
 

Supplementary Figure 1. NR5A2 expression pattern in E12.5 mouse telencephalon and 

ex vivo cultured spinal cord cells. 

(a-k) Double immunostainings of NR5A2 (green) with Nestin (a-c), Pax6 (d-e), βIII-Tubulin 

(f-i) or NeuN (j-k) (all red) at E12.5 mouse telencephalon, as indicated. (b), (c), (e), (g), (h), 

(i) and (k) micrographs are larger magnifications of the square shapes depicted in (a), (b), (d), 

(f), (g), (h) and (j), respectively. Control immunofluorescences without primary antibody 

showed no staining. 

(l-s) Double immunostainings of NR5A2 (green) with Nestin (l, q), Pax6 (m), BrdU (p), βIII-

Tubulin (n, r) or GFAP (o, s) (all red) in acute cultures of spinal cord tissue (l-o) and E14.5 

NSCs (p-s) cultured ex vivo in the presence (+GFs) (p-q) or absence of growth factors (-GFs) 
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(r-s). (p) NSCs were pulsed for 2 h with BrdU and then labeled with the appropriate anti-

BrdU primary antibody. Representative NR5A2+ cells are indicated with arrows while 

NR5A2- cells with arrowheads. 

(t) Quantification of the cell populations that express NR5A2 (% of marker+; NR5A2+ / total 

marker+). The results are shown as mean ±SD. 

Cell nuclei were visualized with DAPI staining (blue). Scale bars: (a, f) 250 μm; (b-e, g-k) 

100 μm; (l-s) 25 μm. 
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Supplementary Figure 2. Overexpression analysis of NR5A2 in spinal cord-derived 

NSCs. 

(a) Schematic representation of the protocols used for Adenoviral/Lentiviral infections and 

Amaxa electroporation of NSCs derived from embryonic (E14.5) mouse spinal cord and 

cultured ex vivo. Neurosphere cultures were passaged at least three times before infection or 

electroporation. Neurospheres were cultured for another 24 h and then dissociated and plated 
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in the presence or absence of GFs for 48 or 72 h, in order to measure proliferation and 

differentiation indices, respectively. 

(b and f) Phase contrast (upper panels) and fluorescent images (lower panels) of NSCs 

infected with GFP (Adeno-GFP) or NR5A2-GFP (Adeno-NR5A2-GFP#1, #2) adenoviruses, 

48 h (b) or 96 h (f) after infection. 

(c) Quantitative real-time RT-PCR analysis of the infected NSCs. 

(d-e) Quantification of the number (d) and size (e) of neurospheres 48 h post-infection. 

(g-h) Double GFP (green)/active Caspase 3 (red) immunostainings of NSCs transduced with 

Ad-GFP or Ad-NR5A2-GFP adenoviruses (g) and quantification of apoptosis (h) (% of 

GFP+; active Caspase 3+ / total GFP+). 

In each case, arrows indicate GFP+ cells that are co-localized with each marker. The results 

are shown as mean ±SD. n.s.: not significant P>0.05, ** P<0.01, *** P<0.001 (Student's t-

test). Scale bars: (b, f) 100 μm; (g) 50 μm. 
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Supplementary Figure 3. RT-qPCR analyses in proliferating or differentiating NSCs 
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infected with adeno (overexpression studies)- or lenti (knock-down studies)- viruses. 

(a-c) Quantifications of mRNA levels of genes related to proliferation (+GFs) (a), 

astrogliogenesis (-GFs) (b) or neurogenesis (-GFs) (c) in NSCs infected with Ad-GFP or Ad-

NR5A2 viruses. 

(d-f) Quantifications of mRNA levels of genes related to proliferation (+GFs) (d), 

astrogliogenesis (-GFs) (e) or neurogenesis (-GFs) (f) in NSCs infected with lentiviruses 

expressing shNR5A2 compared to shSCR. 

The results are shown as mean ±SD. * P<0.05, ** P<0.01, *** P<0.001 (Student's t-test). 
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Supplementary Figure 4. Knock-down analysis of NR5A2 in spinal cord-derived NSCs. 

(a) RT-qPCR analysis indicating the relative expression levels of Nr5a2 mRNA in neuronal 

progenitors isolated from E16.5 mouse spinal cord and infected with different lentiviruses 

encoding shRNAs targeting mouse Nr5a2 (sh94-97) or control-scrambled sequences 

(shSCR#1, shSCR#2). 
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(b-e) Double immunolabelings of GFP (green) with NR5A2 (red) in neuronal progenitors 

infected with shSCRs-GFP (b-c) or shNR5A2-GFP (sh95) (d), as indicated. Quantification of 

NR5A2 index is shown in (e) (% of GFP+; NR5A2+ / total GFP+). 

(f-g) RT-qPCR (f) and double GFP (green)/NR5A2 (red) immunofluorescence analysis (g-i) 

confirming the down-regulation of Nr5a2 mRNA and protein levels, respectively, in NSCs 

that were infected with a lentivirus encoding the distinct and potent shRNA against NR5A2 

(sh95) compared to control lentiviruses (shSCR#1, shSCR#2). Quantification of NR5A2 

index is shown in (j). 

