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Materials and Methods

Lead contact and materials availability

Further information and requests for resources and reagents should be directed to, and will
be fulfilled by, the Lead Contact, Wieland B. Huttner (huttner@mpi-cbg.de). All unique/stable
reagents generated in this study are available from the Lead Contact with a completed Materials
Transfer Agreement.

Experimental animals

All animal experimental procedures were performed in accordance with the German
Animal Welfare Legislation (“Tierschutzgesetz) after approval by the federal state authority
Landesdirektion Sachsen (licenses: TVV 2015/05, TVV13/2020, TVV21/2017). All procedures
were overseen by the Institutional Animal Welfare Officer. All animals used for this study were
kept in standardized pathogen-free conditions at the Biomedical Services Facility (BMS) of MPI-
CBG with free access to food and water. Mice were kept in a 12 hours/12 hours light/dark cycle,
and ferrets were kept in a 16 hours/8 hours light/dark cycle. As the gender of embryos is unlikely
to influence the results obtained in the present study, it was not taken into consideration. The
C57BL/6JOlaHsd mouse line was bred at the BMS of MPI-CBG. Timed pregnant ferrets (Mustela
putorius furo) were obtained from Marshall BioResources (NY, USA) and housed at the BMS of
MPI-CBG.

Human tissue

Fetal human neocortex tissue (PCW 8-14) was obtained (i) from the Klinik und Poliklinik
fiir Frauenheilkunde und Geburtshilfe, Universitatsklinikum Carl Gustav Carus of the Technische
Universitdt Dresden, with informed written maternal consent, and with approval of the local
University Hospital Ethical Review Committees; and (ii) from the Human Development Biology
Resource (HDBR), with the fetal human material being provided by the joint MRC/Welcome Trust
(MR/R006237/1) Human Developmental Biology Resource (https://www.hdbr.org). Tissue
obtained from Dresden was dissected in PBS and cultured in human slice culture medium (hSCM,
see below) for 2 hours before any manipulation. Tissue obtained from the HDBR was shipped in
Hibernate E media (GIBCO A12476601) and cultured in hSCM for 3 to 5 hours prior to any further
manipulation. The age of fetuses was assessed by ultrasound measurements of crown-rump length
and other standard criteria of developmental stage determination. PCW 8-14 corresponds to a mid-
neurogenesis stage. Due to protection of data privacy, the gender of the human fetuses from which
neocortical tissue was obtained cannot be reported. The gender is unlikely to influence the results
obtained in the present study.

Plasmids

hTKTL1-encoding cDNA (short isoform) was amplified by PCR from a human brain
cDNA library and cloned into a pCAGGS vector (22) to obtain pCAGGS-hTKTL1. The aTKTL1
plasmid was obtained by mutation of hTKTLI1 using the Quick-change Lightning Site-Directed
Mutagenesis kit (Agilent). pPCAGGS-GFP and pCAGGS-mCherry have previously been published
(22, 44). All plasmids were extracted and purified using the QIAEX II Gel Extraction Kit
(QIAGEN), eluted in 20 pl of distilled water, and then used to transform competent cells.
Subsequently, all plasmids were extracted and purified using the Plasmid Plus Maxi kit (QIAGEN)
following the manufacturer’s instructions.



In utero electroporation of embryonic mouse neocortex

IUE was performed as previously described (37). Pregnant mice carrying E13.5 (for lateral
neocortex IUE) or E15.5 (for medial neocortex IUE) embryos were anesthetized with 4%
isoflurane (Baxter, HDG9623) in a narcosis box, followed by a constant 2.5% isoflurane flow
during the procedure. The animals were injected subcutaneously with an analgesic (0.1 ml,
Metamizol, 200 mg/kg). Using a borosilicate microcapillary (Sutter instruments, BF120-69-10),
the embryos were injected intraventricularly with a solution containing 0.1% Fast Green (Sigma)
in PBS, 1 pg/ul of pPCAGGS plasmid (either empty vector, \TKTL1, aTKTL1) and 0.4 pg/ul or 1
pg/ul (for cell sorting) of pCAGGS-GFP. The embryos were then electroporated using a 3-mm
diameter electrode (26 V, six 50-msec pulses with 950-msec intervals), with the anode and cathode
positioned adequately to promote DNA entry into either the lateral or medial neocortex. After the
IUE, the peritoneum was sutured (VICRYL 5-0, V493H), and the abdominal skin was closed with
clips (BD, Autoclip 9 mm, 427631). After surgery animals received Metamizol for two days via
the drinking water (1.33 mg/ml). Pregnant mice were sacrificed by cervical dislocation, and
embryos were immediately harvested and sacrificed by decapitation at E15.5 or E17.5 (for lateral
neocortex [UE) or at E18.5 (for medial neocortex IUE). The embryonic brains were dissected and
either fixed with 4% paraformaldehyde in 120 mM phosphate buffer pH 7.4 (PFA-PB), overnight
at4°C, for immunofluorescence, or used for hemisphere rotation culture or cell sorting (see below).

In utero electroporation of embryonic ferret neocortex

E33 ferret neocortex was electroporated as described previously (44). Pregnant ferrets
(with embryos at E33) were anesthetized with 4% isoflurane in a narcosis box before being placed
on the operation table under 3 + 0,5% isoflurane anesthesia. Pregnant ferrets were injected
subcutaneously with an analgesic (0.1 ml Metamizol, 50 mg/kg, WDT), an antibiotic (0.13 ml
amoxicillin, 20 mg/kg, WDT) and glucose (10 ml of a 5% D-glucose solution). The uterus was
exposed and the embryos were injected intraventricularly with 0.1% Fast Green (Sigma) in PBS,
2.5 pg/ul of either empty pCAGGS (control) or pCAGGS-hTKTLI, and 1 pg/ul of either
pCAGGS-GFP or pCAGGS-mCherry. The plasmids encoding the two different fluorescent
proteins were used in order to be able to discern the control and the hTKTL1-electroporated
postnatal pups. pCAGGS-GFP and pCAGGS-mCherry were alternated for different pregnant
ferrets. The injected embryos were electroporated with six 50-msec pulses of 100 V at 1-sec
intervals. The ferrets were sutured (VICRYL 4-0, VCP392ZH), then monitored until they woke
up, and then had postoperative care for at least 2 days (1 x daily 20 mg/kg amoxicillin and 3 x
daily 50 mg/kg Metamizol). Following birth, the pups were sacrificed at P2 or P16. At P2, pups
were anesthetized by intraperitoneal injection of 4 mg/kg xylazine and 40 mg/kg of ketamine.
When in deep anesthesia, the pups were sacrificed by decapitation and the brains isolated. The
brains were fixed in PFA-PB at 4°C for 48 hours. At P16 the anesthesia was followed by
intracardiac perfusion with PBS and then with PFA-PB. The brains were isolated and fixed with
PFA-PB at 4°C for 48 hours. Post-delivery ferrets underwent a second surgery for
ovariohysterectomy. A minimum of 2 weeks after the latter surgery, the ferrets were donated for
adoption.

Mouse cerebral hemisphere rotation culture
Cerebral hemispheres were dissected from E14.5 mouse embryos 24 hours after IUE at
E13.5. Meninges were surgically removed, and the electroporated hemispheres were placed into




hemisphere rotation (HERO) culture as previously described (45), with minor modifications.
Hemispheres were cultured with mouse slice culture medium (mSCM), which had the following
composition: a mixture of 90% neurobasal medium (GIBCO, 21103049) and 10% rat serum
(Charles River japan) was supplemented with 20 mM L-glutamine, 1x Penstrep, 1x N2 supplement
(GIBCO, 17502048), 1x B27 supplement (GIBCO, 17504044) and 0.1 mM HEPES-NaOH (pH
7.3). Cerebral hemispheres were placed into a flask (for the whole-embryo culture incubator, see
below) containing 1.5 ml of mSCM containing 0.1% DMSO and either (i) no further addition
(control), (ii) 10, 50 or 100 uM of 6-aminonicotinamide (6-AN, Sigma, A68203) (34), (iii) 10 or
20 uM of S3 (Ambeed, 5539-66-2) (49), (iv) 10, 20 or 50 uM of 5-(tetradecyloxy)-2-furoic acid
(TOFA, Sigma, T6575) (50), (v) 5 uM of ND646 (MedChemExpress, HY-101842) (57) or (vi) 5,
10, 20 uM of Orlistat (Sigma, 0O4139) (52) as indicated in the figures. The flasks were incubated
for 24 hours at 37°C in a whole-embryo culture incubator (Ikemoto Scientific Technology), with
a humidified atmosphere of 40% O2 / 5% CO2 / 55% N2 and under rotation at 6 rpm. The cerebral
hemispheres were then fixed overnight with PFA-PB at 4°C for immunofluorescence.

Human neocortex free-floating tissue culture

Free-floating tissue (FFT) culture of fetal human neocortical tissue (PCW 8-14) was
performed for 48 hours (inhibitors) or 72 hours (CRISPR/Cas9 KO) as previously described (46).
FFT was performed using hSCM, which had the following composition: a mixture of 90%
neurobasal medium (GIBCO, 21103049) and 10% of knockout serum replacement (KOSR,
GIBCO, 10828028) was supplemented with 20 mM L-glutamine, 1x Penstrep, 1x N2 supplement
(GIBCO, 17502048), 1x B27 supplement (GIBCO, 17504044) and 0.1 mM HEPES-NaOH (pH
7.3). For the pharmacological inhibitor studies, fetal human neocortical tissue was placed into a
flask containing 1.5 ml of hSCM containing 0.1% DMSO and either (i) no further addition
(control), (ii) 10, 20, 50 or 100 uM of 6-AN (Sigma, A68203), (iii) 5, 10 or 20 uM of S3 (Ambeed,
5539-66-2), (iv) 10, 20 or 50 uM of TOFA (Sigma, T6575), (v) 5 uM of ND646
(MedChemExpress, HY-101842) or (vi) 5, 10, 20 uM of Orlistat (Sigma, O4139) as indicated in
the figures. The flasks were incubated for 48 or 72 hours at 37°C in a whole-embryo culture
incubator (Ikemoto Scientific Technology), with a humidified atmosphere of 60% O2 / 5% CO2 /
35% N2 and under rotation at 6 rpm. Cultures received fresh hSCM (containing the above
ingredients) every 24 hours. The fetal human neocortical tissue was then fixed overnight with
PFA-PB at 4°C for immunofluorescence.

