ADENOSY... 383.114319 6

20406

P E@omPQy[T=

UDP-N-acetyl-glucosamine i =

Double clicking on any peak (solid coloured circle) moves the retention time line along the group. And the group
moves to the bookmark table.

Fil

&

Help

£

= ) Auto Detect(-1) Charge 1 - AreaTo| :[m/2] 164.07164001  +/- 5.000000 Jppm:
Open Align Peaks Match OPtions polly 9 B [m/2] / ee
g b = .
£ <knowNs e QRE i e e oNc EEY% B
E UDP-N-acetyl-glucosamine m/z: 606.0712-606.0773 %
& |Compound Name Filter
g nme - TR
3 XANTHURE... 204.030228
& XANTHOSIN... 363.034729 tth
S XANTHOSINE 283.068420 1
S L2ser0s

XANTHINE 151.026154
< VALINE 116.071701

\
,

» [7

=UTP 482961273
URIDINE 243.062256 j2.4e+06
URIC ACID 167.021057 €

111.020004
323.028595 1 lzews |
606.074280
579.027039
. 565.047729
402.994934
STYROSINE ~ 180.066620  : f
<TRYPTOP... 203.082596 1
TREHALOSE... 341.108948 | 120108
TREHALOSE... 421075256 €
TRANS_TRA... 381.123749
THYMINE 125035652 2
THYMIDINE  241.082993 ¢
2 THREONINE 118.050964 °
THIAMINE-P... 344.071350
THIAMINE P... 424.037689 ¢ %%
THIAMINE ~ 264.105042  (

160406 1

@opPQ

3

lse+05

TAURODEO. 90
T S5 =
BookmarkTable QN@ ® . %[ | #6 T Bl & W
# © D Observed m/z Expected m/z rt rt delta #peaks #good Max Width Max AreaTop Max S/N Max Quality
v 2 UDP-N-acetyl-glucosamine 606.0747 606.0743 13.37 021 16 16 14 2.5e+06 34 0.84
1 P 482.9617 482.9613 1518 037 14 16 91 2.8e+05 109 0.83

UDP-N-acetyl-glucosamine

Qualifying peaks as good or bad is explained in the next section.

Guidelines for Peak Picking

* A peak’s width and shape are two very crucial things to look at while classifying a peak as good or bad. The
peak’s shape should have a Gaussian distribution and width should not be spread across a wide range of retention
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time.

File Widgets Help
<

L\
S
o)
Q

Auto Detect(-1) Charge[1 | AreaTop - [M/z]116.05055237  +/-5.000000 ppm:

Open Align peaks Match OPtions polly
) ’ . =2 —_
ivaP@REvi= QRE FR e @ wTcEEYS ®
£ indole m/z: 116.0500-116.0512 %
& |Sample name filter
E N e
‘é Sample e Set L1.6ev0s uh
+ exampleProject
g i
S 1.40105 [
N
112405 @
Lie+05 2
: Sty : r 3
Gaussian Distibution
091215_1M fpe+04 L)
091215_1i
091215_0M
091215_0i Be+04 ‘!
iosoa N
2e+04
—_— © e - __
3% - ——
PeakTable 1 @ ® . 3 &0 TH B W Width -
# D Observed m/z Expected m/z rt rt delta #peaks #good Max Width Max AreaTop Max S/N Max Quality
123 betaine 116.0717 116.0717 3.17 -1.00 16 2 37 2.4e+04 2 0.59
122 indole 116.0506 116.0506 7.79 0.29 16 16 32 1.3e+05 37 0.84
121 2-keto-isovalerate 115.0400 115.0401 8.78 428 16 5 31 S5e+03 5 0.68
120 2-keto-isovalerate 115.0401 115.0401 13.40 034 16 16 51 6.4e+04 64 0.83
119 fumarate 115.0038 115.0037 13.52  0.02 16 7 16 1.5e+04 191 0.78
118 Ffumarate 115.0037 115.0037 1335 0.15 16 8 15 1.2e+04 33 0.81
117 fumarate 115.0038 115.0037 1277 073 16 14 21 1.4e+05 25 0.80
116 fumarate 115.0036 115.0037 4.41 9.09 16 16 46 1.2e+05 189 0.84
115 glycerate 105.0193 105.0193 305 364 16 1 37 1.2e+04 18 0.72
114 glycerate 105.0194 105.0193 5.54 115 16 15 29 9.5e+03 1079 0.84

Group Validation Status: Good=0 Bad=4 Total=180
 Peak Intensities for a group are plotted as bar plots for all the samples. These bar plots have heights relative to
the other samples.Thus, for a good peak the intensities should be high.

File s Help

Q
=
o)
Q

X

" 1 P Auto Detect(-1) Charge 1 AreaTo :[m/z] 116.05055237 +/-/5.000000 -|ppm
Open Align Peaks Match OPtions polly K P (/2] 4 ee
“° 5 A )
ival@Rv%i= QWE Siesmw uncEE% B
E indole m/z: 116.0500-116.0512 %
& [Sample name Filter
€ sample ©oset 1160405 ul'
3 - exam
g tth
S 1.40+05 [
§ Bar Plots [ > B
P
120405 ¢ c
L1e+05 2
o
Bes04 %
A
Lbe+04 ﬂ
- I
20404
T g " 2 o 2 2
PeakTable1 N@ R . ® 60 TE- & W = O
# © D Observed m/z Expected m/z rt rt delta #peaks #good Max Width Max AreaTop Max S/N Max Quality
123 betaine 116.0717 116.0717 317 -1.00 16 2 37 2.4e+04 2 0.59
122 indole 116.0506 116.0506 7.79 0.29 16 16 32 1.3e+05 37 0.84
121 2-keto-isovalerate 115.0400 115.0401 8.78 4.28 16 5 31 5e+03 5 0.68
120 2-keto-isovalerate 115.0401 115.0401 13.40 034 16 16 51 6.4e+04 64 0.83
119 fumarate 115.0038 115.0037 13.52  0.02 16 7 16 1.5e+04 191 0.78
118 fumarate 115.0037 115.0037 13.35 015 16 8 15 1.2e+04 33 0.81
117 fumarate 115.0038 115.0037 1277 073 16 14 21 1.4e+05 25 0.80
116 Ffumarate 115.0036 115.0037 4.41 9.09 16 16 46 1.2e+05 189 0.84
115 glycerate 105.0193 105.0193 3.05 3.64 16 1 37 1.2e+04 18 0.72
114 glycerate 105.0194 105.0193 5.54 1.15 16 15 29 9.5e+03 1079 0.84

Group Validation Status: Good=0 Bad=4 Total=180

¢ Intensity Barplot heights should be higher for all the samples than Blank samples, as shown above. We use
intensities of Blank samples to set our group baseline. Blank intensities are used to calibrate intensity values
across zero concentration.

* A good peak should have standards with varying intensity in a particular fashion (increasing or decreasing).

¢ Quality Control (QC) samples give us information about the quality of the data, i.e., it assesses reproducibility
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and software performance. Samples whose intensities and concentrations are already known are used as QCs to
determine if the instrument are working as expected. Values (and scales) can be calibrated using QCs.

* If peak groups of a particular metabolite are separated apart (not aligned well) then we should use stringent
alignment parameters to overcome this problem.

* For a particular metabolite, let’s say if it has n number of groups, then the group which is much closer to the
above guidelines should be selected as good peak. Multiple groups can also be selected in case of ambiguity (if
retention time information is not provided).

