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Acquisition files prgrocessing withxcms
extraction, alignment and retention time drift
correction.

SECTION 1



m Extraction with XCMS

forkflowmetabolomics|
Scripps Center For Metabolomics
METLIN: Metabolite and Tandem MS Database
XCMSOnline Software/Services Metabolomics Science Publications
XCMS
Overview
V R based SOftware, Overview | Installation | Publications | FAQ | Useful Links

V Free NEWS: The Scripps Center for Metabolomics is pleased to announce XCMS Online, a new user-friendly variant of XGMS for processing

V A |Ot Of parameters tO tune metabolomics data without installation.

H H Metabolite profiling in biomarker discovery, enzyme substrate assignment, drug activity/specificity determination, and basic metabolic research
V NO graphlcal Inte rface requires data preprocessing approaches to correlate specific metabolites to their biclogical origin. XCMS is an LG/MS-based data analysis
H H approach which incorporates novel nonlinear retention time alignment, feature detection, and feature matching. Without using internal standards, the
V Need to erte a R SC”pt method dynamically identifies hundreds of endegenous metabelites for use as standards, calculating a nenlinear retention time correction profile for
H H each sample. Following retention time correction, the relative metabelite ion intensities are directly compared to identify changes in specific
V xcmsOnline webservice i ? y come V changes n =p

endegencus metabolites, such as potential biomarkers.

The XCMS software reads and processes LC/MS data stored in netcdf , mzXML, mzData and mzML files. It provides methods for feature
detection, non-linear retention time alignment, visualization, relative quantization and statistics. XCMS is capable of simultanecusly preprocessing,
analyzing, and visualizing the raw data from hundreds of samples. XCMS is freely available under an open-source license.

web:
http://metlin.scripps.edu/xcms/
forums :
https://groups.google.com/forum/#!forum/xcms
http://metabolomics-forum.com



http://metlin.scripps.edu/xcms/
https://groups.google.com/forum/
http://metabolomics-forum.com/
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Workflowdt

Raw
LC/MS
Data

NetCDF
mz XML
mzData

Filter and
Identify Peaks

XxcmsSet ()

Match Peaks
Across Samples
group()

Fill in Missing
Peak Data
fillpeaks()

Statistically
Analyze Results
difffreport()

v

Visualize

Important Peaks
getEIC()

Extraction with XCMS

AExtraction
AExtraction of ions in each sample
independantly.
ABaseline correction
ACreation of extracted ion chromotograms ( EIC )

Retention Time
Correction
retcor()

AGrouping é alignment
Aach ion is aligned across all samples

ARetention time correction (optional)
AOn the basis of « well behave » peaks, a

\A LOESS (non linear) regression is used to correct
r CAMERA \ tEe rel'tentlon time of each ion in order to improve
Annotation of tUe ?'?f”mﬁl';tl-_c I o UPLC
I Adduct I seful for . less usefull for

Fragments _
\ and isotopes J /Fill peaks
- AReplace missing data with baseline value

[Statistics and visualisation (optionals)
ACAMERA

AFor annotation of adducts, fragments and
iIsotopes



Workflowdt

Raw
LC/MS
Data
NetCDF
mz XML
mzData

Extraction with XCMS

Filter and
Identify Peaks

XxcmsSet ()

Match Peaks Retention Time
Across Samples Correction
group() retcor()

Fill in Missing

Peak Data
fillpeaks() \A

] ]
r CAMERA
Statistically Annotation of
Analyze Results I Adduct
difffreport() Fragrnents
_ + _ \ and isotopes ’
Visualize
Important Peaks

getEIC()

Preprocessing

-

xcms.xcmsSet Filtration and Peak
Identification using xcmsSet
function from xcms R package to
preprocess LC/MS data for relative
guantification and statistical

®xCms.group Group peaks together
across samples using overlapping
m,z bins and calculation of
smoothed peak distributions in
chromategraphic time.

xcms.retcor Retention Time
Correction using retcor function I
from xcms R package

xcms.fillPeaks Integrate the signal
in the region of that peak group

not represented and create a new
peak

CAMERA.annotate CAMERA

annoctate function. Returns I
annotation results (isotope peaks,
adducts and fragments) and a
diffreport if more than one I
condition,

| | | | J
¥cms.summary Create a summary

of XCMS analysis




Wml Xcms Extraction algorithms

Workflowdt

w MatchedFilteris dedicatedto centroid or profile low resolutionMS data
w Centwaveis dedicatedto centroidhighresolutionMS data

Profile MS data
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xcms extraction matchfilter algorithm

Workflowdt

Aextraction of ions in each sample independantly.

