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Supplementary Figure 1: Confirmation of TRAP-Seq mRNA differences between PFC and striatum by 

RT-qPCR and in situ hybridization for selected genes. 

a. Genes with diverse levels of differential expression in RNA seq in the regional BAC-TRAP analysis 

were selected for RT-qPCR verification using wild-type mouse brain. The expression levels were 

calculated by the comparative ddCt method with Ppia as an internal control. Data points are individual 

results from different mice (n = 4-6 per group). Means + SEM are indicated. Statistical analyses with 

two-tailed Mann-Whitney’s test, *p < 0.05; **p < 0.01. Detailed statistical results in Supplementary 

Table 19. b. In situ hybridization patterns from the Allen Brain Institute (http://mouse.brain-map.org/) 

for the genes studied by RT-qPCR in (a). For gene products with strong enrichment and high expression 

levels the hybridization differences are easily visible (e.g. Tbr1 in cortex), whereas for other gene 

products, RNA-Seq and RT-qPCR are more informative (e.g. Ppp2r2b, Shank2, Tac2).  

  

http://mouse.brain-map.org/
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Supplementary Figure 2: Confirmation of TRAP-Seq mRNA differences between DA and NAc by RT-

qPCR and in situ hybridization for selected genes. 

a-b. Genes more expressed DS than in the NAc (a) or in the NAc than in the DS (b), with diverse levels 

of differential expression in the TRAP-Seq regional analysis were selected for quantitative PCR 

verification using wild-type mouse brain. Expression levels were calculated by the comparative ddCt 

method with Myh7 as an internal control. Data points are individual results from different mice (n = 4-

6 per group). Means + SEM are indicated. Statistical analyses with two-tailed Mann-Whitney’s test, *p 

< 0.05; **p < 0.01. Detailed statistical results in Supplementary Table 19. c-d. In situ hybridization 

patterns from the Allen Brain Institute (http://mouse.brain-map.org/) for the genes studied by RT-

qPCR in (a-b).   

http://mouse.brain-map.org/
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Supplementary Figure 3: Comparison of Cntnap2 exon usage and protein isoform levels in DS and 

NAc. 

a. Structure of the Cntnap2 gene that codes for the protein Caspr2, which exists as 2 isoforms, Iso1 

and Iso2. Iso2 is generated by the use of an internal promoter and exon 24 (in red). b. DEX-Seq plot of 

the relative expression levels of the various exons of Cntnap2 in DS and NAc of D1-TRAP mice. c. DEX-

Seq plot of the relative expression levels of the various exons of Cntnap2 in DS and NAc of D2-TRAP 

mice.  d. Schematic representation of the two isoforms of Caspr2 with domain organization indicated 

(1). e. Immunoblot analysis of the expression of the two isoforms of Caspr2 in wild-type mouse DS and 

NAc. Left panel, the position of the two quantified isoforms is indicated. Right panel, quantification of 

the protein isoform ratio in samples from 5 mice and normalized to 1 in DS (means ± SEM are 

indicated). Statistical analyses with two-tailed Mann-Whitney’s test, **p < 0.01 
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Supplementary Figure 4: Comparison of the results of the current study with previous reports on D1/ 

D2 neuron differences. 

a. mRNAs differentially expressed between D1 and D2 neurons in Heiman et al.2 (Y axis, log2 fold-

changes [L2FC] Heiman) and in the current study (X axis, L2FC Montalban) in the DS (green) or the NAc 

(magenta). After exclusion of the BAC genes, 248 mRNAs were confirmed in the current study and the 

correlation between L2FC was very good (DS, R = 0.91, p = 4.9 10-94, NAc, R = 0.83, p = 1.54 10-63). Note 

that each gene product was plotted twice, against our values in DS and NAc. b. Same as in a but 

including also the 33 mRNAs found to be differentially expressed in Heiman et al. but not here (black). 

With the exception of Mbd2, the L2FC changes observed for those mRNAs are on the lower end of the 

scale in both studies. The 5042 mRNAs found differentially expressed in our study but not in Heiman 

et al. are also shown (dots aligned horizontally on L2FC Heiman 0). They include mRNAs whose 

expression differs by up to one order of magnitude between D1 and D2 neurons (horizontal dispersion 

of the dots at y = 0; e.g. P2ry1, Sp9 both enriched in D2 neurons and Chrm4, enriched in D1 neurons). 

c. Same as in b but also indicating 7 mRNAs (blue) identified as different between D1 and D2 by Heiman 

et al. but neither in our current study nor in Ho et al.3. They include Mdb2 and the cornichon 3 homolog 