A good peak would look similar to the following peaks:

File Widgets Help

=
G2
Q

& = <
= . Auto Detect(-1) Charge 1 . AreaTop < [m/z] 164.07164001 +/- 5.000000 ppm :
Open Align Peaks Match OPtions polly

4 exriowns FE QRE £ @5 » oTc ERY% (=
3 UDP-D-glucose mz: 565.0445-565.0505
& [Compound Name Filter L)
- R
€ name m/z 19e+05 ]J_h
2 XANTHURE... 204.030228 H
& XANTHOSIN... 363.034729
S XANTHOSINE 283.068420 Y
S XANTHINE  151.026154 10105 .
2 VALINE 116.071701 N
2UTP 482.961273 -
URIDINE 243.062256 c’
URICACID  167.021057 € 720405
URACIL 111.020004 @
2UMP 323.028595 8
2 UDP-N-AC... 606.074280
<UDP-D-GL... 579.027039 °  s3es0s o
>UDP 402.994934 167}
<TYROSINE ~ 180.066620  :
<TRYPTOP... 203.082596 1 |s4ei0s o
TREHALOSE... 341.108948
TREHALOSE... 421.075256 € y\|
TRANS_TRA... 381.123749
THYMINE  125.035652 2 L4s0.0 I
THYMIDINE  241.082993  *
©THREONINE 118.050964
THIAMINE-P... 344.071350
THIAMINE P... 424.037689 ¢ . o
THIAMINE 264105042 (
TAURODEO... 498.289490
STAURINE 124007393 (
SUCCINYL-C... 866.123962
2SUCCINATE 117.019333 e
2SN-GLYCE... 171.006409 1
SHIKIMATE-... 253.011887
SHIKIMATE  173.045547
= SERINE 104.035316 1  8es
2 SEDOHEP... 368.999359
=SARCOSINE 88.040405
S-RIBOSYLL... 266.070374  (
S-METHYL-S'... 206.082275 1 904
S-ADENOSY... 398.137787 i
2S-ADENOS... 354.147949
9S-ADENOS... 383.114319 ¢
— s
UDP-D-glucose
File ets Help
= 3 Auto Detect(-1) Charge|1 - AreaTop :[m/2] 164.07164001  +/- 5.000000 Jppm:

Open Align Peaks Match OPtions polly

b4 —
£ «knowns UE QWE i e m oNc EEY% i)
E ATP m/z: 505.9859-505.9910
@& |Compound Name Filter %
5 =
€ name m/z ]J_h
S BUTYRYL:COA 836.149780 i
& BIOTIN 243.080887 i doos
& BETAINEAL... 101.084610 =
O SBETAINE 116071701 :
ATROLACTL... 165.055725 2
©ASPARTATE 132.030228 ¢ c’
ASPARAGINE 131.046219 7 12408
ASCORBICA... 175.024811 ¢ @
ARGININE  173.104401 ¢ 8
ANTHRANIL... 136.040405 1
5 AMP 346.055817 ®
5 AMINOIMI... 337.055481
©AMINOADL... 160.061539 & % L)
ALLANTOIN  157.036713 ¢
ALLANTOATE 175.047287 ¢
SALANINE  88.040405
©ADP-D-GL... 588.074951 A
5ADP 426022156 1 seros
ADENOSINE... 426.012634 In

ADENOSINE  266.089478 ¢
< ADENINE 134.047226  :
< ACONITATE 173.009171
ACETYLPHO... 138.980194
ACETYLLYSINE 187.108810
ACETYLCAR... 203.116302 2
< ACETYL-COA 808.118530
ACETOACET... 850.129089

< ACETOAC... 101.024422 i
ACADESINE  257.089142 l4e+05
A-KETOGLU... 145.014252
7-METHYLG... 297.107880
7_8-DIHYDR... 442.148071
<6-PHOSPH... 275.017365

lee+05

5-PHOSPHO... 388.944550

S-METHYL-THF 458.179352 oo
>5-METHO... 233.093170
4-PYRIDOXI... 182.045883
= 4-AMINOB... 102.056053 ¢
S3SMETH... 119.017227

s

ATP
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w Iy \L@ < B Auto Detect(-1) Charge 1 - AreaTop - [m/2] 164.07164001 +/-5.000000 “ppm:
Open Align Peaks Match OPtions polly
< =KNOWNs TEH a¥l i e o EE% ®
£ NADH m/z: 664 1142-664.1208
& [compound Name Filter i
é name c om/z ]JL
3 NICOTINATE 122024750 7  2de:0 Hi
& NICOTINAM... 333.049316
6 NICOTINAM... 121.040733 L
Y NG-DIMETH... 201.135696 2
<NADPH 744.083862 2
< NADP+ 742.068176  °  21e+05 -
c
= NAD+ 662.101868 ¢
N-CARBAM... 175.036041 @
N-ACETYLP... 129.103333 E
N-ACETYL-L-... 173.093170 11-80+05
< N-ACETYL-... 130.050964 o
< N-ACETYL-... 187.072433
< N-ACETYL-... 188.056442 @
< N-ACETYL-... 300.048981
< N-ACETYL-... 300.048981 1-5e+05 ﬁ
+MYO-INOS.... 179.056107 i
METHYLNIC... 136.064209 ﬂ
< METHYLM... 117.019333
METHYLCYS... 134.028122 h

METHIONIN... 164.038696 1120408
< METHIONI... 148.043777
MALONYL-C... 852.108337

< MALATE 133.014252

LYSINE 145.098251  (
LIPOATE 205.036255 (Be+04
LEUCINE/IS... 130.087357

< LACTATE 89.024422 €
L-ARGININO... 289.115356 1
KYNURENINE 207.077515 3
KYNURENIC... 188.035324 71 -6es04
<ISOCITRATE 191.019730

< INOSINE 267.073486

< INDOLEAC... 186.056046
INDOLE-3-C... 160.040405

<INDOLE 116.050575 i Be+04
IMP 347.039825
IMIDAZOLE... 139.051300
1DP 427.006165
HYPOXANT... 135.031235

20

NADH

* Gaussian shape

* Perfect grouping, narrow retention time

* Good sample intensities

* Low blank intensities

* QCs look good

* An observable trend in intensity bars of standards, as well as samples.
Some examples of bad peaks are given below:

* The peaks have a good Gaussian shape. But the blank intensity bars are high. All the sample intensity bars are
shorter or roughly equal to the blank intensities, implying the peaks are most likely noise.
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il Help
= L R < 0
= . Auto Detect(-1) Charge 1 Jlppm:
Open Align Peaks Match OPtions polly
£ exnowns e QR £uhesm omcE ®
E dGMP m/z: 346/0541-346.0576 ‘
& |Compound Name Filter
-é‘ name © m/z ]JL
3 FMN 455.097351 28004
S FLAVONE  221.060806 1 tth
S FAD 784.149841 ¥
©  ETHANOLA... 60.045486 :
DUTP 466.966339 2
=DUMP 307.033691
4DTTP 480.981995 oo e’
DTMP 321.049316
DTDP 401015656 @
128.071701
02.056053 Iy
523.886108 oo P
168.990753 ¢
157.025482 ¢ L)

DEPHOSPH... 686.141602
DEOXYURID... 227.067352 3
= DEOXYRIB... 213.016968 i
DEOXYINOS... 251.078583
DEOXYCHO... 448306854
DEOXYADE... 250.094559

DCTP 465.982330
DCMP 306.049652
=< DCDP 386.015991
DATP 489.993561
DAMP 330.060883

< D-SEDOHE.... 289.033020
= D-GLYCER... 168.990753
D-GLUCOSA... 258.038422
D-GLUCOSA... 258.038422
D-GLUCON... 257.006805 €
<D-GLUCO... 195.051025
< D-GLUCAR... 209.030289
D-ERYTHRO... 199.001312 7
CYTOSINE 110.035988
CYTIDINE 242.078247
CYSTINE 239.016571
CYSTEINE 120.012474
CYSTATHIO... 221.060150
CYCLICAMP  328.045258

damp

160104

1.20404

g

* The intensity levels are low relatively. The peaks are spread over a long range of retention time. They have poor
shape, poor grouping and lie close to noise. If the signal to noise ratio was improved, this peak would probably
not be detected.

