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Microbiome bioinformatics

Data science workflows

Open science & reproducible research



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

Open
reporting and communication 
were part of academic culture 

since the early days
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The human genome holds an 
extraordinary trove of information about 
human development, physiology, 
medicine and evolution. Here we report 
the results of an international 
collaboration to produce and make 
freely available a draft sequence of the 
human genome. We also present an 
initial analysis of the data, describing 
some of the insights that can be gleaned 
from the sequence.

~2001



FINRISK cohort (2002)
20 year follow-up

Population register data



FINRISKI (N = 7211)

You?

Gut microbiome and mortality risk
Deaths 
(700+)





FINRISK (N = 7211 from 2002)

Gut microbiome similarity among Finnish adults

- How many clusters?
- Which clusters?
- Where are the boundaries
- Who belongs to which cluster?



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.



http://statweb.stanford.edu/~susan/papers/EnterotypeRR.html

PCoA + Bray-Curtis PCA + Aitchison



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.



P < 0.05
P < 0.04 P < 0.06
Effect? No effect?



(barely) not statistically significant (p=0.052)
a barely detectable statistically significant difference (p=0.073)
a borderline significant trend (p=0.09)
a certain trend toward significance (p=0.08)
a clear tendency to significance (p=0.052)
a clear trend (p<0.09)
a clear, strong trend (p=0.09)
a considerable trend toward significance (p=0.069)
a decreasing trend (p=0.09)
a definite trend (p=0.08)
a distinct trend toward significance (p=0.07)
a favorable trend (p=0.09)
a favourable statistical trend (p=0.09)
a little significant (p<0.1)
a margin at the edge of significance (p=0.0608)
a marginal trend (p=0.09)
a marginal trend toward significance (p=0.052)
a marked trend (p=0.07)
a mild trend (p<0.09)
a moderate trend toward significance (p=0.068)
a near-significant trend (p=0.07)
a negative trend (p=0.09)
a nonsignificant trend (p<0.1)
a nonsignificant trend toward significance (p=0.1)
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Data Methods Results

?

http://web.stanford.edu/class/cs109l/unrestricted/images/
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How we choose which model to apply?
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reproducibility & automation
sharing & collaboration

transparency

Data science workflow

R for Data Science / H. Wickham



open data science ecosystems
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Varying cultures of open collaboration





Features x samples

”Omics” data
taxonomic abundance table

Omics in Oxford English Dictionary:
in cellular and molecular biology, 

forming nouns with the sense 
"all constituents considered collectively"

Genomics
Epigenomics
Microbiomics

Lipidomics
Proteomics
Glycomics
Foodomics

Transcriptomics
Metabolomics
Culturomics

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



Features x samples

Sample side 
information



Features x samples

Feature 
side 

information

Sample side 
information



Feature 
side 

information

Sample side 
information

Multiple
assays / 
omics?
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“Data container” 
(TreeSummarizedExperiment)



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





Open & reproducible workflow 



  
This image was created by Scriberia for The Turing Way community 
DOI: 10.5281/zenodo.3 332807. 
Licensed with Creative Commons Attribution 4.0 International license.



  

Number of open analysis tools
has grown exponentially



A survey for 16S 
Github.com/microsud/
Tools-Microbiome-Analysis



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. 

Forthcoming courses & events:
June 20-23, Oulu, Finland
July 11-15, Nijmegen, The Netherlands
August 8-12, Pune, India (online / hybrid?)
Sep 26-30, CSC, Finland (online)
Oct 5-7, Barcelona, Spain (ML4microbiome)
Nov, Turku, Finland?

microbiome.github.io

Online tutorial
(beta)
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