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Predict disease from gut microbiome composition



What We are attempting:
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study country instrument

he2019two China Illumina HiSeq 2000 105.295082
ijaz2017distinct  Scotland Illumina MiSeq  107.306122
lloyd2019multi USA  Illumina HiSeq 2000 106.315068

Healthy vs Crohn’s Disease classification
through gut microbiome data
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Measuring microbial composition:
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Each study comes with its own bias:
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Challenging data environment:

e Data dimensionality: ~1000 dimensions, ~100 samples;
* Compositional data: abundance comparison meaningful?
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‘ Dimensionality reduction through Archetypal Analysis



Convex combination:

—

U = avy + bus

Kinds of Vector Combinations:
NAME CONSTRAINT SPAN

1) Linear combination - no constraint - linear span L’

2) Conical combination - coefficients = 0 — conical span
(a>0, b>0)

3) Affine combination - coefficients sum =1 - affine hull Lv
(atb=1)

4) Convex combination - coefficients 20 & sum =1 - convex hull L’

(a>0, b>0, a+b=1)
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Archetypal Analysis:

2 Steps:
1)Construct Archetypes as convex
combinations of data (B matrix)
2)Reconstructed Data as convex
combination of Archetypes (A matrix)

(A*, B*) = arg I}lliél RSS(A, B|X)

— argmin || X — ABX||?
A,B

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



Archetypal representation of data:

Informative and noninformative archetypes:

Diagnosis:
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Mitigating study biases:

Diagnosis: Study:

. . Iloyl/d2019multi
@ e CD @ o ijaz2017distinct
° H ° he2019two
O A(h, * center O Aq, * center
° L] ! '.. . . '. ° L ] ! . L]
A5 4. 2 © AR D5 . o
%e® 00 * Q:‘...O %o 1*. A&".)Q)’m’;;: o © ’...— K «A
e 3> .
° Xx e o . ° * o
L] o P ° . :.
o Ady ~ A% o Ad s * A2
® . - - .'m -0 C
projection <
& ; A3
:
Remove dataset

specific information : .
P Diagnosis: Study:

1
® lloyd2019multi

Keep dlagnOS|S .. ¢ . o . ‘ o ijaz2017distinct
related information ve e Sl v et s apuison
’RQ':: .. ‘ . ° .A.i. ® «°
A4 . o C o.-.-'A-]*,. . A‘b: Lo .Aj*
AR A% T




Classification with kernel SVM:

Decision boundary in archetypal representation space:
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Preliminary Results of classification framework:
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cross validation:

AUC=0.94 : he2019two : pos=H
AUC=0.83 : jjaz2017distinct : pos=H
AUC=0.63 : lloyd2019multi : pos=H
AUC=0.74: all : pos=H
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Room for of improvement:

* Preselection of informative species

* Defining a non-discrimination region
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