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Machine Learning

ML is increasingly recognized for its capacity to accelerate
research across a range of scientific disciplines by efficiently
identifying patterns within vast and complex datasets.

Input data Analyse data Find pattern Make prediction

In biology, especially in microbiome studies, various experimental
techniques generate vast datasets, which ML analyzes for insights
and predictions, playing a crucial role in advancing scientific
understanding.



Microbiome Data

Microbiome data refers to the collective genetic material of
microorganisms inhabiting a specific environment, such as the
human gut, soil, or water. 

Count data: Indicates the number of occurrences of each
species in a sample.
Presence/absence data: Simply indicate whether each
species is present or absent in a sample.
DNA sequence data: Provide the DNA or RNA sequences.



Biomonitoring

The availability of microbiome data from marine environments has
facilitated the assessment of environmental health.
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https://ambi.azti.es/download

https://ambi.azti.es/download/%E2%80%8B


Ecological Quality

AMBI = ((0 x %G1) + (1.5 x %G2) + (3 x %G3) + (4.5 x %G4) + (6 x %G5)) / 100

Two fundamental pieces of information are needed to calculate the
biotic index: 

species group and abundance.



Ecological Quality

Species 1

Species 2

Species 3

Species 4

Many species belong to group 5 A polluted environment



Ecological Quality Assesment
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     Taxa      | Abundance
     ---------------------
     Species 1 | 30
     Species 2 | 5
     Species 3 | 13
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 DNA barcode   | Taxonomy
 -------------------------
 ATATTCGATGCCG | Species 1
 GATTGCCGATACC | Species 2
 TATGCCTCGATGC | Species 3

      OTUs  | Abundance
      ------------------
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      OTU 3 | 13
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Reconstruct the Information 

Supervised Machine Learning (SML) approache have been
proposed to generate predictive models of BI values from eDNA
data, even with unassigned taxa.
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Other Incomplete Information

Train ML on

Test ML onSample 2

Sample 1

Sample 3

Sample 2

Sample 1

a key limitation arises when applying SML to samples with different
compositional data, necessitating the development of new models
using new training data.



Reconstruct the Information 
Again

We proposed a solution that involves predicting EQ with minimal
reference samples using USML.

R statistic = 0.593; P-value= 0.001 R statistic = 0.395; P-value= 0.001
R statistic = 0.894; P-value= 0.001

R statistic = 0.794; P-value= 0.001 R statistic = 0.14; P-value= 0.001
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We proposed a solution taht involves predicting EQ with minimal
reference samples using USML.
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Challenges

This approach demonstrates effective predictive capabilities,
notably for eukaryotic markers, while highlighting challenges with
dispersed bacterial data and single taxonomic group markers like
foraminifera.



Conclusion

Our approach presents a promising solution to address the
persistent challenge of insufficient data in reference databases. 

Despite the progress made, it's important to note that the problem
remains unsolved, highlighting the need for further research and

innovation in this area.

Although supervised machine learning (SML) generally
outperforms unsupervised machine learning (USML), the problem

of missing labels hinders its use.
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Reconstructing Hidden Ground
Truths via Votes



Condorcet, aka, Father of
Crowdsourcing



Chap I: Before Dark Times
What reconstructing information

meant during my PhD
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Main Idea



Noise Models: Mallows



Neutrality

Example:



Homogeneous Noise



Homogeneous Noise

Examples:

Jaccard: 1/card

Dice: 2/(card+1)



Heterogeneous Noise



Condorcet Noise
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General Conclusion


