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METHODOLOGICAL CHALLENGES

How to integrate several omics datasets in
a joint analysis?
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METHODOLOGICAL CHALLENGES

How to integrate several omics datasets in How to manage the effect of undesirable or
a joint analysis? confounding variables?
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CONTEXT OF THE RADIOPROTECTION STUDY

CHORNOBYL TREE FROGS

Can we identify molecular signatures of chronic exposure to low doses?

2018: sampling of Hyla orientalis tree frog

populations [Burraco 2021, car 2022, Car 2023]

Types of data collected:
Dosimetry (ITDR = Individual Total Dose Rate,

including internal and external contributions from

137Cs and 90Sr)

% Age, phenotype (mass, dimensions)
ﬁ Genomics

@* Transcriptomics
&

Proteomics
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Collection sites inside and outside the Chornobyl
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nuclear power plant)
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CONTEXT

FROGS’ COLLECTION SITES AND RADIATION DOSE RATE
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CONTEXT
CONFOUNDING EFFECT OF THE SITE ON RNA-SEQ DATA
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OBJECTIVES

Advance our understanding of

low-dose radiation effects

———> Design an integrative approach for the joint
analysis of multi-omics data

—> Handle the confounding effect of the collection
site
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OUTLINE

HANDLING THE SITE EFFECT IN THE FROGS RNA-SEQ DATA

TOWARDS ACCOUNTING FOR COVARIATES IN MULTI-OMICS
ANALYSIS
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OUTLINE

HANDLING THE SITE EFFECT IN THE FROGS RNA-SEQ DATA
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HANDLING BATCH EFFECTS (BEs)

Batch effects = biases arising from technical variation [Leek 2010, Goh 2022]

—> C(Can interfere with the analysis of omics data

Batch effects-

Correct for BEs correction
algorithms (BECAS)

Identify batch

sources

Account for
BEs
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BATCH EFFECT-CORRECTION ALGORITHMS

Residualization

[Sims 2008, Garcia 2020]
R package stats or 1limma

Removes linear relationship
between variables and batch

gene For gene g:

expression batch  Diological

condition

Xg=,[>’gTz+c?gy+eg

R residuals
Xg* =gy + &4
batch-
corrected
gene
expression
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BATCH EFFECT-CORRECTION ALGORITHMS

Residualization

[Sims 2008, Garcia 2020]
R package stats or 1limma

Removes linear relationship
between variables and batch

gene For gene g:

expression batch  Diological

condition

Xg=,[>’gTz+c?gy+eg

ComBat_seq
[Zhang 2020]
R package sva

Corrects data distribution to fit a
batch-free distribution

For gene g, sample j, batch i:

Xgij ~ NB(Ugij, gi)

residuals | logugi; = ag + Byyi + vgi +10gN;
* A
Xg =agy t+ &4

batch- average level biological batch library
corrected of expression condition term size

gene
expression
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BATCH EFFECT-CORRECTION ALGORITHMS

Residualization

[Sims 2008, Garcia 2020]
R package stats or 1limma

Removes linear relationship
between variables and batch

ComBat_seq
[Zhang 2020]
R package sva

Corrects data distribution to fit a
batch-free distribution

Surrogate Variable Analysis

(SVA)
[Leek 2007]
R package sva

Identifies unobserved sources of
expression variation

gene For gene g: For gene g, sample j, batch i: For gene g:
expression batch blolggcl‘cal blolggcl'cal
condition X--~NB(,L£ TR0 ) X =& condition
_ AT 5 gij gij» Pgi =gy + &€
Xg=PBgz+ad,y+eg g g g
residuals
. R * —
L residuals | logugi; = ag + Byyi + vgi +10gN; X5 = ¢4
Xg=agy +¢&4 _
_ _ singular value . T
batch- average level’ biological batch library | decomposition X = UXZV tract
corrected of expression condition term size extrac
gene surrogate
expression variables
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CORRECTION STRATEGIES

RNA-SEQ DATA

Identify batch
sources

Residualization

[Sims 2008, Garcia 2020]
R package stats or 1limma

Correct for BEs

ComBat-seq

[Zhang 2020]
R package sva

Account for
BEs

Further information in [Goujon 2024, Car 2023]
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CORRECTION STRATEGIES
RNA-SEQ DATA

Residualization

[Sims 2008, Garcia 2020]
R package stats or 1limma

Correct for BEs

ComBat-seq
[Zhang 2020]

Identlfy batch R package sva
sources

Account for
BEs

Collection
site

Further information in [Goujon 2024, Car 2023]
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CORRECTION STRATEGIES
RNA-SEQ DATA

Residualization

[Sims 2008, Garcia 2020]
R package stats or 1limma

Correct for BEs

ComBat-seq
[Zhang 2020]

Identlfy batch R package sva
sources

Account for

Genetic BES
Collection distance

site groups

Further information in [Goujon 2024, Car 2023]
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CORRECTION STRATEGIES
RNA-SEQ DATA
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Construction of genetic population groups by
hierarchical clustering on genetic distances
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CORRECTION STRATEGIES
RNA-SEQ DATA

Residualization

[Sims 2008, Garcia 2020]
R package stats or 1limma

Correct for BEs

ComBat-seq
[Zhang 2020]

Identlfy batch R package sva
sources

Account for

Genetic Surrogate BEs
Collection distance Variable Analysis
site groups R[tzilliazgoeo'z\]/a

Further information in [Goujon 2024, Car 2023]
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METHODS

Batch effect assessment:
= principal components analysis (PCA) Y visualization

_ quantification
Batch effect correction:

= BECASs: residualization, ComBat-seq, SVA
»both with and without preservation of radiocontamination effects