(k-l) Triple immunofluorescence analysis of GFP (green), BrdU (red) and pH3 (grey, 

artificially pseudo-colored after confocal microscopy analysis) in proliferating NSCs infected 

with shSCR-GFP (k) or shNR5A2-GFP (l) and pulsed for 2 h with BrdU. 

(m)  Quantification of the GFP+ NSCs that are double positive for BrdU and pH3. 

(n-o) Double GFP (green)/Nestin (red) immunostainings of infected NSCs cultured in the 

absence of GFs  (n)  and quantification of the knock-down experimental data (o). 

(p-q) Double GFP (green)/active Caspase 3 (red) immunostainings of NSCs infected with 

shSCR-GFP or shNR5A2-GFP lentiviruses (p) and quantification of apoptosis (q). 

In each case, arrows indicate GFP+ cells that are co-localized with each marker. The results 

are shown as mean ±SD. n.s.: not significant P>0.05, ** P<0.01, *** P<0.001 (Student's t-

test). Scale bars: (b-d, g-i) 100 μm; (k-l, n, p) 50 μm. 
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Supplementary Figure 5. Loss-of-function analysis of NR5A2 in E12.5 CNS. 

(a) Design of real time-PCR based assay for quantifying the efficiency of recombination of 

the floxed Nr5a2 locus (based on ΔΔCt method for exon5 normalized to exon9). 

(b) Quantification of recombination efficiency of the floxed Nr5a2 locus by qPCR analysis, 

as indicated (% of non-recombined floxed Nr5a2). 

(c-e) RT-qPCRs showing the quantifications of NeuN (c), DCX (d), and Sox2 (e) mRNA 

levels in E12.5 CNS of Ctr and Nr5a2 KO animals. 

All values represent the mean ±SD of four animals (n=4). * P<0.05, ** P<0.01, *** P<0.001 

(Student's t-test). 

 

9 
 



 

10 
 



Supplementary Figure 6. Inducible deletion of Nr5a2 causes severe size reduction of 

spinal cord and brain in E12.5 mouse embryos. 

(a) Larger magnifications of Ctr (Nr5a2fl/fl;without CreER) (left panel), Hetero 

(Nr5a2fl/+;CreER) (center panel) and Nr5a2 KO (Nr5a2fl/fl;CreER) (right panel) E12.5 whole 

embryos stereoscopically depicted in Fig. 4e. Scale bar: 250 μm. 

(b and c) Colored photographs of dissected E12.5 experimental mouse CNS. Note the large 

difference in the size of the CNS (spinal cord and brain) of Nr5a2 KO mice. 

(b) and (c) photographs were separately captured and depict the same Ctr and Nr5a2 KO 

dissected CNS. 
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Supplementary Figure 7. Cre/LoxP-mediated deletion of NR5A2 results in increased 

numbers of proliferating NSCs and enhanced cell cycle progression during spinal cord 

development. 

(a-f) Larger magnifications of Ctr (Nr5a2fl/fl;without CreER) (left panels), Hetero 

(Nr5a2fl/+;CreER) (center panels) and Nr5a2 KO (Nr5a2fl/fl;CreER) (right panels) E12.5 

spinal cords depicted in Figure 4h-4q. Arrows mark the ectopic proliferating cells [BrdU+ 

(a), Ki67+ (b), pH3+ (c)] that are localized outside the VZ and do not express neuronal 

markers [e.g. βIII-Tubulin- (f)]. 

(g) Double immunostainings of BrdU (green) with pH3 (red) in mouse embryos pulsed for 2 

h with BrdU. 
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(h) Quantification of double BrdU+/pH3+ cells (total double+ / spinal cord section). 

(i-j) Double immunolabelings of active Caspase 3 (red) with Ki67 (green) on sections from 

E12.5 spinal cord. 

(k) Quantification of apoptotic cells (active Caspase 3+) in Ctr, Hetero and Nr5a2 KO 

embryos (total active Caspase 3+ / spinal cord section). 

(l) Distribution of active Caspase+ cells between VZ and outside VZ (% of apoptotic cells), 

according to the proliferation marker Ki67. 

Note that immunofluorescence images in (a), (f) and (g) depict the same spinal cord sections 

from Ctr, Hetero and Nr5a2 KO embryos, labeled with triple-antibody staining 

(BrdU/pH3/βIII-Tubulin) and pseudo-colored as green (BrdU) and red (pH3 or βIII-Tubulin) 

after confocal microscopy analysis. 

All values represent the mean ±SD of four animals (n=4). Cell nuclei were visualized with 

DAPI staining (blue). ** P<0.01, *** P<0.001 (Student's t-test). Scale bars: 75 μm. 
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Supplementary Figure 8. Control experiment with low dose of tamoxifen of the 

Cre/LoxP-mediated recombination. 

