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Extended DataFig. 6 | See next page for caption.
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Extended DataFig. 6 | Characterization of iMNs generated from GT-NIL and
GT-N + GA-IL hiPSClines. (a) Fluorescence/phase-contrast images on day 10 of
doxycycline induction showing staining for live cells (Calcein AM, green), dead
cells (propidiumiodide, magenta) and DNA (Hoechst, blue). (b) Representative
fluorescence images of Hoechst-stained nuclei to visualize DNA, and propidium
iodide (PI)" non-viable cells. (c) Representative fluorescence images of Calcein
AM-stained live cells and quantified mask output of the mapped ridgelines.

(d) Violin plots quantifying iMN viability and morphology for the indicated
single- and dual-cassette configurations fromimages acquired asinbandc.
Metrics include the percentage of viable iMNs, counts of Hoechst* nuclei and
PI" nuclei, cell area, number of branch points and dendritic length. Violin width
represents the kernel density (data distribution). The center line indicates the

median, and the outer dotted lines indicate the 25th and 75th percentiles. For
Hoechst and propidiumiodide (PI) staining, 3-4 images were analyzed per
differentiation (technical replicates) across five independent differentiations
(biological replicates). For Calcein AM staining, 3-5 images were analyzed per
differentiation (technical replicates) across 3 independent differentiations
(biological replicates). ***, P < 0.001; ****, P < 0.0001 (unpaired two-tailed t
test). Exact P values are <0.0001. (e) Gene expression analysis of inducible
transcription factors, neuronal markers, and motor neuron markers in cells
containing the GT-N, GT-NIL, and GT-N + GA-IL constructs, cultured with
doxycycline for 10 days. Values are normalized to RPL37A and shown relative to
uninduced conditions (log,,-transformed). N = 3independent differentiations.
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Extended DataFig. 7| Characterization ofiMNs generated from GT-NIL,

GT-NIL + GA-NIL,GA-N + I + LD-Tand, GA-N + ILDivand GT-N + GA-ILhiPSC
lines. (a) Schematic of STRAIGHT-IN single hiPSCs with the indicated constructs
integrated in the GA allele. (b) Flow cytometry analysis of mTagBFP2 expression in
hiPSClines with the indicated cassettes from panel (a) integrated in the GA allele, and
quantification of G-mean fluorescence values. Fold change values (x) are calculated
relative to the untransfected parental hiPSCline. (c) Bar graph of expression analysis
ofinducible transcription factors in cells containing the indicated constructs,
cultured with doxycycline for 3 days. Values are normalized to RPL37A and

shown relative to uninduced conditions (log,,-transformed). N = 3independent
differentiations; error bars, +SEM. (d) Phase contrast images of cells containing
theindicated constructs after 10 days of culture in the presence of doxycycline.

"DAPI

(e) Gene expression analysis of inducible transcription factors and motor neuron
markersin cells containing the GA-N + 1+ L D-Tand and GA-N + IL Div constructs

and cultured with doxycycline for 10 days. Values are normalized to RPL37A and
shown relative to uninduced conditions (log,,-transformed). N =3 independent
differentiations. (f) Immunofluorescence images (MAP2, magenta; HB9, yellow;
DNA, cyan) of GA-N + 1+ L D-Tand and GA-N + IL Div cells treated with doxycycline
for 10 days. (g) Box-and-whisker plots showing percentage of HB9" nuclei relative
to DAPI" nucleifromimages acquired asin (f). The center line indicates the median
(50th percentile). The lower and upper bounds of the box indicate the 25th and 75th
percentiles, and whiskers extend to the minimum and maximum values. For each
condition, 2-3images (technical replicates) were analyzed per differentiation across
3independent differentiations (biological replicates).
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Extended Data Fig. 8| Characterization of iECs following ETV2 overexpression cells cultured with doxycycline for 4 days and stained for CD31 (yellow), ZO1
using the Tet-On 3G system. (a) Schematic of the downstream tandem (magenta), and DNA (cyan). (d, e) Flow cytometry analysis of endothelial markers
configuration for a doxycycline-inducible ETV2 expression cassette. (b) Phase CD144 (VE-cadherin) and CD31(PECAM-1) on day 4 of ETV2induction using either
contrastimages showing cell morphology at the indicated time pointsin the the all-in-one Tet-On 3G (d) or synZiFTR-NS3 (e) inducible system. The iECsin (e)
absence (-) or presence (+) of doxycycline. (¢) Immunofluorescence images of are derived from the dual-fate hiPSC line shown in Fig. 6e, f.
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Extended DataFig. 9 | Evaluation of promoter activity in iNs and iECs using integrated in the GA allele (right) of the CLYBL locus. (b, ¢) Overlaid fluorescence
STRAIGHT-IN Dual. (a) Schematic of the downstream tandem configuration for and phase contrast images (left) and flow cytometry analysis of mStayGold