CRISPR/Cas9 strategy for hTKTL1 knockout in human fetal neocortical tissue

The CRISPR/Cas9 approach used to perform a knockout (KO) of hTKTL1 expression in
human fetal neocortical tissue ex vivo was similar to the previously reported approaches (31, 53).
As control, a previously published gRNA targeting LacZ was used (53). The genomic sequence of
hTKTL1 was analyzed for CRISPR/Cas9 target sites (Geneious 11 software, Biomatters), and 3
gRNAs were selected (gRNAs 1-3, gRNA-1: 5>-CTTACAGAGACTGTCGTTTG-3’, gRNA-2:
5’-ATACTGGCAAGTACTTCGAC-3’, gRNA-3: 5-GGATGGCTCGGACAAGGACT-3’).
gRNAs and recombinant HF-Cas9 V3 protein generated by Integrated DNA Technologies (IDT)
were used. The gRNAs were tested in combinations of two gRNAs each by electroporation of
HeLa cells followed by genomic PCR analysis (forward primer: 5°-
GGACGCTGCTACAGAGCTGA-3’, reverse primer: 5’-TCCACATCACGGAGATAGGTG).
As all three combinations of gRNAs cut hTKTLI1, the combination with the greatest efficiency
(gRNA-2 plus gRNA-3) was chosen (Fig. SSH). A gRNA—tracrRNA duplex was prepared for each




gRNA (1 pl of 100 uM gRNA and 1 pl of 100 uM tracr) and incubated for 5 min at 95°C. Once at
room temperature, 1 pl of lacZ gRNA or 0.5 ul of gRNA-2 plus 0.5 pl of gRNA-3 were mixed
with 0.6 pl of HF-Cas9 V3 protein and incubated at room temperature for 15 min. Each Cas9-
gRNA complex was then diluted into 18.4 pl of 1.1x protein buffer (20 mM Hepes pH 7.5, 150
mM KCl), followed by centrifugation (1 min, 10,000x g) through a PVDF 0.22 pm filter.

Ex vivo electroporation of human fetal neocortical tissue

Ex vivo electroporation of human fetal neocortical tissue was performed as previously
described (39). Briefly, neocortical tissue was placed in a spoon-shaped anode filled with sterile
PBS. A mixture of either the Cas9—LacZ-gRNA complex (control) or the Cas9—hTKTLI1-gRNA
complex, 0.1% Fast Green, 0.7 pg/ul of pCAGGS-GFP and 4% glycerol was added onto the apical
surface of the human fetal neocortical tissue. The cathode was placed above the tissue, which was
then electroporated using five 50-msec pulses at 36-40 V with 950-msec intervals. The tissue was
then washed in PBS and transferred to a flask for a 72-hour FFT culture. The cultures received
fresh hSCM every 24 hours. The fetal human neocortical tissue was then fixed overnight in PFA-
PB at 4°C for immunofluorescence.

CRISPR-Cas9 editing of H9 human embryonic stem cells

H9 human embryonic stem cells (female, WiCell Research Institute, ethics permit AZ
3.04.02/0118) were grown on Matrigel (Corning, 35248) in mTeSR1 medium (StemCell
Technologies, 05852). Electroporation of oligonucleotides and ribonucleoprotein (RNP) was
carried out using 1 million cells, 100 pmol electroporation enhancer (IDT), 320 pmol gRNA
(crRNA/tracR duplex), 200 pmol single-stranded (ss)DNA donor, and 252 pmol Cas9-HiFi (IDT)
using the B-16 program of the Nucleofector 2b Device (Lonza) in cuvettes for 100 ul Human Stem
Cell nucleofection buffer (Lonza, VVPH-5022). Cells were counted with Countess automated cell
counter (Invitrogen). To increase HDR, 2 uM M3814 was added for two days after electroporation
(54).

TKTL1 t1 guide sequence: CTCAGAGAAAGTAGAGTACC

TKTL1 ssDNA donor (edited site bold):
TAGATAGCTACTCGGAAAGCATGCGGTCTGGCTCTGGCTAAGCTGGGCTACGCGAA
CAACAGAGTCGTTGTGCTGGATGGTGACACCAAGTACTCTACTTTpTATTCAACAAG
GAGTACC

Validation of edited cell lines. Genomic DNA of each single cell-derived cellular clone
was isolated using QuickExtract DNA Extraction Solution (Lucigen), before a region of ~250 bp
around the cut site was amplified and sequenced using the primers:

TKTL1 NGS_forward:
ACACTCTTTCCCTACACGACGCTCTTCCGATCTCCTTCCTTCTGTAGTCGTTCC
TKTL1 NGS reverse:
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTCCAGTGGGCCATTGATTCTA

From sequences the editing state was evaluated as described (54). Briefly, deletions bigger
than ~250 bp and therefore not detected by the amplicon sequencing (37, 55) were identified by
digital droplet (dd)PCR using primer pairs and probes that anneal within the sequenced target



regions. The master mix for ddPCR amplification included 1x ddPCR Supermix for probes (no
dUTP, Bio-Rad), 0.2 uM of each primer and 0.2 uM probe (both IDT) for target and reference,
together with 1 pl genomic DNA isolate. After droplet generation with the QX200 Droplet
generator (Biorad), the PCR reaction parameters were: 5 min at 95°C, followed by 40 cycles of 30
sec at 95°C (ramp rate of 2°C/sec), 60 sec at 59°C (ramp rate of 2°C/sec), and 5 min at 98°C.
Readout was in a QX200 Droplet reader (BioRad) and allele copy numbers were determined
relative to a different fluorophore for the FOXP2 reference and unedited control.

The following primers and probes were used:

TKTL1 ddPCR_forward: CTACCACCTGATTGTCTCTGT

TKTL1 ddPCR reverse: AGAAGCCCTGAGAGACACTA

TKTL1 ddPCR_probe: 6FAM —CGGTCTGGCTCTGGCTAAGCTGGGC- BHQ 1

FOXP2 ddPCR _forward: GCAACAGCAATTGGCAGC
FOXP2 ddPCR reverse: CAGCGATTGGACAGGAAGTG
FOXP2 ddPCR probe: HEX ~AGCAGCAGCAGCATCTGCTCAGCCT- BHQ 1

To exclude cellular clones with a loss-of-heterozygosity at the region near the CRISPR cut
site (59), heterozygous variable positions upstream and downstream of the respective target site
were amplified and sequenced using the primers:

TKTL1 downSNP_forward:
ACACTCTTTCCCTACACGACGCTCTTCCGATCTCCTTAGCCTCCCGAGTAGCT
TKTL1 downSNP reverse:
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTAAATACACCATCGGGCTGGG
TKTL1 upSNP_forward:
ACACTCTTTCCCTACACGACGCTCTTCCGATCTAGGGAGGTGGCTCTAGAAGT
TKTL1 upSNP reverse:
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTAGCAAGGTGGTGGCCAAG

To detect chromosomal aneuploidies and large-scale chromosomal duplications and
deletions, DNA from the two mock-edited and the two aTKTL1-edited H9 human embryonic stem
cell (ESC) lines was sequenced shallowly as described in Riesenberg et al. 2019 (54), and the
result compared to that of the shallowly sequenced DNA from their mother H9 line (Fig S7C).

Karyotyping
The karyotypes of the H9 human ESC lines (hTKTL1-1, hTKTL1-2, aTKTL1-1,

aTKTL1-2) were obtained by Giemsa-banding (GTG banding) and performed at the Institute of
Clinical Genetics of the Technische Universitit Dresden, which is accredited by DIN EN ISO
15189:2014. In short, cells were incubated for 3 h with 10 pg/ml colcemid (Gibco, 15212012) and
trypsinized (Gibco 25300054) to obtain a single cell suspension. The cell suspensions were then
treated with hypotonic 0.075 M KCI Solution (Gibco, 10575090) and subsequently fixed with 3:1
methanol/acetic acid (Merck). Cells were then spread onto glass slides and treated with the Giemsa
(GTG) staining procedure from Thermo Fisher (Cat. No. 10582013, 10092013 and 15090046)
(https://www.thermofisher.com/de/en/home/references/protocols/cell-and-tissue-
analysis/staining-protocol/giemsa-banding.html.).



Pluripotency analysis

H9 human ESC lines were analyzed for pluripotency by immunofluorescence for
pluripotency markers and flow cytometry of the immunostained cells. The H9 human ESC lines
(hTKTL1-1, hTKTL1-2, aTKTL1-1, aTKTL1-2) were grown on coverslips and fixed with PFA-
PB for 20 min at room temperature. The cells were washed three times with PBS. The cells were
permeabilized three times 15 min with 0.1% Triton X-100 in PBS and then subjected to blocking
for 30 min in 0.1% Triton X-100 and 4% donkey serum, in PBS (blocking solution). The primary
antibodies were incubated in blocking solution overnight at 4°C. The primary antibodies used were
mouse anti-Nanog-PE-conjugated antibody (1:10) and mouse anti-Oct3/4-PerCy5.5-conjugated
antibody (1:10) from the Human pluripotent stem cell transcription factor analysis kit (560589,
BD), rat anti-SSEA3-PE-conjugated antibody (1:10) from the Human pluripotent stem cell sorting
and analysis kit (560461, BD) or mouse anti-Sox2 (MAB2018, R&D, clone 245610,
RRID:AB 358009, 1:200). Subsequently, the cells were washed three times in blocking solution
and incubated with secondary antibody (for the unconjugated Sox2 antibody, donkey anti-mouse,
Alexa Fluor 488 (Cat #A21202, RRID:AB 141607, 1:500)), and DAPI (Sigma, 1:1000) in
blocking solution for 1 hour at room temperature. The sections were then washed three times with
blocking buffer, three times with PBS and one time with H20 before being mounted with Mowiol.

