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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
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Antibodies
Antibodies used

Source Data for Figs. 1-6 and Supplementary Figs. 1-7 are provided with this paper.

RNA-seq datasets reported in this manuscript have been deposited to the Gene Expression Omnibus under accession number GSE147404 (https://
www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE147404). Human genome assembly, build GRCh37 (https://www.ncbi.nlm.nih.gov/assembly/
GCF_000001405.13/).

No statistical methods were used to predetermine sample size. The sample size was chosen based on previous publications. Please see: Dias
et al., 2014 (PMID: 25467979), Dias et al.; 2020 (PMID: 32938678); Kirkeby et al., 2017 (PMID: 28094017)

No data were excluded from analysis

Reproducibility was ensured by sampling from multiple biological replicates, i.e., from multiple rats or from multiple PSCs differentiations. The
exact number of replicates in groups or independent biological experiments is mentioned in the figure legends .No results are included that
were not observed in multiple experiments. All attempts at replication were successful.

Cell differentiation experiments were not randomized but different members of the laboratory have performed independent cell
differentiation experiments using this method. For microscopy image analysis, the regions and cells within the experimental group were
randomly selected.

All animals used in transplantation experiments were female rats with approximately similar age, weight and genetic

background.

Investigators were not blind to subject groups because knowledge of experimental conditions was required during data collection

and evaluation.

Antibodies/ Supplier/ Catalog No/ Dilution
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Rabbit polyclonal anti-OCT4/ Santa Cruz Biotechnology/ sc-9081/ 1:1000 (IHC)

Rabbit polyclonal anti-OCT4/ Cell Signaling/ 2750/ 1:2000 (IHC);1:4000 (WB)

Goat polyclonal anti-SOX1/ R&D Systems/ AF-3369/ 1:2000 (IHC);1:4000 (WB)

Mouse monoclonal anti-ACTIN/ Seven Hills Bioreagents/ LMAB-C4/ 1:4000 (WB)

Rabbit polyclonal anti-GAPDH/ Invitrogen/ PA1-987/ 1:2000 (WB)

Rabbit polyclonal anti-PAX6/ Sigma-Aldrich/ HPA030775/ 1:1000 (IHC)

Goat polyclonal anti-OTX2/ R&D Systems/ AF-1979/ 1:2000 (IHC)

Rabbit polyclonal anti-FOXG1/ Abcam/ ab18259/ 1:2000 (IHC)

Rabbit polyclonal anti-HOXA2/ Sigma-Aldrich/ HPA029774/ 1:1000 (IHC)

Mouse monoclonal anti-HOXB4/ DSHB/ I12/ 1:20 (IHC)

Guinea-pig polyclonal anti-LMX1B/ home made/ N/A/ 1:6000 (IHC)

Mouse monoclonal anti-NKX2.1/ Abcam/ ab220211/ 1:1000 (IHC)

Mouse monoclonal anti-NKX2.2/ DSHB/ 74.5A5/ 1:50 (IHC);1:100 (WB)

Rabbit polyclonal anti-LMX1A/ Merck Millipore/ AB10533/ 1:3000 (ICH);1:4000 WB

Guinea-pig polyclonal anti-PHOX2B/ home made/ N/A/ 1:12000 (IHC)

Goat polyclonal anti-FOXA2/ R&D Systems/ AF-2400/ 1:1000(ICH)

1:4000 (WB)

Rabbit polyclonal anti-NURR1/ Santa Cruz Biotechnology/ sc-991/ 1:300 (IHC)

Rabbit polyclonal anti-BARHL1/ Novus Biologicals / NBP1-86513/ 1:500 (IHC)

Sheep plyclonal anti-PITX2/ R&D Systems/ AF7388/ 1:500 (IHC)

Mouse monoclonal anti-NKX6.1/ DSHB/ F65A2/ 1:100 (IHC)

Mouse monoclonal anti-!-CATENIN/ Santa Cruz Biotechnology/ sc-7963/ 1:1000 (IHC)

Mouse monoclonal anti-PHOX2A/ Santa Cruz Biotechnology/ sc-81978/ 1:1000 (IHC)

Mouse monoclonal anti-EN1/ DSHB/ 4G11/ 1:20 (IHC)

Rabbit polyclonal anti-GIRK2/ Alamone Labs / APC006/ 1:500 (IHC)

Mouse monoclonal anti-Tuj1/ Sigma-Aldrich/ T8578/ 1:2000 (IHC)

Rabbit polyclonal anti-TH/ Novus Biologicals/ NB300-109/ 1:1000 (IHC)

Sheep polyclonal anti-TH/ Novus Biologicals/ NB300-110/ 1:1000 (IHC)

Mouse monoclonal anti-TH/ Sigma-Aldrich/ T2928/ 1:1000 (IHC)