(a) Assessment of recombination of the floxed Nr5a2 locus by genotyping PCR in CNS 

tissue, under conditions of minimal dose of tamoxifen, as indicated. Note the non-efficient 

recombination (green) of the floxed Nr5a2 alleles despite the presence of a single allele of 

CreER (lane 1: homozygous floxed alleles; lane 4: heterozygous alleles) (compare 

Supplementary Fig. 8a with Fig. 4b). 

(b) Stereoscopic views of E12.5 Ctr, Hetero and Nr5a2 KO whole mouse embryos that 

received minimal dose of tamoxifen. The white arrowheads depict the forebrain of each 

representative embryo. No defects were observed. 

Scale bar: 250 μm. 
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Supplementary Figure 9. Temporal deletion of Nr5a2 affects astrocyte development. 
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(a-d) Phenotypic analysis of Hetero (center panels) and Nr5a2 KO (right panels) E12.5 spinal 

cords, compared to Ctr (left panels), in relation to various markers for astrocyte development: 

(a-d) Immunofluorescence images of representative sections depicting Sox9+ (a), Aldh1l1+ 

(c) and Nestin+ (d) cells (red), as indicated. Note the ectopic Sox9+ cells in (a). 

Quantification of Sox9+ cells is shown in (b) (total Sox9+ / spinal cord section).  

(e) RT-qPCR analyses in E12.5 CNS of Ctr and Nr5a2 KO animals. 

(f) Schematic representation of the Nr5a2 knock-out strategy during later stages of 

development (E12.5 to E16.5). 

(g) Assessment of recombination of the floxed Nr5a2 locus by genotyping PCR in E16.5 

CNS tissue, as indicated. Note the efficient recombination of the floxed Nr5a2 alleles in the 

presence of a single allele of CreER (lane 3). 

(h) Quantification of recombination efficiency of the floxed Nr5a2 locus by qPCR analysis in 

E16.5 CNS tissue, as indicated (% of non-recombined floxed Nr5a2). 

(i) RT-qPCR for the detection of Nr5a2 mRNA levels in E16.5 CNS of Ctr and Nr5a2 KO 

animals. 

(j-q) Phenotypic analysis of Nr5a2 KO (right panels) E16.5 spinal cords, compared to Ctr 

(left panels), in relation to various markers for astrocyte development: (j-q) 

Immunofluorescence images of representative sections depicting Sox9+ (j), Aldh1l1+ (l), 

Nestin+ (m), NFIA+ (n) and GFAP+ (p-q) cells (red), as indicated. (q) micrographs are larger 

magnifications of the square shapes depicted in (p). Quantifications of Sox9+ and NFIA+ 

cells are shown in (k) and (o), respectively (total Sox9+ or NFIA+ / spinal cord section). 

(r) RT-qPCR analyses in E16.5 CNS of Ctr and Nr5a2 KO animals. 

All values represent the mean ±SD of four animals (n=4). Cell nuclei were visualized with 

DAPI staining (blue). n.s.: not significant P>0.05, * P<0.05, ** P<0.01, *** P<0.001 

(Student's t-test). Scale bars: (a-d) 100 μm; (j-p) 250 μm; (q) 100 μm.  

16 
 



 

Supplementary Figure 10. Cre/LoxP-mediated deletion of NR5A2 provokes a slight 

increase in numbers of proliferating cells without affecting neuronal differentiated-cells 

during later stages of spinal cord development (E16.5). 

(a-f) Phenotypic analysis of Nr5a2 KO (right panels) E16.5 spinal cords, compared to Ctr 

(left panels), in relation to various differentiation markers: (a-d) Immunofluorescence images 

of transverse paraffin representative sections depicting NeuN+ (a), DCX+ (c) and βIII-

Tubulin+ (d) cells (red). Active caspase 3+ staining is depicted in (e) (red). Quantifications of 

NeuN+ and active caspase 3+ cells are shown in (b) and (f), respectively (total NeuN+ or 

active caspase 3+ / spinal cord section). 

(g-i) RT-qPCRs showing the quantifications of NeuN (g), DCX (h) and βIII-Tubulin (i) 

mRNA levels in E16.5 CNS of Ctr and Nr5a2 KO animals, as indicated.  

17 
 



(j-p) Phenotypic analysis of the same embryos, in relation to various proliferation markers: 

(j-p) Immunofluorescence images of representative spinal cord sections depicting BrdU+ (j), 

Ki67+ (l), Sox2+ (n) (green) and pH3+ (p) (red) cells. (j) Mouse embryos (E16.5) were 

pulsed for 3 h with BrdU and then labeled with the appropriate anti-BrdU primary antibody. 

Quantifications of BrdU+, Ki67+ and Sox2+ cells are shown in (k), (m) and (o), respectively 

(total marker+ / spinal cord section).  

(q) RT-qPCR showing the quantification of Sox2 mRNA levels. 