For the flow cytometry analyses, we first prepared a single-cell suspension from the H9
human ESC lines (W\TKTL1-1, hTKTL1-2, aTKTL1-1, aTKTL1-2). To this end, the cells were
washed with PBS before using TrypLE (12604013, Gibco) for 4 min. mTeSR1 medium was added
to the cells that were then collected by pipetting up and down. The cell suspension was subjected
to fixation and staining. The cells were centrifuged at 300xg for 3 min, the supernatant was
removed and the cells were fixed with PFA-PB for 20 min at room temperature before being
washed three times with PBS. The cells were permeabilized three times 15 min with 0.1% Triton
X-100 in PBS, and blocked for 30 min with 0.1% Triton X-100 and 5% FBS in PBS. Then 100 pl
of cell suspension were incubated overnight at 4°C with the following antibodies (1:6): mouse anti-
Nanog-PE-conjugated antibody, mouse anti-Oct3/4-PerCyS5.5-conjugated antibody, mouse anti-
Sox2-Alexa Fluor 647 conjugated antibody from the Human pluripotent stem cell transcription
factor analysis kit (560589, BD). Subsequently, the cells were washed three times 15 min in 0.1%
Triton X-100 in PBS and resuspended in 200 pl PBS. The cells were then analyzed using a BD
FACSAria 3 device (Becton Dickinson Biosciences). Gates were applied as follows. First, a P1
gate was set on the SSC-A/FSC-A dot-plot, to identify live cells based on size and shape. Next,
the P1 fraction was restricted by setting a P2 gate on the FSC-W/FSC-H dot-plot to select single
cells. Out of the P2 population, single dot-plots were created for FSC-H/PE, FSC-H/APC and FSC-
H/PerCP-Cy5-5-A. Dot-plots and histograms were created in the FL channels. Data were analyzed
using the FlowJo software.

Cerebral organoids

Two mock-edited (h\TKTL1) and two gene-edited (aTKTL1) HO cell lines were cultivated
on Matrigel- (Corning) coated tissue culture plates using standard feeder-free conditions in
mTeSR1 (StemCell Technologies) and differentiated into cerebral organoids using previously
published protocols (47, 48). Briefly, 9,000 cells were seeded per well into 96-well Ultra-low
attachment plates (Corning) in mTeSR containing 10 pM Y27632 (AbMole), followed by
centrifugation at 300x g for 3 min. After 48 hours the medium was changed to mTeSR without




Y27632. Four days after seeding, the medium was changed to neural induction medium, which
contained DMEM/F12 (Gibco) medium supplemented with 1% N2 supplement (Gibco), 1%
Glutamax supplement (Gibco), 1% MEM non-essential-amino acids (Gibco) and 1 pg/ml heparin
(Sigma-Aldrich). The neural induction medium was changed every other day. Eight days after
seeding, the embryoid bodies were embedded in Matrigel and transferred to differentiation
medium (equal volumes of DMEM/F12 (Gibco) and Neuralbasal (Gibco) medium supplemented
with 0.5% N2 supplement (Gibco), 0.025% insulin solution (Sigma-Aldrich), 1% Glutamax
supplement (Gibco), 0.5% MEM non essential-amino-acids (Gibco), 1% B27 supplement (without
vitamin A, Gibco), 1% penicillin-streptomycin and 0.00035% 2-mercaptoethanol (Merck)), and
placed on an orbital shaker. The medium was changed every other day. On day 14 after seeding,
the cerebral organoids were switched to differentiation medium containing 1% of B27 supplement
with vitamin A (Gibco), which was changed every three days until fixation at day 50 with PFA-
PB at 4°C for 2 hours.

Sanger sequencing and quantitative real-time PCR (qPCR)

Total RNA was isolated from day 50 mock-edited and gene-edited H9-derived human
organoids using the RNAeasy Micro Plus Kit (Qiagen) according to the manufacturer’s
instructions. cDNA was synthesized using the Maxima first-strand cDNA synthesis kit (Thermo
Scientific). The expression of TKTL1 mRNA in the mock-edited and gene-edited human
organoids was confirmed by qPCR, using each of the cDNAs generated as template and specific
primers (forward primer 5’- GCGGTCTGGCTCTGGCTAAG -3°, reverse primer 5’-
GCAAAAGCAATGGTCCGTCC -3°), followed by Sanger sequencing of the PCR products. The
sequences obtained from the mock-edited and gene-edited organoids were mapped to the human
TKTLI1 gene, using Geneious (version 11.1.4). This revealed the expression of the human TKTL1
mRNA in the mock-edited human organoids (hTKTL1-1 and hTKTL1-2) and the expression of
the archaic TKTL1 mRNA in the gene-edited human organoids (aTKTL1-1 and aTKTL1-2).

Cryosectioning

As described previously (37), fixed tissues were incubated with 15% sucrose for 24 hours
(mouse and human) or 48 hours (ferret) at 4°C, followed by incubation with 30% sucrose for 24
hours (mouse and human) or 48 hours (ferret) at 4°C. The tissues were embedded in Tissue-Tek
(Sakura Finetek, 4583). Coronal cryosections of 20-50 um thickness were cut using a cryostat and
stored at —20°C, prior to immunofluorescence.

Immunofluorescence

As described previously (29), cryosections were subjected to antigen retrieval using 10
mM citrate buffer pH 6.0 at 70°C in a waterbath, as follows: (i) a 1-hour incubation for all
embryonic mouse samples and the P2 ferret samples, and (ii) a 30-min incubation for all fetal
human samples. Cryosections were permeabilized with 0.3% Triton X-100 in PBS for 30 min at
room temperature, then quenched with 0.1 M glycine in PBS for 30 min. The samples were then
subjected to blocking for 30 min in 0.2% gelatin, 300 mM NaCl, 0.3% Triton X-100, all in PBS.
Primary antibodies (see below) were incubated in blocking solution overnight at 4°C.
Subsequently, the cryosections were washed three times in blocking solution and incubated with
secondary antibodies (see below) and DAPI (Sigma) in blocking solution for 1 hour at room
temperature. The sections were then washed three times with PBS and mounted with Mowiol.




The following primary antibodies were used: mouse anti-pVim (MBL DO076-3,
RRID:AB 592963, 1:500), goat anti-Sox2 (R&D Systems, AF2018, RRID:AB 355110, 1:500),
rabbit anti-Tbr2 (Abcam, ab183991, RRID:AB 2721040, 1:500), mouse anti-Satb2 (Abcam,
ab51502, RRID:AB 882455, 1:500), rat anti-Ctip2 (Abcam, ab18465, RRID:AB 2064130,
1:500), mouse anti-PCNA (Millipore, CBL407, RRID:AB 93501, 1:500), mouse anti-TKTL1
(Santa Cruz, sc-271296, RRID:AB_10612386, 1:250), chicken anti-GFP (Aves labs, GFP-1020,
RRID:AB 10000240, 1:1000), rat anti-RFP (ChromoTex, 5F8, RRID:AB 2336064, 1:500),
rabbit anti-RFP (Rockland antibodies, 600-401-379, RRID:AB 2209751 1:1000), rat anti-PH3
(Abcam, ab10543, RRID:AB 2295065, 1/500), rabbit anti-active Caspase 3 (Abcam, ab2302,
RRID:AB 302962, 1:250), Rabbit anti-NeuN (Abcam, ab104225, RRID:AB_ 10711153, 1:500),
mouse anti-Hu (Thermo Fisher, A-21271, RRID:AB 221488, 1:500), rabbit anti-Hopx (Sigma,
HPA030180, RRID:AB 10603770, 1:100).

The following secondary antibodies were used at 1:500: donkey anti-chicken Cy?2 (Jackson
Immuno research, 703-225-155, RRID:AB 2340370), donkey anti-mouse Cy3 (Jackson Immuno
research, 715-165-150, RRID:AB 2340813), donkey anti-mouse Cy5 (Jackson Immuno research,
715-175-151, RRID:AB_2340820), donkey anti-mouse Cy2 (Jackson Immuno research, 715-225-
150, RRID:AB 2340826), donkey anti-rabbit Cy2 (Jackson Immuno research, 711-225-152,
RRID:AB 2340612), donkey anti-rabbit Cy3 (Jackson Immuno research, 711-165-152,
RRID:AB 2307443), donkey anti-rabbit Cy5 (Jackson Immuno research, 711-175-152,
RRID:AB 2340607), donkey anti-rat Cy2 (Jackson Immuno research, 712-225-153,
RRID:AB 2340674) donkey anti-rat Cy3 (Jackson Immuno research, 712-165-153,
RRID:AB 2340667), donkey anti-rat Cy5 (Jackson Immuno research, 705-175-153,
RRID:AB 2340672), donkey anti-goat Cy5 (Jackson Immuno research, 712-175-147,
RRID:AB_2340415).

Image acquisition

Most fluorescent images were acquired using a Zeiss LSM 880 upright single-photon point
scanning confocal microscope. Only few images were acquired using a Zeiss LSM 700 inverted
single-photon point scanning confocal microscope. The images were taken using a Zeiss Plan-
Apochromat 10x 0.45 air, a Zeiss Plan-Apochromat 20x 0.8 air, or a Zeiss Plan-Apochromat 40x
1.2 water objectives. The images were taken as either 1-um thick optical sections (40x), 2-pm
thick optical sections (20x), or 7-um thick optical sections (10x).

Isolation of bRG and determination of acetyl-CoA levels

We first prepared a single-cell suspension from embryonic mouse neocortex which was
then subjected to cell-surface staining. To this end, mouse neocortices electroporated at E13.5 with
I pg/ul of pPCAGGS plasmid (either empty vector (control), hTKTL1 or aTKTL1) and 1 pg/ul of
pCAGGS-GFP were microdissected at E15.5 under an epifluorescence stereomicroscope to obtain
the electroporated region of the neocortex. Microdissected neocortices of each electroporation
condition (control, hTKTL1 or aTKTL1; 4-10 microdissected neocortices per condition) were
pooled and the three pools processed in parallel. Single-cell suspensions were prepared using the
MACS Neural Tissue Dissociation kit containing papain (Miltenyi Biotec) following the
manufacturer’s instruction. Cell-surface staining of prominin-1 (Prom-1) and GLAST was
performed on the cell suspensions with rat 13A4 APC-conjugated antibody (1:50, eBioscience,




Clone 13A4, #17-1331-81, RRID:AB _823120) and with anti-EAAT1/GLAST-1/SLC1A3 PE-
conjugated antibody (1:20, Novus Biologicals, #NB100-1869PE).

