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Figure 3. Neuronal differentiation potential of the NP populations – At day 18 of neuronal 
differentiation, QPCR analysis for ganglionic eminence markers (A) PROX1, (B) GSX2, cortical layer 
markers (C) CTIP2, (D) TBR1 and (E) TBR2, and glutamatergic / GABAergic pre-synaptic markers (F) 
VGLUT1 and (G) VGAT, in C1-SSI, C2-RA and C3-DSI cultures (n=3). The data is presented as fold changes 
over hESC values. Statistical significance of changes in D and E was analyzed by one-way ANOVA and 
Tukey’s posthoc test with * for p<0.05 and ** for p<0.005. At day 56 of neuronal differentiation, ICC 
analysis for (H-J) dendritic marker MAP2 and (H-M) pre-synaptic marker Synaptophysin1, and (N – P) 
proliferation marker PAX6 and cortical lineage marker TBR2, in C1-SSI, C2-RA and C3-DSI cultures. 
The scalebars in panel J – M are 20 µm and in panel N - P are 50 µm. (Q - S) Representative plots of 
one region of interest (ROI) from one field of view (FOV) for calcium imaging on day 56 neurons derived 
from C1-SSI, C2-RA and C3-DSI.

 
To generate mature neuronal cultures, the neuronal precursors were co-cultured with 
rat astrocytes for an additional 4-5 weeks. At day 56, expression of pre-synaptic marker 
Synaptophysin1 and dendritic marker MAP2 were present in all cultures (Figure 3H – M), 
although expression was less robust in C2-RA and least in C1-SSI. To study neuronal 
maturity and identity, we performed ICC analysis for PAX6, TBR2 (Figure 3N – P), VGLUT1 
and VGAT (Supplementary Figure 3A – C). All neuronal cultures contained PAX6- (C1-SSI: 
8.6 %; C2-RA: 5.4 %; C3-DSI: 9.5 %; Supplementary figure 3N) and TBR2-positive cells 
(C1-SSI: 15.5 %; C2-RA: 12.5 %; C3-DSI: 21.6 %; Supplementary figure 3O) that did not 
vary considerably. The C3-DSI cultures showed the highest numbers of VGLUT1-positive 
synapses (Supplementary figure 3C), in line with increased VGLUT1 expression at day 18. 
Surprisingly, at day 56, C1-SSI cultures showed highest expression in interneuron markers 
PROX1 and CTIP2, and intermediate progenitor marker TBR1, compared to the C2-RA and 
C3-DSI neuron cultures (Supplementary figure 3G - I). This is in contrast to day 18 analysis, 
where C1-SSI cultures showed lowest expression in GSX2, CTIP2, TBR1 and TBR2 (Figure 
3B - E). As mRNA levels do not always correspond to protein levels 44, it is possible that 
many neurons in C1 cultures did not reach full mature stages by day 56. The day 56 C2-RA 
neurons showed the highest VGAT expression (Supplement figure 3B, 3M), although this 
did not reach statistical significance, which is in line with mRNA analysis at day 18 (Figure 
3G). Further, while QPCR analysis suggested high expression of motor neuron markers ISL 
and HB9 in C1-SSI neuron cultures (Supplementary Figure 3J, K), HB9 expression could 
not be confirmed by ICC analysis (data not shown), suggesting presented protocols do not 
generate motor neurons. Also, C2-RA neuron cultures showed considerable numbers of 
GFAP-positive cells, indicating presence of glial-lineage cells (Supplementary figure 3D – F). 
Lastly, to test neurons on functionality, we performed calcium imaging on day 56 neurons. All 
cultures showed calcium transients, demonstrating that C1-SSI, C2-RA and C3-DSI neurons 
can generate action potentials (Figure 3Q – S). Altogether, all NPs can generate mixtures of 
cortical interneuron and projection neurons that show functional activity by day 56, although 
C3-DSI is far more robust.
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Overall, we found that C1-SSI, C2-RA and C3-DSI NPs were able to generate neuronal 
populations. However, 1) C1-SSI neuronal derivatives showed the lowest expression of 
pre-synaptic markers selected, 2) C2-RA neurons showed the highest expression of VGAT, 
suggesting a higher number of GABAergic presynaptic terminals compared to the other 
cultures, and 3) C3-DSI neuronal cultures showed a significantly increased expression of 
TBR1 and TBR2, as well as an increased VGLUT1 expression indicating an increased cortical 
glutamatergic identity compared to the other cultures (see Summary Figure 5A).

