
Data Processing Workflow   

The profiling of small molecules, known as metabolomics, 
provides a tool to study cellular metabolism and has 
particular power for investigating biochemical applications 
related to the clinical laboratory.  Technological advances in 
mass spectrometry and bioinformatic processing over the 
past decade have enabled rapid growth of the field and 
facilitated identification, quantification, and classification of 
thousands of metabolites.  Metabolomic data can be used 
for diagnostic screening, drug discovery and development, 
clinical toxicology, nutrition studies and quantitative 
phenotyping of plants or microbes.  The identification of 
metabolites, however, is a bottleneck in metabolomic 
experiments, largely due to the limited size, functionality, 
and usability of metabolite databases.  To facilitate this 
effort, we have developed a new web-based platform for 
untargeted metabolomic data, called XCMS Online.  
Furthermore, a new scoring system has been integrated 
into the METLIN MS/MS database that allows for ranking of 
user MS/MS spectra against the METLIN database for 
automated quality control of metabolite identification 
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An Overview of the Results. The user receives an email 
notification once a job is complete and ready for browsing or 
downloading.  After selecting a finished job from the job list, XCMS 
Online displays an overview of the results for that job, where 
general job information like dataset names, parameter set name 
and job data are displayed on the top part.  The different plots in the 
lower part are used as a summary of the experimental results 
(subfigures d-f) and for quality control (subfigures a-c,e,f).  The 
subfigures show the total ion chromatograms overlays before (a) 
and after retention time correction (c); the retention time correction 
curve (b); differential feature plot (d); multidimensional scaling (e) 
and principal component analysis (f). 

Overview.  XCMS2 is a software program that performs nonlinear 
retention time alignment, feature detection, and feature matching 
for LC/MS data.  Without using internal standards, the method 
dynamically identifies hundreds of endogenous metabolites for 
use as standards, calculating a nonlinear retention time correction 
profile for each sample.  The processing of metabolomic data 
using XCMS Online is organized in three simple steps: data 
upload, parameter selection and result interpretation. 
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Preliminary Data   

METLIN1, a freely accessible web-based metabolite data 
repository.  Currently METLIN contains 
Total Metabolites: 45,282 
Total Metabolites with High Resolution MS/MS: 7,568 
Total MS/MS spectra: 38,464 
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Simple/Batch Search.  After XCMS analysis, the user wants to 
filter ‘putative’ identification list using accurate mass.  The new 
Simple/Batch Search offer users to search features for different 
adduct(s) as targets for the database search with multiple masses.  
From the result list, users can download the data in CSV format for 
easy import to Excel to re-sort data as users need to identify and 
classify the known and unknown metabolites. 

Result Table.  The list of differentially regulated metabolites can be 
directly viewed in the web browser as described in the figure above.   
Users can filters the features by fold change, p-value, m/z, etc., 
then click each row to verify the EIC (displayed on the upper right), 
Box-and-Whisker Plot (displayed on the center right), and putatively 
identified metabolites (displayed on the bottom right) from METLIN 
database for further investigation. 

http://xcmsonline.scripps.edu  |  http://metlin.scripps.edu"
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Data is compressed and encrypted on the client 
side and uploaded through a secure SSL 
connection. 

Predefined parameter sets for different 
instrument setups are available and can be 
customized. 

An email notification is sent once the job is 
complete.  Results can be browsed online, 
shared with other users or downloaded for 
import into other programs (e.g. Excel). 
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Instrument Vendor Spectra 

Q-TOF Agilent 

QqQ Agilent 

LTQ-Orbi Thermo 

Q-Exactive Thermo 

i.e. Caffeine 

Compatibility w/ 
different 
Analyzers.  
METLIN’s  
MS/MS data are 
generated with 
Agilent 6510  
Q-TOF.  
Preliminary data 
shows that there 
are some 
variations 
between tandem 
MS/MS data 
generated on 
different 
instruments.  
However, the 
instrument 
setting (Collision 
Energy) can be 
adjusted to 
obtain fragment 
data that is 
comparable w/ 
METLIN’s  
MS/MS data. 

MS/MS Spectrum Match  (New METLIN Feature).  This is the 
final step for metabolomic data processing after MS/MS analysis.  
The newly introduced spectrum search spectrum (m/z, intensity) 
with few parameters, which is then automatically matches against 
the METLIN MS/MS database using the modified X-Rank3 
algorithm.  From the spectrum matching, the matching peaks are 
highlighted, and the score is calculated.  This facilitates 
identification of both known and unknown metabolites. 

Fragment / Neutral Loss Search. If you can’t obtained the result 
from the spectrum match, you can use fragment / neutral loss 
search for characterization of unknown molecule. With these, 
users can manually search the MS/MS library by specific MS/MS 
fragment masses or neutral loss.  Fragment structures are 
predicted using in-silico fragmentation4.  This permits 
characterization of chemical functional groups for unknown 
metabolites (i.e., metabolites currently not in the METLIN 
database). 