All values represent the mean ±SD of four animals (n=4). Cell nuclei were visualized with 

DAPI staining (blue). n.s.: not significant P>0.05, ** P<0.01, *** P<0.001 (Student's t-test). 

Scale bars: 250 μm. 
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Supplementary Figure 11. Conditional inactivation of NR5A2 from Nestin+ NSCs 

(Nestin-Cre X Nr5a2fl/fl mice) causes severe CNS size reduction and lethality around 

birth. 

(a) Genotyping by PCR from mouse tail biopsies of newly-born embryos (34 P0 mice, n=5 

births). Note that all non-viable mice (10-20, 29-34; right parts of the gels) were carrying the 

Nestin-Cre allele (Nr5a2fl/+;Nestin-Cre) while all alive mice (1-9, 21-28; left parts of the gels) 

were negative for this allele (Nr5a2fl/+;without Nestin-Cre). 

(b and c) Genotyping PCR (b) and stereoscopic views of E14.5 experimental mouse CNS (c). 

Note the large difference in the size of the CNS (brain and spinal cord) of Nr5a2fl/+;Nestin-

Cre mice. 

All PCR reaction mixtures included Cre-specific primers to amplify the corresponding DNA 

sequences and were analyzed on 2% agarose gels. Scale bar: 250 μm. 
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Supplementary Figure 12. RT-qPCR analyses in E12.5 CNS of Ctr and Nr5a2 KO 

embryos. 

(a and b) RT-qPCR analyses indicating the relative expression mRNA levels of a number of 

genes critical for neuronal differentiation, as indicated. Measured values were normalized 

using Ppia (a) or Rpl13a (b) mRNA levels as internal references (compare Supplementary 

Fig. 12a-12b with Fig. 6a). 

(c) RT-qPCR quantifications of a subset of genes encoding for transcription factors which are 

not directly related to neuronal differentiation, namely Klf10, Mef2a, Atf3, Klf7, Klf6, Hif1a 

and Runx1a, as indicated. Measured values were normalized using β-actin mRNA as internal 

reference. 
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All values represent the mean ±SD of four animals (n=4). n.s.: not significant P>0.05, * 

P<0.05, ** P<0.01 (Student's t-test). 
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Supplementary Figure 13. Identification of NR5A2 consensus elements in the genomic 

loci of NR5A2-affected genes. 
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(a-g) Bioinformatic promoter analysis of a number of NR5A2-affected genes critical for 

neuronal differentiation [Tbr2 (a), Tbr1 (b), Ctip2 (c), Satb2 (d), Fezf2 (e), Brn2 (f) and Sox4 

(g)], as indicated. 

Promoter sequences from mouse genome were downloaded from publicly available data 

(DBTSS-DataBase of Transcriptional Start Sites and confirmed in UCSC genome browser) 

and correspond from -500 bp downstream to +1,500 bp upstream of the genes’ TSSs based 

on transcription start annotations. The consensus binding sequences of NR5A2 in each gene 

are depicted. 

 

 

  

24 
 



 

Supplementary Figure 14. Adenovirus-mediated genetic deletion of NR5A2 from NSCs 

is sufficient to substantially diminish Prox1 expression. 

(a) Schematic representation of the (td)Tomato reporter cassette (red) knocked-into the 

Rosa26 locus (blue) by homologous recombination. A LoxP-floxed STOP cassette is located 
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upstream of the (td)Tomato gene, thus preventing expression of the red-emitting fluorophore 

when Cre recombinase is absent. In the presence of Cre recombinase (+Ad-Cre), the STOP 

sequence between the LoxP sites (yellow) is excised, thus leading to permanent and 

constitutive expression of the (td)Tomato protein in NSCs. 

(b-g) Fluorescent microscope images of GFP (green) (b-c) or (td)Tomato (red) (d-e) in 

Rosa26-(td)Tomato NSCs isolated from E14.5 spinal cords and transduced three times (x3) 

with GFP alone- (Ad-GFP) or Cre-expressing adenoviruses (Ad-Cre-GFP). Phase contrast 

images of cells are shown in (f-g). Nearly all NSCs were efficiently transduced, as indicated 

by the massive expression of (td)Tomato following Cre-mediated recombination. 

(h) Assessment of recombination of floxed Nr5a2 locus by PCR amplification of genomic 

DNAs extracted from Nr5a2fl/fl NSCs that were transduced three times with Ad-GFP or Ad-

Cre, as indicated. Note the complete recombination (green) of the floxed Nr5a2 alleles in the 

presence of a single allele of Cre (Ad-Cre#1, #2) (compare Supplementary Fig. 14h with Fig. 

4b). 

(i) RT-qPCRs showing the quantifications of Nr5a2 relative mRNA levels in proliferating 

(+GFs) or differentiating (-GFs) Nr5a2fl/fl NSCs that were infected with adenoviruses (Ad-

GFP, Ad-Cre). 

