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Supplementary Figure 1. The visualization of after QC per sample. The violin plot of donor-consistency check shows that all 37 samples have central masses in similar ranges for genes and counts. There's clear between-sample heterogeneity of percent.mt because of single global 10% cutoff. High-mito samples are a mix of both groups so this heterogeneity is donor/sample-driven, not disease-driven.
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Supplementary Fig. 2 Islets’ principal component analysis (PCA) across groups of study (T2D vs ND). Each graph shows a tight central mass with distinct "spikes" shooting out along each axis. Each spike is a PC isolating one population (the high-abundance endocrine types — beta, alpha, delta — plus the exocrine/stromal/immune cells)
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Supplementary Fig. 3 UMAP colored by group for biological check.  The two groups are thoroughly intermixed inside every cluster — no cluster is predominantly one group, meaning the disease effect is not a global shift that creates new T2D-only populations; it's a subtle within-cell-type effect 
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Supplementary Fig. 4   UMAP colored by sample_id for the integration check. The uniform speckling across all clusters shows that integration removed donor-specific technical variation. So, the structure is driven by cell type, not by which islet a cell came from.












Supplementary Fig. 5 wrap plot of sample-based CCA integrated, tSNE integrated and UMAP integrated for embedding comparison.  Across all three methods, the colors stay well-mixed, which independently re-confirms the integration held up regardless of embedding method. 



Supplementary Fig. 6 UMAP of Seurat clusters. FindClusters (resolution = 1) gave 35 clusters (0–34) which should be treated as sub-states to be merged by marker identity, not as 35 distinct cell types. 











Fig 7. The feature plot of marker genes’ distribution for major pancreatic cell populations. Identities get assigned against the UMAP regions, each of which lights up distinct territories; this means the clustering and integration are biologically faithful




Supplementary Fig. 8 Group-based distribution of Seurat clusters. The two stacked bars are strikingly similar — band for band, the cluster proportions in ND and T2D are nearly identical, with no obvious expansion or loss of any cluster, showing again no gross batch/group artifact and confirming the disease effect isn't a wholesale compositional remodeling. 



Supplementary Fig. 9 Sample-based distribution of Seurat clusters. Overall band structure is broadly consistent across all 37 islets — every donor contributes to the major endocrine and exocrine clusters, which means no single sample is driving a cluster on its own (consistent with the good integration, donor variability, and QC/biology check)



Supplementary Fig. 10 Sub-clustering UMAP. Re-clustering pass yielded 21 Seurat clusters (0–20) according to UMAP embedding. The major endocrine masses are clearly separated. However, twenty-one clusters are still more than the canonical endocrine cell-type count, so there is an expectation that several clusters are for the same identity (multiple beta-cell states, etc.).

	






Supplementary Fig. 11 Sub-clustering tSNE view. Re-clustering pass yielded 21 Seurat clusters (0–20) according to tSNE embedding, showing the same partitioning as the UMAP view, though the more structurally informative confirming consistent groupings. 








Supplementary Fig. 12 Feature plot of sub-clustered marker genes’ distribution. This assigns identities to UMAP regions. Even after subsetting to islets, there are some exocrine, stromal, and immune cells apart from endocrine masses 









Supplementary Fig. 13 Group-based Seurat subclusters. Two stacked bars, again very similar overall, but now with only 21 bands, are a bit more readable than the 35-cluster version, showing no dramatic compositional remodeling. 












Supplementary Fig. 14 Sample-based Seurat subclusters. It is like the earlier per-sample plot with a broad consistency across donors, showing every islet contributes to the major endocrine clusters, confirming integration held with genuine donor-to-donor variation in proportions











Supplementary Fig. 15 Heatmap of the top 10 significant markers per 35 global clusters. The visualization of cluster-marker resulting in anonymous cluster numbers into cell-type identities. The heatmap shows per-cell scaled expression (yellow = high) with cells grouped by cluster.  The actual annotations are provided in the Excel file, which is the reliable source (Supplementary Table 3) 



Supplementary Fig 16. Dot plot of the top 10 significant markers per 35 global clusters. The visualization of cluster-marker resulting in anonymous cluster numbers into cell-type identities. The dot size means pct expressing (pct.1 vs pct. 2, meaning the fraction of cells expressing the gene inside vs outside the cluster), and the color means scaled mean expression. The actual annotations are provided in the Excel file, which is the reliable source (Supplementary Table 3)  


Supplementary Fig. 17 Heatmap of the top 10 significant markers per 21 subset clusters. The visualization of cluster-marker resulting in anonymous cluster numbers into cell-type identities. The heatmap shows per-cell scaled expression (yellow = high) with cells grouped by cluster. The actual annotations are provided in the Excel file, which is the reliable source (Supplementary Table 4)    






Supplementary Fig 18. Dot plot of the top 10 significant markers per 21 subset clusters. The visualization of cluster-marker resulting in anonymous cluster numbers into cell-type identities. The dot size means pct expressing (pct.1 vs pct. 2, meaning the fraction of cells expressing the gene inside vs outside the cluster), and the color means scaled mean expression. The actual annotations are provided in the Excel file, which is the reliable source (Supplementary Table 4)    
























Supplementary Fig. 19 Feature plot of specific Beta cell markers. The figure confirms that the selected subsets are genuinely beta cells. INS and IAPP are high across essentially the entire embedding; that's the defining beta-cell signature, and the uniformity tells that the subset is clean. PCSK1 and PCSK2 are also broadly on. The embedding, which is split into two main territories, confirms beta-cell heterogeneity, meaning different functional/maturation states of beta cells.





