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Wm Extraction with XCMS

Workflowdt

V R based software,

V Free

V A lot of parameters to tune,
V No graphical interface

V Need to write a R script

Web for documentation:
https://bioconductor.org/packages/release/bioc/html/xcms.html

Forums:
https://groups.google.com/forum/#!forum/xcms
http://metabolomics-forum.com



https://bioconductor.org/packages/release/bioc/html/xcms.html
https://groups.google.com/forum/
http://metabolomics-forum.com/

Wml Extractionwith XCMS

Files upload

Ailes upload (before xcms treatment)

Filter and K xtraction
Identify Peaks AExtraction of ions in each sample
xcmsset () independantly.

Match Peaks

Across Samples AGrouping € alignment

Aach ion is aligned across all samples

Retention Time
Correction
retcor()

group()

Raw

LC/MS Fill in Missing ARetention time correction (optional)

NDS(;[EF Peak Data \

e .

mz XML flllPeakS() I _ I&I” peakS

mzbhata Y r \ AReplace missing data with baseline value
sty Y cAMERA p
difffreport () I Annotation fStatistics and visualisation (optionals)

i ACAMERA
Visualize A\/ — - ’ AFor annotation of adducts, neutral loss and

Important Peaks Isotopes

getEIC()



Wm| EXxtractionwith XCMS

[Workflow4metabolomics|

Filter and
Identify Peaks

XxcmsSet ()

Match Peaks Retention Time
Across Samples Correction

group() retcor()
Raw
LC/MS Fill in Missing
Data Peak Data
NetCDF fillpeaks() \
mz XML ~AR RA
mzData r CAMERA

Annotation of

Statistically
| Adduct [

Analyze Results

difffreport() Fragments
y \ andisotgpes J
Visualize
Important Peaks

getEIC()

MSnbase readMSData Imports mass-spectrometry data
files

xcms findChromPeaks (xcmsSet) Chromatographic peak
detection

x¥cms plot chromatogram Plots base peak intensity
chromatogram (BPI) and total ion current
chromatogram (TIC) fromn MSnbase or xcms
experiment{s)

xcms findChromPeaks Merger Merge xcms
findChromPeaks RData into a unique file to be used by

xcms groupChromPeaks (group) Perform the
correspondence, the grouping of chromatographic peaks
within and between samples.

xcms adjustRtime {retcor) Retention Time Correction

xocms nlChromPeaks Peaks) Integrate areas o
missing peaks

xcms process history Create a summary of XCMS
analysis

proFlA Preprocessing of FIA-HRMS data
Il I IIE I IS B .

CAMERA.annotate CAMERA annotate function. Returns '
annotation results {isotope peaks, adducts and

fraﬁments; and a dlffreec:rt if more than one cnndtmn.d




m| Data
w Raw data:

¢ mzxm| mzml mzdataor netcdf

wsampleMetadata

HU neg 011 b2 sample

HU neg_014 b2 bio sample 0 1 57 ne2 22
Blank04 blank blank 0 1 16 ne2 NA
Blank05 blank blank 0 1 29 nel NA
é é é é é é é é



Wm TWwo strategies

Workflowdt

plot_chromatogram
TIC.pdf

BPIl.pdf

dataset collection
kol.mzXML readM5Data findChromPeaks sampleMetadata
ko2.mzXML readMSData findChromFeak:.
| dataset | dataset
XML F— | collection, P | collection HTML
wtl.mz rea ata indChromPeaks
| U findChromPeaks| report
lDDDD | |DDDD findChromPeaks adjustRtime process_history
wi2.mzXML readMSData findChromPeaks Siengen

Using single files which will be processed in parallel with findChromPeaks before being merged with findChromPeaks.Merger
The mapping between the sample names and their conditions is done with a tabular file: sampleMetadata groupChromPeaks fillChromPeaks CAMERA.annotate

Using 1 zip file containing all the samples with the conditions in different directories

zip file
3 tabulars
readMSData findChromPeaks
D variableMetadata D
sampleMetadata dataMatrix

