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Supplementary Fig. 1: Characterization of pig pancreas organogenesis. 
a. Immunofluorescence identification of pancreatic buds emerging at E18 (bright field image, scale bar 1 mm; 
immunostaining, scale bar 500 µm). b-g. During E22-85, markers of epithelial polarity, endocrine induction, tip-
trunk patterning, and endocrine differentiation are shown in pancreas sections at the corresponding ages. h. 
NEUROG3 mRNA is detected weakly expressed in 4 cells in E33 pancreas by RNAscope. i. PPY+ PP cells appear 
in E54 pancreas. j. Acinar, ductal and endocrine TFs show exclusive expression at E85. k. Endocrine cells form 



proto-islets 3-day before birth (E111). Scale bar 50 µm. Wild-type pig samples are used for this figure. Images are 
representative of 3 pig pancreas samples per time point.   



 

Supplementary Fig. 2: Composition of the integrated pig scRNA-seq pancreas atlas. 
a. UMAPs showing non-epithelial and epithelial cell clusters (top) and cell type counts per samples (bottom) of the 
integrated pig scRNA-seq dataset. Hepato, hepatocytes; RBC, red blood cells. b. UMAPs showing known marker 
gene expression of the non-epithelial and epithelial cell clusters. c. Table summarizing pancreas number and cell 
counts in identified cell types of each sample shown in a (bottom). d. UMAPs showing known marker gene 
expression of cell clusters identified in the pig pancreas atlas. e,f. Violin plots showing distribution of the detected 
read counts (e) and gene counts (f) across clusters (Supplementary Data 13). Data from scRNA-seq of pancreatic 
cells from wild-type and INS-eGFP pigs. Detailed sample information is provided in Supplementary Data 1. 



 

Supplementary Fig. 3: Composition of the human and mouse integrated scRNA-seq pancreas atlas. 
a,b. UMAPs showing all cell type (top panel) and epithelial cell (bottom panel) clusters, sample distribution, and 
data sources of the integrated scRNA-seq datasets of human (a) and mouse (b) pancreas development. Hepato, 
hepatocytes; Ribo, ribosomal gene-enriched cells. c,d. UMAPs showing known marker gene expression of the non-
epithelial and epithelial cell clusters in human (c) and mouse (d). e,f. UMAPs showing cluster changes at different 
developmental stages in human (e) and mouse (f). Cell clusters are highlighted and colored by cell type, with a pie 
chart of relative cell type composition at the upper right corner. g,h. Dot plots showing mean gene expression of 
marker genes for each cluster of the integrated human (g) and mouse (h) pancreas atlases (Supplementary Data 2).  
 



 

Supplementary Fig. 4: Comparison of cell-type specific transcriptional profiles using human, pig, and mouse 
pancreas atlases. 
a. UMAPs of Ppy and Gcg expression in mouse pancreas atlas. b. UMAPs of NEUROG3 and FEV expression in 
human pancreas atlas. c. (Left) UMAPs of GRHL and HEPACAM2 expression in pig pancreas atlas. (Middle) dot 
plots showing the top 15 marker genes of the human Epsilon clusters visualized in all clusters for human and pig. 
(Right) dot plots showing the top 15 marker genes of the mouse Epsilon clusters visualized in all clusters for mouse 
and pig. d. Spearman correlation of mean counts per cluster for each gene between human, pig and mouse. Gene 
counts from pig and mouse were mapped to human using orthologues. Genes were reduced to the intersection 
(n=851) of 4000 highly variable genes for all species. e. Venn diagrams showing overlapping and distinct up-
regulated DEGs (FDR-adjusted p-value < 0.05, log-fold change >0.75, Supplementary Data 3) of each cluster for 
all three species (top panel, all up-regulated DEGs; bottom panel, up-regulated TFs), labeled with gene numbers 
and colored by species as shown in d. f. Dot plots showing mean expression of differentially expressed TFs in pig 
(left) and mouse (right), visualized in all clusters (square color = cell type color as shown in d) for all three species 
(one-vs-rest, computed with edgeR, Supplementary Data 3). Shown were genes with the highest log-fold change 
and expressed in more than 20% of cells of the cluster. Gene names were mapped to human genes using orthologues. 
Dot size shows fraction of cells in cluster on a logarithmic scale. Data from scRNA-seq of pancreatic cells from 
wild-type and INS-eGFP pigs. Detailed sample information is provided in Supplementary Data 1. 
 



 

Supplementary Fig. 5: Comparison of joint transcriptional and chromatin accessibility profiles in pig and 
human pancreas atlas. 
a. (Left panel) UMAPs showing cluster changes at different developmental stages of the pig multiome pancreas 
atlas with a bar plot summarizing cell cluster distribution per age. (Right panel) UMAP showing sample distribution 
of the pig multiome pancreas atlas with a bar plot summarizing cell cluster distribution per sample. b. Dot plots 
showing mean gene expression of marker genes for each cluster of the pig multiome pancreas atlas. c. UMAP of 
cell clusters in human 12wpc scATAC-seq dataset28 with a dot plot showing inferred top gene activities for each 
cluster. d. Heatmap of all differentially active motifs across cell types computed with chromVAR using pig 
multiome and human 12wpc scATAC-seq datasets. e. UMAPs showing the expression of representative active TF 
motifs in the integrated human scRNA-seq atlas. Data from Multiome analysis of pancreatic cells from PTF1A-
codon-improved-Cre/ROSA-mTmG pigs. Detailed sample information is provided in Supplementary Data 1. 
 