(j-l) RT-qPCR analyses for the detection of Prox1 (j), Nestin (k) and Gfap (l) mRNA levels 

in transduced Nr5a2fl/fl NSCs upon withdrawal of GFs, as indicated. 

The results are shown as mean ±SD. ** P<0.01, *** P<0.001 (Student's t-test). Scale bar: 50 

μm. 
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Supplementary Figure 15. Genetic deletion of Nr5a2 from NSCs is sufficient to abolish 

the recruitment of NR5A2 to the promoters of Prox1, p16Ink4a and p15Ink4b genes. 

(a) Fluorescent microscope images of GFP (green) in Nr5a2fl/fl NSCs isolated from E14.5 

spinal cords and transduced three times (x3) with GFP alone- (Ad-GFP) or Cre-expressing 

adenoviruses (Ad-Cre-GFP). Phase contrast images of ex vivo cultured cells are also shown. 

Nearly all NSCs were efficiently transduced. 

(b) Assessment of recombination of floxed Nr5a2 locus by PCR amplification of genomic 

DNAs extracted from Nr5a2fl/fl NSCs that were transduced three times with Ad-GFP or Ad-

Cre, as indicated. Note the efficient recombination (green) of the floxed Nr5a2 alleles in the 

presence of a single allele of Cre (Ad-Cre) (compare with Supplementary Fig. 14h). 
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(c-e) Schematics of the organization of mouse Prox1 (c), Cdkn2a (d) and Cdkn2b (e) gene 

loci (upper panels). The lower panels present ChIP analyses for NR5A2 binding in chromatin 

samples prepared from Nr5a2fl/fl NSCs that were transduced with Ad-GFP or Ad-Cre. The 

specific consensus sites that NR5A2 is directly recruited to, are represented in green. 

Following Cre/LoxP-mediated deletion of NR5A2 (+Ad-Cre), the enrichments at the specific 

loci are abolished. 

The results are shown as mean ±SD. n.s.: not significant P>0.05, * P<0.05, ** P<0.01 

(Student's t-test). Scale bar: 50 μm. 
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Supplementary Figure 16. NR5A2 functionally and directly interacts with Prox1 protein 

to synergistically control the Notch1-mediated suppression of neurogenesis. 

(a-e) Double immunostainings of myc (green) with Prox1 (red) (a) or βIII-Tubulin (red) (c-d) 

in NSCs co-electroporated with NR5A2-myc+Prox1 expression vectors (a, d) and cultured 

under differentiating conditions. Arrows indicate representative double positive cells. The 

percentage of electroporated cells that are double NR5A2+/Prox1+ is presented in (b). 

Quantification of βIII-Tubulin index is shown in (e) (% of GFP+ or NR5A2-myc+ or Prox1+ 

or NR5A2-myc+Prox1+; βIII-Tubulin+ / total GFP+ or NR5A2-myc+ or Prox1+ or NR5A2-

myc+Prox1+). 
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(f) NR5A2 binds Prox1 in vivo: Cell lysates from WT mouse embryonic CNS (E12.5) were 

subjected to immunoprecipitations with anti-NR5A2 antibody (lane 2) or control anti-rabbit 

IgGs (lane 3), followed by western immunoblotting with anti-Prox1 antibody. The positions 

of Prox1 and heavy chain of IgGs are shown on the left. 

(g-h) Double immunolabelings of NR5A2 or myc (green) with Prox1 (red) in untreated acute 

cells (g) or NR5A2-myc electroporated NSCs cultured in the absence of GFs (h), 

respectively. Images were obtained with a x63 oil immersion objective on a Leica confocal 

microscope. 

(i) Schematic representation of the possible role of NR5A2 in inducing Prox1-mediated 

suppression of Notch1 pathway that eventually leads to enhanced neurogenesis1. 

(j-s) Double immunostainings of GFP (green, detects YFP) with myc (red) (j) or various 

markers [BrdU (l), pH3 (n), GFAP (p) and βIII-Tubulin (r)] (all red) in NSCs co-

electroporated with NR5A2-YFP+NICD-myc expression vectors and cultured in the presence 

(l-n) or absence of GFs (p-r), as indicated. Arrows indicate the double NR5A2-YFP+/NICD-

myc+ cells that co-express GFAP (p) or βIII-Tubulin (r) differentiation markers. 

Quantifications of co-expression and the indices of the above markers are shown in k, m, o, q 

and s, respectively (% of GFP+ or NR5A2-YFP+ or NR5A2-YFP+NICD-myc+; marker+ / 

total GFP+ or NR5A2-YFP+ or NR5A2-YFP+NICD-myc+). 

Cell nuclei were visualized with DAPI staining (blue). The results are shown as mean ±SD. 

*** P<0.001 (Student's t-test). Scale bars: (a, c-d) 50 μm; (g-h) 7.5 μm; (j-r) 75 μm. 
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Supplementary Figure 17. NR5A2 overexpression suppresses downstream targets of 

p16Ink4a and p15Ink4b pathway. 
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(a) Schematic representation of the role of NR5A2 in arresting cell cycle progression of 

NSCs through induction of p16Ink4a and p15Ink4b and subsequent down-regulation of 

E2F/phospho-pRb-dependent cell cycle-promoting genes (Cyclin E1, Cyclin A and Myc). 