NPs differentiate into glial lineage

To assess the glial differentiation potential of derived NP populations, we generated 
astrocytes according to established protocols 6,40,41. At day 55 of astrocyte differentiation, the 
C1-SSI, C2-RA and C3-DSI NP-derived cultures showed typical astrocyte-like morphologies 
and strong expression of the astrocyte markers GFAP, S100B, CD44, Nestin and SOX9; 
and low expression of OLIG2 as shown by ICC (Figure 4A – C). In C2-RA-derived cultures, 
expression of GFAP was already observed around day 10, while the other conditions 
showed GFAP expression at least 15 days later (> day 25 of astrocyte differentiation). 
After switching to the astrocyte medium around day 40, GFAP expression increased in all 
conditions, with C2-RA astrocytes still showing the highest GFAP expression. Increased 
astrocyte numbers were confirmed by ICC counts (Supplementary Figure 4N). Glial marker-
expressing cells were higher in C2-RA (GFAP: 69.2 %, SOX9: 94.1 %, Nestin: 89.8 % and 
S100β: 80.6 %) compared to C1-SSI (GFAP: 19.0 %, SOX9: 56.9 %, Nestin: 32.1 % and S100β: 
30.2 %) and C3-DSI astrocyte cultures (GFAP: 19.0 %, SOX9: 69.5 %, Nestin: 28.6 % and 
S100β: 33.2 %). Astroglial lineage induction was confirmed by QPCR analysis for astrocyte 
markers ALDH1L1, SOX9, MLC1, Aquaporin-4, GLAST, GLT-1, S100B, GFAP, CD44, and BLBP 
(Supplementary Figure 4 A-M). Again, GFAP expression was greatly enhanced in C2-RA 
astrocytes compared to C1-SSI and C3-DSI astrocyte cultures (Supplementary Figure 4H). 
Interestingly, expression of spinal cord marker HOXB4 was highly expressed in astrocyte 
cultures derived from C2-RA NPs (Supplementary Figure 4K), where expression of midbrain 
/ forebrain marker OTX1 was higher in astrocytes generated from C1-SSI and C3-DSI NPs 
(Supplementary Figure 4L). To test the functionality of the different astrocyte populations, 
we performed calcium imaging (Figure 4D-E). While all astrocytes responded to a glutamate 
puff by increased intracellular calcium concentration, astrocytes of C2-RA and C3-DSI acted 
with most robust calcium transients (Figure 4D, E).
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Figure 4. Glial differentiation potential of the NP populations – Representative ICC images of day 55 
astrocytes derived from (A) C1-SSI, (B) C2-RA and (C) C3-DSI NPs, show expression for glial markers 
GFAP, OLIG2, Nestin, S100β, CD44 and SOX9 (n=3). The scalebar is 50 µm. Representative graphs of 
calcium imaging of astrocytes derived from (D) C2-RA and (E) C3-DSI; each graph contains traces 
of 15 astrocytes.
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Overall, C1-SSI, C2-RA and C3-DSI NPs were able to generate functional astrocytes, based 
on typical astrocyte morphologies, expression of known astrocyte markers, and glutamate 
uptake, but with differences in level of astrocyte marker expression and expression of 
regional markers HOXB4 and OTX1 (see Summary Figure 5A).
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Figure 5. Expression levels in the NP (-derived) cell populations and regional brain development – 
(A) schematic overview of the NP, neuron, glial and regional marker expression in the C1-SSI-, C2-RA- 
and C3-DSI-derived NPs, neurons and astrocytes. Green colour box indicates high expression, yellow 
colour box indicated medium expression, orange box indicates low or absent expression. (B) Schematic 
representation of a lateral view of embryonic brain development based on rodent E11 (adapted 
from 8,45-47), where local gradients of morphogens (depicted with colored panels) result in regional 
expression of transcription factors (depicted with striped and dotted panels). PSPB = pallial sub-
pallial boundary, ANR = anterior neural ridge, DTB = diencephalon telencephalon boundary, ZLI = zona 
limitans intrathalamica, DMB = diencephalon mesencephalon boundary, IsO =  isthmic organizer, 
MHB = mesencephalon hindbrain boundary, Pth = prethalamus, Th = thalamus, Ptec = pretectum, 
R = rhombomere.

