1. Basic procedures for automating cell cultures and imaging

1.1 Generation of a measurement setting for the automated confocal microscope

1.1.1 Open a new “Measurement setting” in the main view of the imaging software. Select the plate type used for imaging.

1.2.1 Select the “Action list” tab and set the power for each laser. Click on “Add Channel” for each laser which is used in the experiment. Define the fluorophore, the objective, the light source, the fluorescence filter and the binning for each laser.

1.3.1 Add a new action by clicking on “3D Fluorescence Acquisition”. This allows to determine the z-stack for image acquisition and the exposure and gain. Select the first channel.

1.4.1 Click on “Test” and select a z-stack by adjusting parameters for ascending and descending distance and the slicing interval. Additionally, set the exposure time to 200 ms and the gain to 50 to start with. Click on “Acquire image”.

1.5.1 The automated confocal microscope takes images. Adjust the settings to appropriate values and re-test. Repeat this action for each channel used. After successfully setting the imaging parameters, set image processing to “Maximum”. Maximum projection creates a single plane image depicting only the maximum signal obtained for a certain pixel in all acquired z-planes.

1.6.1 Select the “Well Plate Scan Setting” tab and determine the position and number of fields which are imaged per well.

1.7.1 Save the measurement settings using a unique name.

1.2. Semi-automated high-content, high-throughput imaging

NOTE: Single assay plates may be imaged semi-automatically while a larger number of plates are imaged using the automated imaging method.

1.2.1. Switch on the automated confocal microscope and start the microscope controlling software. Set the temperature to 37 °C and 5% CO2, and turn on the stage incubator of the live-cell chamber if needed in the device console of the reader control panel.

1.2.1. Start the HEPA hood by using the resource/instrument process “RunHepaHood” from the GUI and open the door in front of the robotic arm.

1.2.1. Wipe the bottom of the assay plate with 70% ethanol using a lint-free tissue and place the plate on the bottom position of the shelf. Make sure that the orientation of the plate is correct. Well A1 must point away from the robotic arm. Wipe the door with 70% ethanol for decontamination and close the door.

1.2.1. Open the stage of the automated confocal microscope by clicking on “Unload well plates” in the device console of the reader control panel.

1.2.1. Start the transportation process by selecting the “TransportOfAssayPlateFromShelfToYokogawa” instrument process step and clicking on the Run Instrument process button. Close the stage by clicking on the “Unload well plates” button of the microscope controlling software. The HEPA hood can now be initialized for standby mode.

1.2.1. Generate a measurement setting as described in 1.1. Click on “start measurement” in the reader control window. Select the operator and the measurement setting, enter a measurement title and choose “Dark & Shading Correction” as well as “Geometric correction” for on-the-fly image correction.

1.2.1. After confirming the settings by clicking on “Start Measurement”, a pop-up window asks whether the assay plate shall be unloaded. After clicking “No”, the imaging of the plate starts.

1.2.1. After finishing the imaging process, start the HEPA hood again, unload the plate using the “Unload well plates” button of the microscope controlling software and transport the plate back to the shelf using the “TransportOfAssayPlateFromYokogawaToShelf” instrument process step.

1.2.1. Open the door to remove the plate, decontaminate and close the door and power down the HEPA hood. Switch off the microscope controlling software and the automated confocal microscope.

2. Generation of NGN2 stable cell line

2.1. Once hiPSC cultures have reached 70-80% confluency, treat the cells with 2 µM thiazovivin for 1 h.

2.2. Passage hiPSC with single cell dissociation reagent for 20 min at 37 °C, dissociate into single cells, collect cells in a 15-mL tube and adjust the volume to 10 mL. Centrifuge at 300 xg for 3 min.

2.3. Resuspend cells in iPSC culture medium supplemented with 2 μM thiazovivin and plate at 25-30,000 cells/cm2 on extracellular matrix-coated plates in iPSC culture medium supplemented with 2 μM thiazovivin.