(b-d) RT-qPCR analysis indicating the relative expression levels of Cyclin E1 (b), Cyclin A 

(c) and Myc (d) mRNAs in NSCs infected with GFP- (Ad-GFP) or NR5A2- (Ad-NR5A2) 

expressing adenoviruses and cultured in the presence of GFs. 

The results are shown as mean ±SD. * P<0.05, ** P<0.01, *** P<0.001 (Student's t-test). 
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Supplementary Figure 18. Quality and specificity test of the rabbit polyclonal anti-

NR5A2 antibodies that were used in this study. 

(a-e) The anti-NR5A2 custom-made antibody was raised against mouse NR5A2 peptide 

(reported in Methods) and produced by Davids Biotechnologie GmbH: Western blot (a-b) and 

immunofluorescence (c-e) analyses in NSCs and N2A cells, respectively. NSCs or N2A were 

electroporated or lipofected, respectively, with NR5A2-myc (+) or pcDNA3 (-) expression 

vectors, as indicated. Pre-absorption of the antiserum with the corresponding immunogen 

peptide (blue color-blocking peptide) completely abolished the western blot bands (a; right 
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part of gel) and the immunostaining [arrowheads in (d)] (peptide competition assays). Please 

note that the membrane shown in (a) and (b) was cut in the middle and its right part was 

probed with the anti-NR5A2 antibody together with the blocking peptide, as indicated. 

(f-l) NR5A2 protein was detected using a rabbit polyclonal anti-NR5A2 antibody (kindly 

donated by Dr. I. Talianidis): Western blot (f-i´) and immunofluorescence (j-l) analyses in 

NSCs and N2A cells, as indicated. NSCs or N2A cells were electroporated or lipofected, 

respectively with NR5A2-myc (+) or pcDNA3 (-) expression vectors, as indicated. 

Immunogen peptide was not available for this antibody. 

Exogenous and endogenous western blot bands of NR5A2 shown in (a), (f), and (h) are 

marked on the left. Protein loads were verified with β-actin as reference protein, using a 

primary mouse monoclonal anti-β-actin antibody (b, g, i). Double immunostainings of myc 

(green) with NR5A2 (red) in N2A cells (c-e, j-l). Arrows indicate double positive cells. Scale 

bars: 50 μm. 
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Supplementary Figure 19. Original full-size scans of the western blots presented in this 

study. 

(a) Original scans of the western blots shown in Fig. 4d. 
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(b) Original scan of the western blot shown in Supplementary Fig. 16f. 

(c-e) Original scans of the western blots shown in Supplementary Fig. 18. 

Red boxes indicate the cropped regions of the western blots that were used in the figures. The 

numbers represent the molecular weights (kD). The antibody used is also shown. 
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Supplementary Table 1. Primer sets used in RT-qPCR assays. 

 

Gene 
(mouse) Forward qPCR Primer Reverse qPCR Primer Reference Amplicon 

size (bp) 
 

Genes critical for induction of neuronal differentiation (Fig. 6a) 
Brn2 CGGCGGTTTGCTCTATTC ATGGTGTGGCTCATCGTG 2 118 

Btg2 TGAGCGAGCAGAGACTCAAGGTTT ACAGCGATAGCCAGAACCTTTGGA 3 113 

Ctip2 GGGCGATGCCAGAATAGAT GGTAGCCTCCACATGGTCAG 4 112 

Cux1 TTGGCAAACAGGCAAGATGAGAGC ACCTGCTTGCGTAAATCCTCTGGA 5 101 

Cux2 CCTCAAGACGAACACCGTCAT GCGCATCCTGGACCTGTAGT 6 55 

Fezf1 CTGGCGACTCAGTCATGGA GCAGTCGCTAGCATTTTGGT 7 61 

Fezf2 GTGGCTCCCACCTTTGTACATTCA TCACGGTGACAGGCTGGGATTAAA 5 121 

NeuroD1 AGGAATTCGCCCACGCAGAA TGGTCATGTTTCCACTTCCTGTTGT 8 101 

Prox1 CAGCGGACTCTCTAGCACAG GCCTGCCAAAAGGGGAAAGA 1 101 

Satb2 GAGATGAGTTGAAGAGGGCTAGTG CCCTGTGTGCGGTTGAAT 7 70 

Sox11 CCCTGTCGCTGGTGGATAAG GGTCGGAGAAGTTCGCCTC 9 138 

Sox4 GAACGCCTTTATGGTGTGGT GAACGGAATCTTGTCGCTGT 9 136 

Tbr1 CCGAGTCCAGACGTTCACTT GCCCGTGTAGATCGTGTCAT 10 142 

Tbr2 TTCCGGGACAACTACGATTCA ACGCCGTACCGACCTCC 11 56 

 

