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1. MS Spectral Processing

The module of MetaboAnalyst fills the important gap of raw spectral processing of high-resolution LC-
MS data that was previously only available for users in our MetaboAnalystR package.

Highlights:

Support raw spectra data processing for peak picking, alignment, gap filling and annotation;

Q -

Support for fast and automated parameters optimization;

Support for customized parameters and centwave, matchedFilter and Massifquant for peak picking;

Multiple common formats are supported (mzML, mzXML, mzData and NetCDF);

Resumable pipeline was embedded for users to manually and quickly tune the results;



1.0 Knowledge & Background

This module is designed to process the raw spectra data file with an R package, OptiLCMS, as the core processing engine.

Three algorithms are supported to do the pre-processing (peak picking), including centWave (for high-resolution Mass
Spectrometer), mathedFilter (for low-resolution MS) and Massifquant (which is more sensitive to low-intensity peaks).

The automated optimization option could optimize the parameters for centWave automatically to give the optimal results based on
users’ data. The optimization pipeline was initially published in MetaboAnalystR 3.0, which is briefly described as below,

The ‘automated optimization’ pipeline would extract the most
abundant MS areas (Regions of Interest, ROIs) across the whole
spectra as the training spectra (as shown in the left Figure).

Then, a design-of-experiment (DoE) optimization will be executed to
find out the combination of parameters with the most well-behaved
shape and stable peak groups for the following whole spectrum
detection.

Besides, users could avoid the potential overwhelming on the
optimization steps from long-retention time signals (usually
contaminants or noise) by removing them (see 1.5).



https://github.com/xia-lab/OptiLCMS
https://www.mdpi.com/2218-1989/10/5/186

1.1 Preparation for MS Spectral Processing

Users must upload their spectra as individual zip files - one zip
(.zip) per spectrum [max: 200 spectra].

Optionally but strongly recommended, users can upload a
metadata file uploaded as a plain text (.txt) file containing two
columns - spectral names and group labels.

After their data is successfully uploaded, a data integrity check
is performed to verify the correct data format (mzML, mzXML,
mzData + centroided) and metadata information. Please check

1.4 about how to centroid your data.

ERAW HRAW IRAW HRAW ERAW

mzML, mzXML, mzData (centroided) Metadata (.txt)

Zipped Spectra Files (.zj.p)

\




1.2 Register & Login (Optional)

NOTE: Register or Login is optional. You can upload your files directly, but the jobs for registered users will be kept for 180 days.

MetaboAnaIyst 8.0 - user-friendly, streamlined metabolomics data analysis LC-MS Spectra Upload

Upload MetaboAnalyst curmently supports mzL. mzKM1, CDF or mzData formats n centecid mode, Quality control (9C) specira are not required but
recommended. GC should start with *QC.” or marked a5 "QC" in meta data. BLANK shoukd be marked as "BLANK in meta data for subtraction.

$pectra check The following two data types are allowed:

Spectra processing

Modde Overvew Click here to o

i . Click login to
Input Data Type Available Modules (click an a madule to proceed, ar seroll down for mare details] -t

Download . . URL and save the URL so you can retum later to check your job

To start. Once the Upload has completed, click Proceed to continue.

pectrum (max: 200 spectral,
colums - spectral names and grous labels [zxample]

& Functional Meta
Functional Analysis
analys

Enrichment Analysis Pathway Analysis o Network Analysis

. Statistical Meta
Biomarker Analysis Power Anzlysis Other Utilities
analysis

MetaboAnalyst §.8 - user-friendly, streamlined metabolomics data analysis MetabuAnaIyst 8.0 user-friendly, streamlined metabolomics data analysis

= - Click buttons to . Trmmmmmmm——

ahiqueg pangi3ma moghica

= operate your projects Login here .

Password *

Instiuton: MeGH
Name: Zhigjang Perg

Create sccount Forgot password?

Register here
Click to create
new projects




1.3 Spectra Upload

fi

; o _ _ TIPs: You can choose to
Upload { MetaboAnalyst currently supports mzML, mzXML, . Quality control (QC) spectra are not required but X
H recommended. QC should start with "QC_" or marked as "QC" in meta data. BLANK should be marked as "BLANK" in meta data for subtraction. U p|Oad mu Itl pl e Spectra

The following two data types are allowed: fl|eS at once' but please

| 1. [Required] Spectra uploaded as individual zip files - one zip (.zip) per spectrum [max: 200 spectra]. upload yOUf SpeCtl'a a" at a
Job status 2. [Optional] Meta data uploaded as a plain text (.txt) file containing two columns - spectral names and group labels [example] . . .
: time to avoid any potential

exceptions caused by
internet connection issues.

