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Outline 

• Introduction (updates) of two free web 
application 

– MetaboAnalyst 2.0 

– ROCCET 

• Background & basic concepts 

• Screenshot tutorials 

• Live demo (if we have time) 
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MetaboAnalyst 
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Other utilities 

Two/multi-group analysis Enrichment analysis Time-series analysis  

Quality checking Image Center 

• GC/LC-MS raw spectra 
• Peak lists 
• Spectral bins 
• Concentration table 

• Spectra processing  
• Peak processing 
• Noise filtering 
• Missing value estimation 

• Row-wise normalization  
• Column-wise normalization 
• Combined approach  

Data input  Data processing  Data normalization 
Data integrity 

check 

Functional Interpretation Statistical Exploration 

• Univariate analysis  
• Correlation analysis 
• Chemometric analysis 
• Feature selection  
• Cluster analysis  
• Classification  

• Data overview   
• Two-way ANOVA 
• ANOVA - SCA 
• Time-course analysis 

Pathway analysis 

• Enrichment analysis 
• Topology analysis 
• Interactive visualization 

• Over representation analysis 
• Single sample profiling 
• Quantitative enrichment    
   analysis  

Outputs 

• Resolution: 150/300/600 dpi 
• Format: png, tiff, pdf, svg, ps 

• Processed data 
• Result tables 
• Analysis report 
• Images 

• Methods comparision 
• Temporal drift 
• Batch effect 
• Biolgoical checking 

• Peak searching  
• Pathway mapping 
• Name/ID conversion 
• Lipidomics 



MetaboAnalyst Overview 

• Raw data processing 

• Data reduction & statistical analysis 

• Functional enrichment analysis 

• Metabolic pathway analysis 

• Quality control analysis 

 



Data processing overview 

• Supported data formats 

– Concentration tables 

– Peak lists 

– Spectral bins 

– Raw spectra (* not recommended) 



Example Datasets 



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



Data Upload 

 



Alternatively …  



Data Integrity Check 

 



Data Normalization 

 



Normalization Result  

 



Quality Control 

• Dealing with outliers  

– Detected mainly by visual inspection 

– May be corrected by normalization 

– May be excluded 

• Dealing with missing values 

• Noise reduction 

 



Visual Inspection 

• What does an outlier look like? 

Finding outliers via PCA Finding outliers via Heatmap 
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Quality Check Module 



Outlier Removal 



Data Filtering 

• Characteristics of noise & uninformative 
features 
– Low intensities 

– Low variances (default) 



Noise Reduction 



Missing values 
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Dimension Reduction & 
Statistical Analysis 

  



Common tasks 

• To identify important features; 

• To detect interesting patterns; 

• To assess difference between the phenotypes  

• To facilitate classification / prediction 

  

 





ANOVA  



View Individual Compounds 



Overall correlation pattern 



Specify format 

Specify resolution 

Specify size 

High resolution image 



Template Matching 
• Looking for compounds showing interesting patterns of 

change 

• Essentially a method to look for linear trends or periodic 
trends in the data 

• Best for data that has 3 or more groups 



Template Matching (cont.)  

Strong linear  
+ correlation 
to grain % 

Strong linear  
- correlation 
to grain % 



PCA Scores Plot 



PCA Loading Plot 

Compounds 
most responsible 
for separation 



PLS-DA Score Plot 



Evaluation of PLS-DA Model 

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

• More components to model 
improves quality of fit, but 
try to minimize this value 

• 3 Component model seems 
to be a good compromise 
here 

• Good R2/Q2 (>0.7) 



Important Compounds 



Model Validation 



Heatmap Visualization 



Heatmap Visualization (cont.) 

 



Download Results 



Analysis Report 



Metabolite Set Enrichment 
Analysis (MSEA) 

  



Enrichment Analysis 

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

• Biological meaningful groups 

– Pathways 

– Disease 

– Localization 

• Currently, only supports human metabolomic data 



MSEA 

• Accepts 3 kinds of input files 

• 1) list of metabolite names only (ORA) 

• 2) list of metabolite names + concentration 
data from a single sample (SSP) 

• 3) a concentration table with a list of 
metabolite names + concentrations for 
multiple samples/patients (QEA) 



The MSEA approach 
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Assess metabolite set 
directly 

Compound concentrations 

Compound selection  
(t-tests, clustering) 

Abnormal compounds 

Compound concentrations  

Metabolite set libraries 

Over Representation 
Analysis 

Quantitative Enrichment 
Analysis 

Biological interpretation 

Find enriched biological themes 

Compound concentrations 

Important compound lists 

Single Sample Profiling 

Compare to normal 
references 

ORA input 
For MSEA 



Start with a compound List 



Upload Compound List 



Compound Name Standardization 



Name Standardization (cont.) 



