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Human microbiome is a 
dynamical system

A microbial system can be 
represented via a population 
dynamic model:

is a time-dependent abundance profile
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non-linear function all ecological parameters: 
growth rates, intra-species 

and inter-species interactions

are these parameters  
host-independent?



• Microbiome-based therapies:  

• A universal dynamics - general interventions to control microbial state 

• Host-specific - personalized interventions 

• middle ground: population specific dynamics 

• Safety concern for faecal microbiota transplantation (FMT): Microbiota are good 
in donor’s gut may not be good in the recipient’s.

Why should we care?
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Computational challenges 
and novelties

• Naively speaking, there are 2 ways to infer the 
parameters in the dynamical model: 

• large number of healthy individuals from temporal 
metagenomics data 

• correlation-based analysis of cross-sectional data 

• Rather than asking what the dynamics are, the 
paper wants to determine whether the dynamics is 
universal or not. The question is much easier. 
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How can we quantify variability 
between two samples?

• overlap between species assemblages

relative abundances

Key observation:  
Given a pair of samples, adding or removing unique species in whatever abundance will lead 
to a change in overlap, but NOT the dissimilarity 

S: set of common species 

if S is empty, O=0 
if 2 samples share all species, O=1 
(no matter the difference in relative abundances) 

• dissimilarity between shared species
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Dissimilarity-overlap curve 
(DOC)

HMP study: 190 gut samples. 17955 pairs

abundance profiles of sample pairs become  
more similar as their overlap becomes higher

6



What’s the big deal of  
the negative slope?

• Claims: 

• A flat DOC is an indication of individual dynamics 

• A negative slope in the high-overlap regions 
indicates universal dynamics
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Support by simulated 
population dynamics models

Lotka-Volterra model
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DOC analysis of gut samples 
from longitudinal studies

time-invariant of healthy individuals

Salmonella infection 
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DOC analysis in different 
body sites
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Effects of host factors
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Effects of host factors
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DOC analysis of human subjects with 
recurrent Clostridium difficile infection
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Conclusion

Faust and Raes Nature 2016

A simple feature (DOC curve) 
interestingly distinguishes 
different microbial systems.

Steady state -> (??) dynamics
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