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Supplementary Figure 1. Expression of AhR across liver lobule A) A zonal expression profile of
normalized expression as described by Yang et al.! and Halpern et al.2 Zone 0 represents the level of
AhR expression in hepatocytes closest to the central vein. Zone 9 represents the level of AhR expression
closest to the portal vein. B) A single cell resolution image of the liver lobule generated by Halpern et al.
with expression levels represented by color from Yang et al. The central vein is denoted by “CV” (black)
with the portal triad denoted by “PN” (white).
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Supplementary Figure 2. §5¢.n, deviates more from 8yepatocytes—portal than 8scyipr - A) A PCA
visualization of the calculated 6.s for a VAE trained without portal hepatocytes. “scGen Hepatocytes —
portal” refers to the prediction by scGen (8¢.en), and “scVIDR Hepatocytes — portal” refers to the
prediction by scVIDR (8s.y;pr) - B) Bar plots of the magnitude of the §.s, and the cosine distance from
the Syepatocytes—portar fOr €ach .. A cosine distance of O represents a &, in the same direction as
SHepatocytes—portal, Of 1 represents a 8. orthogonal to Syepatocytes—portar and of 2 represent a & in the
opposite direction as Syepatocytes—portal-
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Supplementary Figure 3. Prediction of in vitro response of B-cells to IFNS. A) UMAP of latent space of
treated and untreated single-cell expression. UMAP plots are colored by cell type, training split, and
condition, respectively. B) PCA plot of scGen, scVIDR, scPreGAN, and CellOT predictions of B-cell
expression after IFNS treatment. C) scGen, scVIDR, scPreGAN, and CellOT prediction versus
experimental expression data regression plot. Each point represents the mean expression for a
particular gene. Red points represent the top ten differentially expressed genes. Shaded region around
regression line represents the 95% confidence interval. D) Boxplot of R? scores across all tissues in the
PBMC treated dataset. Prediction of all highly variable genes (blue), and top 100 differentially expressed
genes (orange).
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Supplementary Figure 4. Prediction of in vitro dose-response of A549 cells to different drug
treatments. A) UMAP of the latent space of single-cell expression colored by cell type and dose (nM)
respectively. B) Prediction of the dose-response of MALAT1 in response to Belinostat treatment of A549
cells. The differences between the predicted and true distribution and of MALAT1 at each dose are
measured via the Sinkhorn distance. C) Bar plot of prediction performance of the dose-response of
Belinostat administered to A549 cells on the top 100 differentially expressed genes D) Boxplot of
prediction performance of the top 100 differentially expressed genes for the A549 dose-response in all
test dataset epigenetic pathway drugs. E) Boxplot of prediction performance of the top 100 differentially
expressed for the A549 dose-response in all 37 test dataset drugs.
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Supplementary Figure 5. Impact of latent perturbation magnitude and control population size on
overall model performance. A) Sinkhorn distance between the latent distributions of the control and 30
ug/kg doses of TCDD of each cell type on the latent space. B) Bar plot of the control group cell
population size for each cell type. C) Bar plot of mean gene R? for each individual cell type when
predicting only the 30 ug/kg dose of TCDD. D) Bar plot of mean R? for each individual cell type when
predicting across the entire TCDD dose-response experiment. E) scVIDR prediction versus real
expression regression plot of cholangiocytes and stellate cell from mice administered with a 30 ug/kg
dose of TCDD. Each point represents the mean expression of a gene. The top 10 differentially expressed
genes are represented with red points.



Drug Pathway Prediction at 10000 nM
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Supplementary Figure 6. Overall drug pathway performances at the highest administered dose in sci-
plex dataset. A) A boxplot of the mean gene R? across all drug pathways in the test dataset at a dose of
10,000 nM.



A Cell Type Condition Training Split
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Supplementary Figure 7. scVIDR is equivalent to scGen when training on a single cell type. A) A UMAP
of latent space of single-cell expression of two cell types from Kang et al3: CD4T and B cells. They are
colored by cell type, condition, and train test split. B) Validaton of prediction of B-cell perturbation when
VAE is trained solely on CD4-T cells. A regression plot is shown for both scVIDR and scGen performance.
Each point represents the mean expression of a particular gene. Red points represent the top ten
differentially expressed genes. Shaded region around regression line represents the 95% confidence
interval.
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Supplementary Figure 8. scVIDR exhibits similar capabilities to scGEN when doing cross-study
predictions. A) A UMAP of the latent space of single-cell expression from two studies: Kang et al3 (Study
A) and Zheng et al* (Study B). Study B perturbation by IFN-f was predicted by scVIDR. The cells are
colored by study, cell type, condition/prediction, and ISG15 expression. B) A regression plot comparing
Study A with Study B in terms of FGRC+Mono cells. Each point represents the mean expression of a
particular gene. Red points represent the top ten differentially expressed genes. Shaded region around
line represents the 95% confidence interval. C) A barplot representing the correlation between Study A
cells stimulated by IFN-f with Study B control and the correlation between scVIDR predicted Study B
cells stimulated by IFN-S and Study B control.



A Species Condition Training Split
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Supplementary Figure 9. scVIDR predicts the effects of LPS6 on rat cells from mouse, rabbit, and pig
cells better than other state-of-the-art algorithms. A) UMAP of latent space of treated and untreated
single-cell expression. UMAP plots are colored by species, training split, and condition, respectively. B)
PCA plot of scGen, scVIDR, scPreGAN, and CellOT predictions of rat after LPS6 treatment. C) scGen,
scVIDR, scPreGAN, and CellOT prediction versus experimental expression data regression plot. Each
point represents the mean expression for a particular gene. Red points represent the top ten
differentially expressed genes. Shaded region around regression line represents the 95% confidence
interval.
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