Cnih3, which showed the strongest absolute L2FC in Heiman et al. Excluding these mRNAs reduces the 

range of log2 fold changes for our possible false negatives to [-1.34, 1.42]. d. Venn diagram comparing 

the results of our study with those of Gokce et al.4. Eighty % of their D1-specific mRNAs were also 

found D1-specific in our study, as were 67% of their D2-specific mRNAs. Most of the genes we did not 

confirm, exhibited a low expression (e.g. Rbp4) and/or a low fold-change (│L2FC│<1), and often an 

opposite D1 vs D2 specificity (Supplementary Tables 14a-b). Increasing the adjusted p-value 

significance threshold from <0.01 to <0.1 (as in Ref2) in our study, recovered only 11 and 13 genes 

specific for D1 and D2 respectively, found differentially expressed in Refs2 and3, but not in another 

single-cell RNA-Seq analysis4. Conversely, using such a less stringent threshold would have increased 

the number of mRNAs differentially expressed between D1 and D2 neurons to 4878 in the DS and 7302 

in the NAc, probably containing a large number of false positive. Most of the genes we did not confirm 

exhibited a low expression (e.g. Rbp4) and/or a low fold-change (│Log2FC│<1), and often an opposite 

D1/D2 specificity. Discrepancies may originate from sampling bias or stochastic dropout for the genes 

with low base counts in single-cells. Overall it is important to underline that single-cell sequencing and 

TRAP-Seq provide different types of information that are complementary with consistent results in 

their area of overlap.  
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Supplementary Figure 5: Striatal gene network of transcription factors illustrating connections with 

mRNAs differentially expressed in D1 and D2 cells.  

To evaluate the potential functional importance of TFs in the regulation of transcriptional profiles in 

adult striatal neurons, we used a gene expression-based network inference procedure and combined 

the results of CLR5, a mutual-information-based approach providing undirected edges, and GENIE36, a 

tree-based regression approach providing directed edges, using filtered CPM (see Supplementary 

Methods). We pruned the network by retaining only the edges that connected either one or two of 

the TFs differentially expressed between DS and NAc. Subnetworks were extracted using gene lists as 

seeds, retaining only the first neighbors with scores above a threshold. Seven TFs passed the filter and 

six of them formed a connected subnetwork of clusters. Visualization and analysis of the resulting 

networks was done using Cytoscape7, only keeping the 1% edges with the highest scores. The edges 

that connected either one or two of the TFs differentially expressed between DS and NAc, focusing on 

TFs specific of D1 cells, are shown. Seven TFs passed the filter and six of them formed a connected 

subnetwork of clusters (i.e. sharing first neighbors). Nodes are colored according to their relative 

expression in D1 (blue) and D2 (yellow) neurons. Nr4a2 and Ebf1 are surrounded by genes differentially 

expressed in D1 and D2 cells. The color intensities reflect differential expression and line thickness the 

reliability of prediction. Nr4a2 codes for Nurr1, a key TF in the maintenance of dopaminergic neurons, 

and, in the striatum, is associated with the development of dyskinesia8,9. Ebf1 is known for its role in 

D1-SPN differentiation10,11. These results support the role of Nr4a2 and Ebf1 in regulating differences 

between D1 and D2 SPNs in adult mice.  
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Supplementary Fig. 6: Striatal gene network of transcription factors illustrating connections with 

genes differentially expressed in DS and NAc. 

Same network as in Supplementary Figure 5, except that nodes are colored according to their relative 

expression in DS (green) and NAc (red). Genes linked to Onecut2 and Zbtb18 are strongly differentially 

expressed in DS and NAc. The color intensities reflect differential expression and line thickness the 

reliability of prediction. Onecut2 is a homeobox gene associated with neuronal differentiation12 whose 

first neighbors include genes enriched in DS (e.g., Coch, Tpm2, Dach1, Clspn, B3gnt2, Cyp2s1, Pld5, 

Me2). Zbtb18 mRNA encodes a transcriptional repressor of key proneurogenic genes whose mutation 

is implicated in intellectual deficit13. Zbtb18’s first neighbors include genes enriched in NAc (e.g., 

Arhgap36, Wfs1, Crym, Dlk1, Tcerg1l, Hap1) or in DS (e.g., Nrgn, Slc24a2; see Supplementary Tables 

6a,b). The genes connected to Nr4a2 and Ebf1, and typical of D1 or D2 cells (see Supplementary Figure 

5) are indicated by a blue or yellow lining respectively. 
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 Supplementary Figure 7: Gene expression-based network inference of Zbtb18 regulations in SPNs. 

