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NMDR:Study-level analysis options
Study summary page Study detail page

Study statistics page



Analysis tools applied to the data for the selected NMDR study
A study may have more than one analysis (dataset)

Metabolite classification
Pie chart of metabolite super classes
Pie chart of metabolite main classes
Pie chart of metabolite sub classes

Normalization and averaging
Show Metabolite averages per experimental factor
Perform normalization on data
Create Relative log abundance plots

Univariate analysis
Perform multi-condition dot plot analysis
Perform Volcano plot analysis
Perform ANOVA analysis and class enrichment analysis
MetENP analysis

Clustering and correlation
Perform hierarchical or heatmap cluster analysis
Perform Clustered correlation analysis
Perform Network analysis on correlated metabolites (mapped to classification)
Perform Network analysis on correlated metabolites (mapped to fold-change)

Multivariate analysis
Perform Principal component analysis
Perform Linear discriminant analysis
Perform Partial least-squares discriminant analysis (PLS-DA)

Classification and feature analysis
Perform OPLS-DA and VIP projection
Random Forest and VIP projection

Mapping metabolites to human biochemical pathways
Map study metabolites to HMDB and KEGG pathways
Map study metabolites to pathways with ratio/t-test data



Study-specific analysis toolbox



Pie-chart of metabolite super classes detected in a study
Metabolite names are mapped to RefMet which is linked to a chemical classification system



Pie-chart of metabolite sub classes detected in a study



Pie-chart of metabolite sub classes detected in a study
Restrict to a selected super class



Normalization and averaging: Sample normalization
Sample normalization



Normalization and averaging: Analyte scaling

Analyte scaling: choose scaling method and analysis type



Normalization and averaging: Abundance plots

Relative log Abundance plots

Choose mode (within or across sample groups)



Volcano plot analysis tool
Most tools contain a form where the user selects appropriate experimental groups and analysis parameters prior to running the program

In this case, samples before and after Prednisolone treatment are compared. This study 
contains 4 analyses (different metabolite classes) and all  data will be combined. A p-value 
cutoff of 0.5 and fold-change cutoff of 1.5 are selected for the volcano plot analysis step. 
Metabolites will be classified by sub class (as opposed to main class).  No sample 
normalization will be performed prior to analysis.

Analyses for this study:
Triacylglycerols
Sphingolipids
Phospholipids, Cholesterol esters and Diacylglycerols
Spingosine-1-phosphates



ANOVA analysis tool
Most tools contain a form where the user selects appropriate experimental groups and analysis parameters prior to running the program

Choose experimental factor to analyze by ANOVA (in this case it is before and after drug 
treatment), analysis group, p-value cutoff and classification group.

Analyses for this study:
Triacylglycerols
Sphingolipids
Phospholipids, Cholesterol esters and Diacylglycerols
Spingosine-1-phosphates



ANOVA analysis tool: Results
Most tools contain a form where the user selects appropriate experimental groups and analysis parameters prior to running the program

Bubble plot representation of significant ANOVA metabolite classes
Colored circles represent significant metabolites, gray circles represent all 
metabolites per class

Individual metabolites
(sorted by p-value)

Metabolite sub classes
(mean values)

Columns are sortable



Volcano plot analysis results

Clickable icons

Table of results with log2 
fold-change,t-test p-values 
and metabolite classification

Default sort is by Main 
class/sub class
Click on “t-test P-value” 
heading to sort by that item

Columns are sortable



Volcano plot analysis results (sorted by t-test p-value)

12 out of 12 PI’s were 
significantly 
downregulated

Individual metabolites
(sorted by p-value)

4 out of 12 PE’s were 
significantly 
upregulated

Metabolite sub classes
(mean values)



Volcano plot analysis results (click on icons)

Volcano plot

Class enrichment plot Barplot of significantly altered metabolite classes

Bubble plot of –log10 p-value vs fraction directional change

Click on bubble to 
show data table



Example: Metabolite changes associated with methionine stress sensitivity of 
human breast  cancer cells. Use 100uM Methionine group as control and compare 
370uM Homocysteine groups at various timepoints.

