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Single cell data is represented in M x N matrix

Associated information (e.g. timepoint, patient, response)
about each barcode / cell is saved
in a separate dataframe.



Timepoint

Cell counts by patient by timepoint



Analysis steps:
1. Calculate normalized Z scores:

1. Normalize values per cell
2. Log-scale values
3. Scale values

2. Select highly informative genes (37k -> 3k):
1. Remove known biological artefacts
2. Select variable genes 

3. Principal component analysis (PCA)
4. Integrate using Harmony (reduces batch effect)
5. Compute neighborhood graph
6. Dimensionality reduction:

1. UMAP
2. Force directed layout

7. Find doublets and remove them
8. Repeat 1-6 without doublets
9. Find clusters / cell types



Before filtering doublets: (223 782, 37 733)
After filtering doublets: (222 932, 37 733)
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Analysis steps:
1. Calculate normalized Z scores:

1. Normalize values per cell
2. Log-scale values
3. Scale values
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- Linear -> logarithmic effect
- Scale data to unit variance and zero mean.



Analysis steps:
Select highly informative genes (37k -> 3k):

Remove known biological artefacts
Select variable genes 

Remove known biological artefacts:
- Exclude mitochondrial, ribosomal and hemoglobin genes

Find and select the most variable genes



Before Harmony 
integrate

After Harmony 
integrate

Principal component analysis (PCA)
Integrate using Harmony (reduces batch 







GENE_
1

GENE_
2

GENE_
3 … GENE_

N

CELL_
1 10 0 15 0

REFRACTORY

SENSITIVE



CR vs RD timepoint 1 only
Rapidly dividing cells  only
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