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Machine Learning View of OMICs Integration

ISMB / ECCB 2021
Tutorial 4: A practical introduction to multi-omics integration and network analysis
Nikolay Oskolkov, NBIS ScilifeLab, 22.07.2021
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Image adapted from Molecular Omics, Issue 1, 2018
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The Curse of Dimensionality
complicates OMICs Integration



NB;S The Curse of Dimensionality Sc1L9%Lab

P is the number of features (genes, proteins, genetic variants etc.)
N is the number of observations (samples, cells, nucleotides etc.)

Biomedicine

Bayesianism Frequentism Deep Learning

input layer
hidden layer 1 hidden layer 2

P << N

Amount of Data

~ n T
Y =a+ pX Ex.2 E[az] = p02
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p = (X X) XY
_1 1 Biased ML variance
00, n<<p estimator in HD-space

" det (XTX)




NB;S Equidistant Points in High Dimensions

Density

Distances in High Dimensions Distances in High Dimensions
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Data points become far from each other and The differences between closest and

equidistant from each other in high dimensions furthest data point neighbours disappears
in high-dimensional spaces — can'’t cluster

In high-dimensional space we can not separate cases and controls any more
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Single Cell RNA-seq Studies of the Nervous System [by time)

Our 1.3 million single cell dataset is ready [@] e #
to download
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grace-10x
At ASHG last year, we announced our 1.3 Million Brain Cell Dataset, which is, to date, the largest dataset published
in the single cell RNA-sequencing (scRNA-seq) field. Using the Chromium™ Single Cell 3’ Solution (v2 Chemistry),

we were able to sequence and profile 1,308,421 individual cells from embryonic mice brains. Read more in our
application note Transcriptional Profiling of 1.3 Million Brain Cells with the Chromium™ Single Cell 3’ Solution.

Watch out Underfitting!
Paradise for Deep Learning!

Fig. 2: Identifying the major cell types of mouse organogenesis.

From: The single-cell transcriptional landscape of mammalian organogenesis
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a, t-SNE visualization of 2,026,641 mouse embryo cells (after removing a putative doublet cluster), coloured by cluster identity
(ID) from Louvain clustering (in b), and annotated on the basis of marker genes. The same t-SNE is plotted below, showing only
cells from each stage (cell numbers from left to right: n = 151,000 for E9.5; 370,279 for E10.5; 602,784 for E11.5; 468,088 for E12.5;
434,490 for E13.5). Primitive erythroid (transient) and definitive erythroid (expanding) clusters are boxed. b, Dot plot showing

expression of one selected marker gene per cell type. The size of the dot encodes the percentage of cells within a cell type in
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5,500,000 cells will be indexed into BioTuring
Single-cell Data Repository this September
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RECENT POSTS

A new tool to interactively visualize
single-cell objects (Seurat, Scanpy,
L4 L SingleCellExperiments, ...)

We are glad to announce that we will upsize the current single-cell database in BioTu
5,500,000 cells this Seplemnev With this release, we will double the current wmber of pubhcauons indexed in

5,500,000 cells will be indexed into
BioTuring Single-cell Data Repository
this September
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How to define and evaluate
OMICs Integration?
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OMIC2 LATENT VARIABLE

4000

3000

2000

1000

0

MIX
mics

Clustering of Clusters DISCO

What | Mean by OMICs Integration SCiLfi]%Lab
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As of Jan 26, 2014 our paper is online at Nature Methods

Idea Behind OMICs Integration:
See Patterns Hidden in Individual OMICS
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Texts in Statistical Science
Bayesian
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With Examples in R
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NB; Prediction is an Ultimate Criterion of SCiL.]%Lab

Successful OMICS Integration

Statistics searches for candidates Machine Learning optimizes prediction
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The case of the missing heritability
B. Maher, Nature 456, 18-21 (2008)
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Life Sciences: Boost in Prediction
Methylation (78%) Gene Expression (83%) Phenotype (75%)
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1) Convert to common space:
Neural Networks, SNF, UMAP

2) Explicitly model distributions:

MOFA, Bayesian Networks Data Integration

Accuracy: 96%

3) Extract common variation:
PLS, CCA, Factor Analysis

HEALTHY SICK
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