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MetaboAnalyst

http://www.metaboanalyst.ca

A comprehensive web server designed to 

process & analyze -omics data 2
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MetaboAnalyst Modules

3



-Omics analysis

Data pre-
processing

Data 
normalization

Data analysis
Data 

interpretation
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Data pre-
processing

Data 
normalization

Data analysis
Data 

interpretation

Purpose: to convert various raw data forms into data matrices suitable 
for statistical analysis 

Supported data formats
Concentration tables (Targeted Analysis)
Peak lists (Untargeted)
Spectral bins (Untargeted)
Raw spectra (Untargeted)
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Data Formats
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Example Datasets
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Data Formats

• COMMA SEPARATED VALUES!! (.csv) or TAB DELIMITED TEXT (.txt)  For 

quantitative (concentration tables) or qualitative (peak intensity or NMR/MS spectral 

bins).

Things to considere: 

• Both samples and feature names MUST be UNIQUE. Can be combination fo

letters and numbers separated by underscores [_].

• The class label must follow immediately after the sample name (for two-

factors and time series data must be two class label columns)

• Metaboanalyst can also support .Zip files.

Produced from either NMR, LC-MS, or GC-MS. In addition, GC/LC-MS spectra saved 

as open data format (NetCDF, mzDATA, mzXML) can also be processed using the 

XCMS packages 
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Let´s start!
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Select a Module :Statistical Analysis
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Data Upload
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Data Integrity Check
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How to deal with missing values?

• Missing values should be presented either as empty values or NA 

without quotes in order to be accepted by MetaboAnalyst

• MetaboAnalyst offers a variety of methods to deal with missing values. 

By default, the missing values are treated as the result of low signal 

intensity. They will be replaced by half of the minimum positive values 

detected in your data. Users can also specify other methods, such 

as replace by mean/median, Probabilistic PCA (PPCA), Bayesian PCA 

(BPCA) method, or Singular Value Decomposition (SVD) method to 

impute the missing values (Stacklies W. et al).
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Data Integrity Check
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Data pre-
processing

Data 
normalization

Data analysis
Data 

interpretation
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Data Normalization/Scaling

The normalization 

procedures are grouped 

into three categories. 

The sample 

normalization allows 

general-purpose 

adjustment for 

differences among your 

sample

Data transformation and 

scaling are two different 

approaches to make 

individual features more 

comparable. 

You can use one or 
combine them
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Data Normalization/Scaling

=probabilistic quotient norm

by a particular 
compound

integrated area

To remove unwanted technical 
variation

Account for different dilution effects of biofluids, 
drifts, instrument/injection

Aims to make each sample comparable to 
each other (i.e. urine samples with different 
dilution effects) 
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Data Normalization/Scaling

Try to achieve a Normal 
distribution of your data

Variation of log transform. Can deal with 
zeros or negative values. A strong 
transformation with a major effect on 
distribution shape

Fairly strong 
transformation. 
Weaker than the 
logarithm
x to x^(1/3) 18



Data Normalization/Scaling

Transform your features in a same 
scale for suitable comparison of your 

variables

This procedure is useful when variables are 
of very different orders of magnitude
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Scaling

20www.metaboanalyst.ca



Data Normalization
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Normalization Result 

You can view 
the Sample 
normalization 
and the 
Features 
normalization
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You cannot know a priori 
what the best 
normalization protocol will 
be.
MetaboAnalyst allows you 
to interactively explore 
different normalization 
protocols and to visually 
inspect the degree of 
“normality” or Gaussian 
distribution



Data Normalization/Scaling
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Next Steps

After normalization has been completed it is a 
good idea to look at your data a little further to 
identify outliers or noise that could/should be 
removed
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Data QC, Outlier Removal & Data 
Reduction

• Data filtering (remove solvent 
peaks, noise filtering, false 
positives, outlier removal --
needs justification)

• Dimensional reduction or 
feature selection to reduce 
number of features or factors to 
consider (PCA or PLS-DA)

• Clustering to find similarity
25



Quality Control

•Dealing with outliers 
• Detected mainly by visual inspection

• May be corrected by normalization

• May be excluded

•Noise reduction
• More of a concern for spectral bins/ peak lists 

• Usually improves downstream results  
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Visual Inspection

• What does an outlier look like?

Finding outliers via PCA Finding outliers via Heatmap
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How to detect and deal with outlier?