<

Open Align Peaks Match OPtions polly

Compound Name Filter

name ©om/z

HISTIDINE 154.062195

GUANOSINE... 595.902771

< GUANOSINE 282.084381 ¢

GUANINE 150.042130 =

GUANIDOA... 116.046547

=GTP 521.983398
362.050720

GLYOXYLATE 72.993118 i

GLYCOLATE  75.008766 €

GLYCINE 74.024750 1

GLYCEROPH... 257.103363

< GLUTATHI... 611.144714  ~

# GLUTATHI... 306.076538 i

GLUTAMINE ~ 145.061859

< GLUTAMATE 146.045883 ¢

. 259.022461 ¢

. 259.022461 i

. 178.072098

.. 177.040466

313.061157

< GDP 442.017059

< FUMARATE  115.003685

= FRUCTOSE... 338.988770

< FOLATE 440.132416

Compounds Samples

FMN 455.097351
FLAVONE 221.060806 1
FAD 784.149841
ETHANOLA... 60.045486
DUTP 466.966339

= DUMP 307.033691
=DTTP 480.981995
DTMP 321.049316
DTDP 401.015656

.. 128.071701
02.056053
523.886108
< DIHYDRO... 168.990753 ¢
DIHYDROO... 157.025482 ¢
<DGMP 346.055817

glycerate

120104

fe+04

8+03

£KNOWNS UE QWE e mw onc EEY%

Auto Detect(-1) Charge 1

glycerate m/z: 1

5.0188-105.0199

‘ppm:

8@

H@ oo ®Q Y [

[=3)
[=3]

e

* In the following image, many sample intensities are missing from the intensities bar plots. Peaks do not have a

Gaussian shape, nor good grouping. These peaks are probably noise which have been wrongly annotated.
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= K
= IR ) Auto Detect(-1) Charge[1 - AreaTop :[m/2]164.07164001 +/- 5.000000 ~ppm:
Open Align Peaks Match OPtions polly - -
] . e ¥ 5
£ =KNOWNS Vi QRE £iesm LTc EE%
E N-carbamoyl-L-aspartat m/z: 175.0352-175.0369
& |compound Name Filter
§ name s om/z 36000 TH
S NGDIMETH... 201.135696
& SNADPH 744083862 ° i
E SNADP+ 742068176 L
O sNADH 664.117493  © o0 :
662.101868 ¢ ES
129.103333 c’
173.093170
130.050964 1 2800.0 @
187.072433 1 P
188.056442 C
2
= MYO-INOS. .. 179.056107 oo 1)
METHYLNIC... 136.064209 =
2 METHYLM... 117.019333
METHYLCYS... 134.028122
METHIONIN... 164.038696 20000 M
©METHIONI. I

148.043777  °

MALONYL-C... 852.108337
< MALATE 133.014252
LYSINE 145.098251  (

LIPOATE 205.036255 jeo00

LEUCINE/IS... 130.087357
= LACTATE 89.024422 €
L-ARGININO... 289.115356 1
KYNURENINE 207.077515 3
KYNURENIC... 188.035324
<ISOCITRATE 191.019730
< INOSINE 267.073486
< INDOLEAC... 186.056046  ~

1200.0

INDOLE-3-C... 160.040405 | 000

2INDOLE 116050575 i

IMP 347.039825

IMIDAZOLE... 139.051300

IDP 427.006165 oo

HYPOXANT... 135.031235

~HYDROXY... 130.050964

2 HYDROXY... 179.034988 |

HYDROXYP... 151.040070 A /\
e

N-carbamoyl-L-aspartate &

* This is a noisy group. There are no discrete peaks visible in the image. The X-axis is crowded with noise. The
peak shape is sharp, triangular, or line-like; not Gaussian. The intensity levels are high, but so are noise levels.

File Widgets Help
X

Open Align Peaks Match Options Polly
&KNOWNS UE QWE £ e = LTIc &

Compound Name Filter

Auto Detect(-1) Charge[1 |: AreaTop :[M/z]164.07164001  +/-5.000000 ~ppm:

2-oxobutanoate m/{: 101.0239-101.0249

28

m/z

... 588.074951
= ADP 426.022156  °
ADENOSINE... 426.012634
ADENOSINE  266.089478 ¢
< ADENINE 134.047226  :
= ACONITATE 173.009171
ACETYLPHO... 138.980194
ACETYLLYSINE 187.108810
ACETYLCAR... 203.116302 7
= ACETYL-COA 808.118530  ~
ACETOACET... 850.129089

< ACETOAC... 101.024422
ACADESINE ~ 257.089142
A-KETOGLU... 145.014252
7-METHYLG... 297.107880
7_8-DIHYDR... 442.148071

= 6-PHOSPH.... 275.017365
5-PHOSPHO... 388.944550
5-METHYL-THF 458.179352

< 5-METHO... 233.093170
4-PYRIDOXI... 182.045883

216404

Compounds Samples

4
N
c
Q
I3
K

=

< 4-AMINOB.... 102.056053 ¢
< 3-S-MET} 119.017227 °
< 3-PHOSPH... 184.985672  ~
=3-PHOSPH... 184.001648 ¢
3-METHYLI 149.060806
3-HYDROXY... 852.144714

3-HYDROXY... 910.150208
147.012146
115.040070
175.061203
147.029892
2-DEHYDRO... 193.035385 &
22:AMINO... 158.118652
2_3-DIPHOS... 264.951996
2_3-DIHYDR... 153.019333
51-METHYL... 280.105133
1-METHYL-H... 168.077850
1_3-DIPHOP... 264.951996

2-oxobutanoate -

More examples of noisy peak
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:[M/2]164.07164001  +/-5.000000 Jppm:

= < Auto Detect(-1) Charge 1 - AreaTop
Open Align Peaks Match OPtions polly
£ eknowNs e QWE e e 1T EEEY%
£ tyrosine m/z: 180.0657-180.0675
& |Compound Name Filter
210404
é name c om/z
3 XANTHOSINE 283.068420
S XANTHINE 151026154
o < VALINE 116.071701
© sutp 482.961273
URIDINE 243.062256 180404
URICACID  167.021057
URACIL 111.020004
=UMP 323.028595
< UDP-N-AC... 606.074280 ~
< UDP-D-GL... 579.027039 ~
< UDP-D-GL... 565.047729 ~ 150404
= UDP 402.994934
<TRYPTOP... 203.082596 1
TREHALOSE... 341.108948
TREHALOSE... 421.075256 ¢
TRANS_TRA... 381123749 |  l12e404
THYMINE 125.035652 2
THYMIDINE ~ 241.082993 & |
<THREONINE 118.050964 °
THIAMINE-P... 344071350 1
THIAMINE P... 424.037689 ¢ -
THIAMINE 264.105042 (  sew03
TAURODEO... 498.289490 °
< TAURINE 124.007393  (
SUCCINYL-C... 866.123962
<SUCCINATE 117.019333  ~
#SN-GLYCE... 171.006409 7§
SHIKIMATE-... 253.011887 Jjee+03
SHIKIMATE 173.045547 J
< SERINE 104.035316  °
<SEDOHEP... 368.999359 * |
< SARCOSINE  88.040405 4l Dl
S-RIBOSYL-L... 266.070374  ( )
S-METHYL-5"... 296.082275 e-+03
S-ADENOSY... 398.137787 1
< S-ADENOS... 354.147949  ~
#S-ADENOS... 383.114319 ¢
# RIBOSE- 229.011887 ¢
<RIBOFLAVIN 375.131012  *
bl
tyrosine
le Widgets Help
= <

EHE®

FE@eomOQy [T

Open Align Peaks Match OPtions polly

Auto Detect(-1) Charge 1

- AreaTop

< [M/2] 164.07164001

+/-5.000000

Jppm:

