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The demise of alchemy provides further evidence, if further evidence were 
needed, that what marks out modern science is not the conduct of 
experiments (alchemists conducted plenty of experiments), but the 
formation of a critical community capable of assessing discoveries and 
replicating results. Alchemy, as a clandestine enterprise, could never 
develop a community of the right sort. Popper was right to think that 
science can flourish only in an open society.

The Invention of Science: A New History of the Scientific Revolution, by David Wootton



Source: Wikimedia Commons / Public domain

Open
reporting and communication 
were part of academic culture 
since the early days

Research Ideas and Outcomes 3:e13593, 2017

Proceedings of the 19th International Academic Mindtrek Conference 2015. ACM New York, NY, USA. ISBN: 978-1-4503-3948-3
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workflows

community

reproducibility

ml4microbiome.eu
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(some) elements of 
microbiome data science



Interventions

Cross-sectional analysis

Prospective analysis

Longitudinal dynamics

Multi-omics

Case-control studies

The variety of study types 

Data preprocessing

https://github.com/mblstamps/stamps20
19/blob/master/STAMPS2019_overview
_Pop.pdf

Finite sampling

Vandeputte et al. Nature 551:507-511, 2017
Compositionality

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
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Microbiome research is data-intensive 
and relies on a heterogeneous array of
sophisticated computational techniques

Gonze et al. Curr. Op. Microbiol. 2018.  Microbial communities as dynamical systems.



Reproducible workflows improve transparency and robustness

R for Data Science / H. Wickham

Taxonomic level?
- Phylum
- Family
- Order
- Genus
- Species
- Strain..

(Dis)similarity?
- Eulidean
- Aitchison
- Bray-Curtis
- Jaccard
- weighted Unifrac
- unweighted Unifrac

Clustering
- Hierarchical / Ward
- Hierarchical / Complete
- Gaussian mixture
- DMM
- PAMR
- K-means

Normalization
- None
- TSS
- CSS
- ILR/ALR/CLR
- phILR
- Hellinger

Regulation
- Calinski-Harabasz
- Dirichlet Process
- Silhouette Index
- AIC
- BIC
- DIC



Lee, (2019). Happy Belly Bioinformatics: 
an open-source resource dedicated to 
helping biologists utilize bioinformatics. 
Journal of Open Source Education, 4(41), 
53, https://doi.org/10.21105/jose.00053



How to choose a correct model?
→ a community typing example

Taxonomic level
- Phylum
- Family
- Order
- Genus
- Species
- Strain..

(Dis)similarity
- Eulidean
- Aitchison
- Bray-Curtis
- Jaccard
- weighted Unifrac
- unweighted Unifrac

Clustering method
- Hierarchical / Ward
- Hierarchical / Complete
- Gaussian mixture
- DMM
- PAMR
- K-means

Normalization
- None
- TSS
- CSS
- ILR/ALR/CLR
- phILR
- Hellinger

Regulation
- Calinski-Harabasz
- Dirichlet Process
- Silhouette Index
- AIC
- BIC
- DIC

2 x 66 = 93312

Walk-through example in R/Bioc by Holmes & McMurdie 
http://statweb.stanford.edu/~susan/papers/EnterotypeRR.html

Filtering
- None
- Prevalent
- Core
- Excl. outliers
- High variance
- Custom

Enterotypes in the landscape of gut microbial community 
composition. Costea et al. Nature 2018.
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PCoA or PCA – 
different methods, different results?

FINRISK – Salosensaari et al. Nat. Comm. 2021





Researchers make hundreds of decisions about data collection, 
preparation, and analysis in their research. We use a many‐
analysts approach to measure the extent and impact of these 
decisions. Two published causal empirical results are replicated 
by seven replicators each. We find large differences in data 
preparation and analysis decisions, many of which would not 
likely be reported in a publication. No two replicators reported the 
same sample size. Statistical significance varied across 
replications, and for one of the studies the effect's sign varied as 
well. The standard deviation of estimates across replications was 
3–4 times the mean reported standard error.