Genes involved in JAK/STAT pathway (Fig. 9) 
Btk GCTCTGTAGGCTCCAAGTTTC ATCTCTCATACGGCATCTTCC 12 144 

Cav1 GCGACCCCAAGCATCTCAA ATGCCGTCGAAACTGTGTGT 13 91 

Cntf CTCTGTAGCCGCTCTATCTG GGTACACCATCCACTGAGTC 14 125 

Cntfr ACAAGGTCTCCATAAGTGTCAGC CTGCCATTGGTCCAGGATGA 15 236 

Csf2rb CTTCGCTTTGGCTGTGTCTCT GACCTTTACCTCCATCCTGGAA 16 103 

CT-1 GAGCCAGAGGGAGGGAAGTC CAGCCGCGGTGGTGAGAAG 17 196 

Eif2ak2 GTACAAGCGCTGGCAGAACTCAAT AAGAGGCACCGGGTTTTGTAT 18 125 

Hck TGGATGGCCACCTACAACAA CAGGAAGGCCTCCACGG 19 81 

il10ra TTCTCAGAACTAAAGAATGCAACCA GGGCAGCACCTTGACACAA 20 99 

il2rg GGTTACTGAATACCAAGGGAACTTT TGGCAGAACCGTTCACTGTA 21 96 

il6ra TGTTGAAGACTCTGCCAACCACGA ACAGAGAAGCAACCCAAACGCCAA 22 148 

irf9 CGCTGCTGCTCACCTTCAT GGCTGTGCACCTGGGTCTTA 23 60 

Jak1 GCCTGCCAGACTCCTGAC CCTTCCAAAGCCCATTCA 24 95 

Jak2 GATGGCGGTGTTAGACATGA TGCTGAATGAATCTGCGAAA 25 177 

Jak3 CTCCCCAGCGATTGTCATTCT GCTCGCACACATAAATCCTCAG 26 61 
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Lif ATGTGCGCCTAACATGACAG TATGCGACCATCCGATACAG 27 90 

Nlrc5 CTTCCCGCCTCTCCTTCCACAAT CTCCACCTGCCCACATCCTACCA 28 161 

Nmi AGTGGAAAGCGTGGATTATGA AATGCCTTCTAATCCGGTCA 29 226 

Parp14 AGCAGTGGATCAGAAAAGACAG GTCAGCACCATCTCGGATACT 30 107 

Ptprc GAGGTGTCTGATGGTGCAAG TGTATTCCACTAAAGCCTGATGAA 31 65 

Shp-1 GCAGGAGAACACTCGTGTCA CCCATTGTCTAGTGGGGAGA 32 
190 

Stat1 CTGAATATTTCCCTCCTGGG TCCCGTACAGATGTCCATGAT 33 103 

Stat2 ATTGGAAGTTGCAGCGAGAG TGCGCCATTTGGACTCTT 34 67 

Stat3 ACCCAACAGCCGCCGTAG CAGACTGGTTGTTTCCATTCAGAT 35 
192 

Stat4 TTCAGAGCAGCTCAACATGC GGTGAGGTGACCATCATTGTAG 34 70 

Stat5a AAGATCAAGCTGGGGCACTA CATGGGACAGCGGTCATAC 34 60 

Stat5b CGAGCTGGTCTTTCAAGTCA CTGGCTGCCGTGAACAAT 34 64 

Stat6 AGATGAGGCTTTCCGGAGTCA CCCATATCTGAGCTGAGTTGCA 36 198 

Tyk2 AGGGTCCCAAGCCTGAGTA CTCAGGCAGTGCACTTAACC 37 150 
 

Cyclin-dependent kinase inhibitor (Cdki) and cell cycle-promoting genes 

(Fig. 8a-8b, Supplementary Fig. 3a,3d and Supplementary Fig. 17) 
Cdkn1a 
(p21Cip1) 

GCAGACCAGCCTGACAGATT CCTGACCCACAGCAGAAGAG designed 108 

Cdkn1b 
(p27Kip1) 

TCAGCGCAAGTGGAATTT GGGCCTGTAGTAGAACTCG 38 106 

Cdkn2a-
short 

variant 
(p16Ink4a) 

GAACTCTTTCGGTCGTACCC CAGTTCGAATCTGCACCGTA designed 93 

Cdkn2a-
short 

variant 
(p16Ink4a) 

GAACTCTTTCGGTCGTACCC CGAATCTGCACCGTAGTTGA 39 88 

Cdkn2a-
short 

variant 
(p16Ink4a) 

CCGCTGCAGACAGACTGG CCATCATCATCACCTGAATCG 40 132 

Cdkn2a-
long 

variant 
(p19Arf) 

GCTCTGGCTTTCGTGAACAT CGAATCTGCACCGTAGTTGA designed 136 

Cdkn2b 
(p15Ink4b) 

