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Big data

4Eisenstein, Nature 2015; Noor et al, Curr Opinion Syst Biol 2019



The human GIS

5Topol, Cell 2014
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Omics

6Siroux et al, Eur Respir Rev 2016
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Omics
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Conventional biology vs multi-omics

9Yugi et al, Trends Biotechnol 2016
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Conventional biology vs multi-omics

10Yugi et al, Trends Biotechnol 2016
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complementary approach



Omics integration challenges

• Data collected from different sources and techniques

• Biological heterogeneity

• High data dimensionality:

- Small sample size (N<p)

- Data dimensionality different by omic type

• Missing values

• Methods for integrative analyses

11Chadeau-Hyam et al, in Dagnino et al, Unraveling the Exposome, 2018
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Methods

12Huang et al, Front Genet 2017

Unsupervised Supervised
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Methods

13Huang et al, Front Genet 2017

Unsupervised
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MULTI-OMICS ANALYSIS OF BIRTHWEIGHT



Birthweight

Alfano et al, Metabolism 2020 16
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Population and samples
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Multi-step method
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Model overview Downstream analyses
Pathways

Network
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Results
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chemokine signalling
pathway



Results

N=1097 newborns
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Multi-Omics Factor Analysis (MOFA) of chronic 
lymphocytic leukemia



Chronic lymphocytic leukemia study

Study of chronic lymphocytic leukaemia 
(CLL), which combined:

-somatic mutation status

-transcriptome profiling 

-DNA methylation assays

-ex vivo drug response measurements

Nearly 40% of the 200 samples were 
profiled with some but not all omics types

Argelaguet et al, Mol Syst Biol 2018

The multi-omics era                                         Methods                                             Examples        The microbiome and the multi-omics

23



MOFA method
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Model overview Downstream analyses
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Results
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Results
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Why 16s rRNA is not enough?

Huttenhower et al, Nature 2012

Carriage of microbial taxa varies while metabolic pathways remain stable within a healthy population
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Each meta-omic reveals different layers of information

16s rRNA Metagenomics Meta Metaproteomics Metametabolomics
sequencing transcriptomics

29Zhang et al, Microbiome 2019
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Holo-omic domain

Nyholm et al, iScience 2020 30
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31Chen et al, Cell 2012

Integrated Personal Omics Profiling (iPOP)
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Host–microbe multi-omics dynamics in prediabetes

32Zhou et al, Nature 2019
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NO MICROBIOME IS AN ISLAND ENTIRE OF ITSELF

Adapted from Zhang et al, Mol Cell Proteomics 2019
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