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Extended Data Fig. 3 | Comparison of the ability of each method to predict 
the expression of genes across conditions for 13 datasets. The panels show 
different distance and correlation measures comparing the predicted expression 
in condition B for cells from condition A against the observed expression of cells in 
condition B and vice versa. The L2 distance and the correleation where calculated 

using the mean of the predictions and observations over all cells or per cell type. 
As the distances varied by two orders of magnitude between datasets, we divided 
each distance by the mean per dataset. The red points show the mean per method. 
The arrows next to the metric indicate if larger or smaller values indicate better 
performance. S.D.: standard deviation, MMD: maximum mean discrepancy.
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Extended Data Fig. 4 | FDR control and power for all methods across eleven 
datasets where we average across the ten replicates per dataset. (A) Line plot 
of the nominal FDR against the observed false discovery proportion. The FDR is 
the expectation of the false discovery proportion over many samples. The blue 
line shows the average. (B) Scatter plot of the relative TPR at an FDR = 10% for 

each method across eleven datasets standardized by the mean per dataset. The 
point range shows the mean and standard error. If the average observed FDR 
is larger than 10% the point is greyed out. FDR: false discovery rate, TPR: true 
discovery rate.
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Extended Data Fig. 5 | Glioblastoma cell type assignment and multi-condition 
biplots. (A) Marker gene and (B) chromosome-aggregated expression levels 
for each cell type. The the tumor cells are known to bear an amplification of 
chromosome 7 and a deletion of chromosome 1020, so we identified the tumor 
cluster using the ratio of average gene expression on chromosome 7, resp.  

10, over the average expression on chromosomes 1-5 (C) Multi-condition biplots 
showing (left) the first two dimensions of the LEMUR latent space (Z) for all cells 
overlayed with arrows representing (middle) three cell type marker genes from 
Panel A and (right) a gene with large expression change specifically in myeloid 
cells (HIST3H2A, more details in Extended Data Fig. 6).
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Extended Data Fig. 6 | Differential expression patterns for seven genes with 
the neighborhoods inferred by LEMUR. (A) UMAPs colored by gene expression 
(log-normalized counts). The black line encircles 80% of the cells inside the gene-
specific differential expression neighborhood. (B) UMAPs colored by predicted 

expression change per cell. The cells are separated depending if they are inside 
or outside the neighborhood. (C) Scatter plot of the pseudobulked expression 
values per condition, neighborhood status and sample. ctrl: control, neighb.: 
neighborhood, pan: Panobinostat, expr: expression.
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Extended Data Fig. 7 | Cell type annotation for zebrafish. (A) Left panel: UMAP 
of the full timecourse data with cells colored by tissue type as annotated in 
Saunders et al.24. Middle and right panel: Cell type annotations for central nervous 

system and periderm also from Saunders et al.24. (B) Gene expression of krt8 in the 
periderm over time. (C) Gene expression of nrxn2a in the central nervous system 
over time. The overlayed points are the synthetic cells from Fig. 5B.
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Extended Data Fig. 8 | Cell type annotation for mouse brain datasets.  
(A) UMAP of the Alzheimer’s disease mouse model dataset colored and split by 
cell type annotation provided by Yao et al.29. The dashed shape is the 97% density 
contour of the cells inside the neighborhood. (B) Scatter plot with smoothing 
fit of the pseudobulked gene expression of Jun against the binned amyloid-β 

plaque density. Each dot is the pseudobulked expression per mouse, cell type, 
plaque density bin, and neighborhood status. The text at the top of the graph lists 
the number of cells from that cell type which were inside and outside of the Jun 
neighborhood.
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Extended Data Table 1 | Overview of the patients from whom the glioblastoma biopsies originated
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