Principal Component Analysis (PCA)

RNA-seq data analysis
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Why PCA?

Simplify complexity, so it becomes easier to work with.
 Reduce number of features (genes)
* Need to transform non-linear relationships to linear

“Remove” redundancies in the data

Identify the most relevant information
Find and filter noise

Data visualization
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How PCA works NB:S ScilifcLab

It is a LINEAR algebraic method of dimensionality reduction.

It is a case inside Singular Value Decomposition (SVD) method (data compression)
Any matrix can be decomposed as a multiplication of other matrices (Matrix Factorization).
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Data transformation and scaling

NB:S SCiLy%Lab

Before applying PCA, the data should be first transformed to a linear scale (i.e. log)

Each feature should be scaled to have a similar center (zero) and similar deviation.
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PCA on Z-score will
separate genes with most
common expression trends
in the first PCs




How PCA works

original data (Z-score)
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How PCA works

PC1 explains >98% of the variance

1 PC thus represents 2 genes very well
“Removing” redundancy

PC2 is nearly insignificant in this example
Could be disregarded

In real life ...
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How PCA works NB:S ScilifcLab

Each PC has a meaning

PC2 PC1

Scnn1g N Ly6g I

Mmp3 s A Clcadb
Hp s Reg3g
E130208F15Rik I ) di4 e S100a9
Adm B o~ S100a8 M
Ptx3 [ ™ Reg3b I
el — — e

as ~— os
Mcpt1 ~ Prss22 [
Dmp1 N Nl Retnlb [N
Mmp10 B Cxcl5
Finc I &) Cxcl2
Cemip Mmp3
Lep 0 Mmpg I
Hist1h2ap I . ® ‘ d4 Serpina3m N
Ly,'a'éé = Voo ' ' ' ' Pyl —
Frma3 PC 1 (28.3%) Bol2115 M
Arhgap40 < > Mcpt1 B
Best2 Len2
rrrrrri rrrrrri
0.00 0.10 0.00 0.10
rotation
M = > VvV
Czarnewski et al 2018

mxn mxm mxn Nxn



A visual intuition of PCA NB:S SciLy%Lab

The top principal components store more important Shakira information
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6’ https://glowingpython.blogspot.com/2011/07/pca-and-image-compression-with-numpy.html



PCA summary NB:S ScilifeLab

It is a LINEAR method of dimensionality reduction

The data is usually SCALED (i.e. Z-score ) and TRANSFORMED (i.e. log) prior to PCA

It is an interpretable dimensionality reduction

The top principal components contain higher variance from the data

Can be used as FILTERING, by selecting only the top significant PCs
* PCs that explain at least 1% of variance
* The first 5-10 PCs




Thank you. Questions?
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