
ST4Health – MLGenom

High-dimensional statistics and machine learning for
genomics
Chloé-Agathe Azencott

Center for Computational Biology (CBIO)
Mines ParisTech – Institut Curie – INSERM U1331

PSL Research University & PRAIRIE-PSAI, Paris, France

Nov 3, 2026
http://cazencott.info chloe-agathe.azencott@minesparis.psl.eu @cazencott@lipn.info



Statistics (and machine learning) for genomics
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High dimensional data
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Course programme
Nov 3 Introduction
Nov 5 Gene expression analysis
Nov 17 & Dec 1 Genome-wide association studies & Mendelian randomization
Dec 8 & 15 Dimensionality reduction & Clustering
Jan 5 Exam

— Each topic: part lecture, part lab (Python or R)

— Prepare the lab before the session

— Lecturers: Chloé Azencott, Florian Massip and Marie Verbanck

— Teaching assistant: Katia Antonenko

— https://moodle.psl.eu/user/index.php?id=39582
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Exam (Jan. 5)
60% oral evaluation + 30% written quiz + 10% engagement

— Written quiz 15 minutes
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Exam (Jan. 5)
60% oral evaluation + 30% written quiz + 10% engagement

— Written quiz 15 minutes

— Oral evaluation in 4 or 5 groups of 2 or 3 students

— Present a publication chosen among those proposed (see on Moodle):
— Biological question
— Limitations of state-of-the-art approaches
— Methodological contribution
— Selected results
— Discussion

— 15 minutes for the presentation + 15 minutes for questions
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Exam (Jan. 5)
60% oral evaluation + 30% written quiz + 10% engagement

— Written quiz 15 minutes

— Oral evaluation in 4 or 5 groups of 2 or 3 students

— Present a publication chosen among those proposed (see on Moodle):
— Biological question
— Limitations of state-of-the-art approaches
— Methodological contribution
— Selected results
— Discussion

— 15 minutes for the presentation + 15 minutes for questions

— Form groups and chose publication (full list on Nov. 5) on Moodle by Nov. 17
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I. The curse of dimensionality

r 2r

In dimension d :
Volume of the cube Volume of the sphere

(2r)d 2rdπd/2
dΓ(d/2)

Γ generalizes the factorial: Γ(n) = (n − 1)! if n ∈ N

Bellman (1961), Adaptive control processes: a guided tour, Princeton University Press
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II. Feature selection in high dimension

— 1. Filter methods

— 2. Embedded methods
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II.1. Filter methods: hypothesis testing
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Multiple testing
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Control of the Family-Wise Error Rate
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Control of the False Discovery Rate
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Correlation between features
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II.2. Embedded methods
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Group Lasso
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III. Other challenges
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