Discussion

The developing neural tube consists of NP populations with varying potentials to differentiate 
into different neural cell types 14,48-51. While there are many protocols available to generate 
NPs in vitro 52, the differences between the obtained NP cells, as well as their resemblance to 
in vivo NP populations, i.e., regional specificity and differentiation potential, are often unclear. 
In this study, we compared neural induction conditions involving single SMAD inhibition, 
administration of RA and dual SMAD inhibition as well as adherent versus non-adherent 
methods. We demonstrated that all 3 neural induction protocols generated rosette-like 
structures that expressed known NP markers. Furthermore, NP and NP-derived cells showed 
differences in regional marker expression and potential to differentiate into glial or neuronal 
phenotypes. These findings suggest that in vitro patterning factors and culture conditions 
induce NP populations with different properties.

Each method of neural induction generated NP-like cells that expressed commonly used 
NP cell markers. At initial stages of the study, next to the 3 described conditions (C1-
SSI, C2-RA and C3 DSI), two additional conditions were tested: one adherent and one EB 
condition that both received only FGF2 supplementation in the N2B27 medium. Although 
both conditions generated NPs that showed rosette morphology and positive expression 
of all tested NP markers on both protein and mRNA level, the NPs of these conditions failed 
to robustly differentiate into neurons or glial cells (data not shown). Furthermore, not all NP 
populations exhibited the same potential for neural differentiation. While NP cells generated 
via single SMAD inhibition (C1-SSI) produced astrocyte-like cells with morphologies and 
expression patterns representative of astroglial cells and neurons with proper morphologies, 
neuronal populations exhibited lower expression levels of mature neuronal markers, 
compared to neurons generated with NPs induced via RA administration or dual SMAD 
inhibition (C2-RA and C3-DSI). These last two NP populations also showed generation of 
astrocyte-like cells with all typical astroglial characteristics. Therefore, we confirm that 
protocols involving dual SMAD inhibition (C3-DSI) and RA administration (C2-RA) generate 
multipotent NP populations. These findings highlight the complex roles of growth factors on 
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NP specification (as reviewed 53), confirming NP heterogeneity (as has been shown before 
54,55), and demonstrating the need for extensive testing and careful selection of the neural 
induction protocol.

NP cells generated via different neural induction protocols showed distinct regional marker 
expression. RA-induced NPs expressed a significantly increased level of spinal cord and 
hindbrain markers HOXB4 and LBX1, in line with actions of RA in vivo 56-59. Likewise, forebrain 
and midbrain marker OTX1 was significantly lower than in NPs generated via the single 
and dual SMAD inhibition conditions, confirming caudal identities after RA administration. 
Interestingly, differential HOXB4 and OTX1 expression levels remained into the astrocyte 
lineages. NP cells induced via single SMAD inhibition showed a significantly decreased 
expression of lateral ganglionic eminence (LGE) marker GSX2 compared to the other NPs 
analyzed. As Activin is a strong inducer of GSX2 expression 60, these levels could have 
been suppressed by Noggin administration, which has been shown to inhibit Activin/
Nodal signaling 61. Altogether, patterning factors during neural induction can generate NP 
populations with distinct expression profiles of regional markers, which may remain in NP 
derivatives.