Next, fluorescence-activated cell sorting (FACS) was performed using a 5-laser-BD
FACSAria Fusion sorter (Becton Dickinson Biosciences). Cell suspensions were first washed
twice with Hanks' Balanced Salt Solution (HBSS) before being subjected to FACS. Gates were
applied as follows. First, a P1 gate was set on the SSC-A/FSC-A dot-plot, to identify live cells
based on size and shape. Next, the P1 fraction was restricted by setting a P2 gate on the FSC-
W/FSC-H dot-plot to select single cells. Out of the P2 population, single dot-plots were created
for SSC-A/GFP (linear/log2, blue laser, 488 nm), SSC-A/PE (linear/log2, yellow-green laser, 561
nm) and SSC-A/APC (linear/log2, red laser, 640 nm), to visualize the fluorescence intensities of
GFP, Prom-1-APC and GLAST-PE, respectively. Voltage parameters were set based on an
unstained control, and subsequently maintained for FACS. Next, the GFP+/GLAST+/Prom-1—
gate was restrictively set and maintained through FACS to acquire electroporated bRG, which
were sorted at room temperature into 100 ul HBSS in Eppendorf tubes. Sorted bRG were briefly
centrifuged at 1000x g for 5 min, resuspended in 20-40 pl acetonitrile, rapidly frozen on dry ice
and then kept at —80°C until further analysis. Three independent experiments were conducted.

We used mass spectrometry to determine the acetyl-CoA level in the FACS-isolated bRG.
To this end, the frozen sorted bRG suspension was thawed and 150 pl 30% methanol in acetonitrile
containing 100 nM chloropropamide and 5 uM 13C/15N-labeled AMP (Merck 650676) as internal
standards were added. The suspenion then received 1/3 volume of 0.5 mm zirconium beads,
followed by homogenization for 10 min at 4°C and 300x g in a TissueLyser II (Qiagen). Next, 10
ul of the homogenate was used for protein quantification by the BCA Protein Quantification Kit
(Pierce BCA Protein Assay Kit, Tehermo Scientific) to ascertain that the protein concentration
was consistent with the number of cells in the three types of samples. The remainder of the
homogenate was centrifuged at 13,000x g for 30 min and the supernatant transferred to a new tube.
LC-MS/MS analysis was performed on a high performance liquid chromatography (HPLC)
system (1200 Agilent) coupled online to G2-S QTOF (Waters). For normal phase chromatography,
a Bridge Amide 3.5 pl (2.1x100mm) column from Waters was used. For the normal phase, the
mobile phase composed of eluent A (95% acetonitrile, 0.1 mM ammonium acetate, and 0.01%
NH40H) and eluent B (40% acetonitrile, 0.1 mM ammonium acetate, and 0.01% NH4OH) was
applied with the following gradient program: Eluent B, from 0% to 100% within 18 min; 100%
from 18 to 21 min; 0% from 21 to 26 min. The flow rate was set at 0.3 ml/min. The spray voltage
was set at 3.0 kV and the source temperature was set at 120°C. Nitrogen was used as both cone
gas (50 1/h) and desolvation gas (800 I/h), and argon as the collision gas. MSE mode was used in
negative ionization polarity. Chromatograms and mass spectral data were acquired and processed
by MassLynx software (Waters). The acetyl-CoA peak was identified according to the m/z ratio
and the retention time, determined from a separate chromatogram with pure acetyl-CoA only. The
results were normalized according to the internal standards and the cell number, and the relative
quantification is expressed as arbitrary unit.

In situ hybridization

In situ hybridization (ISH) was performed as described previously (56). Templates were
amplified by PCR from oligo-dT—primed cDNA prepared from total RNA of fetal human
neocortical tissue using the following primers (forward: 5-
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TAATTGAGAGCCAGATACAGACCA-3’; reverse: 5’-
GCTTCATACACAGTAATTCCAGCT-3’), and an antisense RNA probe directed against the
TKTL1 mRNA was synthesized using the DIG RNA labeling Mix (Roche). ISH was performed
on 20 um- and 40 um-thick cryosections of PCW 11 fetal human frontal and occipital neocortical
tissue as well as 20 pm-thick cryosections of day 50 cerebral organoids. Prior to the hybridization
step, cryosections were sequentially treated with 0.2 M HCI (2x 5 min, room temperature) and
then with 5 pg/ml proteinase K in PBS, pH 7.4 (10 min, room temperature). Hybridization was
performed overnight at 65°C with 20 ng/ml of the antisense RNA probe. The signal was detected
immunohistochemically ~ with anti-digoxigenin-AP  antibody (Roche, #11093274910,
RRID:AB 2734716) and NBT/BCIP (Roche, #11681451001) as color substrate.

TKTL]1 expression analysis by RT-gPCR

TKTL1 gene expression analysis by RT-qPCR was performed as previously described
(57). Total RNA was isolated from PCW 9, 11, 12, 13 and 15 human neocortical tissue, and from
PCW 11, 16 and 17 human neocortical frontal and occipital lobe tissue, using the RNeasy Mini
Kit (Qiagen) according to the manufacturer’s instructions. cDNA synthesis was performed using
the Maxima first-strand cDNA synthesis kit for RT-qPCR (Thermo Scientific). A LightCycler®
96 Instrument (Roche) and the FastStart essential DNA green master (Roche) were used to carry
out the qPCR. Gene expression data were normalized based on the housekeeping gene GAPDH.
The following primers were used: GAPDH: forward: 5’-TGAAGCAGGCATCTGAGGG,
reverse: 5’-CGAAGGTGGAAGAGTGGGAG; TKTL1 ENST00000369912.2: forward: 5’-
GCTGGGAGAAATGACCGCTT, reverse: 5-TGATGTAGGGTGGCTGAAAGA; TKTLI1
ENST00000369912.2 and ENST00000369915.8: forward: 5’-AAGCCAATGCCGAGAGAAAG,
reverse: 5’-CTGTAATCAGGTGGAGAGGT.

Quantification

All quantifications were performed using Fiji. Cells were quantified in standardized
microscopic fields, as indicated in the figures. All quantifications were done blindly. Any pVim+
cell located >30 um away from the apical surface of the VZ was counted as BP.

For the analyses of BP and bRG morphotypes in P2 ferret brains, we used previously
described criteria (37). Briefly, BPs were identified as PCNA+ cells in the iSVZ and oSVZ, and
their morphology was classified in 6 different morphotypes (multipolar BPs, bRG with a basal
process, bRG with an apical process, bRG with apical and basal processes, bRG with bifurcated
basal process, and bRG with apical and bifurcated basal processes) based on the FP+ staining.

For the P16 ferret brains, the morphological measures were performed, as previously
described (44), at two positions along the rostro-caudal axis. Briefly, the dorsal neocortex lateral
length, the gyrus size and the local gyrification index are presented as a ratio of the value of the
electroporated hemisphere (IUE) over the value of the contralateral non-electroporated hemisphere
(non-IUE). The lateral length of the dorsal neocortex and of the electroporated area were
determined as depicted in Figure 61 and Figure S6B, respectively. The local gyrification index was
determined as the ratio of the length of the inner contour over the length of the outer contour (Fig.
S6D). The gyrus size was determined for the gyrus that was located in the center of the
electroporated area and for the corresponding gyrus on the contralateral side.
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As the number of dead cells, determined using DAPI staining, did not vary significantly between
mock-edited (WTKTL1) and gene-edited (aTKTL1) cerebral organoids (Fig. S8G), the dead cells
were excluded from the quantification of the various cell types in these organoids.

Statistical analyses

Sample sizes (biological replicates) used for statistical tests are reported in each figure
legend. Mouse embryos and fetal human tissue samples were randomly selected for the various
experimental conditions. Mouse, human tissue, and cerebral organoid samples were excluded from
further analyses only if the samples appeared to be severely damaged or dead, or if the
electroporation efficiency was clearly lower than normal or was not comparable between the
different groups of samples. No predetermination of sample sizes was carried out because our
research is an exploratory study. The sample sizes are listed in the figure legends. Each experiment
was independently performed at least 3 times. Data were processed with Excel (Microsoft) and
analyzed with Prism (GraphPad Software). The normality of distribution was tested using either
the Kolmogorov-Smirnov or the Shapiro-Wilk test, and the equality of variance was confirmed
using the F-test. Parametric statistical tests were used for normally distributed samples, and non-
parametric statistical tests for non-normally distributed samples. The parametric tests used were
two-tailed unpaired or paired Student’s t-test, one-way analysis of variance (ANOVA) followed
by Tukey’s multiple comparison tests, or two-way ANOVA followed by Bonferroni’s post-hoc
test. The non-parametric tests used were Mann Whitney U-test, Kruskal-Wallis test followed by
Dunn’s multiple comparison test or Friedman test followed by Dunn’s multiple comparison test.
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Fig. S1. Analysis of TKTL1 mRNA levels in fetal human neocortex reveals highest expression
in the frontal lobe.

(A) Left: Mean FPKM values of TK7TLI mRNA expression in the indicated neocortical zones of
fetal human neocortical tissue (six PCW 13-16 fetuses) and embryonic mouse neocortex (five
E14.5 embryos) {Fietz, 2012 #13014}. Error bars, SD. Middle: Mean FPKM values of 7TKTL1
mRNA expression in the indicated isolated cell populations (N, neurons) of (i) PCW 13 fetal
human neocortical tissue (aRG and bRG, 4 samples, 2 different fetal samples, each subjected to 2
independent cell isolations; N + bRG in G1, 2 samples, 2 different fetal samples, 1 cell isolation
each) and (ii) embryonic mouse neocortex (four E14.5 embryos) {Florio, 2015 #12451}. Error
bars, SD; for N + bRG in G1, the two dots indicate the individual values. Right: Mean TPM values
of TKTL1 mRNA expression in the indicated isolated cell population of three PCW 16-17 fetal
human neocortical tissues {Johnson, 2015 #12684}. Error bars, SD.