Irtensity

Intensity
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ACreation of extracted ion base peak chromotograms (EIBPC)
Aodel and filter with a second derivative gaussian model
Antensity is a peak integration or peak height

Extracted lon Chromatogram: 268.1 m/z

o
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Extracted lon Chromatogram: 268.2 m/z = Peak Integrated between Zero Crossing Points

T T T T T T
3400 3500 3600 3700 3800 3800

Seconds

I Ll L] L] LI )
3400 3500 3600 3700 3800 3900

Seconds

Smith C., Anal. Chem., 2006

Intensity

10000

G000

0 2000

3400 3500 3800 3FV00 3800 3900

Seconds



Wm

Workflowdt

Preprocessing

xoms.xcmsSet Filtration and Peak
Identification using xcmsSet
function frem xcms B package to

preprocess LC/MS data for relative
guantification and statistical
analysis

Raw
LC/MS
Data
NetCDF
mz XML,
mzData

Filter and
Identify Peaks

xcmsSet ()

\

Match Peaks
Across Samples
group ()

J

) Retention Time
Correction
retcor()

(" Fill in Missing |

Peak Data
fillpreaks()

J

v

Statistically
Analyze Results

| difffreport()

J

Visualize
Important Peaks
getEIC()

)

CAMERA
Annotation of
Adduct

Fragments
and isotopes

xcmsSet parameters

¥xcms.xcmsSet Filtration and Peak Identification using xcmsSet &% Versions |« Options
function from xcms B package to preprocess LC/MS data for relative quantification and statistical

analysis (Galaxy Version 2.0.7)

Choose your inputs method

Zip file from your history containing your chromatograms -
Zip file
| & | O || 1: sacuriVLsamples.zip -

Extraction method for peaks detection

matchedFilter -

[method] See the help section below
Step size to use for profile generation
0.01

[step] The peak detection algorithm creates extracted ion base peak chromatograms (EIBPC)
on a fixed step size

Full width at half maximum of matched filtration gaussian model peak

K

[fwhm] Only used to calculate the actual sigma
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xcmsSet parameters

Advanced options
5|H Il-ll

Maximum number of peaks per extracted ion chromatogram

50
Preprocessing -
. . [max]
xoms.xcmsSet Filtration and Peak
Identification using xcmsSet Signal to noise ratio cutoff
function frem xcms B package to 3
preprocess LC/MS data for relative
guantification and statistical [snthresh]

Raw
LC/MS
Data
NetCDF
mz XML,
mzData

analysis

Filter and
Identify Peaks

xcmsSet ()

Number of steps to merge prior to filtration
2

[steps] The peak identification algorithm combines a given number of EIBPCs prior to
filtration and peak detection, as defined by the steps argument

\

Match Peaks
Across Samples
group ()

J

) Retention Time
Correction
retcor()

Peak Data
fillpreaks()

(" Fill in Missing |

J

v

Statistically
Analyze Results

| difffreport()

J

Visualize
Important Peaks
getEIC()

CAMERA
Annotation of
Adduct

Fragments
and isotopes

)
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xcms extraction matchfilter algorithm

Aextraction of ions in each sample independently. Baseline correction
ACreation of extracted ion chromatograms ( Matchfilter)

Intensity
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Filtered with Second Derivative Gaussian
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Win xcms extraction matchfilter algorithm

Workflowdt

I ; —— Chromatogram
il —— Matched filter result, =5
'y —~— Matched filter result, o = 10
Influence of o~ ,,T" Matched filter result, o = 20
parameter (fwhm, full | ;
. |
width at half o | IRl
. il
maximum) on extract i
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(EIC) > il
I\
£ °7 1
R
= — | I
1R
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B
| 4
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Seconds
Tautenhahn, Biolnformatics, 2008
Figure 3

Matched filter effects, example region |. HPLC/ESI-QTOF-MS of a A. thaliana leaf extract. Extracted ion chromato;
(277.213 —277.221 m/z) and matched filter results using second derivative Gaussian with different filter widths. Negative
values were omitted.



Win xcms extraction matchfilter algorithm

Workflow

Influence of
parameter (fwhm, full
width at half
maximum) on extract
lon chromatogram
(EIC)

Tautenhahn, Biolnformatics, 2008



