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Methods
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MRI-based neuroimaging

Antibodies
Antibodies used

Samples sizes were determined based on the means and variations observed in our pilot experiments.

No data were excluded.

The key findings in the study were reliably reproduced in several independent cohorts. Most experiments were performed using 2 human
embyronic stem cell lines. For each analysis, multiple organoids from more than one differentiation were used. Replicates for each type of
experiment are indicated in the figure legends.

hCOs and mhCOs of similar diameter were randomly selected for each type of experiment. At least 3-5 organoids from 2 different hESCs
differentiated in independent batches were used in each experiment.

The study involved unbiased quantification and analysis for immunostaining, 3D imaging, gene expression data sets, and electrophysiology.

Immunostaining:

Mouse anti-MAP2 (Millipore, MAB3418, Lot.3129246). Used at 1:100.

Mouse anti-Sox2 (Millipore, MAB4423, Lot.2707795). Used at 1:100.

Mouse anti-SATB2(Abcam, Ab51502). Used at 1:200.

Rat anti-CTIP2 (Abcam, Ab18465, Lot.GR322373). Used at 1:200.

Mouse anti-Amyloid-beta(D54D2) (Cell Signaling, 8243S, Lot.2707795). Used at 1:200.

Mouse anti-CD68 (Abcam, ab31630, Lot.GR3277010-4). Used at 1:50.

Rabbit anti-TBR2 (Abcam, ab23345, Lot.GR306193-2). Used at 1:50.

Goat anti-PSD95 (Abcam, ab12093, Lot.GR317630-5). Used at 1:50.

Rabbit anti-IBA1 (Wako, 019-19741, Lot.PTG5394). Used at 1:50.

Mouse anti-CD68 (Abcam, ab199000, Lot.GR3296263-1). Used at 1:50.

Rabbit anti-P2RY12 (Invitrogen, (4H5L19) Cat.702516, Lot.2296315). Used at 1:200.

Rabbit anti-PU.1 (Invitrogen, (E.388.3) Cat.MA5-15064, Lot.VH3048379A). Used at 1:100.

Mouse anti-TMEM119 (Atlas antibodies, AMAb91528, Lot. MAB-03452, Clone ID. CL8714). Used at 1:100.

Mouse anti-LAMP1 (Cell Signaling, Cat.15665, Lot.1).Used at 1:100.

Rabbit anti-CSFI1R (Invitrogen Cat.PA5-25974, Lot.VK2962977). Used at 1:200.

Rabbit anti-CYP46 (NOVUS, NB400-140, Lot.A2). Used at 1:200.

Rabbit anti-AXL (C89E7) (Cell Signaling, Cat.8661S, Lot. 7). Used at 1:400.

Rabbit anti-Cas3 (Cell Signaling, Cat.9661s, Lot 47). Used at 1:100.

Rabbit anti-NRXN1 (Novus Biologicals, Cat. NBP2-68920, Lot. R98003). Used at 1:50.
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Eukaryotic cell lines
Policy information about cell lines

Cell line source(s)
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Mycoplasma contamination

Commonly misidentified lines
(See ICLAC register)

Animals and other organisms
Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research

Laboratory animals

Wild animals

Field-collected samples

Ethics oversight

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

Mouse anti-MAP2 (Millipore, Cat. MAB3418, Lot, 3607062, Clone AP20). Used at 1:100.

Mouse anti-Ki67 (BD biosciences, Cat. 556003, Lot,8239549 , Clone B56). Used at 1:100.

Data also provided in the manuscript : In supplementary table 2, we have listed all the antibodies used in this study and included the
resource (i.e. company, catalog no..etc).

Anti-SATB2 antibody [SATBA4B10] - C-terminal (ab51502) validated in human neural 2D and 3D cultures in previous publications (Nat
Methods 16:75-78 (2019), Nature 556:370-375 (2018)).

Anti-MAP2 Antibody (clone AP20, Millipore) validated in human neural cells in multiple publications (Nature communications 6
6340 2015, Nature 507 99-103 2014).

Anti-CTIP2 (Abcam, Ab18465) validated in human neural 2D and 3D cultures in previous publications (Neuron 101:459-471.e5 (2019),
Nature 563:691-695 (2018)).