(B) Mean TKTL1 mRNA splice variant expression in the indicated isolated cell populations (N,
neurons) of PCW 13 fetal human neocortical tissue assessed using the Kallisto algorithm {Florio,
2018 #13812} and the data reported in {Florio, 2015 #12451}. The splice variants are indicated
by Ensembl transcript IDs. For sample numbers and error bars, see (A).

(C) In situ hybridization analysis of 7TK7L1 mRNA expression in the fetal human neocortex using
a specific antisense probe. Left: Coronal sections of the frontal and occipital lobes of the neocortex
at PCW 11. Scale bar, 1 mm. Right: Higher magnification of the cortical wall in the positions of
the frontal and occipital lobes as indicated by the boxes on the left. The three boxed areas in each
image indicate areas of the VZ, SVZ and CP that are shown at even higher magnification on the
right. Scale bars, 50 um.

(D, E) RT-qPCR analysis of the expression of the sum of the short (ENST00000369912.2) plus
long (ENST00000369915.8) TKTL1 isoforms (D), or of only the short (ENST00000369912.2)
TKTLI isoform (E), in fetal human neocortical tissue at the indicated developmental stages (PCW
9-15). The level of TKTLI expression is expressed relative to that of the housekeeping gene
GAPDH. Mean of 3 technical replicates from one fetus at each developmental stage. Error bars,
SD.

(F, G) RT-qPCR analysis of the expression of the sum of the short (ENST00000369912.2) plus
long (ENST00000369915.8) TKTL1 isoforms (F), or of only the short (ENST00000369912.2)
TKTLI isoform (G), in fetal human neocortical frontal vs. occipital lobe tissue at the indicated
developmental stages (PCW 11-17). The level of TKTLI expression is expressed relative to that
of the housekeeping gene GAPDH. Mean of 3 technical replicates from one fetus at each
developmental stage. Error bars, SD.

(H) Amino acid sequence of the long (grey plus black letters) and short (black letters only) TKTL1
isoforms. The arginine317 in the long isoform, corresponding to arginine261 in the short isoform
(red), is the modern human-specific amino acid residue that is a lysine in the Neandertal {Priifer,
2014 #12447} and Denisovan {Meyer, 2012 #12448} sequence. The numbers of the first amino
acid of each row of the long isoform (blue numbers) and the short isoform (green numbers) are
indicated on the left.
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Fig. S2. Modern human TKTL1, but not archaic TKTL1, when expressed in embryonic
mouse lateral and medial neocortex, increases proliferating BPs and the proportion of bRG
among BPs.

(A-H) Mouse lateral neocortex was electroporated in utero (IUE) at E13.5 with a pCAGGS
plasmid encoding GFP, together with either an empty pCAGGS plasmid (control, CTL), a plasmid
encoding modern human TKTL1 (hTKTL1), or a plasmid encoding archaic TKTL1 (aTKTLT1) as
indicated, followed by analyses at E15.5.

(A) Immunofluorescence of cryosections of CTL— (left), hTKTL1— (middle) and aTKTL1- (right)
electroporated E15.5 lateral neocortex for GFP (green) and TKTL1 (magenta) combined with
DAPI staining (grey). White dashed boxed areas are shown at higher magnification below the
respective images. Scale bar, 30 um.

(B) Percentages of pVim+ GFP+ mitotic BPs without (mitotic bIPs, white) vs. with (mitotic bRG,
green) a pVim+ process. Means of 8 embryos. Error bars, SD. One-way ANOVA with Tukey post-
hoc test, **** p < 0.0001, *** p < 0.001.

(C) Immunofluorescence of cryosections of CTL— (left), hTKTL1— (middle) and aTKTL1- (right)
electroporated E15.5 lateral neocortex for GFP (green) and PH3 (magenta). Arrowheads indicate
GFP+ PH3+ BPs. Scale bar, 30 pm.

(D, E) Quantification of PH3+ GFP+ mitotic APs (D) and BPs (E) in a 200-pm wide field. Means
of 8 embryos. Error bars, SD. (D) One-way ANOVA, not significant; (E) one-way ANOVA with
Tukey post-hoc test, * p < 0.05.

(F) Immunofluorescence of cryosections of CTL— (left), \TKTLI1- (middle) and aTKTL1- (right)
electroporated E15.5 lateral neocortex for GFP (green) and PCNA (magenta) combined with DAPI
staining (grey). White boxed areas are shown at higher magnification below the respective images.
White dashed lines indicate GFP+ PCNA+ BP nuclei, white solid lines GFP+ PCNA— BP nuclei.
Scale bar, 25 pm.

(G, H) Percentages of GFP+ cells in VZ (G) and SVZ (H) that are PCNA+. Means of 7 to 10
embryos. Error bars, SD. (G) One-way ANOVA, not significant; (H) one-way ANOVA with
Tukey post-hoc test, * p < 0.05.

(I-L) Mouse medial neocortex was electroporated in utero (IUE) at E15.5 with a pCAGGS plasmid
encoding GFP, together with either an empty pCAGGS vector (control, CTL) or a plasmid
encoding modern human TKTL1 (hTKTL1), followed by analyses at E18.5.

(I) Immunofluorescence of cryosections of CTL— (left) and hTKTL1- (right) electroporated E18.5
medial neocortex for GFP (green) and pVim (magenta) combined with DAPI staining (grey). The
white dashed boxed area in the SVZ is shown at higher magnification below the CTL images and
shows a GFP+ pVim+ BP without a pVim+ process (mitotic bIP). The white solid boxed area in
the SVZ is shown at higher magnification below the hTKTL1 images and shows a GFP+ pVim+
BP with a pVim+ basal process (mitotic bRG). Scale bar, 30 pm.

(J, K) Quantification of pVim+ GFP+ mitotic BPs without a pVim+ process (J, bIPs, as illustrated)
and with a pVim+ process (K, bRG, as illustrated) in a 150-pm wide field. Means of 6 embryos.
Error bars, SD. Student’s #-test, (J) not significant, (K) ** p < 0.01.

(L) Percentages of pVim+ GFP+ mitotic BPs without (mitotic bIPs, white) vs. with (mitotic bRG,
green) a pVim+ process. Means of 6 embryos. Error bars, SD. Student’s #-test, not significant.
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Fig. S3
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Fig. S3. Modern human TKTL1, but not archaic TKTL1, when expressed in embryonic
mouse lateral neocortex, increases Sox2+ BPs.

(A-H) Mouse lateral neocortex was electroporated in utero (IUE) at E13.5 with a pCAGGS
plasmid encoding GFP, together with either an empty pCAGGS plasmid (control, CTL), a plasmid
encoding modern human TKTL1 (hTKTL1), or a plasmid encoding archaic TKTL1 (aTKTL1),
followed by analyses at E15.5.

(A) Immunofluorescence of cryosections of control— (top), hTKTL1- (middle) and aTKTLI1-
(bottom) electroporated E15.5 lateral neocortex for GFP (green), Tbr2 (cyan), Sox2 (magenta)
combined with DAPI staining (grey). White boxed areas in the SVZ are shown at higher
magnification on the right. White dashed lines indicate GFP+ Tbr2+ Sox2+ nuclei. White solid
line indicates a GFP+ Sox2+ but Tbr2— nucleus. Scale bar, 30 um.

(B-H) Quantifications in E15.5 lateral neocortex. Means of 9 embryos. Error bars, SD.

(B, C) Percentage of GFP+ cells in VZ (B) and SVZ (C) that are Tbr2+. One-way ANOVA, not
significant.

(D, E) Percentage of GFP+ cells in VZ (D) and SVZ (E) that are Sox2+. (D) One-way ANOVA,
not significant; (E) one-way ANOVA with Tukey post-hoc test, ** p <0.01.

(F, G) Percentage of GFP+ cells in the VZ (F) and SVZ (G) that are Sox2+ Tbr2—. (F) Kruskal-
Wallis test, not significant; (G) one-way ANOVA with Tukey post-hoc test, ** p <0.01.

(H) Percentages of Sox2+ GFP+ cells in SVZ that are either Tbr2+ or Tbr2—. One-way ANOVA
with Tukey post-hoc test, * p < 0.05.

(I) Mouse lateral neocortex was electroporated in utero (IUE) at E13.5 with a pCAGGS plasmid
encoding GFP, together with either an empty pCAGGS plasmid (control, CTL) or a plasmid
encoding modern human TKTL1 (hTKTL1), followed by analyses at E17.5. Immunofluorescence
of cryosections of control— (left) and hTKTLI1- (right) electroporated E17.5 neocortex for GFP
(green) and Satb2 (magenta) combined with DAPI (grey) staining. White boxed areas in the CP
are shown at higher magnification below the respective images. White dashed lines indicate GFP+
Satb2+ nuclei, white solid lines GFP+ Satb2— nuclei. Scale bar, 30 pm.
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Fig.S4
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Fig. S4. Modern human TKTL1, when expressed in developing ferret lateral neocortex,
increases bRG abundance.

Ferret lateral neocortex was electroporated in utero (IUE) at E33 with a pCAGGS plasmid
encoding either GFP or mCherry (collectively referred to as fluorescent protein, FP; see Methods),
together with either an empty pCAGGS plasmid (control, CTL) or a plasmid encoding modern
human TKTL1 (hTKTL1), followed by analyses at P2.

(A) Immunofluorescence of cryosections of CTL— (left) and hTKTL1- (right) electroporated P2
lateral neocortex for FP (green) and pVim (magenta) combined with DAPI staining (grey).
Arrowheads indicate FP+ pVim+ BPs without a pVim+ process (mitotic bIPs). Arrows indicate
FP+ pVim+ BPs with a pVim+ process (mitotic bRG). Scale bar, 50 pm.

(B-D) Quantifications in 400 um-wide fields of P2 lateral neocortex. Means of 3 embryos. Error
bars, SD.

(B) Total pVim+ FP+ cells located at the ventricular surface of the VZ and in the iISVZ and oSVZ.
Student’s t-test, ** p < 0.01.

(C) pVim+, FP+ mitotic BPs without a pVim+ process (mitotic bIPs, as illustrated) located in the
iSVZ and oSVZ. Student’s #-test, not significant.

(D) pVim+, FP+ mitotic BPs with a pVim+ process (mitotic bRG, as illustrated) located in the
iSVZ and oSVZ. Student’s t-test, ** p < 0.01.