1101.0239-101.0249

£ eknowNs W QWE £Y@= e T EE%
E acetoacetate m/z:
& [Compound Name Filter "
B name © om/z
2 210408
3 “#BETAINE 116.071701
g- ATROLACTI... 165.055725
o <ATP 505.988464
Y s ASPARTATE 132.030228 ¢
ASPARAGINE  131.046219  °
ASCORBICA... 175.024811 € |1.ges0s
ARGININE 173.104401  (
ANTHRANIL... 136.040405  °
< AMP 346.055817  °
< AMINOIMI... 337.055481
< AMINOADI... 160.061539 =
ALLANTOIN ~ 157.036713  ( 1.50404
ALLANTOATE 175.047287 &
< ALANINE 88.040405 1
< ADP-D-GL... 588.074951 ~
< ADP 426.022156  °
ADENOSINE... 426.012634
ADENOSINE  266.089478 ¢ 20404
= ADENINE 134.047226  :
< ACONITATE 173.009171  °
ACETYLPHO... 138.980194 1
ACETYLLYSINE 187.108810
ACETYLCAR... 203.116302 7 loes03
< ACETYL-COA 808.118530  °
ACETOACE 850.129089
ACADESINE ~ 257.089142
A-KETOGLU... 145.014252
7-METHYLG... 297.107880 ler0
7_8-DIHYDR... 442.148071
#6-PHOSPH... 275.017365  °
5-PHOSPHO... 388.944550
5-METHYL-THF 458.179352
= 5-METHO... 233.093170 )\
4-PYRIDOXI... 182.045883 8403
< 4-AMINOB.... 102.056053 M\,
< 3-S-MET} 119.017227
= 3-PHOSPI 184.985672
#3-PHOSPH.... 184.001648

149.060806

acetoacetate

€

ZEHE®

FE@em®AQY [T

» The peaks don’t have a Gaussian shape, and are also noisy. The intensity values are very low.

* For low intensity groups like this, the peak characteristics can be determined by zooming in.
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N - Auto Detect(-1) Charge 1 : AreaTo :[m/z] 164.07164001 +/-5.000000 . ppm:
Open Align Peaks Match OPtions polly Gliherd B /2] 4 PR

4 e i = -
SaKiowns T @WE £r e m onc EEY% ®
E Citraconic acid m/z} 129.0187-129.0200 %
& |Compound Name Filter 46404
€ name c omjz { l].h
2 DCMP 306.049652 ¢
& 2DCDP 386.015991  ° t
S DATP 489.993561
Y pAmpP 330.060883 1 35es04

~D-SEDOHE... 289.033020 ¢

= D-GLYCE

168.990753 1

D-GLUCOSA... 258.038422

D-GLUCOSA... 258.038422 7
D-GLUCON... 257.006805 € Be+04
#D-GLUCO... 195.051025

< D-GLUCAR... 209.030289  *
D-ERYTHRO... 199.001312 7
CYTOSINE 110.035988 7
CYTIDINE 242.078247

250404

CYSTINE 239.016571
CYSTEINE ~ 120.012474
CYSTATHIO... 221.060150 7
CYCLICAMP 328045258  *
CYCLICBIS(... 689.087585 *
= CTP 481977234 1 204
CREATININE ~ 112.051636
CREATINE  130.062195
COENZYMEA 766.107971  *
2 CMP 322.044586 ¢
CITRULLINE ~ 174.088409  (  |15e.04
= CITRATE/L... 191.019730
2 CITRATE_ 191.019730
 CITRACON... 129.019333
CHOLINE 103.100266
CHOLICACID 407.280304 1er04
2 CHOLESTE... 465304413
CELLOBIOSE  341.108948 3
= CDP-ETHA... 445053101 ¢
CDP-CHOLINE 488.107880 ¢
2CDP 402.010925  *
CARNITINE ~ 160.097916 = %
CARBAMOY... 139.975433  *
BUTYRYL-COA 836.149780

BIOTIN 243080887 7 NS e
BETAINEAL... 101.084610 < i L

FE@eomOQy [T

Citraconic acid &

The mouse can be used to select the area of the peak as shown below

le Widgets Help

h IR ( o Auto Detect(-1) Charge 1 :|AreaTop - [m/2] 164.07164001 +/-/5.000000 ppm:
Open Align Peaks Match OPtions polly
o
- LOWNS TEH GRE ¥ e e Emey ©
E Citraconic acid m/z} 129.0187-129.0200
& |Compound Name Filter le+04 ‘
$ name < mfz | £
3 Dbcmp 306.049652 ¢ I'N
’:El = DCDP 386.015991 °
o DATP 489.993561 1 ]_.
Y pamp 330.060883 6204,
= D-SEDOHE... 289.033020 ¢ P
< D-GLYCER... 168.990753 i
D-GLUCOSA... 258.038422 0] g
D-GLUCOSA... 258.038422
257.006805 ¢ e +04 @
195.051025 ¢
209.030289 all Q
D-ERYTHRO... 199.001312 7 | 2
CYTOSINE ~ 110.035988  ° }‘% §
CYTIDINE 242.078247 7 > 50408 i ) b
CYSTINE 239.016571 E ‘
CYSTEINE 120.012474 7 | ﬁﬁ
CYSTATHIO... 221.060150
CYCLICAMP  328.045258 [ J
CYCLICBIS(... 689.087585 -
=CTP 481977234  ° pe+04 h

CREATININE  112.051636
CREATINE 130.062195
COENZYME A 766.107971

2 CMP 322.044586 ¢

CITRULLINE ~ 174.088409  (  |15e.04

= CITRATE/I... 191.019730

2CITRATE  191.019730 |

2 CITRACON... 129.019333

CHOLINE 103.100266

CHOLICACID 407.280304 ror0s

= CHOLESTE... 465304413 |

CELLOBIOSE 341.108948 3 q

= CDP-ETHA... 445053101 ¢

CDP-CHOLINE 488.107880 ¢

2CDP 402.010925  ° ' '\ |

CARNITINE ~ 160.097916 7 {°*% o ( i |

CARBAMOY... 139.975433  * | \ y I

BUTYRYL-COA 836.149780  * i ) \ |

BIOTIN 243.080887 - P / / W e
BETAINEAL... 101.084610 Aol s > i ) WiNng i '

Citraconic acid &

On zooming, it will be easy to make a decision on peak quality
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D-ERYTHRO... 199.001312
CYTOSINE 110.035988
CYTIDINE 242.078247
CYSTINE 239.016571
CYSTEINE 120.012474 7
CYSTATHIO... 221.060150 1
CYCLICAMP  328.045258
CYCLICBIS(... 689.087585 1
< CTP 481.977234
CREATININE  112.051636
CREATINE 130.062195
COENZYMEA 766.107971 1
< CMP 322.044586 ¢
CITRULLINE  174.088409  (
< CITRATE/I... 191.019730 |
€
€

= X
= \.ﬁ;l . Auto Detect(-1) Charge 1 - AreaTop - [m/2] 164.07164001 +/-5.000000 ppm
Open Align Peaks Match OPtions polly -
g 3 3l b .
£ exnowns o @f{'ﬂ Fi = e yTC BEEY%
E Citraconic acid m/z: 129.0187-129.0200
& |Compound Name Filter
€ name © mfz (
3 DCMP 306.049652 ¢
& 2DCDP 386015991 1 |
G DATP 489.993561  ° . s
“ pAmP 330.060883 7 :
©D-SEDOHE... 289.033020 ¢ S
<D-GLYCER... 168990753 1
D-GLUCOSA... 258.038422  * c’
.. 258038422 1 l1zews
257.006805 € @
195051025 ¢
209.030289 £
i ¥-3

m

< CITRATE 191.019730
< CITRACON... 129.019333
CHOLINE 103.100266
CHOLICACID 407.280304
< CHOLESTE... 465.304413
CELLOBIOSE  341.108948
= CDP-ETHA... 445.053101
CDP-CHOLINE 488.107880
< CDP 402.010925
CARNITINE 160.097916 1
CARBAMOY... 139.975433
BUTYRYL-COA 836.149780
BIOTIN 243.080887
BETAINEAL... 101.084610 |

Citraconic acid &

Note: Users can mark any ambiguous peaks as good, and can review all such peaks later in the process.