2.4. Day 1. Twenty-four hours after plating cells, perform medium change with iPSC culture medium containing 10 μg/mL protamine sulfate and 2 μM thiazovivin.

2.5. [bookmark: _gjdgxs]After 1 h, add 1 volume of NGN2 (addgene plasmid no. 61474) and 2 volumes of the rtTA3 (addgene plasmid no. 61472) virus and incubate overnight at 37 °C. This corresponds to an MOI of 70 for NGN2.
[bookmark: _qa8z3sahasah]
NOTE: Currently, we use 30 μl of NGN2, and 60 μl of rtTA3 concentrated virus (~> 107 TU/mL) per well in a 12-well plate. Two volumes of rtTA3 are added because, in this case, there is no antibiotic selection option for the rtTA3 virus and we will be selecting cells with puromycin for NGN2 construct. Viral titers can differ from batch-to-batch, thus, the volume of virus used for making stable cell lines may need adjustment. Lentivirus production is not described in this study but the detailed protocol can be made available upon request.

2.6. Day 2. Repeat viral transduction as described in 2.5.

2.7. Culture cells for another 1-2 days. By this time, cells are ready for passaging. One well of a 12-well plate can be replated into 4-6 wells of a 6-well plate.

2.8. 24 h after replating, select positively transduced cells for NGN2 with 0.5 μg/mL puromycin for 1 passage.

NOTE: Freeze cell backups already at first passage. By this time, one well of a 12-well plate can yield ~ 48 wells of 6-well plates (after two rounds of passaging using a 1:12 split ratio). The yield of one fully confluent hiPSC plate (6-well format after 5-6 days in culture) can give 6-8 million cells ready for differentiation. Freeze cells from 1-well of a 6-well plate in 2 cryovials. Use the knockout serum replacement (90%) + DMSO (10%) as a freezing medium supplemented with 2 µM thiazovivin.

3. Quantitative real-time polymerase chain reaction (qRT-PCR)

3.1. RNA isolation

3.1.1. Isolate RNA from hiPSC and differentiated neurons by lysing cells with RNA lysis buffer reagent.

3.1.2. Treat lysates with DNase, purify and elute total RNA and proceed with clean on columns (optional RNA isolation kit). Analyze RNA integrity (RIN).

3.2. cDNA synthesis and qRT-PCR

3.2.1. Perform reverse transcription reaction with oligo dT primers, random decamers and reverse transcriptase enzyme using 1 µg of RNA from each sample.

3.2.2. Mix the cDNA with 5 µL SYBR Green master mix, 10 µM forward/reverse primer mix and nuclease-free water using electronic -pipettes in a total volume of 10 µL.

3.2.3. Run samples on Real-time PCR machine using a 40x cycle two-step protocol with 15 s denaturation step at 95°C and 1 min annealing and elongation step at 60°C.

NOTE: Primers were designed for the present study using NCBI primer blast or Primer bank17, 18.

3.3. Data analysis

3.3.1. Analyze data with cloud based qPCR app to yield relative quantification for each gene, and normalized data to the housekeeping genes. The relative gene expression was normalized to the housekeeping genes.

4. Immunostaining protocol

4.1. Prepare a fresh solution of 4% paraformaldehyde (PFA) in PBS.

4.2. Fix cells with 4% PFA/PBS for 20 min at room temperature (RT).

4.3. Wash cells three times (5 min each) with PBS at RT.

4.4. Incubate cells with blocking solution for 1 h at RT.

NOTE: Use the following freshly made blocking solution: 5% goat serum/0.1% Triton-X100 in PBS. Triton should be omitted for cell surface antibody staining.

4.5. Remove blocking solution, add the primary antibody (see Table of Materials) diluted in blocking solution. Incubate cells overnight at 4°C.