Rabbit polyclonal anti-5-HT/ Immunostar/ 20080/ 1:5000 (IHC)

Goat polyclonal anti-5-HT/ Immunostar/ 20079/ 1:1000 (IHC)

Rabbit polyclonal anti-CALBINDIN/ Sigma-Aldrich/ HPA023099/ 1:1000 (IHC)

Mouse monoclonal anti-MAP2/ R&D Systems/ MAB8304/ 1:2000 (IHC)

Rabbit polyclonal anti-DAT/ Merck Millipore/ AB1766/ 1:500 (IHC)

Rabbit polyclonal anti-GABA/ Sigma-Aldrich/ A2052/ 1:1500 (IHC)

Rabbit polyclonal anti-SYNAPTOPHYSIN/ Zymed/ 18-0130/ 1:200(IHC)

Guinea-pig polyclonal anti-PITX3/ Johan Ericson/Thomas Perlmann, KI/ N/A/ 1:20000 (IHC)

Mouse monoclonal anti-SHH/ DSHB/ 5E1/ 1:20 (IHC)

Mouse monoclonal anti-PAX3/ DSHB/ PAX3 clone C2/ 1:40 (WB)

Rat monoclonal anti-Ki67/ Invitrogen/ 14-5698-82/ 1:1000 (IHC)

Rabbit anti-LMX1A/ Dr. M. German, San Francisco, CA/ N/A/ 1:6000 (IHC)

Mouse monoclonal anti-ISL1/ DSHB/ 40.3A4/ 1:100 (IHC)

Rabbit polyclonal anti-PRPH/ Merk Millipore/ AB1530/ 1:1000 (IHC)

Rabbit polyclonal anti-5HTR-1A/ Santa Cruz Biotechnology/ sc-10801/ 1:200 (IHC)

Mouse monoclonal anti-GATA3/ Santa Cruz Biotechnology/ sc-268/ 1:300 (IHC)

Mouse monoclonal anti- HuC/D/ Molecular probes/ A21271/ 1:1000 (IHC)

Rabbit polyclonal anti-SERT/ Alomone labs/ AMT-004/ 1:500 (IHC)

Goat polyclonal anti-TPH2/ Everest Biotech/ EB07050/ 1:500 (IHC)

Mouse monoclonal anti-hNCAM/ Santa Cruz Biotechnology/ sc-106/ 1:500 (IHC)

Mouse monoclonal anti-HuNu/ Chemicon/ MAB1281/ 1:1000 (IHC)

Rat anti-CORIN/ R&D Systems/ MAB 2209/ 1:500 (IHC)

Goat polyclonal anti-Neurogenin2/ Santa Cruz Biotechnology/ sc-19233/ 1:200 (IHC)

Mouse anti-NESTIN/ Merk Millipore/ MAB5326/ 1:1000 (IHC)

Alexa Fluor 488 donkey anti-rabbit IgG/ Invitrogen/ A21206/ 1:500

Alexa Fluor 555 donkey anti-rabbit IgG/ Invitrogen/ A31572/ 1:500

Alexa Fluor 647 donkey anti-rabbit IgG/ Invitrogen/ A31573/ 1:500

Alexa Fluor 488 donkey anti-mouse IgG/ Invitrogen/ A21202/ 1:500

Alexa Fluor 555 donkey anti-mouse IgG/ Invitrogen/ A31570/ 1:500

Alexa Fluor 647 donkey anti-mouse IgG/ Invitrogen/ A31573/ 1:500

Alexa Fluor 647 goat anti-mouse IgG2b/ Invitrogen/ A21242/ 1:500

Alexa Fluor 488 goat anti-mouse IgG1/ Invitrogen/ A21121/ 1:500

Alexa Fluor 555 goat anti-mouse IgG1/ Invitrogen/ A21127/ 1:500

Alexa Fluor 647 goat anti-mouse IgG1/ Invitrogen/ A21240/ 1:500

Alexa Fluor 488 donkey anti-goat IgG/ Invitrogen/ A11055/ 1:500

Alexa Fluor 555 donkey anti-goat IgG/ Invitrogen/ A21432/ 1:500

Alexa Fluor 647 donkey anti-goat IgG/ Invitrogen/ A21447/ 1:500

Alexa Fluor 488 donkey anti-guinea pig IgG/ Invitrogen/ A11073/ 1:500
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Validation

Alexa Fluor 555 donkey anti- guinea pig IgG/ Invitrogen/ A21435/ 1:500

Alexa Fluor 647 donkey anti- guinea pig IgG/ Invitrogen/ A21450/ 1:500

Mouse anti-goat IgG, HRP conjugated/ Invitrogen/ 31400/ 1:5000

goat anti-rabbit IgG, HRP conjugated/ Invitrogen/ 31460/ 1:5000

goat anti-mouse IgG, HRP conjugated/ Invitrogen/ 31430/ 1:5000

Previously published antibodies or antibodies with company based validations were used for immunohistochemistry:

