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Lectures (45 min + 15 min breaks)

     9:15-10:00  - Welcome & introduction - Leo Lahti, Associate professor (UTU)

    10:15-11:00 - Metagenomics - Katariina Pärnänen, Postdoctoral researcher (UTU)

    11:15-12:00 - Metabolomics - Pande Putu Erawijantari, Postdoctoral researcher (UTU)

    12:15-13:00 - Multiomics - Leo Lahti, Associate professor (UTU)

    13:00-14      - Lunch break

Practical session

    14:15-17:00 - Tuomas Borman and Chouaib Benchraka, Research assistants (UTU)

        Data import and data structures

        Microbiome data exploration & visualization

Day 1 (Times in CET)
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multi-omics



Limited observations → data integration?
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By identifying and integrating 
biological signals in multi-
omics data under this powerful 
framework, we can finally find what 
causes the rich and 
varied observable traits (phenotype) 
of a living being.
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https://www.vanderschaar-lab.com/self-semi-supervised-learning/





Prediction / Association / Supervised learning
- Regression
- PLS-DA
- Random Forest
- SVM
- etc. 



Brief Bioinform, bbab454, https://doi.org/10.1093/bib/bbab454
The content of this slide may be subject to copyright: please see the slide notes for details.

Deep learning?

https://doi.org/10.1093/bib/bbab454
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Bi-clustering: cross-correlating data sets 
(microbiota & serum metabolites)



Multi-view learning

https://github.com/mblstamps/stamps2019/blob/master/
STAMPS2019_overview_Pop.pdf

https://github.com/mblstamps/stamps2019/blob/master/STAMPS2019_overview_Pop.pdf
https://github.com/mblstamps/stamps2019/blob/master/STAMPS2019_overview_Pop.pdf








Interpreting the parameters



https://biofam.github.io/MOFA2/



Mechanisms, causality?
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A survey for microbiome analysis tools in R:
Github.com/microsud/Tools-Microbiome-Analysis

→ Compatibility?



Data set Tool Outcome

Data set Tool Outcome

Data set Tool Outcome

Data set Tool Outcome

Data set Tool Outcome

Different data, different tools?



Tool

Tool

Data set Tool Outcome

Tool

Tool

Reduce overlapping efforts, improve interoperability, ensure sustainability. 



Reduce overlapping efforts, improve interoperability, ensure sustainability. 

   

   

Community

Method 
Packages                            

Data
Container

https://activeforlife.com/2020-outdoor-learning/



Optimal container for multi-omics data?

Multiple assays 
seamless interlinking

Hierarchical data 
supporting samples & features

Side information 
extended capabilities & data types

Optimized 
for speed & memory

Integrated 
with other applications & frameworks

Reduce overlapping efforts, improve interoperability, ensure sustainability. 
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MultiAssayExperiment



Genomics

Single Cell

Microbiomics

...







Overview of phases 1 and 2 of the human microbiome project. Source: Wikipedia.

Multi-omics









TreeSummarizedExperiment data container
by Ruizhu @fiona Huang; initially proposed for microbiome research by Hector Bravo & Domenick Braccia

Seamless conversion from phyloseq & other raw data types

Tested tools for hierarchical data 

Inherit support for sparse 
matrices & multiple assays 

Improved speed & memory

Detailed sequence information 
with DNAStringSet(List).
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Omics data container
TreeSummarizedExperiment

Individuals
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Gut microbiota: 1000 western adults 
(Lahti et al. Nature Comm. 2014)

Genomics
Epigenomics
Microbiomics

Lipidomics
Proteomics
Glycomics
Foodomics

Transcriptomics
Metabolomics
Culturomics
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MultiAssayExperiment
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Reduce overlapping efforts, improve interoperability, ensure sustainability. 

   

   Community

Method 
Packages                            

Data
Class

Data packages

miaViz - 
Visualization

mia – 
microbiome analysis
getDiversity(x)
calculateDMM(x)

Package ecosystem



Figure by Domenick Braccia (EuroBioC 2020)

Example workflow – microbiome.github.io
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https://activeforlife.com/2020-outdoor-learning/

Playing together!



Understanding the hologenomic domain is a fiendishly difficult problem, with a complex tangle of interactions at many molecular 
levels both within and between organisms. FindingPheno aims to solve this problem, developing a unified statistical framework for 

the intelligent integration of multi-omic data from both host and microbiome to understand biological outcomes.

We apply state-of-the-art mathematical and machine learning approaches taken from evolutionary genomics, collective behaviour 
analysis, ecosystem dynamics, statistical modelling, and applied agricultural research to give us a truly interdisciplinary perspective 

towards solving this difficult problem. Our project takes a unique two-pronged approach: combining biology-agnostic machine 
learning methods with biology-informed hierarchical modelling to increase the power and adaptability of our predictive tools.

The tools created in FindingPheno are expected to significantly improve how we understand and utilise the functions provided by 
microbiomes in combating human diseases as well as the way we produce sustainable food for future generations.
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