4.6. Remove the primary antibody and wash cells three times (5 min each) with PBS at RT.

4.7. Add the secondary antibody (see Table of Materials) diluted in blocking solution and incubate cells for 2 h at RT. Prepare negative controls by omitting the primary antibody.

4.8. Remove the secondary antibody and add Hoechst (nuclear counterstaining) for 10 min at RT. Alternatively, mount cells with DAPI.

4.9. Wash cells three times (5 min each) with PBS at RT.

4.10. Keep cells in PBS and image plates immediately or store plates at 4°C for imaging at a later time point.

5. smNPC generation from iPS cells.

5.1. Grow iPS cells for 5 days in a 6-well plate format so that the cultures are not overgrown. This is referred to as day 0 of smNPC derivation.

5.2. Day 0, wash iPS cells with PBS and treat with 1 mL of the dissociation reagent (0.5 mM EDTA). Incubate at room temperature for 8 min. After eight minutes, the EDTA solution is aspirated and discarded and 1 mL of the SRM medium is added, and gently pipette up and down 3 times to dislodge the colonies.

5.3. Adjust the medium volume to 6 mL and supplement with 1 µM Dorsomorphin (Do), 10 µM SB431542, 3 µM CHIR99021 (CHIR), 0.5 µM Purmorphamine (PMA) and 2 µM thiazovivin. Distribute cells into 2 wells of a suspension plate in a 6-well plate format with 3 mL per well. No steps are required for day 1.

5.4. Day 2, cells start to form embryoid bodies (ebs) in suspension. Gently collect ebs using 5 mL serological pipette in a 15-mL tube and let them settle down by gravity for 7 min. Aspirate 7.5 mL, leaving less than 500 µL in order not to remove the ebs. Gently, resuspend the eb in a fresh NGN2 medium supplemented with 1 µM Do, 10 µM SB, 3 µM CHIR, 0.5 µM PMA. No action is needed for day 3.

5.5. [bookmark: _GoBack]Day 4, repeat the step 5 and refresh the NGN2 medium supplemented with 3 µM CHIR, 0.5 µM PMA and 64 µg/mL L-ascorbic acid-2-phosphate magnesium (AA2). No action is needed on day 5.

5.6. Day 6, coat the adherent culture plate with an extracellular matrix for 2 h. Collect ebs as in S5.5. Triturate the ebs by pipetting 10 times using a 10 mL serological pipette and plate them onto coated plates. Distribute cells from one wells into 3 wells for adherent culture. Ebs will attach to the culture plate and may show signs of neural tube like formations. No action is needed for day 7.

5.7. Day 8, gently, refresh the NGN2 medium supplemented with 3 µM CHIR, 0.5 µM PMA and 64 µg/mL AA2. No action is needed for day 9.

5.8. Day 10, gently, refresh the NGN2 medium supplemented with 3 µM CHIR, 0.5 µM PMA and 64 µg/mL AA2. No action is needed for day 11.

5.9. Day 12, coat adherent culture plates with extracellular matrix, treat the cells with single cell dissociation reagent as described before in 2.4.4 note. Plate cells in the NGN2 medium supplemented with 3 µM CHIR, 0.5 µM PMA and 64 µg/mL AA2 using cell density of 70,000/cm². This is passage 1. No action is needed for day 13. 

NOTE: smNPC grows as small colonies with clear borders. Some fibroblast-like cells not growing in colonies are visible at early passages which are selected with extended passages in the cultivation medium resulting in a pure smNPC culture by passage 5 to 7.

5.10. Day 14, gently, refresh the NGN2 medium supplemented with 3 µM CHIR, 0.5 µM PMA and 64 µg/mL AA2. No action is needed for day 15.

5.11. Day 16, repeat step S5.9. A seeding density of 70,000/cm2 is used for passage 1 to 5. Make frozen backup using 90% culture medium and 10% DMSO solution. From passage 5 onwards, lower cells density can be used at 50,000 cells/cm2.