adoxycycline-inducible Ngn2 or ETV2 cassette integrated in the GT allele (left), expression (right) in cells cultured with doxycycline for 7 (b; Ngn2) or 4 days
and aschematic of the promoter panel driving mStayGold reporter expression (c; ETV2). The promoter sequences assessed are indicated.
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Extended Data Fig. 10 | Transgene overexpression in hiPSCs using the GZV- the absence (dashed line) or presence (green) of increasing GZV concentrations
inducible synZiFTR system. (a) Schematic of the downstream tandem all-in-one over a3-day period. Values in the plot indicate the percentage of cells expressing
grazoprevir-inducible synZiFTR GA donor plasmid, inwhich the LacZ cassette mGreenLantern. (d) Timelapse fluorescence/phase-contrast images showing
isreplaced with the gene of interest (GOI) via Notl digestion and isothermal mScarlet expression in STRAIGHT-IN Dual hiPSCs containing the constructs
assembly. (b) Schematic of a downstream tandem synZiF TR cassette driving showninFig. 6c. Cells were cultured for 7 days with grazoprevir added from
grazoprevir-inducible mGreenLantern expression, integrated in the GA allele. day 0 and doxycycline from day 3. Schematicinacreated in BioRender;
(c) Flow cytometry analysis (left) and overlaid fluorescence and phase-contrast Blanch Asensio, A. https://biorender.com/1ttbis5 (2026).

images (right) of hiPSCs containing the construct shownin (b) and cultured in
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
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>
S~
Q

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
|X| 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
N Give P values as exact values whenever suitable.

|:| 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  ImagelJ (using TWOMBLI plugin) and CellProfiler (version 4.2.8).

Data analysis Microsoft® Excel® for Microsoft 365 (Version 2308), GraphPad Prism (version 10.6.1) and BWA-MEM (version 0.7.17).

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data

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

DNA sequencing data was generated in this study. All relevant data have been deposited into the public repository European Nucleotide Archive (ENA), and can be
accessed under accession code PRJEB108223. Data associated with this manuscript have been deposited in Zenodo at https://zenodo.org/records/17930642
including code for CellProfiler and NGS analysis. Source data are included with this paper. All plasmids and their sequences have been deposited on Addgene.
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Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender This study did not involve human research participants.

This study involved one female hiPSC line (LUMCi004-A-2; RRID:CVCL_C6UD). Features regarding the human pluripotent stem
cell line are summarized in the Materials and Methods section under the "hiPSC line culture, subcloning and transfection”
subheading. No active enrollment of donors was performed in this study

Reporting on race, ethnicity, or Not applicable
other socially relevant

groupings

Population characteristics Not applicable

Recruitment

Ethics oversight

Not applicable

Protocols for research involving human subjects and stem cell research were approved by the medical ethical committee at
Leiden University Medical Center, the Netherlands (approval number P13.080).

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

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

|X| Life sciences

|:| Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

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

Sample size

Data exclusions

Replication

Randomization

Blinding

Sample size was not predetermined using any specific method. Instead, at least three independent transfections, induction experiments and
forward programming differentiations were performed.

Not applicable

Plasmid transfection:

Number of independent plasmid transfections are stated in the figure legends, with at least three independent plasmid transfections being
performed. In all instances hiPSCs were harvested for gDNA extraction 3-4 days post transfection and used as independent samples for ddPCR
analysis.