 

Supplementary Fig. 6: Comparison of endocrinogenesis in human, pig and mouse. 
a. UMAPs showing Palantir-pseudotime (top panel) and CellRank-predicted terminal states (bottom panel) in 
human, pig and mouse. b. UMAPs of FEV expression in all three species overlaid with CellRank-inferred terminal 
states and trajectories (arrows). c. (Top panel) line plots of FEV and NEUROG3 expression along Palantir-
pseudotime in all three species with black dots indicating the time of alpha and beta fate separation. (Bottom panel) 
violin plots showing NEUROG3, FEV, PDX1 and ARX expression of the endocrine progenitor subclusters towards 
alpha and beta lineages. d. Heatmap showing lineage correlation scores of the union of positive lineage drivers from 
each species. Shown gene examples had a correlation score > 0.7 and were colored according to species overlapping 
indicated in the middle panel. (mm, mouse; ss, pig; hs, human; corr, correlation) e. UMAPs of beta and alpha lineage 
driver gene expression in human, pig and mouse. Data from scRNA-seq of pancreatic cells from wild-type and INS-
eGFP pigs. Detailed sample information is provided in Supplementary Data 1. 
 
 

 
  



 

Supplementary Fig. 7: PEC exists as a potential endocrine progenitor population. 
a. Dot plot of the top 5 differentially expressed TFs from Fig. 5d visualized additionally in MPC and stage-wise 
Ductal clusters. b. Bar plot showing distribution of NGN3 and PEC clusters at the corresponding developmental 
stage. c, d. UMAPs showing established pancreatic cell type markers in (c) sysVI-integrated mouse-pig scRNA-
seq pancreas atlases and (d) sysVI-integrated human-pig scRNA-seq pancreas atlases. Data from scRNA-seq of 
pancreatic cells from wild-type and INS-eGFP pigs. Detailed sample information is provided in Supplementary 
Data 1. 
  



 

Supplementary Fig. 8: Gating strategy for pancreatic epithelial cell enrichment. 
a. Flow cytometry plots for the enrichment of live pancreatic epithelial cell from wild-type and INS-eGFP pig 
embryos. Cells were sequentially gated for single cells (based on FSC-A/SSC-A, SSC-H/SSC-W, and FSC-H/FSC-
W), live cells (7AAD-negative), and epithelial cells (EpCAM-positive). Beta cells were subsequently enriched 
based on INS-eGFP fluorescence. b. Flow cytometry plots for the enrichment of live pancreatic epithelial cells from 
PTF1A-iCre+/ROSA-mTmG+ embryos. Following single-cell and live-cell (Sytox Blue-negative) gating, pancreatic 
epithelial cells were isolated based on constitutive Cre recombinase-induced GFP expression. FSC, forward scatter; 
SSC, side scatter. Plots are representative of all available pig pancreas samples per time point as detailed in 
Supplementary Data 1.       



Description of Additional Supplementary Files 
Supplementary Data 1: Overview of the next-generation sequencing samples in this study. 

Supplementary Data 2: Marker genes of cell clusters in the human, pig and mouse pancreas integrated 
scRNA-seq datasets. 

Supplementary Data 3: Differentially expressed genes of each cell cluster in the human, pig and mouse 
pancreas integrated scRNA-seq datasets. 

Supplementary Data 4: CellRank computed lineage drivers and enriched pathways for beta and alpha 
lineage in human, pig and mouse. 

Supplementary Data 5: Comparison of NEUROG3 targets derived from pig/human pancreas multiome 
atlases and human stem cell models. 

Supplementary Data 6: Differentially expressed genes and enriched pathways of the pig and human 
beta subclusters. 

Supplementary Data 7: CellOracle inferred GRNs of the pig beta subclusters. 

Supplementary Data 8: Differentially expressed genes and enriched pathways comparing between 
lineages by tradeSeq. 

Supplementary Data 9: Differentially expressed genes of the pig endocrine progenitor subpopulations 
during 1° and 2° transition. 

Supplementary Data 10: Antibodies and hiPSC differentiation protocol used in this study. 

Supplementary Data 11: Improved genome annotation for Sus scrofa showing UMI counts for 37 
genes of interest before and after gene extension. 

Supplementary Data 12: Thresholds used for low quality cell filtering in the preprocessing of scRNA-
seq, scATAC-seq and multiome raw data. 

Supplementary Data 13: Read counts and gene counts across clusters of pig scRNA-seq data. 

Supplementary Data 14: Differentially expressed genes of pig PEC cluster compared to other clusters. 
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