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Human-body
as

ecosystem

Connected 
to health

Predict disease from gut microbiome composition
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What we are attempting: Healthy vs Crohn’s Disease classification
through gut microbiome data



  

Measuring microbial composition:
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Species
A

Species
C

Species
B

RAW dataBiological
samples

● Sample collection
● Sample storage
● DNA extraction
● Sequencing

● Reference taxonomy database
● Classification pipeline
● Normalization choice
● Presence/absence threshold

Taxonomic space
representation
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Each study comes with its own bias:



  

● Data dimensionality: ~1000 dimensions, ~100 samples; 
● Compositional data: abundance comparison meaningful?
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Challenging data environment:

Dimensionality reduction through Archetypal Analysis



  

Convex combination:

NAME CONSTRAINT SPAN

1) Linear combination   → no constraint                     → linear span

2) Conical combination → coefficients ≥ 0                  → conical span
(a>0, b>0)

3) Affine combination    → coefficients sum = 1          →  affine hull
(a+b=1)

4) Convex combination → coefficients ≥ 0 & sum = 1 → convex hull
(a>0, b>0, a+b=1)

2 vectors
(line)

3 vectors
(triangle)

4 vectors
(“tetrahedron”)

Kinds of Vector Combinations:



  

Archetypal Analysis:

2 Steps:
1)Construct Archetypes as convex 

combinations of data (B matrix)
2)Reconstructed Data as convex 

combination of Archetypes (A matrix)

The key idea behind 
Archetipal Analysis consists 
of building an approximete 
representation of the data as 
a convex combination of a 
limited number of archetypal-
points, which are themselves 
defined as a convex 
combination of data points.

First the archetypes are 
constructed from the data, 
then the data are represented 
in therms of the archetypes.

This gives back an achetype-
based dimensionality 
reduction of the dataset, 
obtained by solving a 
minimization problem on 
reconstruction error.

[1] [1]

[1] G. G. Cobo, Archetypal analysis and applications 2022



  

Diagnosis:

Archetypal representation of data:

Study:

Informative and noninformative archetypes:



  

projection

Mitigating study biases:
Diagnosis: Study:

Diagnosis: Study:

Remove dataset 
specific information

Keep diagnosis 
related information



  

Classification with kernel SVM:

Decision boundary in archetypal representation space:



  

Preliminary Results of classification framework:

cross validation:
Leave One Group Out (LOGO)



  

Room for of improvement:

● Preselection of informative species
● Defining a non-discrimination region 



  

T h a n k y o u !T h a n k y o u !
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