NP cells generated via single SMAD inhibition (C1-SSI) were least successful in generating 
mature neuronal phenotypes expressing synaptic markers, such as Synaptophysin1, 
VGLUT1 or VGAT in a cortical differentiation protocol. Earlier studies showed that Noggin 
is involved in inducing the anterior telencephalic fate of the neural plate 62,63 and promotes 
dopamine neuron differentiation from hPSCs 64. This could explain unsuccessful generation 
of mature cortical neuron identities of C1-SSI NPs. Additionally, administration of FGF2 and 
FGF4 might have inhibited differentiation into neurons with cortical identities even further. 
Studies in animals have shown that FGF4 regulates Wnt-1 and FGF8 morphogens, which 
have complex regulating functions and control the border of midbrain-hindbrain regions 65 
(Figure 5B). Together, this suggests that single SMAD inhibition in combination with FGF4 
and FGF8 could be more successful in producing other, non-cortical, neuronal populations. 
Furthermore, a previous study showed that this neural induction condition could successfully 
generate cells of the oligodendrocyte lineage 5, which explains OLIG2 expression during 
astrocyte differentiation. Hence, this study in combination with earlier findings suggest that 
that while single SMAD inhibition with Noggin can generate multipotent NP populations, they 
may be less efficient in producing cortical neurons.

NP populations generated via either RA administration (C2-RA) or dual SMAD inhibition (C3-
DSI) both produced mature cortical neurons, although with distinct identities. RA-induced 
NPs generated neurons with significantly higher VGAT expression levels than other NPs 
tested. As earlier studies showed induction of heterogeneous populations of GABAergic 
interneurons from hPSCs after RA administration 66,67, this could explain a significant 
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increase in the expression of the vesicular GABA transporter VGAT in neurons generated 
from RA-induced NPs. Dual SMAD inhibition-induced NPs were capable of generating 
neuronal precursors with a significant higher expression of cortical layer markers TBR1 
and TBR2 as well as glutamatergic pre-synaptic terminal marker VGLUT1 compared to the 
other NPs. This suggests production of cortical neural cell types with relatively stronger 
glutamatergic identities, which is in line with earlier studies 1,40. This further indicates that, 
while dual SMAD inhibition protocols are often chosen, other methods of neural induction 
might fit research goals better.

While NP populations induced via single and dual SMAD inhibition or RA administrations 
all generated astrocytes, differences in expression levels were observed. RA-induced 
NPs generated astroglial cell populations that presented GFAP expression early on and 
showed the highest amount of GFAP-expressing cells throughout the protocol. This could 
be explained by presence of EGF during this neural induction, as earlier studies showed it 
has important roles during astrocyte development 68. FGF2 is a known inducer of SOX9 
expression 69,70 and SOX9 is considered as an important early glial marker 71. Conditions 
using FGF2 in the neural induction phase (C1-SSI and C2-RA) generated the highest amount 
of SOX9-expressing NPs. However, NP cells induced via dual SMAD inhibition (C3-DSI) were 
able to generate SOX9-expressing astrocytes, suggesting that FGF administration during 
the neural induction phase is not required for astrocyte generation. Furthermore, while all 
obtained astroglial cells expressed known astrocytic markers, their expression levels were 
slightly different. Interestingly, NP-derived astrocytes kept the regional identity acquired 
during NP induction. Functional assays, such as co-cultures with other neural cell types, 
could give more insight into the characteristics of the astrocytes that were generated from 
NPs involving single SMAD inhibition, dual SMAD inhibition and RA administration.