13 / 36
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Data Algorithms Results



Data Methods Results

?



http://web.stanford.edu/class/cs109l/unrestricted/
images/

16 / 36



“I have begun to think that no one ought to publish 
biometric results, without lodging a well arranged and 
well bound manuscript copy of all his data, in some 
place whereit should be accessible, under reasonable 
restrictions, to those who desire to verify his work.” 

Francis Galton (1901), Biometrika 1:1, pp. 7-10. 

Data silo



open data science ecosystems
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Varying cultures of open collaboration
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R for Data Science / H. Wickham

Data science workflow

popular data containers 
support collaborative research 

and methods development



Reduce overlapping efforts, improve interoperability, ensure sustainability. 

   

   

Data packages

miaViz - 
Visualization

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

Package ecosystem



Special properties of microbiome data

● Sparse
● Compositional
● Non-Gaussian
● Overdispersed
● Discrete
● Complex
● Stochastic
● Multi-level
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Stability & resilienceCore & prevalence
prevalence(x)
core(x)
core_members(x)

Alpha & beta 
diversity

alpha(x)
diversity(x)
evenness(x)
dominance(x)
rarity(x)
readcount(x)

Transformations

transform(x, “compositional”)
transform(x, “clr”)
transform(x, “log10p”)
transform(x, “hellinger”)
transform(x, “identity”)

Community
- Online tutorials
- Mailing list
- Gitter chat
- Example data
- Workshops Quality control

- continous integration
- unit tests

microbiome.github.io



A survey for 16S 
Github.com/microsud/
Tools-Microbiome-Analysis
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Open access resource for human microbiome. SciLifeLab, King´s College London, INRAE

Figure: Domenick Braccia, EuroBioc 2020.

Workflow approach: 
knitting together open data, methods & application

- comprehensive
- extendable
- reproducible
- collaborative
- transparent

Check the poster
F1000 / EuroBioC!
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elements of computational workflows

(transparent?) data

(open) algorithms

(reproducible) reporting

31 / 36



32

MIT License



Orchestrating Microbiome Analysis with R/Bioc 
microbiome.github.io

Figure source: Moreno-Indias et al. (2021) Statistical and Machine 
Learning Techniques in Human Microbiome Studies: Contemporary 
Challenges and Solutions. Frontiers in Microbiology 12:11. 



Training events in microbiome data science

ML4Microbiome Symposium: Grand Challenges of Data-Intensive Science in microbiome data analysis and training (Oct 14)

ML4Microbiome Training School, Sep/Oct 2021

Workshop on modeling microbial community time series. Leuven, Belgium, November, 2021 

Brain, Bacteria and Behaviour: Understanding the Gut-Brain Axis online summer school, The Netherlands, July 2021

NORBIS Summer School; National research school in bioinformatics, biostatistics and systems biology, Norway, Aug 2021 

Microbiome Data Analysis Workshop - Hasselt University, Limburg, Belgium, Apr 2021

Techniques for skin microbiome research - Savitribai Phule Pune University, Pune, India, Jan 2021

Modern statistics for microbiome bioinformatics - Pune, India, Dec 2019

Intestinal microbiome of humans and animals. Wageningen University and Research Center, The Netherlands, Oct 2019

Microbiome data science. Singapore Centre for Environmental and Life Science Engineering Sep, 2019

Statistical techniques in microbiome bioinformatics - Sep 2019 Radboud University Nijmegen, The Netherlands

International summer school on microbial community modeling - Sep 2019 KU Leuven, Belgium

International spring school on open microbiome data analysis - 2018 Wageningen, The Netherlands

International summer school on microbial network analysis - 2017 KU Leuven, Belgium

datascience.utu.fi | ml4microbiome.eu
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Open workflows

transparency & reproducibility

collaborative research & training

quality & efficiency 

ml4microbiome.eu
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