
Anatomy of taxonomic profiling data

- Patterns of variation in taxonomic profiling data

- Visualizing the data and statistical summaries



Statistical properties: diving into data

Picture: Nature Publishing Group



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



Cross-sectional 

population (cohort) studies

Prospective 

long-term follow-ups

Longitudinal

ecosystem dynamics

Case-control & Intervention

targeted experimental testing

Common study designs



Organisms and samples are not independent
understanding & modeling the (latent) structure(s)



S X N
Sequence 
Variants / 
OTUs

Individual

From individuals to populations, follow-ups, and multimodal data

S x 1
S x N x T

Population Longitudinal cohort

OTU MetabolomeMetagenome

S x N x T x K “Multi-modal” longitudinal cohort
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Abundance matrix
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Open data: 
Fecal microbiota in 
1000 western adults 
(Lahti et al. Nature 
Comm. 2014)



  

Core microbiota
only few species are prevalent (shared) 
in population at a high abundance

Subjects

M
ic

ro
bi

al
 

ta
xa

Data: HITChip Atlas



  



  

Core & prevalence
prevalence(x)
core(x)
core_members(x)
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Relative versus absolute abundance:
quantitative microbiome profiling

RMP vs. QMP:

drastic effect on 
conclusions!

Vandeputte et al. Nature 551:507-511, 2017 13 / 45



Normalizing library size?
If sample A has been sampled deeper than sample 
B, we the counts can be expected to be higher. 

Compositional data: Divide by the total number of 
reads per sample (compositional abundance)

Problem: Abundant taxa may distort the ratios.



Transformations

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

Model ϴ

x

Data is not compositional!



State diagnosis & manipulation: 
from specific targets to the overall ecosystem 

Diet

Life style 

Antibiotics 

Probiotics

Prebiotics 

Fecal transplants 

18
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Phylogenetic trees



Abundance matrix
● Sparse
● Non-Gaussian
● Overdispersed
● Compositional
● Complex
● Stochastic
● Hierarchical







Problems:
● Few replicates
● Non-gaussian, discrete, 

positive, skewed..
● Multiple testing

Standard t-test for two-group comparison?



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

Tree-based methods
● StructSSI
● phylofactor
● tree-PCA
● UniFrac



https://github.com/mblstamps/stamps20
19/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
https://github.com/mblstamps/stamps2019/blob/master/STAMPS2019_overview_Pop.pdf


- negative controls
- positive controls
- batch..



Statistical aspects: summary

● Biased
● Sparse
● Non-Gaussian
● Overdispersed
● Compositional
● Complex
● Stochastic
● Hierarchical



How to choose
a correct model?



Generative models
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Observations 
(Data)

Model ϴ

x



Generative models

Construct a model
● Incorporate prior knowledge
● Learn the model with some data

Criticize the model
● Generate artificial data
● Compare to real data
● Revise the model
● Regularize overfitting!

Validate the model

ϴ

x



https://github.com/mblstamps/stamps20
19/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
https://github.com/mblstamps/stamps2019/blob/master/STAMPS2019_overview_Pop.pdf














Taylor’s law (in HITChip Atlas)

Heteroschedasticity:
Variance increases with 
the mean

Overdispersion:
Variance increases faster 
than proposed by the 
model

Data: HITChip Atlas

Faecalibacterium
OscillospiraBacteroides

Prevotella
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Effect of shrinkage of log fold-change estimates

Key assumption:

Taxa with similar abundances have similar sample variances

→ Variance can be estimated with a higher precision



Dispersion and 

overdispersion
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