In conclusion, while all 3 neural induction protocols generate NP-like cells, their potential to 
differentiate into glial and cortical neuronal phenotypes differed. Significant differences in 
regional and neural subtype marker expression indicate production of NP and NP-derived 
cells with distinct characteristics, which in some cases persist during differentiation 
procedures. Analysis suggests that 1) single SMAD inhibition generates NPs that can 
develop into astrocytes and neurons, although less successful in adopting to mature 
cortical neuron phenotypes, 2) RA administration induces NP cells capable of generating 
high GFAP-expressing astrocytes with caudal identities, and neuronal populations with a 
relative increase in GABAergic features, and 3) dual SMAD inhibition induces NPs capable 
of generating astrocytes and neurons with high glutamatergic cortical identities. In order 
to better identify differentiation potential into neuronal and glial cell phenotypes, more in-
depth characterization of in vitro generated NP cell populations is necessary. Additionally, 
though NP cells are regionally patterned, their differentiation potential towards certain 
cell fates may be flexible and capable of being influenced by other environmental factors 
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72,73. Therefore, future studies are needed to give more insight into subtype specificity by 
specific patterning factors and different cultures conditions. This study indicates that NP 
cell generation protocols should be selected carefully in hPSC-based studies.
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Supplementary figures

 
Supplementary Figure 1. Comparison of NP marker expression between H9-, H1- and human iPSC-
derived NPs. (A – G) QPCR analysis for NP markers SOX2, PAX6, PLZF, HES5, BLBP, SOX9 and NESTIN 
in C3-DSI day 18 NPs derived from H1 hESCs (n=4), H9 hESCs (n=1) and human iPSCs (n=2). The data 
is presented as fold changes over H1 hESC values.
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Supplementary Figure 2. Expression of known regional markers in the three neural induction 
conditions – (A – I) QPCR analysis for regional identity markers DLX2, EMX1, EN1, FOXG1, LHX6, 
NKX2.1, NKX2.2, PROX1 and TBR2 in C1-SSI, C2-RA and C3-DSI NPs (n=3). The data is presented as 
fold changes over housekeeping gene EIF4G2 values.
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Supplementary Figure 3. Neuron lineage analysis and quantification – (A – F) ICC analysis of dendritic 
marker MAP2, synaptic markers VGLUT1 and VGAT, as well as GFAP expression in day 56 neuronal 
cultures from C1-SSI, C2-RA and C3-DSI NPs. (G – M) QPCR analysis for markers PROX1, CTIP2, 
TBR1, ISL, HB9, VGLUT1 and VGAT on day 56 neurons derived from C1-SSI, C2-RA and C3-DSI NPs. 
The data is presented as fold changes over hESC values. Mean Cp values for E1F4G ranged between 
17-35. (N, O) Percentage of PAX6- and TBR2-positive cells of total amount of DAPI-positive cells in 
day 56 neuron cultures derived from C1-SSI, C2-RA and C3-DSI NPs (n=1). Scalebars in panel A – C 
are 25 µm and D – F are 100 µm.
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Supplementary Figure 4. Glial and regional marker expression in astrocytes generated from the 
three neural induction conditions – (A – M) QPCR analysis for markers ALDH1L1, SOX9, MLC1, AQP4, 
GLAST, GLT-1, S100β, GFAP, CD44, BLBP, HOXB4, OTX1, and PAX6 in day 55 astrocytes derived from 
C1-SSI, C2-RA and C3-DSI NPs and human primary astrocytes (hAS) (n=1). The data is presented as 
fold changes over hESC values. (N) Percentage of GFAP-, SOX9-, Nestin- and S100β-positive cells 
of total amount of DAPI-positive cells in day 55 astrocyte cultures derived from C1-SSI, C2-RA and 
C3-DSI NPs (n=1).
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Supplementary materials & methods

Medium

N2B27 medium– This is a 1:1 mixture of N2- and B27-containing media. N2 medium consists 
of DMEM/F-12 GlutaMAX, N2 supplement (1x), 5 μg/mL  insulin, 1 mM L-glutamine, 0.1 
mM nonessential amino acids, 100 μM 2-mercaptoethanol, 50 U/mL  penicillin  and 50 
mg/mL streptomycin. B27 medium consists of Neurobasal, B-27 supplement (1x), 200 
mM L-glutamine, 50U ml/L penicillin and 50 mg/mL streptomycin. Medium was stored at 
4 °C and used within 3 weeks.