Performance evaluation:
= visualization and summary statistics

= biological interpretation
» sparse PCA followed by functional enrichment analysis
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RESULTS

BIOLOGICAL INFORMATION IN CORRECTED DATASETS

600 1

400 A
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Method

. Raw
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B cBs genetic ITDR
Res SVs
Res SVs ITDR

Count

Stable genes

. Gene Ontology terms
(biological processes)

Number of stable genes selected
in PCs 1 and 2, and enriched GO
terms

E. GOUJON - BIOPUCES

12/06/2025



RESULTS
ENRICHED GENE ONTOLOGY TERMS
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CORRECTION STRATEGIES

RNA-SEQ DATA

Residualization

[Sims 2008, Garcia 2020]
R package stats or 1limma

Correct for BEs

ComBat-seq
Identify batch FEZQS‘é‘EaSSiSL
sources
Account for
Genetic Surrogate BEs
Collection distance Variable Analysis
site groups e 200 -
method

Further information in [Goujon 2024, Car 2023]
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OUTLINE

TOWARDS ACCOUNTING FOR COVARIATES IN MULTI-OMICS
ANALYSIS

‘ASNR E. GOUJON - BIOPUCES 12/06/2025

16



TOWARDS ACCOUNTING FOR COVARIATES IN MULTI-OMICS
ANALYSIS

partial correlation
coefficient

r(xq, X, |Z)

partial CCA
[Rao 1969]
X1,X2 | Z

| generalization to

multi-block
component analysis
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AC-PCA

SIMULTANEOUS DIMENSION REDUCTION AND ADJUSTMENT FOR
CONFOUNDING [LIN 2016]

—> Penalty scheme used to take confounding factors into account

- dataset X e M, ,,

maxv' X'Xv
vERP

subjectto ||[v||5 <1
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AC-PCA

SIMULTANEOUS DIMENSION REDUCTION AND ADJUSTMENT FOR
CONFOUNDING [LIN 2016]

—> Penalty scheme used to take confounding factors into account

dataset X € M, ,,

confounders matrix Y € M, ;
kernel matrix K =YY"’
parameter 4 > 0

maxv' X'Xv —Av'XTYY Xv
VERP

subjectto ||[v||5 <1

‘ASNR E. GOUJON - BIOPUCES 12/06/2025



AC-PCA

SIMULTANEOUS DIMENSION REDUCTION AND ADJUSTMENT FOR
CONFOUNDING [LIN 2016]

—> Penalty scheme used to take confounding factors into account

dataset X € M, ,,

confounders matrix Y € M, ;
kernel matrix K =YY"’
parameter 4 > 0

maxv' X'Xv —Av'XTYY Xv
VERP

subjectto ||[v||5 <1

cov(Y, Xv)
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AC-PCA

SIMULTANEOUS DIMENSION REDUCTION AND ADJUSTMENT FOR
CONFOUNDING [LIN 2016]

—> Penalty scheme used to take confounding factors into account

dataset X € M, ,,

confounders matrix Y € M,
kernel matrix K = YY'
parameter A >0 or another positive definite matrix

maxv' X'Xv —Av'XT K Xv
VERP

subjectto ||[v||5 <1
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MULTI-BLOCK RGCCA FRAMEWORK

REGULARIZED GENERALIZED CANONICAL CORRELATION ANALYSIS
[TENENHAUS 2014, 2017]

—> Statistical framework for multi-omics integration
variables - X wy

< individuals

X,W,
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MULTI-BLOCK RGCCA FRAMEWORK

REGULARIZED GENERALIZED CANONICAL CORRELATION ANALYSIS
[TENENHAUS 2014, 2017]

—> Statistical framework for multi-omics integration
X{wy

< individuals

variables —»

X,W,

J
max Z Cikd (cov(ijj,kak))

W4,...,. W
=1

under constraintsonwj,j = 1,...,]

° Cjk =1 le] > Xk! else 0
g = convex continuous function

|
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MULTI-BLOCK RGCCA FRAMEWORK

REGULARIZED GENERALIZED CANONICAL CORRELATION ANALYSIS
[TENENHAUS 2014, 2017]

—> Statistical framework for multi-omics integration
X{wy

< individuals

variables —»

X,W,

J
max Z Cikd (cov(ijj,kak))

Wq,...,. W
=1

under constraintsonwj,j = 1,...,]

° Cjk =1 1fX] > Xk! else 0
g = convex continuous function

|
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EXTENSION TO AC-RGCCA

—> Include the constraint in the multi-block RGCCA framework

penalty kernel matrix built from
parameter the confounders
J J
AT
max Cikd cov(ijj,kak) = —w; X; K X;w,
Wl,...,W] _ n
J,k=1 [=1
under constraintsonw; =1, =1,...,]

Iterative algorithm based on block relaxation and Lagragian method
Implementation in R on the GitHub of package RGCCA
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RESULTS ON SIMULATED DATA

PMethod validation
eReproduction of AC-PCA’s results

DEvaluation of results in multi-block simulations
eSimulation scenario:
3 blocks
5 batchs x 10 individuals

Underlying pattern
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CONCLUSION & PERSPECTIVES

AXE 1: HANDLING THE SITE EFFECT IN THE FROGS RNA-SEQ DATA

AXE 2: INTEGRATED APPROACHES TO ADJUST FOR CONFOUNDERS

PMulti-group RGCCA [Tenenhaus 2014] (https://github.com/rgcca-factory/RGCCA/tree/multigroup)
PAC-RGCCA

Current work:

DApplication to the PAC-RGCCA: finish writing DPThesis manuscript
Chornobyl tree frogs the article
study
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