• To deal with outliers, the first is to check if those samples / 
features are measured properly. In many cases, outliers are the 
result of operational errors during analytical process. If those 
values cannot be corrected, they should be removed from 
analysis, but ALWAYS justified.

• MetaboAnalyst provides DataEditor to enable easy removal of 
sample/feature outliers. Please note, you may need to re-
normalize the data after outlier removal.
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Outlier Removal (Data Editor)
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Noise Reduction (Data Filtering)

This step is strongly 

recommended for untargeted 

metabolomics datasets (i.e. 

spectral binning data, peak 

lists) with large number of 

variables, many of them are 
from baseline noises. 

Characteristics of noise & 
uninformative features

• Low intensities
• Low variances (default)
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Data pre-
processing

Data 
normalization

Data analysis
Data 

interpretation

Data Reduction and 
statistical analysis
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Common Tasks

• To identify important features

• To detect interesting patterns

• To assess difference between the phenotypes 

• To facilitate classification or prediction

• There several statistical analysis that you can perform in 
Metaboanalyst. However, not all can be covered here-
We will look at ANOVA, Multivariate Analysis (PCA, PLS-
DA) and Clustering

Data analysis
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ANOVA

Click this 

to view

the table

Click this spot

and the choline

graph pops up
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What’s Next?

• Click and compare different compounds to see which ones 
are most different or most similar between the groups

• Click on the Correlation link (under the ANOVA link) to 
generate a heat map that displays the pairwise compound 
correlations and compound clusters
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Overall Correlation Pattern

Click this to save

a high res. image
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What’s Next?

• When looking at >2 groups it is often useful to look for 
patterns or trends within particular metabolites

• Use Pattern Hunter to find these trends
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Pattern Searching

• Looking for compounds showing interesting patterns of 
change

• Essentially a method to look for linear trends or periodic 
trends in the data
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Pattern Matching (cont.) 

Strong linear 

+ correlation

Strong linear 

- correlation
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PCA Scores Plot

43

Use PCA option to 
view the separation 
(if any) in the 
groups



3D Score Plot

44

Drag to rotate 

Mouse over to see 

sample names
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Multivariate Analysis

• Use PLS-DA option to view the separation of the (labeled) 
groups

• PLS-DA “rotates” the PCA axes to maximize separation

• Look at the 2D PLS Scores Plot

• Look at the Q2 and R2 (Cross Validation) values

• Use the VIP plot to ID important metabolites
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PLS-DA Score Plot

47

• Use PLS-DA option to 
view the separation of 
the (labeled) groups

• PLS-DA “rotates” the 
PCA axes to maximize 
separation

• Look at the 2D PLS 
Scores Plot

• Look at the Q2 and R2

(Cross Validation) values

• Use the VIP plot to ID 
important metabolites



Evaluation of PLS-DA Model

• PLS-DA Model 
evaluated by cross 
validation of Q2 and R2

• Using too many 
components can over-fit

• 3 component model 
seems to be a good 
compromise here

• Better R2 and Q2 as 
closer to 1
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Important Compounds in the Model
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Model Validation

50

Need to set the 
permutation 
number and press 
the submit button

Far away of the 
permutation 
distribution 
indicates that your 
model is valid= 
does not predict by 
chance 
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Heatmap Visualization
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Heatmap Visualization (cont.)
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What’s Next?

• Most of the multivariate analysis is now done

• MetaboAnalyst has been keeping track of the plots or 
graphs you have generated

• Now its time to generate a printed report that summarizes 
what you’ve done and what you’ve found
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Download Results
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Analysis Report
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Data pre-
processing

Data 
normalization

Data analysis
Data 

interpretation

Pathway analysis

Biomarker Analysis

Metabolite enrichment
analysis
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Select a Module 
(Enrichment Analysis)
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Metabolite Set Enrichment Analysis 
(MSEA)

• Designed to handle lists of 
metabolites (with or without 
concentration data)

• Modeled after Gene Set 
Enrichment Analysis (GSEA)

• Supports over representation 
analysis (ORA), single sample 
profiling (SSP) and quantitative 
enrichment analysis (QEA)

• Contains a library of 6300 pre-
defined metabolite sets including 
85 pathway sets & 850 disease sets
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Courtesy: Dr. David Wishart



Enrichment Analysis

•Purpose: To test if there are biologically
meaningful groups of metabolites that are 
significantly enriched in your data

•Biological meaningful in terms of:
• Pathways

• Disease

• Localization

•Currently, MSEA only supports human
metabolomic data
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Upload Compound List

Normally GSEA

would require

a list of all known

genes for the given

platform.  Here we 

just use the list of 

metabolites found

in KEGG
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Perform Compound Name 
Standardization

62



Select a Metabolite Set Library
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Result

Click on details

to see more
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The Matched Metabolite Set

Click on SMPDB

to see more 

information
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Metabolism of the compound of 
interest in SMPDB  
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Single Sample Profiling (SSP)
Basically used by doctors to analyze a patient
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Aim: compare to normal references



Concentration Comparison
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Concentration Comparison (cont.)

