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Introduction to 
XCMS in R



XCMS in R
• Primarily used for preprocessing untargeted LC/MS 

metabolomics data in centroid mode 

• Primary related publications: 

-Smith, C.A., Want, E.J., O'Maille, G., Abagyan,R., Siuzdak and G. (2006). 
“XCMS: Processing mass spectrometry data for metabolite profiling 
using nonlinear peak alignment, matching and identification.” 
Analytical Chemistry, 78, pp. 779–787. 

-Tautenhahn R, Boettcher C and Neumann S (2008). “Highly sensitive 
feature detection for high resolution LC/MS.” BMC Bioinformatics, 9, 
pp. 504. 

• Information about XCMS R package can be found at 
https://bioconductor.org/packages/release/bioc/html/
xcms.html 
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Preprocessing steps
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peak annotation
by CAMERA



EIC construction and peak picking
• Achieved by the function xcmsSet()
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Simple method: partition into bins of fixed width (e.g., 0.025 m/z) 
 
Bins should be on the order of mass accuracy of instrument 

Step 1: Separation of mass signals Construct EICs

Tautenhahn, R.; Bottcher, C.; Neumann, S., Highly sensitive feature detection for high resolution LC/MS. BMC bioinformatics 2008, 9, 504.



Construct EICs
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Tautenhahn, R.; Bottcher, C.; Neumann, S., Highly sensitive feature detection for high resolution LC/MS. BMC bioinformatics 2008, 9, 504.
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Construct EICs
• Workflow
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• Use wavelet transform 

• Implemented as the findPeaks.centWave() method

Detect EIC peaks
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mexican hat wavelet
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3

Chromatogram
Gaussian Fit

Tautenhahn, R.; Bottcher, C.; Neumann, S., Highly sensitive feature detection for high resolution LC/MS. BMC bioinformatics 2008, 9, 504.



Detect EIC peaks

9
Du P, Kibbe WA, Lin SM: Improved peak detection in mass spectrum by incorporating continuous wavelet transform-based pattern matching. Bioinformatics 2006, 22(17):2059-2065.

Ridgeline detection



Detect EIC peaks
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• Results of peak detection



Peak information
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Why alignment?
• faahKO
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Why alignment?
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Why alignment?
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Why alignment?



Alignment
• Achieved by the retcor() function 

• Principle: Obiwarp algorithm 

• Related publication 

- Chromatographic Alignment of ESI-LC-MS Proteomics Data Sets by 
Ordered Bijective Interpolated Warping, John T. Prince and, Edward M. 
Marcotte Analytical Chemistry 2006 78 (17), 6140-6152
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Alignment
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Alignment
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Peak annotation
• Achieved by the CAMERA package 

• Related publication 

- Kuhl C, Tautenhahn R, Boettcher C, Larson TR and Neumann S (2012). 
“CAMERA: an integrated strategy for compound spectra extraction 
and annotation of liquid chromatography/mass spectrometry data 
sets.” Analytical Chemistry, 84, pp. 283–289. http://pubs.acs.org/doi/
abs/10.1021/ac202450g.
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Peak annotation
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Peak annotation
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Peak annotation
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R functions
• Peak grouping based on retention time 

- groupFWHM() 

• Peak group refinement based on peak shape 

- groupCorr() 

• Discovery of isotopes 

- findIsotopes() 

• Annotation of adducts and determination of molecular 
mass 

- findAdducts()
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• Primary adduct rules 

Annotation rules
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Annotation 
rules

Extended 
adduct rules
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Thank you!
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