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Application: 
contig clustering for metagenome assembly



Cluster contigs by co-occurrence and sequence composition 
in order to recover metagenomic species

CONCOCT
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Contig: TCGAAATTACGGTCGATTTTAAACTCGGTCTGGA...

k-mer content: “TCGA”

k=4: 136 tetramers (excl. palindromic sequences)

Each contig has a profile over the 136 tetramers

Contig composition (4-bp strings)
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High-dimensional feature space (53 + 136)!

→ drop dimensionality with PCA (d~20; 90%)

→ multivariate gaussian clusters

→ infer the cluster number automatically

CONCOCT

Coverage Composition

Composition
136 tetramers

Coverage 
53 samples

Cluster contigs by co-occurrence and sequence composition 
in order to recover metagenomic species



Clustering contigs by 
coverage and 
composition 
(CONCOCT)
Variational Dirichlet 
Process multivariate 
mixture models work 
very well in practical 
applications with high-
dimensional data

Alneberg et al. Nature Methods 2014



  

Core microbiota variation (N = 5005)
Z-score across subjects: red – high abundance & blue – low abundance
Core microbiota shows remarḱable variation across population.



Figure: Faust et al. Curr. Op. Microbiol. 2015
Data: Gajer et al. 2012
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Community 
states in vaginal 
microbiome of 
reproductive-
age women
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Observations 
(Data)
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Posterior PriorLikelihood
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Gaussian Likelihood
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N(x|μ,σ)

Likelihood
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Posterior PriorLikelihood
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Prior
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PriorLikelihood

Data
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Likelihood Prior

Posterior



23



24

Posterior for Gaussian mean



25https://towardsdatascience.com/a-zero-math-introduction-to-markov-chain-monte-carlo-methods-dcba889e0c50
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http://doingbayesiandataanalysis.blogspot.com/2013/10/diagrams-for-hierarchical-models-we.html



27

Estimating the posterior?
● Analytical solution..
● Gibbs sampling, Markov Chain Monte Carlo (MCMC)
● Variational Inference (VI)
● Hamiltonian Monte Carlo (HMC)
● Approximate Bayesian Computation (ABC)
● ...
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https://towardsdatascience.com/a-zero-math-introduction-to-markov-chain-monte-carlo-methods-dcba889e0c50
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https://towardsdatascience.com/a-zero-math-introduction-to-markov-chain-monte-carlo-methods-dcba889e0c50
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https://towardsdatascience.com/a-zero-math-introduction-to-markov-chain-monte-carlo-methods-dcba889e0c50
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https://towardsdatascience.com/a-zero-math-introduction-to-markov-chain-monte-carlo-methods-dcba889e0c50
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https://towardsdatascience.com/a-zero-math-introduction-to-markov-chain-monte-carlo-methods-dcba889e0c50
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https://blog.stata.com/2016/11/15/introduction-to-bayesian-statistics-part-2-mcmc-and-the-
metropolis-hastings-algorithm/
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15 year prospective view (Finland / FINRISK2002)

2002 ~7000+ stool samples: omics 
and clinical measurements.

2017 comprehensive health 
information from Finnish registers

15+ year follow up

With: Teemu Niiranen, Veikko Salomaa, Rob Knight, Mohit Jain, Mike Inouye, Aaro Salosensaari, Ville Laitinen, and others



  

Taxonomic profiles (N = 5005)
Z-score across subjects: red – high abundance & blue – low abundance - HITChip Atlas



Cox proportional hazards

Baseline 
hazard

Hazard
function Data Coefficients



Alternative 
priors: P(β)



Aki Vehtari

Sparsity!



Function, multi-omics, causality, mechanisms



Multi-view learning



Ecology and evolution are connected 
processes
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Traditional population level view when 
counting only individuals:
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Genotype 1

Genotype 2

We need information about 
the underlying genotype dynamics as well



Source: Susan Holmes | http://web.stanford.edu/class/bios221/Short-Phyloseq-Resources.html



High disturbance

Low disturbance



Eco-evo





Do species age?
Hypothesis: the longer a species has been 
around, the more likely it will go extinct. 



Rejection: Fossil data did not support this. 

Old and young species have a similar probability 
to go extinct at any point. 



(Leigh) Van Valen’s "Law of Extinction": Probability of extinction does not depend 
on the lifetime of the population / “Half-life of species”

Van Valen, Leigh (1973). "A new evolutionary law". 
Evolutionary Theory. 1: 1–30.

https://en.wikipedia.org/wiki/Leigh_Van_Valen
http://ebme.marine.rutgers.edu/HistoryEarthSystems/HistEarthSystems_Fall2010/VanValen%201973%20Evol%20%20Theor%20.pdf


https://www.helsinki.fi/en/news/science-news/new-interpretation-of-the-red-queens-
hypothesis-its-about-expansion

Red Queen explains how her country 
differs from Alice’s: 

“Now, here, you see, it takes all the 
running you can do, to keep in the 
same place. If you want to get 
somewhere else, you must run at least 
twice as fast as that!"

Explanation?
Red Queen Hypothesis: organisms must 
constantly adapt, evolve, and proliferate in 
order to survive. A classic evolutionary 
theory (Van Valen, 1973). 

A search for ‘Red Queen’ on Google 
Scholar gives over a million hits, 
reflecting the enormous influence this 
idea has had and continues to have in 
a wide sector of science.





Hat pattern
Contradiction! Jernvall & Fortelius (2004). Do species age or not?

Originally reported in: Jernvall, 
J.&Fortelius, M.Maintenance of 
trophic structure in fossil 
mammal communities: site 
occupancy and taxon resilience. 
The American Naturalist164, 
614-624 (2004).



Expansion, 
stabilization, decline

“It takes all the running 
you can do, to keep in 
the same place. If you 
want to get 
somewhere else, you 
must run at least 
twice as fast as that!"



It is likely that a species will 
get extinct by random chance 
in the long run.

More than three peaks are very 
seldom observed in real data.



Memory effects emphasize 
the Red Queen effect.



Through the Looking-Glass, 
and What Alice Found 
There (Lewis Carroll, 1871) 

Resolution: Hat Pattern is compatible with the Law of Constant Extinction, and predicted 
by the Red Queen’s Hypothesis.



How to choose
a correct model?







Summary & Conclusions



Statistical aspects

- supervised / unsupervised
- exploration / modeling
- mechanistic / non-mechanistic
- parametric / non-parametric
- deterministic / stochastic



Learning goals

● Statistical thinking in microbiome studies
● The concept of open and reproducible research
● Familiarity with standard tools in amplicon profiling 
● Looking at your own research problems in new ways
● Networking & collaboration!
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