Only influences passing our threshold are shown. Arrows indicate the direction of the influences. Line 

thickness reflects the reliability of prediction. Gene nodes are colored according to their relative 

expression in DS (green) or NAc (red). Among threshold-passing influences, 66 are coming solely from 

Zbtb18, 10 are solely going to Zbtb18 and 7 are bidirectional, but with a higher weight of outgoing 

interaction.  
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Supplementary Fig. 8: Misoprostol increases phosphorylation of PKA-substrates in the dorsal 

striatum. 

a. To test whether the effects of stimulating PGE2 receptors were detected in the DS. Misoprostol, a 

PGE2 agonist (Miso, 0.1 mg.kg-1, 7 mice) or vehicle (Veh, 5 mice) was injected i.p. Mice were sacrificed 

30 min later, striatal extracts were analyzed by immunoblotting with a phosphoPKA-substrate antibody 

(three different gels were run, as indicated). The positions of molecular weight markers are indicated 

in kDa. b. Immunoreactivity was quantified by densitometry measurement of the whole lane and 

expressed as percent of the mean in vehicle-treated mice (right panel). Statistical analyses with two-

tailed Mann-Whitney’s test (see Supplementary Table 19). * p < 0.05. 
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Supplementary Fig. 9: Study of misoprostol effects on electrophysiological properties of DS D1- and 

D2-SPNs.  

a. Male D1R-Cre x Ai14 tdTomato reporter mice were injected i.p. with vehicle or misoprostol (0.1 

mg/kg). Thirty minutes later mice were sacrificed and brain slices were made for patch clamp 

electrophysiological experiments. D1- and putative D2-SPNs in the dorsomedial striatum (DMS) were 

identified based on red fluorescence and morphology and patched. CG, cingulate cortex, CC, corpus 

callosum, LV, lateral ventricle. b. Identification of a red fluorescent D1-SPN (yellow dashed lane). c. 

Identification of a non-fluorescent SPN identified as a putative D2-SPN. d. In patch-clamp experiment 

as in Fig. 4, the action potential threshold was not affected by misoprostol in either cell type (two-way 

ANOVA, F < 1 for all factors). 
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Supplementary Fig. 10: Fiber photometry recording of striatal neurons Ca2+ activity and effects of 

misoprostol on NAc D2-neurons. 

a-c. Representative histological controls for fiber implantation and GCaMP6f expression. Mosaic of 

confocal images in representative mice used for fiber photometry DAPI (blue)/ GCaMP6f (green). Mice 

were stereotactically injected with pAAV.Syn.Flex.GCaMP6f.WPRE.SV40 in the region of interest and 

the recording cannula implanted 100 µm above. (a, b) The fiber was placed in the DS (a) or the NAc (b) 

of a Drd2-Cre mouse, scale bar, 200 µm. Inset: higher magnification of a different section, scale bar 

150 µm. (c) The fiber was placed in the DS of a Drd1-Cre mouse, scale bar 400 µm. d-f. Misoprostol 

pretreatment decreases D2 neurons activity in the NAc during exploration of a novel environment 

(mouse placed in a new cage). Activity was evaluated by fiber photometry in the NAc of Drd2-Cre mice 

stereotactically injected with an AAV GCaMP6f (as in b). Each mouse was recorded twice with an 

interval ≥ 1 day, 30 min after receiving either vehicle or misoprostol (Miso, 0.1 mg.kg-1, i.p.) in random 

order. d. Average traces of mice injected with vehicle and placed for 1 min in a novel environment, as 

indicated. e. Same as in (d) for mice injected with misoprostol. f. Plot of area under the curve (AUC) in 

d and e during the novel environment exploration (60 s) minus the AUC during baseline (50 s) in mice 

treated with vehicle (n = 8) or misoprostol (n = 5). Statistical analysis two-tailed Mann-Whitney test, p 

= 0.03.  
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Supplementary Fig. 11: Rotarod learning in mice receiving chronic misoprostol infusion 

intraperitoneally or in the DS. 

a. Wild-type mice were implanted on day 1 with an i.p. osmotic minipump containing either vehicle 

(Veh) or misoprostol (Miso, 50 μg kg-1 day-1). They were tested on an accelerating rotarod starting at 

day 9 (4 trials per day). Latency to fall during the learning phase was recorded. Two-way repeated 

measures ANOVA showed an effect of time (F(11, 562) = 23.36, p < 10-4), but not of treatment (F(11,562) = 

0.05, p = 0.81), n = 14 mice per group. b. The same mice as in (a) were tested 24 h after the last training 

session at a fixed speed of 24 r.p.m. After each fall the mouse was placed back on the rod and the 

number of falls counted until the time spent on the rod reached 1 min. Two-tailed Mann-Whitney test, 

p = 0.17. c. Wild-type mice were implanted on day 1 with two subcutaneous osmotic minipumps 

containing Veh or Miso and linked to a catheter connected to a cannula implanted in each DS and 

trained on an accelerating rotarod as in a. Two-way repeated measures ANOVA showed an effect of 

time (F(13, 221) = 28.68, p < 10-4), but not of treatment (F(1,221) = 0.64, p = 0.43), n = 9-10 mice per group. 

Inset: Nissl-stained coronal brain section showing a cannula track (arrow) in the DS. Scale bar, 2 mm. 

d. The same mice as in (c) were tested 24 h after the last training session at a fixed speed of 24 r.p.m. 

Two-tailed Student’s t test, t14 = 2.2, p = 0.04. See detailed statistical analyses in Supplementary Table 

19.     
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