Export

There are multiple export options available for storing marked peak data. Users can either generate a PDF report to
save the EIC for every metabolite, export data for a particular group in .csv format, or export the EICs to a Json file as
shown below.

le Widgets

<
Open Align peaks Match OPtions polly

SV aD@BR%= QWE £Tes m oTc EmeY

Auto Detect(-1) Charge/1 ' AreaTop = [m/z] 218.10336304 +/-/5.000000 “|ppm :

(=]
s Sambl filt pantothenate m/z 218.1023-218.1045 %
& |Sample name filter
‘; Sample © Set 14.80+06 \lef.
g t
ﬁ
360406 p
@
36406 P
2
20406
091215_1i s
180406 J
I
16e+05

Peak Table 1 me@ v ﬁ 32%!'0;%/

# © D served m/z Expected m/z rt rt delta #peaks #good Max Width Max AreaTop Max S/N Max Quality
33 glucose-1-phosphate 259.0227 259.0225 6.61 0.69 16 16 15 5.3e+04 15 0.82
32 AMP 346.0562 346.0558 1532 4.02 16 14 39 1e+04 7 0.80
31 AMP 346.0561 346.0558 11.57 027 16 16 59 2.1e+04 1686 0.85
30 ribose-phosphate 229.0120 229.0119 7.55 155 16 5 35 8.7e+03 970 0.83
29  ribose-phosphate 229.0120 229.0119 6.84 0.84 15 9 15 6.8e+03 830 0.85
28  pantothenate 218.1034 218.1034 13.66  2.66 16 9 57 1.2e+04 1" 0.82
27  pantothenate 218.1034 218.1034 11.27 027 16 16 21 3.8e+06 34 0.84
26  deoxyribose-phosphate 213.0170 213.0170 5.64 2.10 15 9 8 8.5e+03 1160 0.85 [
25  D-glucarate 209.0304 209.0303 13.28 028 16 8 9 6.1e+03 500 0.84 ‘
24 tryptophan 203.0825 203.0826 7.79 0.29 16 16 36 1.5e+06 33 0.84 L
pantothenate i
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Users can select All, Good, Bad or Selected peaks to export.

File Widgets Help
wE L | X

Open Align Peaks Match OPtions polly

gﬁ'hlﬂ?ﬁ%@ QWE FIe= e oTc B

Auto Detect(-1) Charge 1 - AreaTop :[m/z] 218.10336304 +/- 5.000000 2 ppm:

L]
& Isomple name filter pantothenate m/z 218.1023-218.1045 %
é Sample < Set la.8es0s u[l
§ * exampleProject . i
: - e
. @
. boucs P
A s
091215_1M
5 091215_1i .
E 091215°0M = oo HE
091215_0i e o
) |
I\
.
T red S0
PeakTable1 x@ ® . 3¢ 00 L B & w .
# * D [e] ExportSelected ISRV rt rt delta #peaks #good  Max Width Max AreaTop Max S/N Max Quality
33 glucose-1-phosphate PT] _Export All Groups _{pp3 661 069 16 16 15 5.3e+04 15 0.82
32 AMP E?! Export Good 1532 4.02 16 14 39 1e+04 7 0.80
31 AMP El Export Bad 11.57 027 16 16 59 2.1e+04 1686 0.85
30 ribose-phosphate 229.0120 5 7.55 1.55 16 5 35 8.7e+03 970 0.83
29  ribose-phosphate 229.0120 229.0119 6.84 0.84 15 9 15 6.8e+03 830 0.85
28  pantothenate 218.1034 218.1034 13.66 2.66 16 9 57 1.2e+04 " 0.82
27  pantothenate 218.1034 218.1034 11.27  0.27 16 16 21 3.8e+06 34 0.84
26 deoxyribose-phosphate 213.0170 213.0170 5.64 2.10 15 9 8 8.5e+03 1160 0.85
25  D-glucarate 209.0304 209.0303 13.28 0.28 16 8 9 6.1e+03 500 0.84
24 tryptophan 203.0825 203.0826 7.79 0.29 16 16 36 1.5e+06 33 0.84
pantothenate
5V
-
The Export Groups to CSV option lets the users save the ‘good’/’bad’ labels along with the peak table.
Users also have the option to filter out rows that have a certain label while exporting the table.
| FEr I
y.
Generate PDF Report option saves all EICs with their corresponding bar plots in a PDF file.
Export EICs to Json option exports all EICs to a Json file.

Another option is to export the peak data in .mzroll format that can be directly loaded into EI-MAVEN by clicking on
the Load Samples|Projects|Peaks option in the File menu. For this, go to the File option in the menu bar, and click on
‘Save Project’.
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B oo e |wTIc B Y

Load Settings

Options

Add S3 credentials

Report Bugs!
_Exit

2.40+06

091215_0i 10108

126406

lbe+05

PeakTable1 @ R . X ‘/03"2 B&e w

# © D Observed m/z Expected m/z rt
33 glucose-1-phosphate 259.0227 259.0225 6.61
32 AMP 346.0562 346.0558 15.32
31 AMP 346.0561 346.0558 11.57
30 ribose-phosphate 229.0120 229.0119 7.55
29  ribose-phosphate 229.0120 229.0119 6.84
28  pantothenate 218.1034 218.1034 13.66
27  pantothenate 218.1034 218.1034 11.27
26  deoxyribose-phosphate 213.0170 213.0170 5.64
25  D-glucarate 209.0304 209.0303 13.28
24 tryptophan 203.0825 203.0826 7.79

Ppantothenate

Labeled LC-MS/MS Workflow

rt delta
0.69
4.02
0.27
1.55
0.84
2.66

#peaks

pantothenate m

#good
16
14
16

Auto Detect(-1) Charge|1

V/2: 218.1023-218.1045

-|AreaTop

- [m/7]218.10336304

+/-/5.000000 . |ppPm

RS

FEmE@emOPQ:!

Max Width

This is a tutorial for processing LC/MSMS data files through EI-MAVEN.

Preprocessing

Max AreaTop
5.3e+04
1e+04
21e+04
8.7e+03
6.8¢+03
1.2¢+04
3.8e+06
8.5¢+03
6.1e+03
15406

Max S/N
15

7
1686
970
830
1"
34
1160
500
33

Max Quality
0.82
0.80
0.85
0.83
0.85
0.82
0.84
0.85
0.84
0.84

msConvert is a command-line/GUI tool that is used to convert between various mass spectroscopy data formats,
developed and maintained by proteoWizard. Raw data files obtained from mass spectrometers need to be converted to

certain acceptable formats before processing in EI-MAVEN.

Input
msConvert supports the following formats:
* .mzXML
e .mzML
* .RAW ThermoFisher
* .RAW Walters
e .d Agilent
» .wiff ABSciex

The settings used for msConvert as a GUI tool are captured in the following screenshot:
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a5 MSConvertGUI (64-bit)

- X
@ Listof Files (O File of file names

Ao bowe oo WsComvet

Fiters

MS Level v
Levels
1 -
Add | | Remove

Fiter Parameters

Output Directory:
| | Browse

Options
Output fomat: mzML | Extension: ||
Binary encoding precision: @ 646t (O 32bit
e nr
TPP compatibility: Package in gzip: []
Use numpress linear compression: []
Use numpress short logged float compression: [ ]

Use numpress short posttive integer compression: [ ]

Use these settings next time | start MSConvert Start

Note: It is important that zlib compression is enabled by default in msConvert. EI-MAVEN in its current form does
not support zlib compression. Make sure to uncheck “Use zlib compression” box.

QOutput

msConvert can convert to an array of different formats but EI-MAVEN primarily uses .mzXML and .mzML formats.