Supplementary Fig. 20 Beta cell-specific clusters. Re-clustering the beta cells alone gave 9 sub-populations, which matches the feature plot. These sub-states are candidates for the functional beta-cell heterogeneity that changes in T2D


	









Supplementary Fig. 21 Group-based differentiation of beta cell-specific markers. The violin plot shows the direct expression comparison within beta cells, illustrating subtle-to-no shift at the global level. However, this is descriptive, not inferential

Supplementary Fig. 22 Feature plot of specific Acinar cell markers. The three selected markers are all strongly and uniformly high across one large, coherent body, confirming the bulk of your subset is genuine acinar cells with the expected secretory program intact. The scatter of low-marker cells off to the left and center are almost certainly contaminants or doublets that got swept in when subsetting 





Supplementary Fig. 23 Acinar cell-specific clusters. Re-clustering the acinar cells alone yielded 8 sub-populations. Acinar cells are the single most RNA-dense cells in the pancreas — they massively over-produce digestive enzyme transcripts, and these leak everywhere (ambient contamination) and also make acinar cells prone to stress and RNA degradation during dissociation. So, a lot of acinar "sub-structure" is really a gradient of total enzyme content/quality rather than distinct 8 biological cell subtypes. 








Supplementary Fig. 24 Group-based differentiation of Acinar cell-specific markers. There is no meaningful difference between groups (T2D vs ND): same median, same spread, and same shape. No visible up- or down-regulation is making this a useful negative control.  



	




Supplementary Fig. 25 Feature plot of specific ductal cell markers. KRT19 and CFTR, the two canonical ductal markers, are both high and concordant across one large, coherent body (the mass on the right). KRT19 is the broader/stronger signal (it's a pan-ductal cytokeratin), while CFTR (the chloride channel that defines ductal secretory function) is high in the main body but tapers off in the lower-left portion of that mass as a hint of ductal subtype structure. There is also a scattered cloud of marker-negative cells off to the left and center, likely doublets, low-quality cells, or other contaminants pulled in during subsetting 






Supplementary Fig. 26 Ductal cell-specific clusters. Re-clustering ductal cells gave 9 sub-populations forming one large connected structure (0, 1, 2, 3, 4, 5, 6 all touching) plus two clear satellites (7 and 8). Ductal cells genuinely do have real subtype heterogeneity, so some of this structure is likely biological since human pancreatic ducts contain principal/secretory cells, centroacinar cells, and there are described ductal subsets with progenitor-like or activated/stress phenotypes. 












Supplementary Fig. 27 Group-based differentiation of Ductal cell-specific markers. There is no clear group difference. So, the core ductal identity/function genes don't move with the disease state. Ductal cells are exocrine bystanders, not the seat of Type 2 diabetes, functioning as a useful negative control. But generally, these violins are descriptive pooled single-cell distributions 








Supplementary Fig. 28 Feature plot of specific mesenchymal cell markers. The selected markers indicate that this subset is actually a mixture of several distinct cell types, not one. COL1A1 (collagen type I) and DCN (decorin) are fibroblast / pancreatic stellate cell markers. RGS5 is a pericyte/mural cell marker (vascular smooth-muscle-adjacent). So this subset is heterogeneous by design 


Supplementary Fig. 29 Mesenchymal cell-specific clusters. Mesenchymal cell subsetting gave 12 clusters with many well-separated satellites. High cluster count is expected and appropriate here, because, unlike the relatively homogeneous beta/acinar/ductal subsets, the mesenchymal compartment genuinely contains multiple cell types 











Supplementary Fig. 30 Group-based differentiation of Mesenchymal cell-specific markers. The differences are small and, as always, not statistically testable from pooled single-cell violins. However, the mesenchymal compartment is the one exocrine-adjacent compartment where a T2D difference would be biologically plausible rather than purely a bystander artifact because Type 2 diabetes is associated with islet fibrosis and increased extracellular matrix deposition / stellate-cell activation. Thus, a small COL1A1 decrease in T2D is biologically interesting given the known link between T2D and islet fibrosis  






Remove these figs from here till the end: figs 31-34, and then submit


Supplementary Fig. 31 Group-based DEGs within beta cells 












Supplementary Fig. 32 Cluster-based DEGs within beta cells





























Supplementary Fig. 33 Group-based DEGs within Acinar cells. The apparent "ND > T2D" difference simply means the ND group contains proportionally more male donors than the T2D group (or has more male cells in the acinar subset) since RPS4Y1 is a Y-chromosome gene; this is a sex difference, not a disease effect
























Supplementary Fig. 34 Cluster-based DEGs within Acinar cells
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