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Extended Data Fig. 6 | See next page for caption.
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Extended Data Fig. 6 | Characterization of iMNs generated from GT-NIL and 
GT-N + GA-IL hiPSC lines. (a) Fluorescence/phase-contrast images on day 10 of 
doxycycline induction showing staining for live cells (Calcein AM, green), dead 
cells (propidium iodide, 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 from images acquired as in b and c. 
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 propidium iodide (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 (log10-transformed). N = 3 independent differentiations.
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Extended Data Fig. 7 | Characterization of iMNs generated from GT-NIL, 
GT-NIL + GA-NIL, GA-N + I + L D-Tand, GA-N + IL Div and GT-N + GA-IL hiPSC 
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 
hiPSC lines 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 hiPSC line. (c) Bar graph of expression analysis 
of inducible 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 (log10-transformed). N = 3 independent 
differentiations; error bars, ±SEM. (d) Phase contrast images of cells containing  
the indicated constructs after 10 days of culture in the presence of doxycycline. 

(e) Gene expression analysis of inducible transcription factors and motor neuron 
markers in cells containing the GA-N + I + 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 (log10-transformed). N = 3 independent 
differentiations. (f) Immunofluorescence images (MAP2, magenta; HB9, yellow; 
DNA, cyan) of GA-N + I + 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+ nuclei from images acquired as in (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, 2–3 images (technical replicates) were analyzed per differentiation across 
3 independent differentiations (biological replicates).
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Extended Data Fig. 8 | Characterization of iECs following ETV2 overexpression 
using the Tet-On 3G system. (a) Schematic of the downstream tandem 
configuration for a doxycycline-inducible ETV2 expression cassette. (b) Phase 
contrast images showing cell morphology at the indicated time points in the 
absence (-) or presence (+) of doxycycline. (c) Immunofluorescence images of 

cells cultured with doxycycline for 4 days and stained for CD31 (yellow), ZO1 
(magenta), and DNA (cyan). (d, e) Flow cytometry analysis of endothelial markers 
CD144 (VE-cadherin) and CD31 (PECAM-1) on day 4 of ETV2 induction using either 
the all-in-one Tet-On 3G (d) or synZiFTR-NS3 (e) inducible system. The iECs in (e) 
are derived from the dual-fate hiPSC line shown in Fig. 6e, f.
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Extended Data Fig. 9 | Evaluation of promoter activity in iNs and iECs using 
STRAIGHT-IN Dual. (a) Schematic of the downstream tandem configuration for 
a doxycycline-inducible Ngn2 or ETV2 cassette integrated in the GT allele (left), 
and a schematic of the promoter panel driving mStayGold reporter expression 

integrated in the GA allele (right) of the CLYBL locus. (b, c) Overlaid fluorescence 
and phase contrast images (left) and flow cytometry analysis of mStayGold 
expression (right) in cells cultured with doxycycline for 7 (b; Ngn2) or 4 days  
(c; ETV2). The promoter sequences assessed are indicated.

http://www.nature.com/natbiomedeng


Nature Biomedical Engineering

Article https://doi.org/10.1038/s41551-026-01677-9

0 nM

500 nM

125 nM

62.5 nM

250 nM

1000 nM

31.2  nM

15.6 nM

pEF1a

attB-GA

FRT

NS3

DBM 
(ZF10)

pCAG

ZF10 LacZ

WPRE

p65

F3

NotI

NotI

ATG

ATG

polyA

a

c

mGreenLantern

1.02

103 104 105 1060 101 102

14.1

34.0

62.8

75.3

78.3

77.8

73.7

Day 0 Day 1 Day 2 Day 3

GZV

200 µm

C
ou

nt

b

+ GZV

CAG ZF

6xDBM

mGL NS3 p65

CAG ZF NS3 p65mGL

All-in-One
SynZiFTR

Downstream 
Tandem

0
500

125
62.5

250
1000

31.2
15.6

GZV
(nM)

mGreenLantern

GA allele

d

200 µm

+ Dox

mScarlet

+ GZV
Day 7Day 6Day 4 Day 5Day 2 Day 3Day 1Day 0

Extended Data Fig. 10 | Transgene overexpression in hiPSCs using the GZV-
inducible synZiFTR system. (a) Schematic of the downstream tandem all-in-one 
grazoprevir-inducible synZiFTR GA donor plasmid, in which the LacZ cassette 
is replaced with the gene of interest (GOI) via NotI digestion and isothermal 
assembly. (b) Schematic of a downstream tandem synZiFTR cassette driving 
grazoprevir-inducible mGreenLantern expression, integrated in the GA allele. 
(c) Flow cytometry analysis (left) and overlaid fluorescence and phase-contrast 
images (right) of hiPSCs containing the construct shown in (b) and cultured in 

the absence (dashed line) or presence (green) of increasing GZV concentrations 
over a 3-day period. Values in the plot indicate the percentage of cells expressing 
mGreenLantern. (d) Timelapse fluorescence/phase-contrast images showing 
mScarlet expression in STRAIGHT-IN Dual hiPSCs containing the constructs 
shown in Fig. 6c. Cells were cultured for 7 days with grazoprevir added from  
day 0 and doxycycline from day 3. Schematic in a created in BioRender;  
Blanch Asensio, A. https://biorender.com/1ttbis5 (2026).
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