Multi-condition dot-plot analysis
Useful for plotting time-course data or comparing multiple experimental conditions to controls

Query builder GUI

Plots



Multi-condition dot-plot analysis results

Individual  metabolite PlotMetabolite class Plot

All groups are being compared to the control group (100uM Methionine treatment)

Increasing time -> Increasing time ->



Multi-condition dot-plot analysis
Useful for plotting time-course data or comparing multiple experimental conditions to controls

Restrict to a single class
(triacylglycerols)

No significant changes compared to control in the TAG 
class were observed at the 24hr timepoint, so that 
column is absent in the plot.



Cluster analysis tools

Heatmap Cluster analysis

Hierarchial Cluster analysis



Cluster analysis tools

Clustered correlation analysis

Select analysis group and correlation cutoff value (default=0.75)



Network analysis tools (mapped to classification)
Pearson correlation or Debiased Sparse Partial Correlation (DSPC) 

Select groups, correlation method, correlation value cutoff, 
DSPC p-value cutoff and sample normalization options

Zoom in to see metabolite labels

View a single 
metabolite class 
using group menu

Hover over edge to display 
correlation coefficient



Network analysis tools (mapped to fold-change)

Select groups to compare by fold-change, correlation method, 
correlation value cutoff, DSPC p-value cutoff and sample 
normalization options

Zoom in to see metabolite labels

View only up, 
down, unchanged 
using group menu
Up:red
Down: green



Multivariate analysis tools (LDA example)

Scores plot

Loadings plot

Choose conditions to 
analyze

Alternatively, run LDA 
on all analysis groups 
in a study combined. 
This analysis is being 
run only one group 
(phospholipids/DAG/
CE)



Multivariate analysis tools (PLS-DA example)

Scores plot

Choose an analysis 
group



Multivariate analysis tools (PLS-DA example)

Scores plot

Choose an analysis 
group



Classification and feature analysis tools (OPLS-DA example)

Scores plot

Choose experimental 
conditions for the 2 
groups being 
compared



Classification and feature analysis tools (Random Forest example)

VIP plot

Choose experimental 
conditions for the 2 
groups being 
compared



Mapping metabolites to human biochemical pathways

Choose experimental 
conditions for the 2 
groups being 
compared

Limit by pathway class

Results table contains ratios and t-test p-values for each 
metabolite which is associated with a biochemical pathway

A pathway enrichment score table is also generated

Links to human SMPDB pathway



Meta-analysis tools (across different studies)



Metabolomics Tools:Load and analyze your own dataset
Modular, portable suite of statistical tools for metabolomics analysis
 R statistics-based approach

• Normalization and scaling
• Bar graphs and Boxplots
• Univariate Analysis
• Multivariate Analysis
• Clustering and Correlation
• Feature Analysis

 Ability to select and combine groups of experimental conditions (factors)
 Applicable to targeted and untargeted datasets
 Workflow enables classification of metabolite names via RefMet
 Classified datasets are then amenable to class-specific and pathway-specific analysis



Metabolomics Tools:Load and analyze your own dataset
https://www.metabolomicsworkbench.org/data/analyze.php

This is an option to analyze your 
own dataset (as opposed to a 
submitted NMDR study)

File format required:
Column 1: sample names
Column 2: group identifier (letters, numbers or text)
Columns 3 to n: Variables



Analysis tools available on user-uploaded data
(these are NOT submitted studies –a data table is uploaded via a form )

Normalization and scaling
Sample normalization
Analyte scaling
Relative log abundance plot

Bargraphs and Boxplots
Bargraph
Bargraph ratio
Boxplot 

Univariate Analysis
Volcano Plot 
ANOVA analysis
Debiased sparse partial correlation analysis

Clustering and Correlation
Hierarchical Cluster Analysis 
Pearson Correlation:
Clustered correlation analysis 

Multivariate Analysis
Principal Component Analysis 
Linear Discriminant Analysis 

Classification and Feature Analysis
OPLS-DA/VIP analysis 
Random Forest/VIP analysis 

Mapping of input metabolite 
names to RefMet facilitates  
enables deployment of 
classification tools



Metabolomics Tools:Load and analyze your own dataset
Examples of output from online tools
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