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Human microbiome IS a
dynamical system
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Why should we care”

 Microbiome-based therapies:
e A universal dynamics - general interventions to control microbial state
* Host-specific - personalized interventions

e middle ground: population specific dynamics
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« Safety concern for faecal microbiota transplantation (FMT): Microbiota are good
In donor’s gut may not be good in the recipient’s.
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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 iIs much easier.
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How can we guantify variability
between two samples”

e overlap between species assemblages e dissimilarity between shared species
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Key observation:
Given a pair of samples, adding or removing unigue species in whatever abundance will lead
to a change in overlap, but NOT the dissimilarigy



Dissimilarity-overlap curve
DOC

HMP study: 190 gut samples. 17955 pairs
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abundance profiles of sample pairs become
more similar as their overlap becomes higher



What's the big deal of
the negative slope”

e Claims:

* Aflat DOC is an indication of individual dynamics

* A negative slope in the high-overlap regions
indicates universal dynamics



Support by simulated
ulation dynamics models
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DOC analysis of gut samples
from longitudinal studies
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DOC analysis in different
pbody sites
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Figure 3 | Detecting universality of microbial dynamics in different body

sites. a-h, We calculated DOC:s for real (dark blue) and randomized (dark

red) samples of two data sets: (1) SMP: gut (a), tongue (b), forehead skin (cl),

palm skin (c2); (2) HMP: gut (d), tongue dorsam (el), attached keratinized

gingiva (e2), buccal mucosa (e3), hard palate (e4), palatine tonsils (e5),

subgingival plaque (e6), supergingival plaque (e7), throat (e8), saliva (e9), left/

right antecubital fossa (f1/£2), left/right retroauricular crease (£3/f4), vaginal
introitus (g1), mid-vagina (g2), posterior fornix (g3), anterior nares (h). The
overlap distributions of the real between-subjects sample pairs are shown in T
pink. The vertical green line represents the change point (see Methods).
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Fffects of host factors
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Fffects of host factors
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DOC analysis of human subjects with
recurrent Clostridium difficile infection
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Conclusion

A simple feature (DOC curve) a  Universal dynamics

interestingly distinguishes ® O
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