Launch EI-MAVEN

Once sample files are ready for processing, launch EI-MAVEN.
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File Widgets Help
= £

Open AEH Pgaks Match OPtions polly
VaRd@Ev%h= QN¥E £ie= 2 o K%

Sample name filte

Auto Detect(+1) Charge/1 |- AreaTop < [m/Z M

ompound  +/- 5.000000 ppm :

=E80

EE@e pPQY [T

AlignmentVisualization " BookmarkTable N@ ® . X[ | 5 0) T El &
—

ID Observed m/z Expected m/z rt rt delta

Spectra AlignmentVisualization

Adjust Global Settings

Global Settings can be changed from the Options dialog . There are 9 tabs in the dialog. Each of these tabs
has parameters related to a different module in EI-MAVEN. For example, a tab for Instrumentation details, a tab for
file import settings, etc.

v = i S
Open Align Peaks Match OPtions polly

VaRdPEk= QHE Fi &= 2w Em%

Sample name filter

File Widgets Help

=
o)
Q

Auto Detect(+1) Charge1 |- AreaTop - [m/z2] MW / Compound _ +/-5.000000 ~ppm:

==

Instrumentation File Import Peak Detection Peak Filtering Isotope Detection EIC (XIC) [BETA] Peak Grouping Group Rank Libraries Exter |

EEH@e p®Q [

Peak Detection and Grouping Settings Baseline Calculation
EIC Smoothing Algorithm Savitzky-Golay - . »
Drop top x% intensities from chromatogram 80%
EIC Smoothing Window 10 . scans
Baseline Smoothing 5scans
Max Retention Time difference between Peaks 0.25 - min

Use Default Parameters

AlignmentVisualization “ Bookmark Table m 0 @ - @ lg' % T ‘ @
#

© D Observed m/z Expected m/z rt rt delta

Spectra AlignmentVisualization
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To know more about the functionality of different tabs and their settings, users can see the Widgets page. Please be
sure to set the desired settings before processing an input file.

Load Samples

Users can go to File in the Menu, click on Load Samples|Projects|Peaks option in the File menu. Then navigate to
the folder containing the sample data, select all . mzXML or .mzml files and click Open. A loading bar displays the
progress at the bottom.

File Widgets Help

ad Sa ts|Pea
Load Classification Model

Auto Detect(+1) Charge 1 - AreaTop < [m/zM pound  +/-5.000000 “lppm:
Load Compound List
Save Project As # Yh 6= = 1B | TIC B I % D
Save Settings %
Load Settings -
Options IIh
Add S3 credentials
Report Bugs! i
Exit [~
r-3
i
M
AlignmentVisualization " Bookmark Table m ® ® @ ﬁ il x%' @g m)’~ ' @
# - ID Observed m/z Expected m/z t rt delta

Spectra AlignmentVisualization

When the samples have loaded, users should see a sample panel on the left side. If it is not displayed automatically,
click on the Show Samples Widget button on the toolbar. EI-MAVEN automatically assigns a color to every sample.
Users can select/deselect any sample by clicking the checkbox on the left of the sample name.
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File Widgets Help

= £
= h ) g Auto Detect(-1) Charge|1 . AreaTop < [m/z] MW / Compound  +/- 5.000000 ppm :
Open Align Peaks Match OPtions polly

VaRE@R%= QHE L3 &= xc K%
Sample name filter

Sample
~ exampleProject

m/z: 153.0186-153.0201

K8

10.0

o
o

Bt

. it}
; [720.0 ]_l
- o) S
j 30.0 q
. @
: J3
B »
: ®
. H

yul

Spectra ) . v 2 BookmarkTable m@@ =[] Fe T - E2)

ID Observed m/z Expected m/z rt rt delta

Spectra| AlignmentVisualization
Done importing

Load Compound Database

Users can click on Compounds option in the leftmost menu, navigate to the folder containing the standard database
file, select the appropriate .csv file and click Open. Alternatively, users may use any of the default files loaded on
start-up.

File Widgets Help

£
o)
Q

w = I <
= 3 Auto Detect(-1) Charge|1 - AreaToj :[m/z] MW / Compound  +/-5.000000 - ppm
Open Align Peaks Match OPtions polly Sl g 2 m/2] L 2 4 22

=SRM2 VE @QEE L3 m ohnc EE%

Compound Name Filter

name c omfz 6]
XANTHURE... 204.001/16...
XANTHOSIN... 287.000/15...
XANTHOSIN... 369.000/97.... 20.0
XANTHOSIN... 375.000/10...
XANTHOSIN... 365.000/97....
XANTHOSIN.... 293.000/15...
XANTHOSINE  283.000/15... 300
XANTHINE-... 155.000/11...
XANTHINE _... 156.000/11...
XANTHINE  151.000/10... lsa00
VALINE-N15  119.000/55.....
VALINE-N14  118.000/55....
VALINE-CBZ... 256.010/14...
VALINE-CBZ... 255.000/14... 1450.0
VALINE-CBZ... 255.013/14...
VALINE-CBZ... 254.013/14...
VALINE-CBZ... 253.013/14...
VALINE-CBZ... 252.013/14... 60.0.
VALINE-CBZ... 251.016/14...
VALINE-CBZ... 251.050/14... .

VaHPEK=

= — " )m ' " 4 \”

Spectra “ Bookmark Table EQQ =[] F TE '@

* D Observed m/z Expected m/z rt rt delta

m/z: 153.0186-153.0201

10.0

== 4

EE@e»PQY [T

i
I
i
M

SRS

Spectra  AlignmentVisualization ]
Done importing &

This is a sample Compound Database:
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Ji
A B © D E F G H
1 polarity compound precursorMz productMz expectedRt
2 - Citrate 191/67 191 67 4.55
3 - Citrate 192/67 192 67 4.55
4 - Citrate 192/68 192 68 4.55
5 - Citrate 193/67 183 67 4.55
6 - Citrate 193/68 183 68 4.55
T- Citrate 193/69 183 69 4.55
8 - Citrate 194/68 194 68 4.55
g - Citrate 194/69 194 69 4.55
10 |- Citrate 194/70 194 70 4.55
m- Citrate 195/69 185 69 4.55
12 - Citrate 195/70 185 70 4.55
13 - Citrate 195/71 195 71 4.55
14 |- Citrate 196/70 196 70 4.55
15 |- Citrate 196/71 196 71 4.55
16 |- Citrate 197/71 187 71 4.55
17 |- Citrate 191/111 191 1M 4.55
8 |- Citrate 192/111 192 1M1 4.55
19 |- Citrate 192/112 192 112 4.55
20 - Citrata 102/4172 102 112 A RR
+ = Compound DB

It lists all metabolite names, chemical formula, HMDB ID, and the class/category of compounds they belong to (if
known).

Mark Blanks

Users can mark the blanks by selecting the blank samples from the list on screen, and clicking on the Set as a Blank

—_—
Sample icon in Samples menu.
File Widgets Help
= L X
o AEn peaks Match OPions polly Auto Detect(-1) Charge 1 AreaTop <[m/z] MW / Compound  +/- 5.000000 _|ppm :
Vad@Xvh= QNE L &= @ xTc EE% ®
Set As a Blank Sample m/z: 153.0186:153.0201 %
Sample name filter
100 e
Sample © Set uh
M pleProject T
exampleProject . H
A 200 .
A b
- 0] 2
A
" 6300
: c
. (©
X 2
A
- o
] ®
091215 .
091215_1i ¢
.
ﬁ 2

i

Spectra ® Book
# - ID Observed m/z Expected m/z rt rt delta

Spectra| AlignmentVisualization
Done importing
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Multiple blanks can be marked together. The blanks will appear black as shown in the image below:

File Widgets Help
T = L £ X

= Auto Detect(-1) Charge|1 - AreaTy : [m/AMw / C d  +/-5.000000
Open Align peaks Match OPtions polly uto Detect(-1) Charge|1 :|AreaTop  :[m/zZJMW/Compound +/ ppm
VaHPE%= QRE S35 = i TcEMES ®
Sample name Filter Set As a Blank Sample m/z:153.0186-153.0201 ‘
p10.0 e
Sample < set b
. leProject
exampleProjec| . T
B b200 :
e :
a R .
.
A 30.0
- e
. @
B
. 2
. E
.
" ®
< 09121511 =

Jh‘H

Spectr L] D
1.ge( “ 091215_0M scan#1645 rt:25.07 ms:1 ion:- prodMz:404.756 Bookmark Table m 0 @ x @ 32":' % “ @

08 ID Observed m/z Expected m/z rt rt delta

00
Spectra AlignmentVisualization
Done importing

Alignment
(missing)
Export

There are multiple export options available for storing marked peak data. Users can either generate a PDF report to
save the EIC for every metabolite, export data for a particular group in .csv format, or export the EICs to a Json file as
shown below.
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K
Open Align Peaks Match OPtions polly

Val@Rvi= QW¥E Lre=rm® g mcE

Sample name filter

l480r08

Compounds Samples

Auto Detect(-1) Charge|1

pantothenate m/z: 215.1023-218.1045

- AreaTop

< [m/2]218.10336304

+/-5.000000 ppm:

=88

The Export Groups to CSV option

wp.