All connections between those tools
are using RData datatype
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Workflows i Layer 1 (C\_ACQFILES\SACURImzxml\hommes\HU_neg_091.mzXML): Scan #730, t=6.28 BP=762
120- ! I hd ' i
100~

mzXML in a text editor ‘ 7
“ 80~ o ________ 7007 .
+ R
1 scan o 1 Insilicos
£scan|num="730" ; 50-
m .
scankEvent="1" Ja 178.05
scanType="FULL" o 40~
centroided="1" i
mSLEVE-_:"l" 191019
91.0034
peaksCount="390" g 91.0034 91.0035 91.0034 91.0
polarity="-" 05 ) 5. — " 1,0
|retent10nT]_me="PT3'?6. S06s" F time, min
lowMz="50.35359554834"
highMz="989.62B841796875" Scan #730 (t=6.28 BP=76242472.00@m/z=187.01): intensity=18866./0@m/z=50.35
basePeakMz="187.0069427§5023" i00- hd ' I '
basePeakIntensity="7.6242472e07"
totIonCurrent="1.10045032e08" 1
msInstrumentID="IC1"&>
. T 187.007
<peaks compressedLen="0" T S momoo—oo——o—-----
precision="32" i
byteOrder="network"
pairOrder="p/z-int">QklgFkaTZWhCULE e 60-
</scan> &
") i
=
[ 40-
b
=
20-
1 91.0036 _
50.3536 | 128.875 I 216.782 259.602 321.898 3
0+ o b TN L ST TR L T

0 200



Workflowdt

mzXMLraw file informations

Real life example : m/z 187

ichier HU neg 091.mzXML 1 RT range
scan #l|RetTime (sed) basePeakMz int TIC | %TI§ delta ppmj delta dalton| 8 166
724 374.01  187.00642395019%1.11E+07 2.66E+0 429 :
725 374.51]  187.0068969726583.26E+075.25E+07 62% 2.5  0.000474 120- ‘
726 374.994  187.0071868896485.14E+07 7.89E+07 65% 1.6]  0.00029( o
727 375.474  187.00732421875§6.19E+079.28E+0Y 67% 0.7]  0.000137 ,
728 375.954  187.00712585449F7.13E+07 1.05E+08 68%4 1.1] 0.00019¢ . 80-
729 376.431  187.006988525397.34E+07 1.08E+08 684 0.7] 0.000137 §
730 376.904  187.006942749027.62E+07 1.10E+08 69%A 0.2] 0.00004¢ % i
731 377.38Q  187.006942749026.98E+07 1.05E+08 67%4 0.0  0.00000( % a0-
732 377.86]  187.0069427490285.94E+079.00E+0} 66%4 0.0 0.00000( & '
733 378.33]  187.006713867186.79E+078.89E+0] 65%4 12]  0.00022¢ oo e
734 378.804  187.0069427490285.06E+077.77E+0} 65%4 1.2]  0.000224 0
735 379.28y  187.006484985350P4.33E+07 6.89E+0 63% 2.4]  0.00045§ ’
736 379.764  187.00662231445k3.87E+076.19E+0} 6294 0.7]  0.000137
737 380.241  187.0065765380883.14E+075.36E+07 58 0.2]  0.000044
738 380.720  187.0063476562582.49E+07 4.96E+07 50%4 1.2]  0.000224
739 381.204  187.0064392089881.98E+075.02E+0} 39%4 0.5]  0.000093
740 381.684  187.00651550293f1.25E+07 3.56E+07 35% 0.4]  0.000074
741 382.17d  187.00639343261[f1.11E+073.86E+0} 29%4 0.7] 0.000123

m/z deviation

91.0034 91.0035

187.0080
187.0075 16 %7 14
25 © ¢ e 07 02 00 00 1.2
187.0070= - ———g~~—"~——~~--—- P "6 12-9 " —- 07 o T T T T
® 214 o e 12 05 04 0.7
187.0065 . g s * * o
187.0060

m/z median
187.00680541992

I v ' i

187.007

178.05

91.0034

91.0034

| A !

