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Comprehensive statistical, functional and 
integrative analysis of microbiome data



Tutorial for Microbiome Metabolomics 



 

 Metabolomics is critical to connecting microbial 
community composition and phenotypes at the 
level of altered metabolic processes in recent 
microbiome studies 

 General statistical correlation analysis often 
leads to many false positives, making biological 
interpretation difficult.

 Integrating high dimensional microbiome and 
their corresponding metabolomics data remains 
a significant challenge.

Motavition



Overview 
Goal: to support intergrative analysis for microbiome and metabolomics data in both statistically  
          and biologically meaningful perspective 

Approches (refer to method selection page for more details): 
• Dimensionality reduction: Procrustes analysis (PA) and data integration analysis for biomarker 

discovery using latent components (DIABLO) are implemented to reveal the overall pattern of the 
paired microbiome and metabolomics datasets. 

• Metabolic network and pathway analysis:  Support pathway enrichment analysis for  KO, 
metabolites and peaks against customized metabolic space based on the taxonomy input and 
visualization in an interactive network. 

• Microbiome-metabolome correlation analysis: Provide statistical correlation, model-based 
correlation analysis as well as integrated corelation analysis

Data type: 
• Microbiome data: ASV/OTU/KO count table, taxonomy list

• Metabolomics data: Targeted (metabolite) / Untargeted (Peak) as intensity table or list
    



I. Start from paired abundance tables: 

• Metadata file should be consistent between the two data types.
• Taxonomy annotation is required for the marker gene data which can be provided as a table 

or as IDs in OTU/ASV table.
• For metabolites, users need to select the ID type. Names, KEGG IDs and HMDB IDs are 

accepeted.  For peaks, general formats (mz, mz__rt and mz@rt)  are accepted.

1. Choose the abundance table tab 

2. Click upload the metadata file in .txt 
or .csv format. 

3. Choose OTU/ASV or KO count table 
(.txt,.csv) to upload. 

4. Choose metabolite or peak intensity 
table to upload. 

5. Proceed to integrity check  



Notes for normalized data upload: 

It is highly advised to upload your microbiome 
abundance table containing raw counts to benefit 
the best practices for data analysis. However, if 
your data has already been normalized:

• Indicate it is Normalized data using the check 
box (shown in the red box  to the different data 
types)

• Bypass data filtering and normalization 
(Optional)

• The function for predicting metabolites from 
different taxonomy will become inappropriate 
during data analysis.



Data integrity check: 

Details of 
uploaded files 
are displayed 
here 

Available file 
downloads for 
each page are 
displayed here

Check the summary 
of each dataset here 
and make sure they 
are correct.

Proceed to continue



Data processing: 

• Different approaches are applied to different omics type

• Background color and ticks suggest the completeness of each processing step , as exemplified by 
the figure on the right. 

Click here to change 
the data type.  

Click here to change 
the omics type for 
processing



Data processing: 

Auto scale can be set 
as dufault to make the 
datasets in the same 
scale 

Overall pattern of the 
two datasets 
according to their 
processing result 
presenting by PCA 
and density plot

When all the 
processing is 
finished, 
users can 
click proceed 
on the 
bottom to 
continue  



Comparision analysis: 
• Aim to identify significant features from individual omics. 
• MaAsLin2 is used for microbiome and Limma is used for metabolomics data. Both methods 

are based on general linear models.

The main metadata of interest included as a 'fixed effect' in the 
linear model whose coefficient are displayed in the results table.   

If primary metadata is categorical, 
specify the comparison of interest.   

Both covariates and 
blocking factor will 
impact statistics 
extracted for the 

primary metadata.



Comparision analysis: 
• Comparision results are displayed as tables including fold change, raw p-value and adjusted p-

value. Feature details can be viewed as box plot by clicking the picture icon.  

Check the comparision results for each 
omics type by selecting the corresponding 
tab

The result for different taxonomy 
can be updated and checked here.



Methods Selection: 

Tune the KEGG metabolic netowork for 
enrichment analysis. Significant taxa is only  
applicable for marker gene input.

Choose the heatmap mode here. 
Prediction heatmap is not suitable for 
KO and peaks input.



Procruste analysis summary: 

Proceed to visualization

Check statistical 
summary here

View plot 
summary



Procruste analysis visualization: 

Scatter plot tools:
• Change higlight color
• Reset
• Rotate view on click
• Drag view on click
• Zoom in
• Zoom out
• Switch inset and 

main view
• Remove inset view
• Set ellipsoids

Use these options to 
customzie the taxonomy 
level, apperance of the 
nodes and edges, or 
download the images.

Use thes options 
for overall 
bisualization 
settings

Click a sample or 
feature to
see more info here



DIABLO analysis summary: 

View plot 
summary

Proceed to visualization



DIABLO analysis visualization: 

Insert view

Switch omics type here 
Switch view  mode 
among score plot, 
loading plot and biplot  

Select the features of 
interest to highlight in 
the scatter plot   



Pathway & network analysis: Customzie the appearance 
of the network here

Pathway enrichment 
result. Select the 
pathway of interest 
to higlight in the 
network 

Detail information 
of the selected 
patwhay

Click the node to see 
the most correlated 
taxa for the selected 
metabolite



Correlation analysis: 

Set taxonomy 
level, color and 
font size for 
heatmap

Parameters for 
prediction heatmap 
including GEM 
database used for 
prediction model, 
potential score and 
significance

The color indicates the level of 
correlation and average 
potential score in the correlation 
heatmap and prediction 
heatmap, respectively.         

Parameters for correlation 
heatmap including correlation 
method, threshhold, 
significance and direction

Asterisk means the 
given correlation 
passes the setting 
significance 

Diamond indicate the given 
correlation is identified as 
significant by both 
statistical correlation result 
and prediction result    



II.Start from paired lists: 

1. Choose the Feature List tab 

2. Specify the taxonomy level and 
ID type. Click upload to paste 
input your list in the text box.   

3. Specify the metabolite or peak 
list here and upload accordingly. 

Metabolite only

4.Proceed to continue 



Name Mapping: 
Check the name mapping 
results for each omics type by 
selecting the corresponding 
tab.

Unwanted features 
can be deleted here.

For microbial taxonomy, 
KEGG, GEM (Agora 
and EMBL) and NCBI 
ID are provided.

For metabolites, KEGG 
and GEMs ID are 
provided.



Methods Selection: 

Not appliable for list input

Only prediction heatmap is 
appliable for list input. It shows 
the potential of each taxon to 
produce each metabolite

Metabolic network and 
Heatmap visualization 
is same as the table 
input  



The End
For more information, visit Tutorials, Resources
and Contact pages on www.microbiomeanalyst.ca
Also visit our forum for FAQs on www.omicsforum.ca


