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Supplementary Figure 1. Cell numbers, gene expression, DEGs and pANN score of human a-cell
subclusters by scRNA-seq and snRNA-seq of islets from adult human non-diabetic donors. a.
Number of cells in each a-cell subpopulation in scRNA-seq and snRNA-seq of islets from non-diabetic
donors used in these experiments (n=3 pairs of human islet preparations). b. Differentially expressed
genes for each a-cell subpopulation: a1 with NEAT1, ACTG1, PEAK1, ACTB; a2 with FAP, PCSK2,
SLC30A8, GLS; a3 with HSPA1A, HSPH1, DNAJB1, PLCG2; a4 with PCSK1N, GAPDH, TTR, SNHG29;
and AB with INS, SST, IAPP, PPY separated by scRNA-seq (red) and snRNA-seq (green). c.
DoubletFinder Algorithm pANN (proportion of artificial nearest neighbors) score to distinguish between
doublets and singlets in human islet cells.
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Supplementary Figure 2. External snRNA/snATAC-seq multiome data analysis. a. UMAP
visualization of the WNN-integrated multi-omics dataset (34). b. UMAP divided by individual donor c.
Gene expression profiles using canonical scRNA-seq cell type markers d. Chromatin opening of the INS
and GCG genes in a-, AB and B-cell clusters.



Alpha 1 Enriched Path

Y

GOBP_GOLGI_VESICLE_TRANSPORT{ © ©O © o
g REACTOME_PYRUVATE_METABOLISM_AND _CITRIC_ACID_ TCACYCLE{ © ©O ©O ©
=
& GOBP_REGULATION_OF _CARBOHYDRATE_CATABOLIC PROCESS{ ©® © O °
GOBP_HOMOTYPIC_CELL_CELL_ADHESION{ ® ©O O © °
7 7 r ar W
& & & X
Identity
Alpha 2 Enriched Pathways
GOBP_ENTERIC_NERVOUS_SYSTEM_DEVELOPMENT ° €] 0 o .
E GOBP_NEUROTRANSMITTER_REUPTAKE o [ ] (¢] [ [ ]
3
E GOMF_POTASSIUM_ION_TRANSMEMBRANE_TRANSPORTER_ACTIVITY o Q o . O
GOBP_MITOTIC_CELL_CYCLE_PROCESS (0] L] O °
S 2
P I
Identity

Alpha 3 Enriched Pathways

Percent Expressed
0
25

® 50
®

@

Average Expression

Percent Expressed

0
GOBP_NAD_METABOLIC PROCESS| © © @ © e s =
® =
g GOBP_TRANSDIFFERENTIATION e ) o ° ° ’ S5
§ GOBP_RESPONSE_TO_ACETYLCHOLINE o (©) @ ° o Average Expression
-
1
GOBP_REGULATION_OF_INCLUSION_BODY_ASSEMBLY (®] o ‘ o . b
S a¥ GF X B
FHFEEE
Identity
alpha 4 Enriched Pathways p, .o Expressed
0
GOCC_CYTOSOLIC_RIBOSOME (@] (@] @ ® L ] ; ::
®
g GOBP_RIBOSOMAL_LARGE_SUBUNIT_ASSEMBLY (@) o (@] . [ J ‘ 200
-
Ig WP_CYTOPLASMIC_RIBOSOMAL_PROTEINS ® O o . [ ] Average Expression
| BT
GOBP_POLYAMINE_TRANSMEMBRANE_ TRANSPORT{ © ©O O @ 3
05
S o o o M
R I N
Identity
AB Enriched P Vo pveric B
L BT
GOMF_INTRACELLULAR_CALCIUM_ACTIVATED_CHLORIDE_CHANNEL_ACTIVITY{® © O @ O g_'g
05
gGOBP_REGULATION_OF_POSTSYNAPTIC_CVTOSOLIC_CALCIUM_ION_CONCENTRATION @ 0 0@ ‘ }}
i Percent Expressed
GOBP_PARASYMPATHETIC_NERVOUS_SYSTEM_DEVELOPMENT{ © © © @ @ )
. 25
GOBP_NORADRENERGIC_NEURON_DIFFERENTIATION{ ¢ o © O @ : ::
@