(E) Immunofluorescence of cryosections of CTL— (left) and hTKTL1- (right) electroporated P2
lateral neocortex for FP (green) and PCNA (magenta) combined with DAPI staining (grey). White
boxed areas are shown at higher magnification below the corresponding images. White dashed
lines indicate PCNA+ FP+ nuclei, white solid line indicate a PCNA— FP+ nucleus. Scale bar, 50
pm.

(F-H) Quantifications in P2 lateral neocortex. Means of 3 embryos. Error bars, SD.

(F) Percentages of the FP+ cells in the VZ, iSVZ and oSVZ that are PCNA+. Student’s #-test, * p
<0.05, ** p <0.01.

(G) Percentages of PCNA+ cells in SVZ (BPs) that have multipolar vs. radial morphology.
Student’s #-test, * p < 0.05.

(H) Percentages of PCNA+ radial cells in SVZ (bRG) that exhibit one of the 5 morphotypes
illustrated on the right. Two-way ANOV A with Bonferroni post-hoc test, * p <0.05, ** p <0.01.
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Fig. S5
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Fig. S5. Modern human TKTL1, when expressed in developing ferret lateral neocortex,
increases Sox2+ BPs.

Ferret lateral neocortex was electroporated in utero (IUE) at E33 with a pCAGGS plasmid
encoding either GFP or mCherry (collectively referred to as fluorescent protein, FP; see Methods),
together with either an empty pCAGGS plasmid (control, CTL) or a plasmid encoding modern
human TKTL1 (hTKTL1), followed by analyses at P2.

(A) Immunofluorescence of cryosections of CTL— (left) and hTKTL1- (right) electroporated P2
lateral neocortex for FP (green), Sox2 (magenta) and Tbr2 (cyan) combined with DAPI staining
(grey). White boxed areas in the iSVZ are shown at higher magnification on the right. White
dashed lines indicate Sox2+ Tbr2+ FP+ nuclei, white solid line indicates a Sox2+ Tbr2— FP+
nucleus. Scale bar, 50 pm.

(B-E) Quantifications in P2 lateral neocortex. Means of 3 embryos. Error bars, SD.

(B, C) Percentages of the FP+ cells in the VZ, iISVZ and oSVZ that are Sox2+ (B) and Tbr2+ (C).
Student’s t-test, ** p < 0.01.

(D, E) Percentages of the Sox2+ FP+ cells in the iSVZ (L) and oSVZ (M) that are either Tbr2+
(blue with magenta stripes) or Tbr2— (magenta). Student’s #-test, * p < 0.05.
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Fig. S6
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Fig. S6. Modern human TKTL1, when expressed in developing ferret lateral neocortex,
increases folding in half of the neocortices without affecting local GI.

Ferret lateral neocortex was electroporated in utero (IUE) at E33 with a pCAGGS plasmid
encoding either GFP or mCherry (collectively referred to as fluorescent protein, FP; see Methods),
together with either an empty pCAGGS plasmid (control, CTL) or a plasmid encoding modern
human TKTL1 (hTKTL1), followed by analyses at P16.

(A) Immunofluorescence of a cryosection of CTL—electroporated ferret P16 lateral neocortex for
FP (green) combined with DAPI staining (grey). The local gyrification index (GI) is defined as the
ratio of the actual surface of the folded neocortex over a hypothetical smooth surface, as illustrated
by the white dashed line and the yellow dashed line, respectively.

(B) Local GI of CTL- and hTKTL1—electroporated ferret P16 lateral neocortex, expressed as the
ratio of the electroporated (IUE) hemisphere (mean GI CTL 1.297, mean GI hTKTL1 1.359) over
the contralateral (non-IUE) hemisphere (mean GI CTL 1.3673, mean GI hTKTL1 1.378). Means
of 6 embryos. Error bars, SD. Student’s #-test.

(C) Immunofluorescence of rostral and caudal cryosections of 3 CTL- (left) and 3 hTKTLI1-
(right) electroporated ferret P16 lateral neocortices each for FP (green) combined with DAPI
staining (grey). Arrows indicate additional folding of the electroporated hemisphere. Scale bar, 1
mm.
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Fig. S7
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Fig. S7. H9 Human ESCs genome-edited to express archaic TKTL1 show no change in
pluripotency and karyotype.

Two mock-edited H9 human ESC clones (W\TKTL1-1, hTKTL1-2) and two aTKTL1-edited H9
human ESC clones (aTKTL1-1, aTKTL1-2), were analyzed for expression of pluripotency
markers (A, B), by shallow DNA sequencing to detect any chromosomal aneuploidies and large-
scale chromosomal duplications and deletions as compared to the mother H9 line (C), and for
karyotype (D).

(A) Immunofluorescence of mock-edited and a7TKTL I-edited H9 human ESCs for either NANOG
(cyan) and OCT4 (magenta) combined with DAPI staining (grey) (top three rows), or SOX2 (cyan)
and stage-specific embryonic antigen 3, SSEA3 (magenta), combined with DAPI staining (grey)
(bottom three rows).

(B) Flow cytometry analysis of mock-edited and a7K7TLI-edited H9 human ESCs stained for
NANOG, OCT4 and SOX2. The percentage of cells expressing a given marker is indicated in the
top right corner. Grey curves: cells stained with isotype control antibody. Light and dark orange
curves: immunostained mock-edited H9 ESCs. Light and dark purple curves: immunostained
aTKTLI-edited H9 ESCs.

(C) Number of reads mapping to each chromosome in H9 human ESCs used for genome editing
(light blue); hrTKTL1-1 (orange) and hTKTL1-2 (grey) mock-edited H9 human ESCs; aTKTL1-
1 (dark blue) and aTKTL1-2 (yellow) aTKTLI-edited H9 human ESCs. Sequencing reads were
downsampled to match the number of reads in the cell line with lowest sequencing coverage.

(D) Karyograms of the two mock-edited and the two aTKTLI-edited H9 human ESCs. The
karyotypes of the hTKTL1-1, hTKTL1-2, aTKTL1-1 and aTKTL1-2 cells are identical.
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Fig. S8
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Fig. S8. Human cerebral organoids, derived from ESCs genome-edited to express archaic
TKTL1, exhibit a reduction in Hu+ neurons.

(A) TKTL1 DNA and deduced amino acid sequences in 50 day-old cerebral organoids grown from
two mock-edited human ESC clones (W\TKTL1-1, hTKTL1-2) and two TKTLI-edited human ESC
clones (aTKTLI1-1, aTKTL1-2), aligned with the corresponding segment of the human 7K7L1
sequence.

(B) Coronal sections of 50 day-old human cerebral organoids (hTKTL1-1) were subjected to in
situ hybridization (ISH) using a specific antisense probe to detect 7K7L1 mRNA expression. The
arrowhead indicates a ventricle-like structure shown at higher magnification on the right. Scale
bars, left 500 um, right 50 um.

(C) Immunofluorescence of cryosections of modern human (hTKTL1-2, left) and archaic
(aTKTLI1-1, right) TKTL1-expressing human cerebral organoids for Sox2 (magenta) combined
with DAPI staining (grey). Scale bar, 25 pm.

(D) Percentages of the cells in the VZ-like area that are Sox2+ in hTKTL1 and aTKTL1 human
cerebral organoids. Means of 21 hTKTL1 (9 hTKTL1-1, 12 hTKTL1-2) and 23 aTKTL1 (12
aTKTL1-1, 11 aTKTL1-2) organoids. Mann-Whitney U-test, not significant,.

(E) Immunofluorescence of cryosections of modern human (hTKTL1-2, left) and archaic
(aTKTL1-1, right) human cerebral organoids for Hu (cyan) combined with DAPI staining (grey).
Scale bar, 25 pm.

(F) Percentage of the cells in neuronal layer that are Hu+ in hTKTL1 and aTKTL1 human cerebral
organoids. Means of 23 hTKTL1 (9 hTKTLI1-1, 14 hTKTL1-2) and 26 aTKTL1 (12 aTKTL1-1,
14 aTKTL1-2) organoids. Student’s #-test, *** p < 0.001.

(G) Percentage of dead cells determined using DAPI-staining. Means of 23 hTKTL1-(9 hTKTL1-
1, 14 hTKTL1-2) and 26 aTKTL1- (12 aTKTL1-1, 14 aTKTL1-2) organoids. Unpaired Student’s
t-test, not significant.

(H) Electrophoresis gel showing the efficiency of the 3 different pairs of gRNAs to induce Cas9-
mediated cutting of the h”TKTL1 gene in HeLa cells. HeLa cells were either mock-electroporated
(Control) or electroporated with in vitro prepared complexes of recombinant Cas9 protein and the
indicated gRNAs targeting hTKTLI, followed by PCR analysis of the targeted region of the
hTKTLI gene. The pair of gRNAs 2 and 3 was chosen for the A”TKTLI KO in fetal human
neocortical tissue.
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Fig. S9. Inhibition of the pentose phosphate pathway by 6-AN abolishes the hTKTL1-
induced increase in Sox2+ GFP+ BPs and in the proportion of bBRG among BPs in embryonic
mouse lateral neocortex, and has no effect on apoptosis in fetal human neocortical tissue.
(A) Schematic representation of the experimental protocol of mouse hemisphere rotation (HERO)
culture. Mouse lateral neocortex was electroporated at E13.5 with a pCAGGS plasmid encoding
GFP, together with either an empty pCAGGS plasmid (control, CTL) or a plasmid encoding
modern human TKTL1 (hTKTL1). The brain was dissected at E14.5 and the hemispheres were
subjected to 24 hours of hemisphere rotation (HERO) culture in the absence (CTL) or presence of
10, 50 or 100 uM of 6-AN, followed by fixation and analyses.

(B) Immunofluorescence for GFP (green) and pVim (magenta) of cryosections of CTL— and
hTKTL1-electroporated E14.5 mouse neocortex subjected to HERO culture for 24 hours without
(CTL, left) or with (6-AN, right) 50 uM 6-AN. White arrowheads indicate GFP+ pVim+ BPs
without a process (mitotic bIPs). The arrow indicates a GFP+ pVim+ BP with a pVim+ process
(mitotic bRG), shown at higher magnification in the inset. Yellow arrowheads indicate the basal
process. Scale bar, 25 um.

