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Supplementary Fig. 1. Strategy and results of systematic literature search and data collection. a Overview of terms used for systematic
literature search of the PubMed database. All search terms were limited to title/abstract only using the [tiab] tag. Groups of terms, as indicated by gray
boxes, were connected by 'OR' within groups and by 'AND' between groups. b Flow diagram describing the strategy and results of study inclusion.
For each stage, inclusion and exclusion criteria are indicated by tick marks and crosses, respectively.
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Supplementary Fig. 2. Summary of HLC generation protocols. Summary of all HLC generation protocols included in this study. Each arrow
represents a (de)differentiation step; the duration of each step is presented underneath. The summay of protocols is shown concisely; for detailed
descriptions please refer to each original study.
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Supplementary Fig. 4. Heatmaps and distance-based similarity scores (DBS) of various liver function associated gene sets. a-f Heatmaps 
and DBS created using a all genes with total read counts ≥10 across all samples, b urea cycle, c glycogen metabolism, d gluconeogenesis, e fatty 
acid metabolism and biosynthesis, and f liver specific gene sets. Box-and-whisker plots are shown as median (line), interquartile range (box), and 
data range or 1.5x interquartile range (whisker).

e KEGG - FATTY ACID METABOLISM AND BIOSYNTHESIS (hsa01212 & hsa00061)
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Supplementary Fig. 5. Heatmaps and distance-based similarity scores (DBS) of various liver function associated gene sets. a-d Heatmaps 
and DBS created using a drug metabolism, b bile secretion, c cholesterol metabolism, and d complement and coagulation cascade gene sets. Box-
and-whisker plots are shown as median (line), interquartile range (box), and data range or 1.5x interquartile range (whisker).
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Supplementary Fig. 6. Liver zonation analysis. a Gene expression heatmap of periportal (modules 1 and 3) and pericentral (modules 33 and 34) 
62modules in hepatocytes from the single-cell RNA sequencing data of Aizarani et al. . Hepatocyte samples were ordered along the zonation axis 

62according to the diffusion pseudo-space and self-organizing maps of Aizarani et al. .  b Heatmap showing the expression of periportal and 
pericentral modules in the samples included in this study. c DBS score of all samples using the periportal and pericentral modules. Box-and-whisker 
plots are shown as median (line), interquartile range (box), and data range or 1.5x interquartile range (whisker).
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Supplementary Fig. 7. Evaluation of fibroblast and ESC identities. Heatmaps showing fibroblast and ESC gene regulatory network (GRN) status 
and the expression of representative genes, which make up the fibroblast and ESC GRN, in HLCs and tissue controls.
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Supplementary Fig. 8. Testing the HLCompR web application using additional studies. a Principal component analysis on additional query 
datasets. Circles indicate the cell or tissue types in the query datasets that are also present in the training dataset (e.g., PHH, liver, and PSC). 
HLCompR compatibility is categorized based on the comparability of PHH and liver tissue between the query and training datasets. b Cell/tissue 
classification heatmap of representative training samples and query samples. c Gene regulatory network status of liver and embryonic stem cells of 

43all PHH, liver, HepG2, and PSC samples from training dataset and query dataset. d Principal component analysis of Touboul et al.  query dataset 
using default setting of HLCompR (left) or with adjustment in the number of genes considered (middle) or number of samples included (right). 
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Suplementary Fig. 9. Normalization method for cross-study RNA-seq analysis. a Pearson correlation heatmap generated using all genes 
with total read counts ≥10 across all samples. b Expression levels and c principal component analysis of all samples using different 
normalization methods: variance stabilizing transformation (VST); VST followed by quantile normalization; log2 transformed transcript per million 
(TPM); and log2 transformed TPM followed by quantile normalization. Box-and-whisker plots are shown as median (line), interquartile range 
(box), and data range or 1.5x interquartile range (whisker).
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Supplementary Note 1 

To minimize study-specific batch effects, our approach involved uniform mapping of raw reads, 

variance-stabilizing transformation (VST) in DESeq2, and quantile normalization (Fig. 2a). The PCA plot 

using 5,000 genes with the highest variance across all samples showed that samples clustered by cell 

type rather than by study, suggesting no strong batch effects (Fig. 2c). This was further supported by 

the Pearson correlation heatmap based on the expression data of all genes, as samples clustered by 

cell type rather than by study (Supplementary Fig. 9a). VST and quantile normalization were crucial for 

this cross-study comparison, as TPM normalization resulted in non-uniform RNA expression 

distribution (Supplementary Fig. 9b) and suboptimal sample type clustering even after quantile 

normalization (Supplementary Fig. 9c). 
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