IR
FEEE

Identity

Supplementary Figure 3. Pathway enrichment analysis of human a-cell subclusters in islets from
adult human non-diabetic donors. The top four pathways according to the p-value and FDR of each

a-cell subcluster by non-targeted GSEA.
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Supplementary Figure 4. GSEA of stress pathways in a- and B-cell subclusters. a. Stress related
pathways in C2 and b. combined stress-related pathways scores for a- and 3-cell subclusters.
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Supplementary Figure 5. RNA velocity and trajectories only in scRNA-seq analysis of islets from
adult human non-diabetic donors, and RNA velocity confidence scores. a. Comparison of RNA
velocity confidence scores between only scRNA-seq and integrated scRNA-snRNA-seq samples.
Statistical significance was assessed using a two-sided Mann—Whitney—Wilcoxon test. ****p<0.0001. b.
UMAP depicting human islet cell type annotation of the scRNA-seq dataset. c. Expression level and
percentage of cells expressing canonical genes of annotated human islet cell types in the scRNA-seq
data. d. RNA velocity streamline among a- and -cell subclusters with scVelo. e. Pseudotime in the subset
of a- and B-cell subclusters. f. PAGA trajectory analysis between a-and B-cells showing 4 main
trajectories: 1) from AB to $1; 2) from 33 to 1; 3) from AB to a1; 4) from a3 to AB.
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Supplementary Figure 6. Gene commonality analysis towards f-cell transition in islets from adult
human non-diabetic donors. a. Genes in increasing pattern in Trajectory A and decreasing patterns in
Trajectories B, C, and D were intersected leading to common genes among the different trajectories. b.
Dot plots representing gene expression of the commonality genes between Trajectories A, B, C and D in
scRNA-seq and snRNA-seq analysis of human islets. ¢. Enrichment ridge plot of GOBP’s pancreatic -
cell differentiation pathway for ZNF385D, CASR, HDAC9, MEG3, SPP1 and TRPM3 genes. We grouped
B-cells in two groups by expression level for each gene — negative (0% normalized expression), positive

(>0%).
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Supplementary Figure 7. Pseudotime trajectory with Monocle 3, root assigned by PAGA analysis.
a. HIRN-HPAP non-diabetic human islet cell data, alpha and beta cell clusters. b. HIRN-HPAP type 2
diabetic human islet cell data, alpha and beta cell clusters.
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Supplementary Figure 8. Correlation between expression of common genes and INS and GCG in
islets from adult human non-diabetic and T2D donors from HPAP-HIRN. a. Expression of common
genes in the different B-cell to a-cell subpopulations between non-diabetic (red) and T2D (green) human
islet data and analyzed statistically by Wilcoxon rank-sum test. ns:0.05<p<1.0; *:0.01<p<0.05;
**:0.001<p<0.01; ***:0.0001<p<0.001; ****:p<0.0001. b. Correlation between the expression of common
genes in the a- to B-cell trajectories with INS expression in B-cell subclusters in human islets from non-
diabetic (ND) or T2D donors from HPAP-HIRN dataset. c. Correlation between the expression of common
genes in the a- to B-cell trajectories with GCG expression in a-cell subclusters in human islets from non-
diabetic (ND) or T2D donors from HPAP-HIRN dataset.
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Supplementary Figure 9. Effect of SMOC1 upregulation in human islet cells from non-diabetic
donors. a. Impact of SMOC1 upregulation in the expression of common genes in the trajectory from §3-
to a-cells in non-diabetic human islets transduced with adenovirus-CMV-SMOC1-GFP. Impact of SMOC1
upregulation on gene signatures associated with T2D in b. a-cells (IRX2, ZNHIT1, ZFPL1, PAX6, and
DRAP1) and c. B-cells (RFX6, RFX7, FOXO1, PPARa, PPARy, RB1, POU5F1, NANOG, and MYCL)

based on well-known processes of metabolic

inflexibility,

stress response and endocrine

progenitors/stemness, as previously reported (41). Bars indicate mean + SEM; n=8 different human islet
preparations. P values indicated in the figure calculated using two-tailed Student’s t-test
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Supplementary Figure 10. Expression of common genes in the trajectory from B- to a-cells in
EndoC-BH1 cells expressing SMOC1. Analysis of ZNF331, PLCE1, PAPPA2, TM4SF4, NR4A1, BTG2,
SLC30A8, PSCK2, and ALDH1A1 expression by gPCR in EndoC-BH1 cells transduced with adenovirus
CMV-GFP or adenovirus CMV-SMOC1-GFP. Bars indicate mean + SEM; n=8 different human islet
preparations. P values indicated in the figure calculated using two-tailed Student’s t-test.
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Supplementary Figure 11. Expression of a-cell gene markers in EndoC-BH1 cells expressing
SMOCH1. Analysis of GCG, ARX, MAFB, TTR, CRYBA2, SCG2, FAP, PDK4 and LOX4 expression by
gPCR in EndoC-BH1 cells transduced with adenovirus CMV-GFP or adenovirus CMV-SMOC1-GFP. Bars
indicate mean + SEM; n=8 different human islet preparations. P values indicated in the figure calculated
using two-tailed Student’s t-test.