Rabbit anti-OCT4 (Santa Cruz Biotechnology, sc-9081): https://www.scbt.com/p/oct-3-4-antibody-h-134

Rabbit anti-OCT4 (Cell Signaling, 2750): https://www.cellsignal.com/products/primary-antibodies/oct-4-antibody/2750

Goat anti-SOX1 (R&D Systems, AF-3369): https://www.rndsystems.com/products/human-mouse-rat-sox1-antibody_af3369

Mouse anti-ACTIN (Seven Hills Bioreagents, LMAB-C4): https://www.sevenhillsbioreagents.com/products/anti-actin-mouse-c4

Rabbit anti-GAPDH (Invitrogen, PA1-987): https://www.thermofisher.com/antibody/product/GAPDH-Antibody-Polyclonal/PA1-987

Rabbit anti-PAX6 (Sigma-Aldrich, HPA030775): https://www.sigmaaldrich.com/SE/en/product/sigma/hpa030775

Goat anti-OTX2 (R&D Systems, AF-1979): https://www.rndsystems.com/search?keywords=AF-1979

Rabbit anti-FOXG1 (Abcam, ab18259): https://www.abcam.com/foxg1-antibody-ab18259.html

Rabbit anti-HOXA2 (Sigma-Aldrich, HPA029774): https://www.sigmaaldrich.com/SE/en/product/sigma/hpa029774

Mouse anti-HOXB4 (DSHB, l12): https://dshb.biology.uiowa.edu/I12-anti-Hoxb4

Guinea-pig anti-LMX1B (home made, N/A): Dias et al. Tgf! Signaling Regulates Temporal Neurogenesis and Potency of Neural Stem
Cells in the CNS. Neuron 84:927-939 (2014)

Mouse anti-NKX2.1 (Abcam, ab220211): https://www.abcam.com/ttf1-antibody-nx21690-ab220211.html

Mouse anti-NKX2.2 (DSHB, 74.5A5): Dias et al. Tgf! Signaling Regulates Temporal Neurogenesis and Potency of Neural Stem Cells in
the CNS. Neuron 84:927-939 (2014); https://dshb.biology.uiowa.edu/74-5A5

Rabbit anti-LMX1A (Merck Millipore, AB10533): https://www.sigmaaldrich.com/SE/en/product/mm/ab10533

Guinea-pig anti-PHOX2B (home made, N/A): Dias et al. Tgf! Signaling Regulates Temporal Neurogenesis and Potency of Neural Stem
Cells in the CNS. Neuron 84:927-939 (2014)

Goat anti-FOXA2 (R&D Systems, AF-2400): https://www.rndsystems.com/search?keywords=AF-2400

Rabbit anti-NURR1 (Santa Cruz Biotechnology, sc-991): https://www.scbt.com/p/nurr1-antibody-n-20

Rabbit anti-BARHL1 (Novus Biologicals, NBP1-86513): https://www.novusbio.com/products/barhl1-antibody_nbp1-86513

Sheep anti-PITX2 (R&D Systems, AF7388): https://www.rndsystems.com/products/human-pitx2-antibody_af7388

Mouse anti-NKX6.1 (DSHB, F65A2): https://dshb.biology.uiowa.edu/F65A2

Mouse anti-!-CATENIN (Santa Cruz Biotechnology, sc-7963): https://www.scbt.com/p/beta-catenin-antibody-e-5

Mouse anti-PHOX2A (Santa Cruz Biotechnology, sc-81978): https://www.scbt.com/p/phox2a-antibody-37k-2

Mouse anti-EN1 (DSHB, 4G11): https://dshb.biology.uiowa.edu/4G11

Rabbit anti-GIRK2 (Alamone Labs, APC006): https://www.alomone.com/p/anti-kir3-2-girk2/APC-006

Mouse anti-Tuj1 (Sigma-Aldrich, T8578): https://www.sigmaaldrich.com/SE/en/product/sigma/t8578

Rabbit anti-TH (Novus Biologicals, NB300-109): https://www.novusbio.com/products/tyrosine-hydroxylase-antibody_nb300-109

Sheep anti-TH (Novus Biologicals, NB300-110): https://www.novusbio.com/products/tyrosine-hydroxylase-antibody_nb300-110

Mouse anti-TH (Sigma-Aldrich, T2928): https://www.sigmaaldrich.com/SE/en/product/sigma/t2928
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Eukaryotic cell lines
Policy information about cell lines

Cell line source(s)

Rabbit anti-5-HT (Immunostar, 20080): https://www.immunostar.com/product/5-ht-serotonin-rabbit-antibody/