AGATCCCAACGCCCTGAAC TCGTGCACAGGTCTGGTAAG designed 144 

Cyclin A GCCTTCACCATTCATGTGGAT TTGCTGCGGGTAAAGAGACAG 41 118 

Cyclin 

D1 
TAGGCCCTCAGCCTCACTC CCACCCCTGGGATAAAGCA designed 80 

Cyclin AAGCCCTCTGACCATTGTGTCC CTAAGCAGCCAACATCCAGGAC 38 155 
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E1 

Ki67 CCTTTGCTGTCCCCGAAGA GGCTTCTCATCTGTTGCTTCCT 42 104 

Myc CCACCAGCAGCGACTCTG GTTTGCTGTGGCCTCGG 43 129 

Nestin CTGCAGGCCACTGAAAAGTT TTCCAGGATCTGAGCGATCT designed 90 

 

Genes encoding for TFs which are not directly related to neuronal differentiation 

(Supplementary Fig. 12c) 
Atf3 AACTGGCTTCCTGTGCACTT TGAGGCCAGCTAGGTCATCT 44 195 

Hif1a GGTTCCAGCAGACCCAGTTA AGGCTCCTTGGATGAGCTTT 45 265 

Klf10 GGGTGTGGCAAGACTTACTT AATGGTCGCTCCTCATAAAC 46 208 

Klf6 ACCAGACACTTCCGAAAGCA TCTTAGCCTGGAAGCCTCTTT 47 161 

Klf7 GAGCTCGGGGGAGGGTTTCTCC GCCGGTGTCGTGGACAAGTTGT 48 107 

Mef2a AGCAGCACCATCTAGGACAA CTGCTGTTGGAAGCCTGATG 49 164 

Runx1 ACTTCCTCTGCTCCGTGCTA CGCGGTAGCATTTCTCAGTT 50 161 

 

Genes critical for astrocyte development (Supplementary Fig. 3b, 3e and Supplementary Fig. 9) 

Aldh1l1 ATTCCCAAGGGTGTGGTCAAC CATCAGGGTGGTCTGAGAGTCTCT 51 76 

Cd44 ATCAGCAGATCGATTTGAATGTAA CATTTCCTTCTATGAACCCATACC 52 201 

Fabp7 CTCTGGGCGTGGGCTTT TTCCTGACTGATAATCACAGTTGGTT 53 71 

Fgfr3 GGCCCTTTTTGACCGAGTCTA CCCAGCGTAAAGATCTCCCAG 51 81 

Gfap GAAAGGTTGAATCGCTGGAG CACGTGGACCTGCTGTTG designed 104 

Gja1 ATGCTGGTGGTGTCCTTGGTG CGGTGGTGGCGTGGTAAGG 54 118 

Id3 CACTTACCCTGAACTCAACGCC CCCATTCTCGGAAAAGCCAG 12 162 

Nfia AAGCCTCCAACCACATCAAC TTTACAAAGCTTGGATCCCG 
http://scholarworks

.gvsu.edu/sss/8 
125 

Nfib GAGGTCGCTGTCTTCTCCAC ACAGTGGCTTCTCAGGCTTC 55 191 

S100β TGGTTGCCCTCATTGATGTCT CCCATCCCCATCTTCGTCC designed 179 

Slc1a3 GAAGCCATCATGCGATTGG CAACAATCTTCCCTGCGATCA 51 82 

 

Genes used as extra internal references (housekeeping genes) (Supplementary Fig. 12a-12b) 

Ppia CGCGTCTCCTTCGAGCTGTTTG TGTAAAGTCACCACCCTGGCACAT 56 150 

Rpl13a TTCGGCTGAAGCCTACCAGAAAGT TCTTCCGATAGTGCATCTTGGCCT 57 132 

 

Nr5a2 and Prox1 primers to avoid contamination with overexpression vectors 
Nr5a2-

avoid 
GCATGCCAAAAGAGCCTAAG CATTGCTTGGAGCAGTTCAG designed 116 

Prox1- GAGCTTTTGAAGATGGCACA TCCAATGTCAACCCTTCTCC designed 100 
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avoid 

 

Other genes 

Cre GATTTCGACCAGGTTCGTTC GCTAACCAGCGTTTTCGTTC 
www.ebiomethods.

com 
195 

Dcx ATGCAGTTGTCCCTCCATTC ATGCCACCAAGTTGTCATCA 58 182 

Map2 GCTGAAGCTGTAGCAGTCCTGAA GTGTTGGGCTTCCTTCTCTTGT 59 51 

NeuN 

(Rbfox3) 
GGCAAATGTTCGGGCAATTCG TCAATTTTCCGTCCCTCTACGAT designed 160 

Sox2 GCGGAGTGGAAACTTTTGTCC GGGAAGCGTGTACTTATCCTTCT designed 156 

βΙΙΙ-

tubulin 

(Tubb3) 

CCTGGAACCATGGACAGTGTT CAGCACCACTCTGACCAAAGA 60
 85 
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