N2B27 medium without vitamin A – This is the same as N2B27 medium, except that B27 
supplement is replaced by “B27 without Vitamin A” supplement.

N2 medium – DMEM/F12 medium, 1X N2 supplement, 0.1 mM nonessential amino acids, 
2 mM L-glutamine, 2 ug/ml heparin, 100 U/ml Penstrep. Medium was stored at 4 °C and 
used within 3 weeks.

Freezing medium– Freezing solution used was 20% DMSO, 40% DMEM/F12, 40% Knockout 
serum replacement (KSR). This medium was used in a 1:1 ratio with culture medium.

Passaging techniques

Several cell-passaging protocols were employed throughout the experiment as outlined 
below (descriptions assume use of 6WPs).

Standard EDTA protocol (EDTA) – Cells are washed (2x) with 0.5mM EDTA in PBS, and 
incubated in 1 mL/W 0.5 mM EDTA in PBS for 2-3 min at 37oC. To replate, cells are flushed 
with E8 medium + Rock Inhibitor (RI, 10 uM) using a 5 mL pipette in appropriate volume of 
media.

Accutase – Cells are washed (1x) with PBS and receive 1 mL/W of warm accutase. To 
dissociate, cells are incubated for 3-10 min at 37°C with some additional gentle tapping on 
side of the plate. Cells are transferred to a 15 mL centrifuge tube containing 10 mL warm 
DMEM/F12 using a 1 mL pipette and pelleted by centrifugation (1200 rpm, 5 min, RT). 
Afterwards, pellet is re-suspended in appropriate amount of media for re-plating.
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Dispase – Medium is reduced to 1 mL/W. Cells receive 100uL Dispase and are incubated for 
8 – 10 min at 37C. To transfer cells to 15mL centrifuge tube, the dispase-containing medium 
is aspirated and DMEM/F12 medium is added before flushing. In case cells do not detach, a 
cell-scraper can be used. Afterwards, cells are washed twice with medium and replated in 
appropriate amount of media + RI (10uM). Cells can be pelleted by sedimentation (let stand 
for ~10min) or centrifugation (1200rpm, 5min, RT).

TrypLE – After removing all media, cells receive 300uL/W TrypLE. TrypLE is again quickly 
removed, after which cells are incubated for 2 minutes at RT (with some additional gentle 
tapping on side of the plate), before receiving 600uL/W Defined Trypsin Inhibitor. Cells are 
transferred to a 15 mL tube containing 5 mL warm NMM and pelleted by centrifugation 
(1200rpm, 15min, RT). Cell pellet is re-suspended in appropriate amount of medium + RI 
(10uM) before plating.
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Primers