(C, D) Quantifications after HERO culture as described in (A). Means of 3 to 9 embryos. Error
bars, SD.

(C) Percentages of pVim+ GFP+ mitotic BPs without (mitotic bIPs, white) vs. with (mitotic bRG,
green) a pVim+ process in CTL— and hTKTL 1—electroporated neocortex cultured without (CTL)
or with (6-AN) 10, 50 or 100 uM of 6-AN. Kruskal-Wallis with Dunn post-hoc test, ** p < 0.01.
(D) pVim+ GFP+ mitotic APs in a 200 um-wide field of CTL- and hTKTL1-electroporated
neocortex cultured without (CTL) or with (6-AN) 10, 50 or 100 uM of 6-AN. Two-way ANOVA,
not significant.

(E) Immunofluorescence for GFP (green) and Sox2 (magenta) of cryosections of CTL— and
hTKTL1-electroporated E14.5 mouse neocortex subjected to HERO culture for 24 hours without
(CTL, left) or with (6-AN, right) 50 uM 6-AN. White boxed areas in the SVZ are shown at higher
magnification below the respective images. The nuclei outlined by white dotted lines indicate
Sox2+ GFP+ cells. Scale bar, 30 pm.

(F, G) Percentages of GFP+ cells in the VZ (F) and SVZ (G) that are Sox2+ in CTL—and hTKTL1-
electroporated neocortex cultured without (CTL) or with (6-AN) 10, 50 or 100 uM of 6-AN. Means
of 3 to 9 embryos. Error bars, SD. Two-way ANOVA (F, G) with Bonferroni post-hoc test (G),
(F) not significant, (G) * p < 0.05, *** p < 0.001.

(H) Immunofluorescence of cryosections of PCW 10-14 fetal human neocortical tissue, subjected
to free-floating tisse (FFT) culture for 48 hours without (control, CTL, left) or with (6-AN, right)
50 uM 6-AN, for active caspase 3 (magenta) combined with DAPI staining (grey). Arrowheads
indicate active caspase 3+ cells. Scale bar, 30 um.

(I) Quantification of active caspase 3+ cells in the VZ plus SVZ of a 200 um-wide field of fetal
human neocortical tissue subjected to FFT culture for 48 hours without (CTL) or with (6-AN) 10,
50 or 100 uM of 6-AN. Means of 3 to 5 different fetal samples, each of which is represented by a
different color. One-way ANOVA, not significant.
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Fig. S10

Mouse lateral neocortex IUE E13.5 ——> E14.5 ——> 24 h HERO culture

af
Qo
W <
< %,
(32 [ v rrrrrrery N\O v
]
= 2
G, O
o
A ¢ W
P4
5 s | le
o 2 X 54
%5 |
piey epm-wir 00z / =

sso00.4d +WIAd B JnoyIm
QO Sdg +d49 +wind

20 pM

S3
10 uM

S|

< <=

piay epim-wrl 00 /
M sdv +d49 +wind

HERO CTL
| IUE hTKTL1
pVim GFP pVim GFP pVim GFP pVim

IUE CTL

GFP

Al
vz

Svz

o

HERO S3 20 uM

IUE hTKTL1

IUE CTL

o

pay apm-wrl 0oz / sseooid
+WIAd B ym sdg WA

svz

HERO S3 20 uM
CTL

HERO CTL

vz

hTKTL1

hTKTLA

CTL

svz

vz
GFP

20 uM

S3

10 uM

<+ ® & -

(%) ZAS Ul 1190 +d49
| ZAS U1 S|j80 +d 49 +2X0S

o

20 uM

[CTCI_s8 ]
10 uM

O 0090 Q0o
O 0O TN

(%) ZA U s||90 +d49
| ZA UL S|I80 +dd9 +2X0S

w

Sox2

Human neocortical tissue PCW 10-14 —— 48 h FFT culture

I s31ouM |

CTL

S3 20 uM

CTL

pVim

DAPI

pVim

DAPI

H

svz

svz

\'74

vz

S3
®
S

O © © < N O

piey apim-wri 00Z / ZAS + ZA Ul
S|j90 +¢ asedsed aAjoy

DAPI Active caspase 3

-l

C—ss 1]
*
*

L] L]

—_— — L]
L] L] T
» »
o o o°

[t} o [t} o

pIay apm-wrlpoz / sseooud
+wind e yum sdg +wind

J
3 @]
o)
I
e ve @
| QQ%
% ° _ ° 4,
"o,
L]
o 14,
Rl
I e
—l—l—l—l—l—l
n o wn o

piay apm-wrl 0oz / sseooid
+WiIAd e Inoyim sdg +wipd

31



Fig. S10. Inhibition of the pentose phosphate pathway by S3 abolishes the hTKTL]1-
induced increase in bRG in embryonic mouse lateral neocortex and reduces bRG
abundance, without affecting apoptosis, in fetal human neocortical tissue.

(A-G) Mouse lateral neocortex was electroporated in utero (IUE) at E13.5 with a pCAGGS
plasmid encoding GFP, together with either an empty pCAGGS plasmid (control, CTL) or a
plasmid encoding modern human TKTL1 (hTKTL1). The brain was dissected at E14.5 and the
hemispheres were subjected to 24 hours of hemisphere rotation (HERO) culture in the absence
(CTL) or presence of 10 or 20 uM of S3, a 6-phophogluconate dehydrogenase inhibitor, followed
by analyses.

(A) Immunofluorescence for GFP (green) and pVim (magenta) of cryosections of CTL— and
hTKTL1-electroporated E14.5 mouse neocortex subjected to HERO culture for 24 hours without
(CTL, top) or with (S3, bottom) 20 uM S3. White boxed areas are shown at higher magnification
below the respective images. Arrowheads indicate GFP+ pVim+ BPs without a process (mitotic
bIPs). Arrows indicate a GFP+ pVim+ BP with a pVim+ process (mitotic bRG). Scale bar, 30 pm.
(B-D) Quantifications of pVim+ GFP+ mitotic (i) APs (B), (ii) BPs without a pVim+ process
(mitotic bIPs, as illustrated) (C) and (iii) BPs with a pVim+ process (mitotic bRG, as illustrated)
(D), in a 200 pm-wide field. Means of 3 to 9 embryos. Error bars, SD. Two-way ANOVA (B-D)
with Bonferroni post-hoc test (D), (B, C) not significant, (D) ** p <0.01.

(E) Immunofluorescence for GFP (green) and Sox2 (magenta) of cryosections of CTL— and
hTKTL1-electroporated E14.5 mouse neocortex subjected to HERO culture for 24 hours without
(CTL, left) or with (S3, right) 20 uM S3. White boxed areas in the SVZ are shown at higher
magnification below the respective images. White dashed lines indicate Sox2+ GFP+ nuclei. Scale
bar, 25 um.

(F, G) Percentages of GFP+ cells in the VZ (F) and SVZ (G) that are Sox2+. Means of 3 to 7
embryos. Error bars, SD. Two-way ANOVA (F, G) with Bonferroni post-hoc test (G), (F) not
significant, (G) * p <0.05.

(H-L) Human neocortical tissue (PCW 10-14) was subjected to free-floating tissue (FFT) culture
for 48 hours without (CTL) or with (S3) 5, 10 or 20 uM of S3.

(H) Immunofluorescence of cryosections of PCW 10-14 fetal human neocortical tissue, subjected
to FFT culture for 48 hours without (CTL, left) or with (S3, right) 20 uM S3, for pVim (magenta)
combined with DAPI staining (grey). White boxed areas in the SVZ are shown at higher
magnification on the right. Arrowheads indicate GFP+ pVim+ BPs without a process (mitotic
bIPs).Arrows indicate GFP+ pVim+ BPs with a pVim+ process (mitotic bRG). Scale bar, 30 um.
(I, J) Quantifications of pVim+ mitotic BPs without a pVim+ process (mitotic bIPs, as illustrated)
(D) or with a pVim+ process (mitotic bRG, as illustrated) (J) in a 200 um-wide field. Means of 3
to 4 different fetal samples, each of which is represented by a different color. One-way ANOVA
(I, J) with Tukey post-hoc test (J), (I) not significant, (J) * p <0.05 (J).

(K) Immunofluorescence of cryosections of PCW 10-14 fetal human neocortical tissue subjected
to FFT culture for 48 hours without (CTL, left) or with (S3, right) 10 uM S3, for active caspase 3
(magenta) combined with DAPI staining (grey). Arrowheads indicate active caspase 3+ cells.
Scale bar, 30 pm.

(L) Quantification of active caspase 3+ cells in the VZ plus SVZ of a 200 pm-wide field. Means
of 3 to 4 different fetal samples, each of which is represented by a different color. One-way
ANOVA, not significant.
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Fig.S11
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Fig. S11. Inhibition of fatty acid synthesis by TOFA abolishes the hTKTL1-induced increase
in Sox2+ GFP+ BPs and in the proportion of bRG among BPs in embryonic mouse lateral
neocortex, and has no effect on apoptosis in fetal human neocortical tissue.

(A-J) Mouse lateral neocortex was electroporated in utero (IUE) at E13.5 with a pCAGGS plasmid
encoding GFP, together with either an empty pCAGGS plasmid (control, CTL) or a plasmid
encoding modern human TKTL1 (hTKTL1). The brain was dissected at E14.5 and the hemispheres
were subjected to 24 hours of hemisphere rotation (HERO) culture in the absence (CTL) or
presence of 10, 20 or 50 uM of TOFA (A-F) or in the absence (CTL) or presence of 10 uM 6-AN
plus 10 uM TOFA or of 50 uM 6-AN plus 20 uM TOFA (G-J), followed by analyses.

(A) Immunofluorescence for GFP (green) and pVim (magenta) of cryosections of CTL— and
hTKTL1-electroporated E14.5 mouse neocortex subjected to HERO culture for 24 hours without
(CTL, left) or with (TOFA, right) 20 uM TOFA. Arrowheads indicate GFP+ pVim+ BPs without
apVim+ process (mitotic bIPs). Arrow indicates a GFP+ pVim+ BP with a pVim+ process (mitotic
bRG), shown at higher magnification in the inset. Yellow arrowheads indicate the apical and basal
processes. Scale bar, 25 um.