LC-MS Spectra Upload

Spectra check

Spectra processing

Spectra result Spectra processing can take a long time to complete, to avoid waiting:

Download 1. For guest users (default), after job submission, click Create B rk URL and save the URL so you can return later to check your job

x status.
Exit

2. For registered users, use the buttons on the left panel to manage your projects.

Please Select all files, then click Upload to start. Once the upload has completed, click Proceed to continue.

Click “Select” to
start uploading |

your zipped Click “Proceed” to

spectra files. move onto the Data

EEB < | integrity Check,

Try our example data

Description

o A small example dataset for demo purposes, containing 10 spectra (UPLC-Q/E-ESI", C18) organized into three groups
(Healthy, Crohn's Disease and QC) from Lloyd-Price et al.

An experimental Malaria metabolomics dataset (UPLC-Q/E-ESI™, HILIC) between two immune status (Native vs. Semi-
immune) from Li et al. 15 samples (12 Samples and 3 QCs) are included.

=
Click “Submit” to Submit an example data.




1.4 Data Integrity Check  [istiiriiaim

Data Integrity Check p—— ordered sequentially

1. Spectral Format - anly mzML, mzXML, mzData and netCOF formats are currently supported;
2. MS Modle - only spectra in centroid mode are supported in the anline platfarm. Click Convert to centroid your prafile data online. This conversion pracess will take some time, please be patient
3.If a meta data file s provided:

Spectra check & The first column (spectral names) must match the sample names in the meta-data file;

specta processing = The second column (group labels) must cantain at least two groups (not including QC), each containing = 3 replicates. TIPs: We encourage users to

:i::iw. — . o centroid data before uploading.
Here are several approaches

recommended to centroid your data.

Upload

Download
Semi_025.mzML [ 5. Semi_immue

a

Exit

Semi_081.mzML

a

1. ProteoWizard :

For GUI: Add ‘Peak Picking’ as the 1t filter;
For Command: docker run -it -rm -e
WINEDEBUG=-all -v /FILE_PATH/:/data
chambm/pwiz-skyline-i-agree-to-the-vendor-
licenses wine msconvert FILENAME -o
OUTPUTDIR --mzML -filter "peakPicking true
1-" filter "zeroSamples removeExtra" filter
"msLevel 1" --64 -zlib

Semi_157.mzML

&

Semi_061.mzML Semi_immue

a

Semi_143mzML n 5 Semi_immue

a

Semi_D45.mzML

<]

Results of the Data
Integrity Check are """
shown here. a0

QC_003.mzML True

&

<]

Naive_109.mzML True 2- OptiLcMs:

Install this R package from hHere and do the
centroiding with function “CentroidMSData".

<]

Naive_127mzML

<]

Click Next to move on
to the Parameters
Selection page (At

least 3 samples
included for next)

Naive_139.mzML

a

Naive_007 mzML

<]

Naive_027.mzML

CR-R-R-R-R-R-N-R-N-R-R-R-R-) -
Q [

Naive_071.mzML

NN R If your data is not in
' centroid mode, click
Convert wrench button

to convert it online.

ia Lab @ McGill {last upsdatod 2022.06-14)



http://proteowizard.sourceforge.net/
https://github.com/xia-lab/OptiLCMS

1.5 Parameter Selection

Show R Commands_

TIP1: Default Parameters

. ., . ,
o The parameter optimization is based on regions of interest (ROs) to avoid the time-consuming step of recursive peak detection using complete spectra. The setti ng Optlon is ‘customized”.
procedure can significantly improve beth the quality of peak detection and guantification compared to results obtained using the default XCMS parameters |f you are not a parameter

{benchmarking results). The algorithm is now available as the OptiLCMS R package for local installation or further extension
R ————— expert, please try to use the
Job status « Auto-aptimized will automatically select the best parameter combination (for the centWave only) automated optlmlzatlon
Spectra result . .
pipeline.

LC-MS Spectra Processing

Spectra check

Spectra processing

Download
LC-Ms Platform Generic '

Exit
Parameter Setting ® Defaulymanual O Aute-optimized

Method: centWave W

, , TIP2: The automated
min_peakwidth: 1 . AdJUSt the fO”OWlng pipeline only optimizes the

e e TG parameters according to ‘centWave’ algorithm. Other

" the LC-MS algorithms, like Massifquant,

mazdiff:

instrument/extraction is more sensitive to spectral
Hereepners signals and is only available
methods used. from ‘Default/Manual’ mode.