Evaluation of transgene silencing:
All individual hiPSC lines containing different promoter sequences as well as the pooled condition were monitored and assessed by flow
cytometry for at least 4 passages.

Doxycycline induction:

Uninduced and induced data was collected from three independent inductions of 1 uM doxycycline for 3 days. Fold change measurements
were calculated by dividing the geometric mean fluorescent intensity (mScarlet and mTagBFP2) of the induced condition and the uninduced
condition.

Grazoprevir induction:
Uninduced and induced data was collected from one induction varying the grazoprevir concentration from 15.65 to 1000 nM for 3 days
(Extended Figure 10).

RT-gPCR analysis:

The RNA was extracted using the same RNA extraction protocol from three independent differentiation batches for each cell type (hiPSC-
derived neurons, motor neurons or endothelial cells). The differentiation procedure as well as the RNA extraction, cDNA synthesis and RT-
gPCR is explained in the Materials and Methods section. Primer pairs used are listed in Supplementary Table 4.

Samples were not randomly allocated because the study did not involve experimental group assignment. All samples were processed
according to predefined, objective criteria inherent to the experimental design, and no covariates required balancing or control through
randomization.

Blinding was not relevant to this study because no subjective assessments or group-dependent interventions were performed during data
collection or analysis. All measurements were generated through automated or standardized analytical pipelines that do not permit
investigator influence.
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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 |:| ChIP-seq
Eukaryotic cell lines |:| |Z| Flow cytometry
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Plants

Antibodies

Antibodies used OCT3/4-BV421 BD Biosciences Cat#565644; RRID:AB_2739320 (1:50 dilution)
NANOG-PE BD Biosciences Cat#560483; RRID:AB_1645522 (1:50 dilution)
SSEA4-FITC BD Biosciences Cat#560126; RRID:AB_1645491 (1:50 dilution)
Tubulin beta 3 Biolegend Cat#801201; RRID:AB_2313773 (1:500 dilution)
MAP2 Cell Signaling Technology Cat#4542; RRID:AB_10693782 (1:500 dilution)
Alexa Fluor® 647 AffiniPure™ Donkey Anti-Goat IgG Jackson Immunoresearch Cat#705-605-147; RRID:AB_2340437 (1:500 dilution)
Alexa Fluor® 647 donkey anti-mouse IgG; RRID:AB_162542 ThermoFisher Cat#A-31571 (1:500 dilution)
Alexa Fluor® 555 rabbit anti-human FOXA2 Cell Signaling Technology #50079 (1:500 dilution)
Alexa Fluor® 647 rabbit anti-human GATA4 Cell Signaling Technology Cat#66309; RRID:AB_3697603 (1:200 dilution)
Alexa Fluor® 488 mouse anti-human Nestin Cell Signaling Technology Cat#35884; RRID:AB_3665833 (1:200 dilution)
Alexa Fluor® 647 rabbit anti-human PAX6 Cell Signaling Technology Cat#60433 (1:200 dilution)
Alexa Fluor® 488 rabbit anti-human Brachyury Cell Signaling Technology Cat#94663 (1:200 dilution)
Alexa Fluor® 647 rabbit anti-human Vimentin Cell Signaling Technology Cat#9856; RRID:AB_10834530 (1:400 dilution)
Alexa Fluor® 488 mouse anti-human CD144 Invitrogen, Cat#53-1449-42; RRID:AB_10753926 (1:50 dilution)
CD31-APC Invitrogen, Cat#50-149-40; RRID:AB_657736 (1:50 dilution)
CD144-PE Miltenyi Biotec, Cat#130-135-356; RRID:AB_2751492 (1:50 dilution)
CD31-FITC Miltenyi Biotec, Cat#130-117-390; RRID:AB_2733637 (1:50 dilution)
MNX1/HB9 DSHB, Cat#81.5C10; RRID:AB_2145209 (1:10 dilution)
Alexa Fluor® 488 donkey anti-mouse IgG ThermoFisher, Cat#A-21202; RRID:AB_141607 (1:500 dilution)
CD31 R&D Systems, Cat#AF806; RRID:AB_355617 (1:200 dilution)
Z0-1 Invitrogen, Cat#33-9100; RRID:AB_2533147 (1:200 dilution)
Alexa Fluor® 647 donkey anti-sheep IgG Invitrogen, Cat#A21448; RRID:AB_2535865 (1:500 dilution)
Alexa Fluor® 488 donkey anti-mouse IgG Invitrogen, Cat#A21202; RRID:AB_141607 (1:500 dilution)