Select a Metabolite Set Library 



Result 



Result (cont.) 



The Matched Metabolite Set 



Single Sample Profiling 



Single Sample Profiling (cont.) 



Concentration Comparison 



Concentration Comparison (cont.) 



Quantitative Enrichment Analysis 



Result 



The Matched Metabolite Set 



Metabolic Pathway Analysis 

  



Pathway Analysis 

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

– Considering the structures of pathway  

– Dynamic pathway visualization 

• Currently supports ~1500 pathways covering 
17 organisms (based on KEGG) 



Network Topology 
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Junker et al. BMC Bioinformatics 2006 

 Which positions are 
important?  

 Hubs  

 Nodes that are highly connected 
(red ones) 

 Bottlenecks  

 Nodes on many shortest paths 
between other nodes (blue ones) 

 Graph theory 

 Degree centrality 

 Betweenness centrality 



Data Upload 



Pathway Libraries 



Network Topology Analysis 



Pathway Visualization 

 



Pathway Visualization (cont.) 

 



Result 

 



Not Everything Was Covered 

• Clustering (K-means, SOM) 

• Classification (SVM, randomForests) 

• Time-series data analysis 

• Two -factor data analysis 

• Peak searching 

• …. 



Two Factor Analysis 

• Two – way ANOVA 

• Two – way heatmap 

71 

Seed Color

BS YS

fructose

glucose
acetate

lactate
succinate

tryptophan
tyrosine

fumarate
aminobutyrate

pyroglutamate
lysine

valine
isoleucine

leucine
arginine

3-hydroxy

aspartate
glutamine

proline
malate

alanine
glycerate

myo-inositol
threonine

glutamate
serine

pyruvate
sucrose

phenylalanine
formate

malonate

-1

0

1

2

3

Salt Concentration

0 mM 50 mM 100 mM



Time series data analysis 

• ANOVA-SCA 

• Multivariate Empirical Bayes  

 



Biomarker Discovery & 
Performance Evaluation 
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ROCCET (www.roccet.ca) 

74 

Classical ROC  ROC Explorer ROC Tester 



Sensitivity, Specificity & ROC curve  

• Two important performance measures in a 
diagnostic tests  

– Sensitivity (true positive rate) 

– Specificity (true negative rate) 

• Cutoff dependent  

– Increase cutoff, will improve specificity, decease 
sensitivity 

• ROC curves integrate these two measures  
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How to construct ROC curves 

• Input: a score on a univariate scale 

– A test gives continuous value (i.e. blood Glucose 
level) 

– A classifier that produces a continuous score (i.e. 
likelihood, probabilities)   
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Classical ROC curve 
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TA Lasko, et al (2005) 



Explore ROC space 

• The ROC curve itself (visualization) 

• Compare different ROC curves 

– Area under the curve 

• AUC 

– When two curves cross 

• Partial AUC (pAUC) 

– Confidence Intervals 

• Empirical ROC curves are  

based on samples  
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Understand AUC  

• Area under an ROC curve (AUC) 

a. The probability that a classifier will rank a randomly 
chosen positive instance higher than a randomly chosen 
negative one 

a. The average specificity across all values of sensitivity 

b. The average sensitivity across all values of specificity 
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ROCCET 

• ROC curves – based biomarker discovery and 
performance evaluation 
– Classical ROC Curve Analysis for individual 

biomarker 

– Multivariate biomarker model creation & 
assessment (automatic / manual mode) 
• PLSDA, Linear SVM, Random Forests 

– Calculate AUC & partial AUC with confidence 
intervals 

– Other supporting utilities  
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AUC, pAUC & CI 
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Posterior probabilities 
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Accuracies 
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ROC & Posterior probabilities 
(with hold-out) 

• AUC = 1 • Accuracy = 7/8  
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Permutations 

Based on AUC Based on accuracy 
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Over-estimation 

Classical : 0.726 

 

CV-based: 0.673 
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Some Technical Details (1) 

• Calculate AUC 

– Empirical or non-parametric method 

• Connecting data points with straight lines 

• Trapezoid rules 

• Calculate CI 

– Bootstrapping  (classical univariate) 

– Repeated random sampling & cross validation 
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Some Technical Details (2) 

• Biomarker selection 

– Classical univariate 

• AUC/pAUC 

– Multivariate MCCV-based 

1. Feature selection 
– PLSDA (VIP score) 

– RandomForest (mean decrease accuracy) 

– Linear SVM (feature weight) 

2. Model Selection 
– AUC/pAUC 
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