Gene name Forward primer Reverse primer

EIF4G2 (Control) ATTCTTCGTTGTCAAGCCGCCAAAGTGGAG AGTTGTTTGCTGCGGAGTTGTCATCTCGTC

GAPDH (Control) TCAAGGGCATCCTGGGCTAC CGTCAAAGGTGGAGGAGTGG

GFAP AGAAGCTCCAGGATGAAACC AGAAGCTCCAGGATGAAACC

S100B CGACGTTTTCCACCAATATTCT CATTGTCCAGTGTTTCCATGAC

AQP4 AAGCTTGAGTCCAGACCCCTTT ATGAGTGACAGACCCACAGCAA

GLAST TATTACAATCAGCATCACAGCC TGTTCTTCAGTTCATGTCGT

ALDOC TGCCTCTAGCTGGGACTGAT CACTTGGCAAAGTCAGCACC

CD44 CTGAATCAGATGGACACTCAC AAGATGATCAGCCATTCTGGA

BLBP TGGTTGCTGTTCGCCACTAT TTTCCACCTCCACACCAAGG

ALDH1L1 TGCAGCCAATTCATCCCCAT CTCCGTGAATGAGGGTCCAG

GLT-1 GCATCTACGGAAGGTGCCAA TTGGGTTCCTCTGAGCCAAG

Nestin CAGGAGAAACAGGGCCTACA TAAGAAAGGCTGGCACAGGT

OTX1 CACTAACTGGCGTGTTTCTGC GGCGTGGAGCAAAATCG

HOXB4 ACGTGAGCACGGTAAACCCCAA ATTCCTTCTCCAGCTCCAAGACCT

LBX1 CGCCAGCAAGACGTTTAAG CTGCCCAAAGATGGTCATAC

SOX2 ATGGGTTCGGTGGTCAAGTC CTGATCATGTCCCGGAGGTC

DACH1 CAATGACTGCACCAACGCAA TGCGGCATGATGTGAGAGTT

PLZF AGACGTACCTCTACCTGTGCT TGTCATAGTCCTTCCTTCATCTCAC

PAX6 AGGTCAGGCTTCGCTAATGG TGCTGATTGGTGATGGCTCA

HES5 AAGCACAGCAAAGCCTTCGT CTGCAGGCACCACGAGTAG

SOX9 CCCCAACAGATCGCCTACAG GAGTTCTGGTCGGTGTAGTC

PROX1 GTCCAATTGCCTTGTGTGCC TCAAACGGCACTGAGCTTGT

TBR2 ACAACTATGATTCATCCCATCAGA AGCGGGCTTGAGGTAAAGTG

TBR1 CAACAGCCTCCTGTCCAACT GAACGGAGCTCCTTGGTAGG

GSX2 TGTCTCGACTCCGGAGGATT TTCACTCGGCGGTTCTGAAA

SATB2 GTGCCTTGGGTAGTCCGC AGAATCGGCGAGTGCAAAGTA

CTIP2 CAGAGCAGCAAGCTCACG GGTGCTGTAGACGCTGAA GG

VGAT GGACTCGTACGTGGCCATAG AGCTCGATGATCTGCGCTAC

VGLUT1 TTCTGGCTGCTCGTCTCCTA GGTTCATGAGTTTCGCGCTC

LHX6 TCGTTGAGGAGAAGGTGCTT CGTCATGTCCGCTAGCTTCT

EMX1 AGGTGAAGGTGTGGTTCCAG AGTCATTGGAGGTGACATCG

EN1 CCGCGCACCAGGAAGCTGAA CAGCGCCAGGCCGTTCTTGA

FOXG1 CCCGTCAATGACTTCGCAGA GTCCCGTCGTAAAACTTGGC

DLX2 ACGCTCCCTATGGAACCAGTT TCCGAATTTCAGGCTCAAGGT

NKX2.2 AAACCATGTCACGCGCTCA GGCGTTGTACTGCATGTGCT

NKX2.1 AACCAAGCGCATCCAATCTCAAGG TGTGCCCAGAGTGAAGTTTGGTCT
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Antibodies

Antibody name Company Species & concentration

SOX2 Millipore Rabbit (1:1000)

Nestin BD Bioscience Mouse (1:500)

SOX9 Cell signalling Rabbit (1:250)

PAX6 Hybridoma bank Mouse (1:50)

ZO-1 Zymed Rabbit (1:100)

PLZF Calbiochem Mouse (1:500)

MAP2 Abcam Chicken (1:10,000)

Synaptophysin1 SYSY Guinea pig (1:1000)

GFAP Sigma Mouse (1:1000)

OLIG2 Millipore Rabbit (1:1000)

S100B ProteinTech Rabbit (1:1000)

CD44 Hybridomabank (H4C4) Mouse (1:1000)
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