69

Your value.
It´s out of 
the normal 
range



Quantitative Enrichment Analysis 
(QEA)
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Result

Click on details

to see more
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The Matched Metabolite Set
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Pathway Analysis Module
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Pathway Analysis

•Purpose: to extend and enhance metabolite set 
enrichment analysis for pathways by 
• Considering pathway structures

• Supporting pathway visualization

•Currently supports analysis for 21 diverse (model) 
organisms such as humans, mouse, drosophila, 
arabidopsis, E. coli, yeast, etc. (KEGG pathways 
only)
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Data Upload
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Perform Data Normalization
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Select Pathway Libraries
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Perform Network Topology 
Analysis

MetPA’s pathway topological analysis is based on the centrality measures of a metabolite in a given metabolic network. Centrality is a 

local quantitative measure of the position of a node relative to the other nodes, and is often used to estimate a node’s relative importance 

or role in network organization. Since metabolic networks are directed graphs, MetPA uses relative betweeness centrality and out degree 

centrality measures to calculate compound importance.

Topological 

Analysis measures the 

centrality of a metabolite 

in a metabolic network 
or a metabolic pathway.

Identifies 

which metabolic 

pathways have 

compounds (from the 

input lists) that are over-

represented and have 

significant perturbations 
to their concentrations

(Goeman et al., 2004)

(Hummel et al., 2008)
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Pathway Visualization

The pathway impact is calculated as the sum of the importance measures of the matched metabolites normalized by 

the sum of the importance measures of all metabolites in each pathway. 79



Pathway Visualization (cont.)
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Result
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Select a Module 
(Biomarker Analysis)
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Biomarker Analysis

•Purpose is to find biomarkers using ROC (receiver 
operator characteristic) curves with high 
sensitivity and specificity

•Maximize AUC under ROC curve while minimizing 
the number of metabolites used in the biomarker 
panel

•3 different modules 
•univariate – single marker at a time
•multivariate – many combinations of biomarkers 

manual – user choice
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Select Test Data Set 1

Click Here

Click Here
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Perform Data Integrity Check

Click Here
85



Perform Normalization

86



Select Multivariate Option
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88

ROC curve analysis

In Details you
get the cut-off 
point, 
Sensitivity and 
Specificity



Select a Module (Power Analysis)
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Statistical Power

• Statistical power is the ability of a test to detect an effect, 
if the effect actually exists
• A power of 0.8 in a clinical trial means that the study has a 80% 

chance of ending up with a statistically significant treatment effect if 
there really was an important difference between treatments.

• To answer research questions:
• How powerful is my study? 

• How many samples do I need to have for what I want to get from the 
study? 
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Statistical Power (cont.)

• The statistical power of a test depends:   
1. Sample size, 

2. Significance criterion (alpha)

3. Magnitude of the effect

Increase power

• Magnitude of the effect

•Sample size

Decrease Power

• Significance criterion

91
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Power vs. Sample size curve

At least 60 samples/group will needed to get a power of 0.8 92



Not Everything Was Covered

• Clustering Methods (K-means, SOM)

• Classification Methods (SVM, Random Forests)

• SAM and EDAM – (used for identification of differentially expressed 
genes in microarray experiments)

• Time-series data analysis & Two factor data analysis

• Integrative pathway analysis (gene and metabolite)

• Batch effect correction - each batch contains roughly the same numbers of 
class labels (i.e. control vs. disease); It can not adjust batch effect if the control 
and disease are in different batches. Quality control samples should be named 
as QC. MetaboAnalyst will detect and align all the tables

• Lipidomics tool - Calculate the upper limit and most probable concentration 
from lipidomics data
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Time Series Analysis in 
MetaboAnalyst
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Integrative Pathway Analysis
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Batch Adjustment
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Lipidomics

97
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