Validation All antibodies used are commercially available with validation data for the application they were used for available on the datasheets

provided for each antibody

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) Human induced pluripotent stem cells

Authentication The parental cell line, LUMCIO04-A-2, was authenticated by STR analysis (doi: 10.1016/j.scr.2022.102991) and also contains a
unique targeting construct that was then used to confirm the identity of cell lines used in this study. Karyotyping by g-
banding and ddPCR was performed on the cell line used in this study and is shown in Supplementary Figure 1.
The previously published LUMCi004-A-1 (LU99_AAVS1-bxb-v2) hiPSC line (doi: 10.1016/j.scr.2022.102991) was also used in
this study in Supplementary Figure 2, and authenticated based on the unique targeted construct it contains. All lines used in
this study are female (XX, normal).

Mycoplasma contamination The LU99_CLYBL_bxb1_Dual (STRAIGHT-IN Dual, hPSCreg: LUMCi004-A-8) and the LU99_AAVS1-bxb-v2 (hPSCreg: LUMCi004-
A-1) hiPSC lines tested negative for mycoplasma contamination using the MycoAlert® Mycoplasma Detecton Kit
(Lonza,#LTO7-318).

Commonly misidentified lines  No commonly misidentified lines were used in this study.
(See ICLAC register)




Plants

Seed stocks Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Novel plant genotypes Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor

was applied:
Authentication Describe-any-authentication procedures foreach-seed stock-used-or-novelgenotype-generated-—Describe-any-experiments-used-to

assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.
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Flow Cytometry

Plots

Confirm that:
|:| The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).
|:| All plots are contour plots with outliers or pseudocolor plots.

A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation The hiPSCs, hiPSC-derived neurons, hiPSC-derived endothelial cells and hiPSC-derived cardioids were dissociated to single
cells using either 1x or 5x TrypLE Select at 37°C for 5 (hiPSCs, hiPSC-derived neurons and hiPSC-derived endothelial cells) or
10 (cardioids) minutes, and the cell suspension filtered using a test tubes with a cell stainer of mesh size of 35 pm. The cells
were analysed live since they expressed fluorescent reporters, except for the expression of pluripotency and endothelial cell
markers. In this instance, the hiPSCs were fixed and permeabilised using the FIX and PERM™ Cell Permeabilization Kit
(Invitrogen) according to manufacturer’s instructions. The hiPSCs were incubated with the conjugated antibodies OCT3/4-
BV421, NANOG-PE and SSEA4-FITC (all BD Biosciences) for 20 minutes at room temperature and in the dark. All antibodies
were diluted in permeabilization medium (medium B; Invitrogen). The cells were washed once with PBS+/+ 10% FBS and
resuspended in ~300 pL of this solution. For assessment of endothelial cell markers, cells were incubated with the conjugated
antibodies CD144-FITC (Invitrogen) and CD31-APC (Invitrogen), or CD144-PE (Miltenyi Biotec) and CD31-FITC (Miltenyi
Biotec).

Instrument All flow cytometric data was acquired using MacsQuant VYB (Miltenyi Biotec) or Attune™ NxT (ThermoFisher) flow
cytometers.

Software The data was analysed using FlowJo software (v. 10.2, FlowJo).

Cell population abundance 1-1.5 x 1074 viable (based on size) single cells were analysed for each experiment.

Gating strategy Forward and side scatter gates were used to identify the cell population and exclude debris. Forward scatter height and area
gates were used to exclude cell doublets. The boundaries between “positive” and “negative” cells or stained cells were

defined based on the parental cell line or an unstained sample.

|Z| Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.