Generate PDF Report option

A
e
360406 c
sor08 B
o
240408 ﬁ
091215_1i
~ 091215_0M
180106 ‘I
ran I
60105
PeakTable1 Y@ R . =
# D Observed m/z Expected m/z rt rt delta #peaks #good Max Width Max AreaTop Max S/N Max Quality
33 glucose-1-phosphate 259.0227 259.0225 6.61 0.69 16 16 15 5.3e+04 15 0.82
32 AMP 346.0562 346.0558 1532 4.02 16 14 39 1e+04 7 0.80
31 AMP 346.0561 346.0558 11.57 027 16 16 59 2.1e+04 1686 0.85
30 ribose-phosphate 229.0120 229.0119 7.55 1.55 16 5 35 8.7e+03 970 0.83
29  ribose-phosphate 229.0120 229.0119 6.84 0.84 15 9 15 6.8e+03 830 0.85
28  pantothenate 218.1034 218.1034 13.66  2.66 16 9 57 1.2e+04 1 0.82
27  pantothenate 218.1034 218.1034 11.27 027 16 16 21 3.8e+06 34 0.84
26  deoxyribose-phosphate 213.0170 213.0170 5.64 2.10 15 9 8 8.5e+03 1160 0.85
25  D-glucarate 209.0304 209.0303 13.28 028 16 8 9 6.1e+03 500 0.84
24 tryptophan 203.0825 203.0826 779 0.29 16 16 36 1.5e+06 33 0.84
Ppantothenate
Users can select All, Good, Bad or Selected peaks to export.
3 Auto Detect(-1) Charge 1 . AreaT [m/z]218.10336304 /- 5.000000
= N uto Detect(- arge reaTo| < [m/z] 218. +/-5. m:
Open Align Peaks Match OPtions polly ¢ : ”
9 » = o = "
ivaHPR%= QRE LRe>m WTCE
3 pantothenate m/z: 218.1023-218.1045
& |Sample name filter
§ Sample © Set 14.8e+06
2~ exampleProject
2 : tth
E 5
S e I
S .
A
360408 c
30406 P
o
240106
091215_1M 1)
091215_1i |
oM
L1.8+06 ﬂ
Lanos "
L60:05
— o Savas, o g tt T T t
PeakTable1 @ ® . X -
# * ID rt rt delta #peaks #good Max Width Max AreaTop Max S/N Max Quality
33 glucose-1-phosphate 6.61 0.69 16 16 15 5.3e+04 15 0.82
32 MP 1532 4.02 16 14 39 1e+04 7 0.80
31 AMP 11.57 027 16 16 59 2.1e+04 1686 0.85
30 ribose-phosphate 229.0120 229.0119 7.55 1.55 16 5 35 8.7e+03 970 0.83
29  ribose-phosphate 229.0120 229.0119 6.84 0.84 15 9 15 6.8e+03 830 0.85
28  pantothenate 218.1034 218.1034 13.66  2.66 16 9 57 1.2e+04 1 0.82
27  pantothenate 218.1034 218.1034 11.27  0.27 16 16 21 3.8e+06 34 0.84
26 deoxyribose-phosphate 213.0170 213.0170 5.64 2.10 15 9 8 8.5e+03 1160 0.85
25  D-glucarate 209.0304 209.0303 13.28 0.28 16 8 9 6.1e+03 500 0.84
24 tryptophan 203.0825 203.0826 7.79 0.29 16 16 36 1.5e+06 33 0.84
pantothenate =
w

lets the users save the ‘good’/’bad’ labels along with the peak table.
Users also have the option to filter out rows that have a certain label while exporting the table.

saves all EICs with their corresponding bar plots in a PDF file.
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Export EICs to Json option exports all EICs to a Json file.

Another option is to export the peak data in .mzroll format that can be directly loaded into EI-MAVEN by clicking on
the Load Samples|Projects|Peaks option in the File menu. For this, go to the File option in the menu bar, and click on
‘Save Project’.

ojects|Peaks.
ification Model Auto Detect(-1) Charge 1 :|AreaTop :[m/z]218.10336304  +/-5.000000 “ppm:

P X o 1 || TIC B B % B
pantothenate m/z 218.1023-218.1045 %
Load Settings 4
Options ]JL
Add S3 credentials
Report Bugs! +N'
_Exit R
(©
r 3
4 091215.1M feee L6
091215_1i

-
091215 0i 180406
N
I\

l6e+05

Peak Table 1 iy @ &

# © D Observed m/z Expected m/z rt rt delta #peaks #good Max Width Max AreaTop Max S/N Max Quality
33 glucose-1-phosphate 259.0227 259.0225 6.61 0.69 16 16 15 5.3e+04 15 0.82
32 AMP 346.0562 346.0558 1532 4.02 16 14 39 1e+04 7 0.80
31 AMP 346.0561 346.0558 11.57  0.27 16 16 59 2.1e+04 1686 0.85
30 ribose-phosphate 229.0120 229.0119 7.55 1.55 16 5 35 8.7e+03 970 0.83
29  ribose-phosphate 229.0120 229.0119 6.84 0.84 15 9 15 6.8e+03 830 0.85
28  pantothenate 218.1034 218.1034 13.66  2.66 16 9 57 1.2e+04 1 0.82
27  pantothenate 218.1034 218.1034 11.27  0.27 16 16 21 3.8e+06 34 0.84
26  deoxyribose-phosphate 213.0170 213.0170 5.64 2.10 15 9 8 8.5e+03 1160 0.85
25  D-glucarate 209.0304 209.0303 13.28 0.28 16 8 9 6.1e+03 500 0.84
24 tryptophan 203.0825 203.0826 7.79 0.29 16 16 36 1.5e+06 33 0.84

pantothenate

1.4.4 Validation

Labeled MS/MS Validation

MS/MS Support in EI-MAVEN

Tandem mass spectrometry or MS/MS is an important technique in analytical Mass spectrometry. Processing MS/MS
data for a large batch of samples can be a time-consuming task. We have added some support for processing such data
in EI-MAVEN.

Data acquired using the following methods are currently supported in EI-MAVEN: Multiple Reaction Monitoring,
Parallel Reaction Monitoring (or Full-Scan MS2) and Data Dependant MS2.

Feature Additions

 Text search option using precursor and product m/z
* Targeted Peak Picking for MS/MS

e Manual annotation of SRM transition
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Validation

In order to ensure correct reading and processing of MS2 sample files in EI-MAVEN, MS spectra and chromatograms
from EI-MAVEN were validated using Skyline by ProteoWizard.

Mass Spectra Validation

Dataset: Full-scan MS2 sample file
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Chromatogram Validation

Dataset: Multiple Reaction Monitoring
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Multiple Transition cases: The same precursor/product pairs can be tracked in multiple runs, for example, in cases
where two metabolites have common fragments like Pyruvate 89/89 and Lactate 89/89. EI-MAVEN lists these runs
separately in the SRM List widget. Following are some examples:
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Fragr Skyline EI-MAVEN Comments
men{
Lac-| ™ i Compound widget: Skyline EIC
tate 4 matches Transi-
Frag- . tion 2 from the
ment bseucs SRM widget in
#1 s EI-MAVEN

b seucs fl

[ 'u;.}“ e 2 £ oy i

Both runs for this fragment have been annotated as Lac-
tate in the SRM widget
Transition 1:

[7.2405
4

lg 3405
I5.20408
14,5408
[3.6es05
270408
11.8e408 ‘vl
!

