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Introduction

A bit of history : Back to the sixties

And even before (Pearson (1901), Hotelling (1933), Fisher (1940))

1962. Tukey : The future of analysis.

60’s. Benzecri : Multivariate descriptive analysis tools.

2 / 31



Introduction

Further reading
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Introduction
Exploratory Data Analysis

Data
The model must be data-driven, not the opposite, J P Benzécri

Let the data speak for themselves, J W Tukey

Emphasis on visualization
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Factorial Analyses
Geometrical approach

Data are represented by clouds of points in a multidimensional space

Synthesis by dimensionality reduction

Visualization by a factorial map / scatterplot

One table
▶ PCA, CA, MCA, MDS...
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The extensions
Thioulouse, 2011. Simultaneous analysis of a sequence of paired ecological tables: A comparison of several methods. Ann.

Appl. Stat. 5 (4) 2300 - 2325
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Big Data, x-omics
D Rajusundaram and J Selbig, 2016. More effort, more results: recent advances in integrative omics data analysis.
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Data integration
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Data integration
No structure, different data
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Data integration
No structure, Everything is mixed
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Data integration
Structure - multitables
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K-tables analysis at a glance:
Three steps
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Two Tables:
Coinertia and Redundancy Analysis

Assymmetry: X explains Y: Redundancy Analysis (RDA)
Symmetry: same role for X and Y : Coinertia Analysis (COIA)
CoiA is to covariance what PCA is to variance
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Coinertia : an example
An integrated metabolomic and transcriptomic analysis evaluating heat
and feed stress in layer chickens (Zerjal and Laloë, 2019)
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Coinertia
Transcriptomic and metabolomics analysis

8 animals per line and condition

Total RNA
12873 expressed genes

Metabolome
142 NMR buckets
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Results: A simultaneous representation
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Results: A simultaneous representation
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Results: Detection of covariant variables
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Redundancy Analysis

Symmetry: same role for X and Y : Coinertia Analysis (COIA)

Assymmetry: X explains Y: Redundancy Analysis (RDA)
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Redundancy analysis

Multivariate linear modelling

Anova table

Significance tests (permutation);

Pourcentage of inertia due to
▶ the model
▶ the axes
▶ the different factors in the model
▶ Inertia % = Fst
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RDA and environmental genomics
spatio-climatic structuration of Italian cattle and sheep
Senczuk et al, 2022. How Geography and Climate Shaped the Genomic Diversity of Italian Local

Cattle and Sheep Breeds. Animals, 12(17), 2198.

Y Latitude + Longitude
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geographical structuration of Italian cattle and sheep

How cattle (left) and sheep (right) are structured according to geography
(latitude+longitude)
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geographical structuration of Italian cattle and sheep

Inertia components (geography)

Cattle : 14,7 %

Sheeps : 26,3 %

Simplistic modelling of geography (Latitude:Longitude).

Spatial PCA, neighbouring graphs. Laloë et al. 2010. Spatial trends of genetic variation
of domestic ruminants in Europe. Diversity, 2(6), 932-945.
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K-Tables Analysis
Multiple Factor Analysis (MFA, Escofier and Pagès, 1997)

Same observations, K data tables
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MFA
a weighted PCA
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MFA
A simultaneous representation of the compromise and the
partial analyses
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Individualized multi-omic pathway deviation scores using
multiple factor analysis. An example on TCGA data
Rau et al 2022. Individualized multi-omic pathway deviation scores using multiple factor

analysis. Biostatistics, 23(2), 362-379.
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Individualized multi-omic pathway deviation scores using
multiple factor analysis. An example on TCGA data
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A modern approach

No matrix inversion step
▶ Big Data / Computing
▶ p >> n

No (or a few) assumptions on distributions

Focus on visualization
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A modern approach

Versatility
Mixing quantitative and qualitative

Various designs
▶ Two tables (Coinertia)
▶ Sequences of tables (Multiple Factor Analysis)
▶ Data cubes (Partial Triadic Analysis)

Supervised version: modelling, prediction...
▶ Two or three tables (Redundancy Analysis)
▶ k- tables (Multiblock Redundancy Analysis)
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