(B) Quantification of pVim+ GFP+ mitotic APs in a 200 pm-wide field. Means of 5 to 7 embryos.
Error bars, SD. Two-way ANOVA, not significant.

(C) Percentages of pVim+ GFP+ mitotic BPs without (mitotic bIPs, white) vs. with (mitotic bRG,
green) a pVim+ process. Means of 5 to 7 embryos. Error bars, SD. Kruskal-Wallis with Dunn post-
hoc test, * p <0.05.

(D) Immunofluorescence for GFP (green) and Sox2 (magenta) of cryosections of CTL— and
hTKTL1-electroporated E14.5 mouse neocortex subjected to HERO culture for 24 hours without
(CTL, left) or with (TOFA, right) 20 uM TOFA. White boxed areas in the SVZ are shown at higher
magnification below the respective images. White dashed lines indicate Sox2+ GFP+ nuclei. Scale
bar, 30 um.

(E, F) Percentages of GFP+ cells in the VZ (E) and SVZ (F) that are Sox2+. Means of 5 to 7
embryos. Error bars, SD. Two-way ANOVA (E, F) with Bonferroni post-hoc test (F), (E) not
significant, (F) ** p <0.01.

(G) Immunofluorescence for GFP (green) and pVim (magenta) of cryosections of CTL— and
hTKTL1-electroporated E14.5 mouse neocortex subjected to HERO culture for 24 hours without
(CTL, left) or with (6-AN + TOFA, right) 10 uM 6-AN plus 10 uM TOFA. Arrowheads indicate
GFP+ pVim+ BPs without a pVim+ process (mitotic bIPs). Arrow indicates a GFP+ pVim+ BP
with a pVim+ process (mitotic bRG), shown at higher magnification in the inset. Yellow
arrowheads indicate the basal process. Scale bar, 25 um.

(H-J) Quantifications of pVim+ GFP+ mitotic APs (H), BPs without a pVim+ process (mitotic
bIPs, as illustrated) (I) and BPs with a pVim+ process (mitotic bRG, as illustrated) (J), in a 200-
pum wide field. Means of 3 to 10 embryos. Error bars, SD. Two-way ANOVA (H-J) with
Bonferroni post-hoc test (J), (H, I) not significant, (J) * p <0.05.

(K, L) Human neocortical tissue (PCW 10-14) was subjected free-floating tissue (FFT) culture for
48 hours without (CTL) or with (TOFA) 10, 20 or 50 uM of TOFA.

(K) Immunofluorescence of cryosections of PCW 10-14 fetal human neocortical tissue, subjected
to FFT culture for 48 hours without (CTL, left) or with (TOFA, right) 20 uM TOFA, for active
caspase 3 (magenta) combined with DAPI staining (grey). Arrowheads indicate active caspase 3+
cells. Scale bar, 30 um.
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(L) Quantification of active caspase 3+ cells in the VZ plus SVZ of a 200 pm-wide field. Means
of 3 different fetal samples, each of which is represented by a different color. One-way ANOVA,
not significant.
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Fig.S12
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Fig. S12. Inhibition of fatty acid synthesis by ND646 abolishes the hTKTL1-induced increase
in bRG in embryonic mouse lateral neocortex and reduces bRG abundance, without
affecting apoptosis, in fetal human neocortical tissue.

(A-C) Mouse lateral neocortex was electroporated in utero (IUE) at E13.5 with a pCAGGS
plasmid encoding GFP, together with either an empty pCAGGS plasmid (control, CTL) or a
plasmid encoding modern human TKTL1 (hTKTL1). The brain was dissected at E14.5 and the
hemispheres were subjected to 24 hours of hemisphere rotation (HERO) culture in the absence
(CTL) or presence of 5 uM of ND646, an inhibitor of acetyl-CoA carboxylase, followed by
analyses.

(A) Immunofluorescence for GFP (green) and Sox2 (magenta) of cryosections of CTL— and
hTKTL1-electroporated E14.5 mouse neocortex subjected to HERO culture for 24 hours without
(CTL, left) or with (ND646, right) 5 uM ND646. White boxed areas in the SVZ are shown at
higher magnification below the respective images. White dashed lines indicate Sox2+ GFP+
nuclei. Scale bar, 25 pm.

(B, C) Percentages of GFP+ cells in the VZ (B) and SVZ (C) that are Sox2+. Means of 4 to 8
embryos. Error bars, SD; Two-way ANOVA (B, C) with Bonferroni post-hoc test (C), (B) not
significant, (C) *** p <0.001.

(D-H) Human neocortical tissue (PCW 10-14) was subjected free-floating tissue (FFT) culture for
48 hours without (CTL) or with 5 uM ND646.

(D) Immunofluorescence of cryosections of PCW 10-14 fetal human neocortical tissue, subjected
to FFT culture for 48 hours without (CTL, left) or with (ND646, right) 5 uM of ND646, for pVim
(magenta) combined with DAPI staining (grey). White boxed areas in the SVZ are shown at higher
magnification on the right side. Arrowheads indicate GFP+ pVim+ BPs without a process (mitotic
bIPs). Arrows indicate GFP+ pVim+ BPs with a pVim+ process (mitotic bRG). Scale bar, 30 pm.
(E, F) Quantifications of pVim+ mitotic BPs without a pVim+ process (mitotic bIPs, as illustrated)
(E) or with a pVim+ process (mitotic bRG, as illustrated) (F) in a 200 pum-wide field. Means of 3
different fetal samples, each of which is represented by a different color. Student’s #-test, (E) not
significant, (F) ** p <0.01.

(G) Immunofluorescence of cryosections of PCW 10-14 fetal human neocortical tissue, subjected
to FFT culture for 48 hours without (CTL, left) or with (ND646, right) 5 uM ND646, for active
caspase 3 (magenta) combined with DAPI staining (grey). Arrowheads indicate active caspase 3+
cells. Scale bar, 30 um.

(H) Quantification of active caspase 3+ cells in the VZ plus SVZ of a 200 pm-wide field. Means
of 3 different fetal samples, each of which is represented by a different color. Student’s #-test, not
significant.
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Fig. S13
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Fig. S13. Inhibition of fatty acid synthesis by Orlistat abolishes the hTKTL1-induced
increase in bRG in embryonic mouse lateral neocortex and reduces bRG abundance, without
affecting apoptosis, in fetal human neocortical tissue.

(A-G) Mouse lateral neocortex was electroporated in utero (IUE) at E13.5 with a pCAGGS
plasmid encoding GFP, together with either an empty pCAGGS plasmid (control, CTL) or a
plasmid encoding modern human TKTL1 (hTKTL1). The brain was dissected at E14.5 and the
hemispheres were subjected to 24 hours of hemisphere rotation (HERO) culture in the absence
(CTL) or presence of 5, 10 or 20 uM of Orlistat, a fatty acid synthase inhibitor, followed by
analyses.

(A) Immunofluorescence for GFP (green) and pVim (magenta) of cryosections of CTL— and
hTKTL1-electroporated E14.5 mouse neocortex subjected to HERO culture for 24 hours without
(CTL, top) or with (Orlistat, bottom) 10 uM Orlistat. White boxed areas in the SVZ are shown at
higher magnification below the respective images. Arrowheads indicate GFP+ pVim+ BPs without
apVim+ process (mitotic bIPs). Arrows indicate a GFP+ pVim+ BP with a pVim+ process (mitotic
bRG). Scale bar, 25 pm.

(B-D) Quantifications of pVim+ GFP+ mitotic (i) APs (B), (ii) BPs without a pVim+ process
(mitotic bIPs, as illustrated) (C) and (iii) BPs with a pVim+ process (mitotic bRG, as illustrated)
(D), in a 200 pm-wide field. Means of 3 to 7 embryos. Error bars, SD. Two-way ANOVA (B-D)
with Bonferroni post-hoc test (D), (B, C) not significant, (D) ** p <0.01, *** p <0.001.

(E) Immunofluorescence for GFP (green) and Sox2 (magenta) of cryosections of CTL— and
hTKTL1-electroporated E14.5 mouse neocortex subjected to HERO culture for 24 hours without
(CTL, left) or with (Orlistat, right) 10 uM Orlistat. White boxed areas in the SVZ are shown at
higher magnification below the respective images. White dashed lines indicate Sox2+ GFP+
nuclei. Scale bar, 25 pm.

(F, G) Percentages of GFP+ cells in the VZ (F) and SVZ (G) that are Sox2+. Means of 3 to 8
embryos. Error bars, SD. Two-way ANOVA (F, G) with Bonferroni post-hoc test (G), (F) not
significant, (G) *** p < 0.001.

(H-L) Human neocortical tissue (PCW 10-14) was subjected free-floating tissue (FFT) culture for
48 hours without (CTL) or with (Orlistat) 5, 10 or 20 uM of Orlistat.

(H) Immunofluorescence of cryosections of PCW 10-14 fetal human neocortical tissue, subjected
to FFT culture for 48 hours without (CTL, left) or with (Orlistat, right) 10 uM Orlistat, for pVim
(magenta) combined with DAPI staining (grey). White boxed areas in the SVZ are shown at higher
magnification on the right. Scale bar, 30 um.

(I, J) Quantifications of pVim+ mitotic BPs without a pVim+ process (mitotic bIPs, as illustrated)
(D) or with a pVim+ process (mitotic bRG, as illustrated) (J) in a 200 um-wide field. Means of 3
to 6 different fetal samples, each of which is represented by a different color. One-way ANOVA
(I, J) with Tukey post-hoc test (J), (I) not significant, (J) * p <0.05, ** p <0.01.

(K) Immunofluorescence of cryosections of PCW 10-14 fetal human neocortical tissue, subjected
to FFT culture for 48 hours without (CTL, left) or with (Orlistat, right) 10 uM Orlistat, for active
caspase 3 (magenta) combined with DAPI staining (grey). Arrowheads indicate active caspase 3+
cells. Scale bar, 30 um.

(L) Quantification of active caspase 3+ cells in the VZ plus SVZ of a 200 pm-wide field. Means
of 3 to 6 different fetal samples, each of which is represented by a different color. One-way
ANOVA, not significant.
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