Methad:

Bandwidth:
2. Peak Alignment@

minFraction:

T TIP3: Contaminant removal is
polry e only functional for the

o ‘Automated’ pipeline. It will

Mare optons automatically remove
potential contaminants before
performing parameters’
AR optimization. Please view your

2. Click Submit Job to perform SSL?:::;‘::&’;’E SR
the spectra processing. '

4. Contaminant Removald




1.6 Job Status View

4 B TIPs: If you are not logged
Job Status View in as a registered user, you

Upload Depending on the current server load and the size of your data, it can take a few hours up to several days to complete your job. can Create a U RL I In k tO

Spectra check « Ifyou have not logged in, please click Create Job URL and save the job link. You can then close the current page and come back later using this link. Check your resu It

= Atany time during data analysis, keep anly one active web page open (except FAQs or other static web paa

Spectra processing . s s e Otherwise, you will lose
s saus The job may take some time to your result immediately

;p:wn Job Status e complete, so click “Create once you exit or close this

b - / Bookmark URL’ to save the job p?ﬁle- The '1320dkma’|ktUR'-
I ookl Gt U link to check the job status at a B e
Current Status: Running |ater time

Priority: Level 1

Parameters: Save
Job Progress: [

This step will take a short time.

The status of the gty

Naive_007.mzML import done!

JOb WI” update Naive_027.mzML import done!

\ Naive_071.mzML import done!
here |n real'tlme MNaive_109.mzML import done!

Naive_127.mzML import done!

Text Qutput:

Naive_139.mzML import done!
QC_001.mzML import done!

e e et Once the job is complete
e (Job Progress 100%),

’ click Proceed to view
the results.

Output File: Status Text 2022-07-11 11:227:06

Refresh Status Cancel Job




1.7 Exploring the Results -1

Processing Results:

Upload
Spectra check
Spectra processing
Job status

Spectra result
Download

Exit

You could interactively view
the data results with 3D PCA
and check the main loadings
for the distribution
(Double click the nodes to
view TIC/EIC)

Result Summary

PCA Visualization

PCA Scores:| Based on all peaks

PC2 (241 %)

Boaa

There are one summary
box and two results
tables, one for the
Spectra and the other for
the Features.

s Bwd

Intensity Stats  RT Correction  TICPlot  BPI Plot

Mouse-drac nede to view its summary. Use the tables

Loading 2

Spectra / Sample Table Feature / Peak Table

Raw Spectra Processing Result Summary:

MetaboAnalyst has finished raw spectra processing with OptiLCMS (1.0.5).

There are 15 samples of 3 groups (Naive, QC, Semi_immue) included for processing!
l of 4075 features have been detected and aligned across the whole sample list

The mass deviation of this study was estimated/set as 5 ppm.

740 features (18.16%) have been annctated as isotopes.

899 features (22.06%) have been annctated as adducts

611 unique formulas have been matched to HMDB database.

1561 potential compounds have been matched to HMDB database.

Aligned BPI

below to search and view speci

|

~| PCA Loadings: ee— (4075 Update  Download: | ~Please Select--

peaks or samples

~

Explore other graphical
summaries of the
spectral processing
results here.

TIPs: If you are not
satisfied with the result,
return to the Parameters’
page from the ‘Navigation
Tree' at the Left side of this
page to resubmit your job
with different algorithms or
parameters.

Inroduce more about
these Result tables from
the next pages.




1.8 Exploring the Results

Result Summary Spectra / Sample Table Feature / Peak Table

spectra T| Missing (%)

Group 1L Pksto. 1L Ty Click the View button to
seeTIC of the
corresponding spectra.

Naive_007 9.15~292.71 85.065~1273.52
Naive_027 9.15~292.71 85.065~1273.52
Naive_071 9.15~292.71 85.065~1273.52
Naive_109 9.15~292.71 85.065~1273,52
Total lon Chromatogram
Naive_127 9.15~292.71 85.065~1273.52
Naive_139 9.15~292.71 85.065~1273.52
QC_001 Qc 9.15~292.71 85.084~1264.131
QC_003 Qc 9.15~292.71 85.065~1264.131
QC_005 Qc 9.15~292.71 85.065~1266.511
Semi_025 Semi_immue 9.15~292.71 85.065~1264.131
Semi_045 Semi_immue 9.15~292.71 85.065~1273.52
Semi_061 Semi_immue 9.15~292.71 85.065~1264.131