Anti-Amyloid-beta(D54D2) (Cell Signaling, 8243S validated in human neural cells in multiple publications (Neuron on 27 June 2018 by
Lin, Y. T., Seo, J., et al.., Nature Communications on 6 May 2016 by Beck, S. J., Guo, L., et al..).

Anti-CD68 (Abcam, ab31630) validated in human microglia cells in multiple publications (Nat Commun 10:1463 (2019), Nat Commun
10:3473 (2019), Nat Commun 9:551 (2018), Proc Natl Acad Sci U S A 114:E75-E84 (2017)).

Anti-TBR2 (Abcam, ab23345) validated in human neural cells in multiple publications (Cell 174:590-606.e21 (2018), Nature
551:227-231 (2017)).

Anti-PSD95 (Abcam, ab12093) validated in human neural cells in multiple publications (Brain 135:2155-68 (2012), Nat Protoc
9:1682-97 (2014)).

Anti-IBA1 (Wako, 019-19741) validated in human immune cells in multiple publications (Neuron. 2018 Oct 10;100(1):120-134.e6,
Nature. 2018 Oct;562(7728):578-582).

Anti-CD68 (Abcam, ab199000) validated in human brain microglia cells in a publication (Clin Cancer Res. 2019 Jun 15;25
(12):3643-3657).

Anti-Pu.1 (Invitrogen, (E.388.3) Cat.MA5-15064) validated in human T-cells in a publication (Nature Immunol. 2014 Jul 15(7):676-86).

Anti-LAMP1 (Cell Signaling, Cat.15665) validated in human myeloid cells in multiple publications (Elife, 2020 Nov 2;9:e55547, Nat
Commun. 2019 Sep 20;10(1):4320).

Anti-CYP46 (NOVUS, NB400-140) validated in human neural cells in multiple publications (J Biol Chem. 2004 Aug 13;279
(33):34674-81, Toxicology 2020 Feb 28;432:152381).

Anti-AXL (Cell Signaling, Cat.8661S) validated in human cells in multiple publications (Mol Cell. 2020 Jan 2;77(1):120-137.e9,Cell
Rep.2019 Dec 10;29(11):3421-3434.e8,Nat Commun.2019 Apr 3;10(1):1515 ).

Anti-Cas3 (Cell Signaling, Cat.8661S) validated in human neural 2D and 3D cultures in previous publications (Elife. 2021 Jan
22;10:e62387., Cell Rep. 2020 Dec 8;33(10):108447,Nat Commun. 2020 Nov 2;11(1):5540).

Anti-NRXN1 (Novus Biologicals, Cat. NBP2-68920) used in this study.

Anti-MAP2 (Millipore, Cat. MAB3418) validated in human neural cells in multiple publications (Nat Commun. 2015 Mar
20;6:6340,Nat Med. 2014 Oct;20(10):1157-6).

Anti-Ki67 (BD biosciences, Cat. 556003) validated in human cells in multiple publications ( J Exp Med. 2011; 208(2):227-234, J Exp
Med. 2009; 206(9):2013-2025)

Anti-NRXN1 (Novus Biologicals, Cat. NBP2-68920) has not reported in any publication yet.

Our collaborated generated HES-3 NKX2-1GFP/w hESCs and provided us and we reported in Xiang et al., 2017, Cell Stem Cell.

HES-3 NKX2-1GFP/w hESCs

HES-3-TRE3G-dCAS9-mCherry/AAVS1-CAG-rTTA- hESCs (named BC4 lines)

HES-3-TRE3G-PU.1-IRES-eGFP-rTTA- hESCs (named BC61 lines)

Immunostaining for pluripotent markers, teratoma formation in mice, on-target and off-target sequence analysis were
performed to authenticate.

All cell lines were confirmed as mycoplasma negative before experiments.

No commonly misidentified line was used.

The Rag2-/- GammaC-/- mice were obtained from the Jackson Laboratory. Both male and female (2 each) animals at postnatal day 4
were used for injections.

The study did not involve wild animals.

The study did not involve field-collected samples

All animal experiments described in this study were approved by the Institutional Animal Care & Use Committee of Yale University
and were performed under the guidelines of Yale University Institutional Animal Care and Use Committee with approved protocol
(no. 2016–11347).