Goat anti-5-HT (Immunostar, 20079): https://www.immunostar.com/product/5-ht-serotonin-goat-antibody/

Rabbit anti-CALBINDIN (Sigma-Aldrich, HPA023099): https://www.sigmaaldrich.com/SE/en/product/sigma/hpa023099

Mouse anti-MAP2 (R&D Systems, MAB8304): https://www.rndsystems.com/products/human-map2-antibody-885232_mab8304

Rabbit anti-DAT (Merck Millipore, AB1766): https://www.sigmaaldrich.com/SE/en/product/mm/ab1766

Rabbit anti-GABA (Sigma-Aldrich, A2052): https://www.sigmaaldrich.com/SE/en/product/sigma/a2052

Rabbit anti-SYNAPTOPHYSIN (Zymed, 18-0130): Nieto-Estévez et al. Distinct Effects of BDNF and NT-3 on the Dendrites and
Presynaptic Boutons of Developing Olfactory Bulb GABAergic Interneurons In Vitro. Cellular and Molecular Neurobiology (2021).

Guinea-pig anti-PITX3 (Johan Ericson/Thomas Perlmann, KI, N/A): Tiklová et al. Single-cell RNA sequencing reveals midbrain dopamine
neuron diversity emerging during mouse brain development. Nat commun. 10:581 (2019)

Mouse anti-SHH (DSHB, 5E1): https://dshb.biology.uiowa.edu/5E1

Mouse anti-PAX3 (DSHB, PAX3 clone C2): https://dshb.biology.uiowa.edu/Pax3

Rat anti-Ki67 (Invitrogen, 14-5698-82): https://www.thermofisher.com/antibody/product/Ki-67-Antibody-clone-SolA15-
Monoclonal/14-5698-82

Rabbit anti-LMX1A (Dr. M. German, San Francisco, CA, N/A): Marklund et al. Detailed expression analysis of regulatory genes in the
early developing human neural tube. Stem Cells Dev 23: 5-15 (2014)

Mouse anti-ISL1 (DSHB, 40.3A4): Dias et al. Tgf! Signaling Regulates Temporal Neurogenesis and Potency of Neural Stem Cells in the
CNS. Neuron 84:927-939 (2014); https://dshb.biology.uiowa.edu/40-3A4

Rabbit anti-PRPH (Merk Millipore, AB1530): https://www.sigmaaldrich.com/SE/en/product/mm/ab1530

Rabbit anti-5HTR-1A (Santa Cruz Biotechnology, sc-10801): https://datasheets.scbt.com/sc-10801.pdf

Mouse anti-GATA3 (Santa Cruz Biotechnology, sc-268): Dias et al. Tgf! Signaling Regulates Temporal Neurogenesis and Potency of
Neural Stem Cells in the CNS. Neuron 84:927-939 (2014); https://www.scbt.com/p/gata-3-antibody-hg3-31

Mouse anti- HuC/D (Molecular probes, A21271): https://www.thermofisher.com/antibody/product/HuC-HuD-Antibody-clone-16A11-
Monoclonal/A-21271

Rabbit anti-SERT (Alomone labs, AMT-004): https://www.alomone.com/p/anti-serotonin-transporter-sert-extracellular/AMT-004

Goat anti-TPH2 (Everest Biotech, EB07050): https://everestbiotech.com/product/goat-anti-tryptophan-hydroxylase-2-tph2-antibody/

Mouse anti-hNCAM (Santa Cruz Biotechnology, sc-106): https://www.scbt.com/p/ncam-antibody-eric-1

Mouse anti-HuNu (Chemicon, MAB1281): https://www.sigmaaldrich.com/SE/en/product/mm/mab1281

Rat anti-CORIN (R&D Systems, MAB 2209): https://www.rndsystems.com/search?keywords=MAB+2209

Goat anti-Neurogenin 2 (Santa Cruz, sc-19233): https://www.scbt.com/p/neurogenin-2-antibody-c-16

Mouse anti-NESTIN (Merk Millipore, MAB5326): https://www.sigmaaldrich.com/SE/en/product/mm/mab5326

Control differentiations were stained with secondary antibody alone.

Additionally, for western blots, samples that do not express the protein were used as controls.

HS980 and HS401 ESC lines were provided by Drs Outi Hovatta and Fredrik Lanner, Karolinska Institutet .HS980 line was
certified as GMP-compliant. (Main, H., Hedenskog, M., Acharya, G., Hovatta, O., & Lanner, F. (2020). Karolinska Institutet
Human Embryonic Stem Cell Bank. Stem Cell Research, 45, 101810). Human iPSC lines SM55 and SM56 were provided by Drs
Pamela J.McLean and Simon Moussaud (Neuroregeneration Lab within the Center for Regenerative Medicine, Mayo Clinic).