Scan to scan
m/z deviation

723 724 725 726 727 728 729 730 731 732 733 734 735 736 737 738 739 740 741 742

10



Workflowdt

mzXMLraw file informations

Real life example : m/z 187
HU neg 091.mzXML

scan #| RetTime (sec basePeakMz int TIC |%TIC delta ppm| delta daltori
724 374.015 187.0064239501¢51.11E+0}|2.66E+0Y 42%
725 374511  187.0068969726%63.26E+0W5.25E+0} 62% 2.5 0.000473
726 374.99¢€ 187.00718688964185. 14E+07.89E+0} 65% 1.6 0.00029(
727 375.47¢ 187.0073242187H06 9.28E+0Y 67% 0.7 0.000137%
728 375.95¢5 187.0071258544¢27.13E+0]|1.05E+08 68% 1.1 0.00019¢
729 376.432 187.0069885253¢[17.34E+0]|1.08E+08 68% 0.7 0.000137%
730 376.90¢€ 187.0069427490: 1.10E+08 69% 0.2 0.000044
731 377.38( 187.006942749023 1.05E+08 67% 0.0 0.00000(
732 377.861  187.0069427490%3 9.00E+0Y 66% 0.0 0.00000(
733 378.33( 187.0067138671885.79E+08.89E+0} 65% 1.2 0.000224
734 378.80¢ 187.0069427490 7.77E+0Y 65% 1.2 0.000224
735 379.285 187.0064849853%[24.33E+01|6.89E+0Y 63% 2.4 0.00045¢
736 379.767 187.0066223144%33.87E+0]|6.19E+0Y 62% 0.7 0.000137%
737 380.241  187.0065765380 5.36E+0} 58% 0.2 0.000046
738 380.72( 187.0063476562 4.96E+0Y 50% 1.2 0.000224
739 381.204 187.0064392089¢ 5.02E+0Y 39% 0.5 0.000097%
740 381.684 187.0065155029(01.25E+0]3.56E+0Y 35% 0.4 0.000076
741 382.17¢ 187.0063934326471.11E+0)3.86E+0} 29% 0.7 0.000127

RT range

1204 ' I

m/z median

8.166 187.00680541992

100~

80-

Base Peak xle+6

9.00E+07
8.00E+07
7.00E+07
6.00E+07
5.00E+07
4.00E+07
3.00E+07
2.00E+07
1.00E+07
5T0GE+00

60~
40-

20~

187.007

178.05

191.019
91.0034 91.0035 1

o I y—

91.0034
91.0

10
time, min

/
peak width = 8.2 N

e __

373 374 375 376 377 378 379 380 381,382 383

11
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I

Relatwe Intensity (%)

3|a

295 296 =7

004 1

Profile MS data

ez i ] 299 00 3]1I a02 303 M 1] 306 307
il .
F E 3004 .
o ] Centroid MS data
g 3
E ol 3
s
1]
=40 3
= " |—3L'.I1 3
EIlE |
=
7 1 2 3 4 36 I
'z

Wm Xcmspeakpickingalgorithms

Xcmsprovides2 mainalgorithms
for peakpicking:

w MatchedFilterfor profile or
centroidlow resolutionMS data

w Centwavefor centroid
highresolutionMS data

12
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The algorithm aims detecting « Mass
traces » or « region of interest » (ROI)
which are defined as regions with less
than a defined deviation of m/z in
consecutive scans.

This deviation must be lower than the
value of the parameter « ppm »

The value (unit ppm) has to be set
according to mass spectrometer
accuracy.

ROI mass intensities are then used
to define the chomatographic peak
with continuous wavelet transform
algorithm.

peakwidth (min, max) has to be set
for this step.

20,50 for HPLC

5,12 for UPLC

Wml Xcms Extractiorcentwavealgorithm

S | ™
S e % . ® e
N D hd °
o . ™
o
©
o |
§ | | | | |
530 535 540 545 550
OOC-.
—] ¢ O
f“’ o
8 ! i
> 8 s °
73] (o] - O
5 \
= g ? %
o ! (o]
o o] |
8 | . e
8 JO OO(_\
o - o 000 "00000000000 000000 ©
I I I I I
530 535 540 545 550
Seconds
Figure |

Mass trace and chromatographic peak of Biochanin A [M + H]* mass signal. The upper panel shows the mass
of the biochanin A [M + H]* mass signal across 10 seconds with colour-coded intensities. The corresponding chromatogr
peak is shown below.

Tautenhahn R. BMC Bioinformtics 2008
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Xxcms Extractiorcentwavealgorithm

m/z

Ppm=2
Ppm=5

|

Retention time

14
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xcms Extractiorcentwavealgorithm

o
- 7 | —— Chromatogram
i Gaussian Fit
i
0 - |
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Figure 6

centWave results for example region 1. centWave results for example region 1. The lower part shows the same
extracted ion chromatogram (277.213-277.221 m/z) as in Figure 3 and the detected chromatographic peaks from the cent-
Wave algorithm as Gaussian fits. The upper part shows the CWT coefficients on the different scales. A cross marks the scale

where the peak was optimally localised. The vertical grey lines show the peak borders which were estimated from the coeffi-

cients of this scale.

Tautenhahn R., Biolnformatics, 2008



Wi XCms Extractiorcentwavealgorithm

Centwave chromatographic peaks detection.

Tautenhahn R., Biolnformatics, 2008