[ses0s

" adl o - =
p g PP WY o "
L LE0 Ter 3 xi} T L) Lo T £}

Transition 2:

oe05 q

04

lses0s

leesos

-

I'-V.
d 2ap 2 po v e s @ .0 . 22RO R & 2 s o .
G W Bl o0 Bt Al Ml 000 AR B B R B Bt B0 2080

5 o i w ] o L o] & o

Pyrui EIC is same as that of Lac- | Compound widget: Unable to find
vate | tate for this fragment. Dif- | | record of another
Frag- ferent peak is selected ac- 2 transition in Sky-

line. The choppy
peaks in  El-
MAVEN are due
to the merging of
two  transitions
annotated as
Lactate

ment| cording to the expected re-
#1 tention time

E =3 KBE] L= i)

SRM widget: No transitions mapped to Pyruvate

Text search/Compound widget mismatch: Using the text search feature for MRM data can result in choppy peaks at
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times as compared to those from the SRM/compound widget. Following are some examples:

Fragr Skyline EI-MAVEN Text Search EI-MAVEN Compound Widget
ment
a0 1 JMOP
1
1200 4 JWUID
| I
1 Jzoo:b \\
\ o
o0 \ ! | \\
bod \ A
! \ N
#1 i bes 1A brs : A
§ o0 — T
20 o ::: ‘E”
10 %r\ ) “E \
" i . i
#2 ! 0 1 2 /”v I ‘“‘\ . E.W"\\ B ,
éi‘l W L r
#3 T ! . - ~< i
Dataset: Full-scan MS2
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Fragr Skyline EI-MAVEN Text | EI-MAVEN Compund | Comments
men{ Search Widget
e 5
#1 f — — U | All three EIC’s match ex-
actly
AL VE:
#2 b WWW s " elegenbed, L All three EIC’s match ex-
actly
#3 S ; L L — F: = e EIC from the compound

widget is different as one of
the runs has been annotated
as this fragment which pulls
up the EIC for the whole run

Issues Observed

* Text search and compound/SRM widget EIC mismatch for MRM data: EIC obtained from the compound widget
and Skyline are the same. The data points on the plot are same for all three. The error in text search is due to
different processing. This has been filed as issue number #487; Status: Unresolved

* Text search and compound widget EIC mismatch for PRM data: EIC from Text search and Skyline are the same.
The error in compound widget happens due to linking of SRM ID to the compound widget. This pulls up the
whole run instead of the particular fragment. This is a known issue #442; Status: Unresolved

* Merged peaks in case of multiple transitions: This is being handled as part of issue number #405; Status: In
progress

* Mass spectra displays wrong product M/z value in some cases: The prodMz field in the title of spectra widget
displays the base peak m/z value which may or may not be the same as the fragment m/z. This will be resolved
as part of #396; Status: Unresolved

* Peak table displays NA in Expected m/z column for MRM data: This has been filed as issue number #493

Conclusion

Mass spectra validation against Skyline passed. This indicates correct parsing of MS/MS data in EI-MAVEN. EIC
validation against Skyline highlighted some known and unknown issues. We recommend using Text search for PRM
data and Compound/SRM widget for MRM data processing until the reported issues have been fixed.

1.5 Contributors

* MAVEN team at Princeton University
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* Eugene Melamud
* Victor Chubukov
* George Sabu

* Sahil

* Raghav Sehgal

e Shubhra Agrawal
* Raghuram Reddy
* Rishabh Gupta

¢ Pankaj Kumar

e Rahul Kumar

* Giridhari

e Kiran Varghese

e Naman Gupta

* Francis Lee

* Avijit Zutshi

1.6 Contributing

You are welcome to contribute. Please go through our contributing guidelines and code of conduct. These guidelines
include directions for coding standards, filing issues and development guidelines.

1.7 References

To understand MAVEN’s and EI-MAVEN’s workflows and features, please refer to the following literature on Maven:

e Metabolomic Analysis and Visualization Engine for LC-MS Data, Eugene Melamud, Livia Vastag, and Joshua
D. Rabinowitz, Analytical Chemistry 2010 82 (23), 9818-9826

e LC-MS Data Processing with MAVEN: A Metabolomic Analysis and Visualization Engine, Clasquin, M. F,,
Melamud, E. and Rabinowitz, J. D. 2012, Current Protocols in Bioinformatics. 37:14.11.1-14.11.23.
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1.9 Release History

1.9.1 Current Release

Version 0.4.1

Publication Date: August 4", 2018

* Optimisations

Faster sample upload
Checking/unchecking a sample in the presence of a large peak table is faster (#723)

No lag in switching between two large peak tables

e UI Changes

* Bugs

Added a close button for Scatter Plot widget

Removed ‘Load Peaks’ from Peak tables

‘Gallery’ widget is only available on the side bar panel

Removed ‘Ratio’ and ‘p-value’ columns from Peak tables (available in Scatter Plot Peak Table)
Removed ‘Good’ and ‘Bad’ marking options from EIC widget

Polly upload button is not clickable during the upload process (#805)

Single button for exporting EIC on EIC widget

Removed ‘Scatter Plot’ button from side bar panel

Isotopic peak filtering based on peak quality has been fixed (#772)
Crash in bookmark button has been fixed (#768)

Empty tables will no longer be uploaded to Polly (#777)

Only a single compound database file (.csv) will be uploaded to Polly

1.9.2 Past Releases

Version 0.4.0-beta. 1
Publication Date: July 16%, 2018

* Fixed Isotopic detection in shift-drag integration (#781)

* Groups with zero peaks will not be bookmarked on shift-drag integration

* Fixed a bug in changing compound database from the drop-down

* Getting Started window will not open behind the main application (#775)

Version 0.4.0-beta

Publication Date: July 5%, 2018
Version 0.3.2

Publication Date: May 17", 2018
Version 0.3.1
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Publication Date: April 27, 2018
* Bug Fixes:
— Fixed compound name in CSV export (#635)
— Fixed automated detection of high ranking groups
— Fix installer issue on Mac (Installer not working due to netcdf addition)
e UL
— Change default tab for EI-MAVEN - Polly Integration dialog
Version 0.3.1
Publication Date: April 26", 2018
Version 0.3.0
Publication Date: April 24™, 2018
Version 0.3.0
Publication Date: April 23", 2018
Version 0.3.0-beta
Publication Date: April 11, 2018

¢ Features

Export Scatter plot groups into a peak table

Introduced Exception handling in sample upload process

Send logs to sentry in the event of a crash

Upload data to Polly through CLI and GUI

Download project settings from Polly

New Alignment algorithm: Obi-warp

Support for cdf files on Windows

Highlight detected compounds in the database
* Enhancement

— Consistent sample ordering across widgets

— Append Sample number to Sample Name for mzML files
* Refactor

— Isotope Widget

— Isotope detection

* Bug fixes

Fixed Isotopes expected m/z in mzroll

Blank samples will be visible in sample widget

Fix trailing delimiter in peak detailed format

Isotopic intensities are consistent between isotope widget and peaks table
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Version 0.2.4

Publication Date: February 7", 2018
Version 0.2.4

Publication Date: February 5t 2018
Version 0.2.4 Beta

Publication Date: January 24", 2018
Version 0.2.3

Publication Date: January 23", 2018
Version 0.2.2

Publication Date: December 28™, 2017

1.10 Bugs and Feature Requests

Existing bugs and feature requests can be found on EI-MAVEN’s GitHub issue page. Please search the existing bugs
and feature requests before you file one yourself.

1.11 Copyright and License

Code and documentation copyright 2017 Elucidata Inc. Code released under the GPL v2.0. Documentation is released
under MIT license.
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