Semi_091 Semi_immue 9.15~292.71 85.065~1264.131

Semi_143 Semi_immue 9.15~29271 85.065~1264.131 " Retention_Time

The labels marked In the TIC is the corresponding m/z value of the base lon In the peak.
Semi_157 Semi_immue 9.15~29271 85.065~1264.131 : “ ’

> Download Page




1.9 Exploring the Results -3

Result Summary  Spectra/Sample Table  Feature / Peak Table

For isotopes/adducts annotation, the matching is based on the m/z value of its corresponding parent ion. Otherwise, it is considered as in the format of the primary ion
All compounds/formulas are matched to HMDB (v5) based on the mass error (ppm value) for raw spectra processing.
Intensity is average of all samples. Coefficient of variation (CV) is also the summarized based on all samples.

When group information is provided, p values wiil be calculated with t-test/ANOVA based on log transformed data

m/z T R1/s 1)
Intensity T Pvalues T| Annotations Putative IDs

1190.7142 192755.1 5 23205802E-15

[M+Na+NaCOOH]+ 677.43 [M+H-CH2]+ E

2.5673008E-15
781419

768.4118
1249192 69 3.624273E-15
4262468.0 5.093338E-15 5 2M+Na]+ 207.821
3787203 3 6.2724633E-15
283453 .76 2.3088964E-14

1200.3439 . 924471 8027E-14

Putative IDs

Formulas

34}

This table is showing all MS
features. Click the button of
Putative IDs show the potential
Chemical IDs of the features
towards HMDB.

Compounds

2. Click the button under View

to see a dynamic Extracted lon

Chromatogram for the selected
feature (see next page).

v

XN/




1. Click the node in the

boxplot to generate the 110 EXplOfIng the RGSUltS '3

EIC cumutatively and
dynamically.

Boxplots and EICs

¢ Plotnames ¥ <> 58 @
254.1478mz@496.62s 254.1478mz(@49.62s
v

==

20.04

a
g
T
=
@
c
s
=

-
©
o

500
Retention_Time

Mouse over a data point on a boxplot to view its sample name. Double click to show its EIC. Clicking different data points will stack their EICs. Click
the Reset icon to restart.

TIP1: If the plotting failed,
please clean the cache of
your browser or use another
browser.

2. Click this ‘reset’ icon to
restart the generation of
EIC plot.

3. Scroll down to the
bottom of page and click
‘Proceed’ to view the
Downloads page.




1.11 Result Downloading & New Journey

- v Start N e
Show R Commands Results Downloa: rt New Journey

Download Results & Start New Journey

Please download the results (tables and images) from the Results Download tab below. The Download.zip c

also generate a PDF analysis report using the button. Finally, you can continue to explare other compatible C | iCk -th e “ Sta rt N ew l

]

05«an;nn—,\ Anak ne factor]

Upload

Spectra check etadata table]

Spectra processing Results Download  Start New Journey

Job status

Spectra result Generate Report

Downloac

your data in other
_ o modules (e.g. Statistical
— Analysis Module)

Rhistory R PCApNg

BPIS_72.png annotated_peaklist.csv

Click the “Generate
Repo rt" to d own l 0ad a Peak_Intensity.png peak_feature_summary.csv
pdf report summarizing PP —
yo u r a n a |ys | S . Adjusted_BPLpng loadings3D.png

spectra_3d_score json

TICS_72png metaboanalyst input csv




abolomic Data Analysis
Name: guest5

Janmary 13

1 Raw Spectra Processing

or untargetesd metabolonsics s increasingly used to irvestigate metabube changes of varions biokg.
st romatography coupled to highere
the main workh dobul metabolomics. The ty,
pectra collection, raw data processing, statistical asd fne-

MetahoAnalyst aims to provide an efficient to support end-te-end analysia of LC-HRMS
metabolomics data in a bigh-thronghpt mame

is designed to provide an antomated worklow to process the raw spectra. 5 steps
cters optimization/custimization, peak picking. peak alignment, peak gap fling and

pectral Processing Module accept:
DF formats. Other vendor format wil
i ity Cherk s pe
all spetra. is summaried i Table 1 sh

1.12 PDF REPORT

2.3 Peak Intensity Statistics

The general peaks’ intemsity is analyzed from different spectral fles to show the peaks' intensity distri

bution The statistics all spectral peaks i displayed in Figure 3 . as below.

log intensiy

Pigure 3: Peak Intensity Statistics of all spectral files

TIPs: Raw spectral
processing results will be
reported as a PDF file from
‘Generate Report’ button in
the previous page. Please try
to switch to other modules
and generate the
corresponding report in
different modules.




If you have any questions please read thro




