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Brief introduction: who am I

2007   PhD in theoretical physics

2011   medical genetics at Lund University

2016   working at NBIS SciLifeLab, Sweden

SciLifeLab

Lund University



  

My single cell papers using tSNE / UMAP



  

tSNE / UMAP: problem formulation



  

UMAP: Single Cell vs. PopGen

UMAP for
Single Cell Biology

UMAP for
Population Genomics

The All of Us Research Program, Nature 627, 340 (2024)https://www.nature.com/articles/d41586-021-01994-w



  

UMAP (and Single Cell) Criticism



  

How and why tSNE / UMAP 
became popular in Single Cell?



  

How it started (at least in Single Cell)

https://satijalab.org/seurat/articles/pbmc3k_tutorial.html

3k Peripheral Blood Mononuclear Cells (PBMC) available from 10X Genomics

Two principal components (PCs) seem to be insufficient to fully reveal heterogeneity in single cell gene expression data.

Solution: use more PCs or tSNE / UMAP



  

PCA vs. tSNE: when data complexity grows

Three classes of data points Ten classes of data points

Oskolkov et al., unpublished

PCA and tSNE tell the same story tSNE is more informative than PCA



  

If I was a naive PopGen person, may I say: 
UMAP is like PCA but with sharper clusters?

ABSOLUTELY NOT!



  

Fundamentals of linear and non-linear
dimension reduction



  

Dimension reduction: more than visualization

The goal of dimension reduction is not only visualization but also reducing dimensions



Literature on the Curse of Dimensionality

Altman N, Krzywinski M. The curse(s) of dimensionality. Nat Methods. 2018 
Jun;15(6):399-400. doi: 10.1038/s41592-018-0019-x. PMID: 29855577.

Correcting for multiple testing does not solve
the problem of too many false-positive hits



  

Linear dimensionality reduction

M. Bartoschek, N. Oskolkov et al.,
Nature Communications 2018



  

Non-linear dimensionality reduction

M. Bartoschek, N. Oskolkov et al.,
Nature Communications 2018
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Linear dimension reduction: matrix factorization 



  

Non-linear dimension reduction: 
neighborhood graph

1) Construct high-dimensional graph
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3) Collapse the graphs together

Kullback-Leibler divergence



  

tSNE dimension reduction algorithm



  

tSNE does not scale for large data sets?

tSNE does not preserve global structure?

tSNE can only embed into 2-3 dims?

tSNE performs non-parametric mapping
(no variance explained statistics)?

tSNE can not work with high-dimensional 
data directly (PCA needed)?

tSNE uses too much RAM at large perp?

Limitations of tSNE and promise of UMAP

Here is the caveat for PopGen analysis:
meaningless inter-cluster distances hinder interpretation

of functional (genetic) relation between the clusters



  

How is UMAP different from tSNE

UMAP uses local connectivity for high-dim probabilities

UMAP does not normalize probabilities (speed-up)

This is similar to tSNE cost function This term is UMAP specific

UMAP uses Laplacian Eigenmap for initialization

UMAP uses Cross-Entropy (not KL) as cost function

UMAP can deliver a number of components for clustering



  

Going through the post of Rafael Irizarry:

Point1: UMAP makes artificial clusters!



  

Are we looking at 3- or 100-dimensional data?

My experiment:
UMAP on matrix of
pairwise distances

My experiment:
UMAP on raw

data matrix



  

UMAP on matrix of pairwise distances (N=100)



  

UMAP on raw data matrix (N=100)

Is N=100
OK for

statistics?



  

UMAP on raw data matrix (N=1000)



  

UMAP on raw data matrix (N=10 000)



  

Going through the post of Rafael Irizarry:

Point2: There are synthetic datasets 
where tSNE / UMAP fail!



  

PCA works fine on a linear manifold

Oskolkov et al., unpublished



  

PCA vs. tSNE vs. UMAP on non-linear manifold

Oskolkov et al., unpublished



  

Swiss Roll: global vs. local distance preservation 

PCA / MDS Neighborhood graphs

“Who cares about Swiss rolls when you can embed complex real-world data nicely?”
                                                                                                            
                                                                                                                          Laurens van der Maaten (author of tSNE)
                                                                                                                           
                                                                                                                          https://lvdmaaten.github.io/tsne/



  

Going through the post of Rafael Irizarry:

Point3: PCA better than UMAP for PopGen!



  

PCA golden standard in PopGen: still criticized

Novembre et al., Nature 2008



  

HapMap3: UMAP vs PCA (Rafael Irizarry’s post)
UMAP PCA

Are PUR genetically closer to
GBR + IBS than ASW + YRI?

ABSOLUTELY NOT!

● Because of their meaningless inter-cluster distances tSNE / UMAP are less useful for population genomics than PCA.

● The goal of tSNE / UMAP is to discover clusters, which is sufficient for Single Cell Biology but not for PopGen. 

● In PopGen we generally do not discover clusters, we have an idea about e.g. human populations, and the aim is often 
to explore the genetic relatedness between the populations, a task UMAP can absolutely not solve!



  
Downsampled Europeans Downsampled Asians

PCA has a known pitfall:
uneven sampling of populations



  

Final words before you go



  

UMAP does not know anything about the labels

UMAP is just
a model, please 

validate it!

Validation is a 
main criterion

of success



  

Take home: is tSNE / UMAP accurate?

1. The clusters are (mostly) not fake 

tSNE / UMAP is accurate for discovering clusters
(exploring data heterogeneity), and this is good 
enough for single cell biology, but not necessarily 
interesting for population genomics.

2. The inter-cluster distances are (mostly) fake

tSNE / UMAP is not accurate for exploring genetic 
or functional relatedness between clusters, and 
this is (probably) the main interest of population 
genomics.



  

National Bioinformatics 
Infrastructure Sweden (NBIS)
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