


Extended DataFig.7 | Fevexpression over pseudotime perlineage. expression of Fevand eachislet hormone for the respective lineage plotted
a.Normalized expression of Fev over pseudotime' computed with cellrank. over pseudotime.
pl.gene_trendsbuilding on CellRank’s pseudotime kernel. b. Normalized gene
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Extended DataFig. 8| Similarity of cell types based on different modalities.
a.Aggregated correlation matrix of refined cell types based on processed
gene expression, computed via scanpy’s dendrogram function, followed by
scanpy.pl.correlation_matrix. The gene expression data was preprocessed

by normalization (scanpy.pp.normalize_total) and loglp-transformation,
followed by 30-dimensional PCA computation. b. Aggregated correlation
matrix of cell types based on processed ATAC peak counts, computed via

scanpy.tl.dendrogram followed by scanpy.pl.correlation_matrix. The peak

counts were preprocessed using tfidf-transformation (muon.atac.pp.tfidf),
followed by normalization and loglp-transformation, before computinga
singular value decomposition and removal of dimensions which are highly
correlated with library size. c. Aggregated correlation matrix of cell types
based onboth gene expressionand open chromatin accessibility. After scaling
both modalities to unit variance, the processed gene expression was
concatenated with the processed LSIembedding.
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Extended DataFig.9 | NEUROD2knockoutexperimentsin humaniPSCs- expression of Ins2, SSt, HHEX, and GCG measured with qPCR (n = 7 biologically
derivedisletcells. a. Insulin mean intensity and the number of SST-positive independent samples for Ins2, Sst,n = 4 for Hhex,n =7 for Gcg). We report mean

cells measured withimmunostaining (Methods) for control, clone 37 and clone and standard deviation (Methods), p-values obtained from one-sided ANOVA
897 (n=4independent experiments, standard error shown). b. Relative mRNA test with Tukey multiple comparison correction.
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Extended DataFig.10|Deltaand epsilon motifactivity calculated with
moscot.time. a. Motif with cisBP identifier M09209_2.00, amarker motif
identified for the delta population. For amotifto be active both the motif
activity score (top) and the gene expression (associated transcription factor,
here/sl1) should be high. Delta cells and their conjectured progenitors are

Motif score

Processed gene expression

Eps. progenitors -
Fev+ -

Fev+ Alpha{
Fev+ Beta 1

Fev+ Delta,0 -
Fev+ Delta,l -
Beta -

Delta 1

Epsilon 1

Tead1

underlaidingreen (Supplementary Table 30). b. Motif with cisBP identifier
MO09438_2.00, which we identified to be amarker motif for the epsilon
population (Supplementary Table 31). The motifis associated with the Tead1
transcription factor (Methods).
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For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed
The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
|:| A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
N Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

< A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
2~ AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.
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For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes
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Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  No software was used




Data analysis Python 3.11
moscot 0.3.4
ott-jax=0.4.5
scanpy=1.9.4
pywavelets=1.5.0
squidpy=1.3.1
cellrank=2.0.0
anndata=0.9.2
muon=0.1.5
mudata=0.2.3
scvelo=0.2.5
pygpcca=1.0
r-shiny=1.8.
signac=2.1.0
r-seurat=4.4.0
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All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

The mouse embryogenesis atlas by Qiu et al is available at http://tome.gs.washington.edu. The mouse liver CITE-seq by Guilliams et al. is available at https://
www.livercellatlas.org/. The Vizgen MERSCOPE Liver and Brain coronal sections dataset is available at the Vizgen public dataset release website https://vizgen.com/
data-release-program/. The datasets for benchmarking the spatial mapping problems were taken from the original publication of Li et al. The spatiotemporal atlas
of mouse embryogenesis (MOSTA) by Chen et al is available at https://db.cngb.org/stomics/mosta/. The spatiotemporal drosophila dataset is available at https://
db.cngb.org/stomics/flysta3d/. The pancreas data by Basitdas-Ponce et al. is available under GEO accession code GSE132188 at https://www.ncbi.nIm.nih.gov/geo/
query/acc.cgi?acc=GSE132188. The pancreas multiome data is available under GEO accession code GSE275562.
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other socially relevant
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Population characteristics N/A
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Ethics oversight N/A
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size Sample size was determined based on the available experimental data.
Data exclusions  Data exclusion based on standard single-cell preprocessing pipelines.
Replication Replication was not feasible due to financial reasons

Randomization  no experimental groups

Blinding no experimental groups
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Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods

Involved in the study n/a | Involved in the study
Antibodies |Z |:| ChiIP-seq
Eukaryotic cell lines |:| Flow cytometry

Palaeontology and archaeology |:| MRI-based neuroimaging
Animals and other organisms
Clinical data

Dual use research of concern
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Plants

Antibodies
Antibodies used goat anti-somatostatin, 1:300, polyclonal (D-20) (Santa Cruz Biotechnology, SC-7819)
Mouse anti ghrelin, 1:250, monoclonal (2F4) (Santa Cruz Biotechnology, SC-293422)
Validation These are commercially available antibodies and their specificities have been tested using primary human islets.

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) Human iPSC cell lines: C-peptide-mCherry reporter hiPSC line (HMGUi001-A-8) (Siehler et al., 2021) and NEUROD2nVenus/
nVenus iPSC clones (HMGUi001-A-42) (Cota et al., 2023) were used.

Authentication No cell line was authenticated

Mycoplasma contamination All used cell lines were routinely tested to ensure that they were negative for mycoplasma.

Commonly misidentified lines  one of the used cell lines are reported in ICLAC register
(See ICLAC register)

Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in
Research

Laboratory animals The embryonic stages of the used embryos are embryonic days (E) E14.5, E15.5 and E16.5. The strain of the mouse line Ngn3-Venus
fusion was on mixed background (C57BL/6J x 129/SvJ). The mice were kept at the central facilities at Helmholtz Center Munich
(HMGU) under Specific-pathogen-free (SPF) conditions. Animal rooms had a light cycle of 12/12 h, temperature of 20-24 C and
humidity of 45-65%. Mice received sterile filtered water and standard diet for rodents ad libitum.

Wild animals No wild animals were used in this study




Reporting on sex Since we used only embryonic samples there is no information on the sex of the animals.
Field-collected samples  The study did not include field collected samples.

Ethics oversight Animal studies were conducted with adherence to relevant ethical guidelines for the use of animals in research in agreement with
German animal welfare legislation with the approved guidelines of the Society of Laboratory Animals (GV-SOLAS) and the Federation
of Laboratory Animal Science Associations (FELASA). The study was approved by the Helmholtz Munich Animal Welfare Body and by
the Government of Upper Bavaria.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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