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Fig. S1 | Quality control of raw sequencing data from each individual islet dataset, related to Fig 1. Violin plots 

indicating: the percent of mitochondrial RNA counts that make up the total RNA count (percent.mt), the total unique RNA 

features (nFeature_RNA), and the total number of RNA counts (nCount_RNA). Each datapoint corresponds to an 

individual cell. Indicated thresholds are such that green area indicates cells that were kept for further analysis while the 

red area indicates cells that were removed for quality control purposes. More detailed information can be found in 

Methods section and Table S1.



Fig. S2 | Independent clustering of scRNA-seq data from 11 unique pancreatic islet datasets, related to Fig 1. 

UMAPs generated from individual scRNA-seq datasets after quality control and prior to removal of exocrine and other 

CHGA- populations.
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Fig. S3 | SC-α and SC-δ cells derived from different protocols have distinct transcriptional differences compared 

to their adult counterparts, related to Fig 2. (a) UMAP of adult α-cells, fetal α-cells, and SC-α cells clustered and split 

by their derivation protocol. (b) Heatmap of Pearson correlation coefficient for 1000 most variable expressed genes. (c) 

Heatmap of scaled RNA expression indicating top 20 most differentially expressed genes for α-cells derived by unique 

protocols, fetal α-cells, and adult α-cells. (d) Violin plots indicating expression level of α-cell identity markers. (e) UMAP of 

adult δ-cells, fetal δ-cells, and SC-δ cells clustered and split by their derivation protocol. (f) Heatmap of Pearson 

correlation coefficient for 1000 most variable expressed genes. (g) Heatmap of scaled RNA expression indicating top 20 

most differentially expressed genes for δ-cells derived by unique protocols, fetal δ-cells, and adult δ-cells. (h) Violin plots 

indicating expression level of δ-cell identity markers.
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Fig. S4 | Fetal β-cells lack expression of important β-cell machinery, related to Fig 3. (a) Dot plot indicating 

proportion of cells expressing and average expression of genes involved in insulin secretion. (b) Dot plot indicating 

proportion of cells expressing and average expression of genes involved in β-cell Identity. 
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Fig. S5 | Validation of enriched regulons in SC and fetal β-cells through expression of transcription factor target 

genes, related to Fig 4. (a) RT-qPCR of SC-islets (n=6) at s6d7 and human cadaveric islets (n=6) indicating fold change 

(FC) expression relative to TBP. (b) Violin plots indicating expression level of transcription factors that have enriched 

regulon activity. (c) Violin plots indicating expression level of highly expressed transcription factors targets associated 

with indicated regulon. All data are represented as the mean, and all error bars represent the s.e.m. Individual data points 

are shown for all bar graphs. ns, not significant; *P< 0.05, **P< 0.01, ***P< 0.001.

Fetal-β Adult-β SC-β SC-β (TXP)

a
E

x
p

re
s
s
io

n
 (

F
C

) 



0.2

Rank
1000 200 300

E
n
ri

c
h
m

e
n
t 

S
c
o
re

0.6

0.4

SC-β

400

Rank
1000 200 300

E
n
ri

c
h
m

e
n
t 

S
c
o
re

0.1

0.2

0.3

SC-β (TXP)
400

a b

SC-β

SC-β

(TXP)

All

Augs

Balboa

A
v
e

ra
g
e
 E

x
p

re
s
s
io

n

-1

0

1

-1

0

1

-1

0

1
CTNNB1 FOXA1 FOXA2

-1

0

1

-1

0

1

-2

0

2
ISL1 NKX2-2 NKX6-1

-1

0

1

-1

0

1

-1

0

1

ONECUT2 PAX4 PBX1

-1

0

1

-1

0

1

-1

0

1
PDX1 PROX1 SOX4

A
v
e

ra
g
e
 A

c
ti
v
it
y

0.0

0.2

0.4

FOXA2

ISL1

ONECUT2

PAX4

PBX1

PDX1

SOX4

SOX11

SC-β

(TXP)

SC-β

0.0

0.2

0.4

c

high

low

E
x
p
re

s
s
io

n

high

low

A
c
tiv

ity

SOX4 SOX11 PBX1 PAX4

SC-β

SC-β (TXP)

UMAP-1

U
M

A
P

-2

d

Fig. S6 | Expression and activity of progenitor transcription factors decreases in SC-β cells after transplantation,

related to Fig 4. (a) Line graphs indicating decrease in average expression of known transcription factors associated with 

β-cell development after transplantation of SC-β cells. (b) Chart indicating highest predicted active regulons in SC-β 

versus transplanted SC-β cells. (c) Line graph indicating decrease in average activity of known β-cell progenitor 

transcription factors after transplantation of SC-β cells. (d) UMAP of SC-β and SC-β TXP cells clustered by RNA 

expression and feature plots indicating expression and activity of β-progenitor transcription factors. 
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Fig. S7 | Transcripts involved in synaptic function are enriched in SC-β, fetal β-cells, and SC-EC cells, related to 

Fig 5. (a) Heatmap indicating average expression of genes associated with axon, synapse, and dendrite formation 

between SC, SC-TXP, adult, and fetal β-cells. (b) Bar chart indicating gene ontology: cellular component enrichment 

scoring of differentially expressed genes between fetal-β and adult-β cells. (c) Bar chart indicating gene ontology: 

biological process enrichment scoring of differentially expressed genes between fetal-β and adult-β cells. (d) Integrated 

UMAP of all SC/SC-TXP β and EC cells. (e) Violin plots indicating expression level of genes associated with serotonin 

machinery in SC/SC-TXP β and EC cells. (f) Panel of violin plots indicating expression level of genes associated with 

various neuronal traits between SC-β, SC-EC, and adult-β cells. 
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Fig. S8 | Validation of neural gene program using additional datasets, related to Fig 5. (a) Integrated endocrine 

islet UMAP of cells from SC-islets derived from an IPSC cell-line (Augsornworawat et al. 2020), SC-islets derived from 

the H1 hESC cell-line (Zhu et al. 2023), SC-islets derived from the Hues8 hESC cell-line and sequenced using single-

nuclei RNAseq method (Augsornworawat et al. 2023), and human adult islet cells. 7 cell types were identified. 

Enterochromaffin-like (EC), Exocrine (Exo). (b) Integrated endocrine islet UMAP grouped by their source. (c) Panel of 

violin plots indicating expression level of genes associated with various neuronal traits between adult β-cells and 

populations of SC-β derived with unique cell-lines and sequencing platforms.  
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Fig. S9 | EnrichR identifies neuronal morphological and biological gene sets enriched in gene targets of 

implicated transcription factors, related to Fig 6. (a) High Enrichr scoring GO: Cellular Component terms associated 

with the top-50 expressed gene targets of indicated regulon. (b) High Enrichr scoring GO: Biological Process terms 

associated with the top-50 expressed gene targets of indicated regulon.


