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Synthetic oligonucleotides
We synthesized the following oligonucleotide for miRCS: for miR-124-3p, the sense oligonucleotide was 5’-GGCATTCACCGCGTGCCTTAATCGGGCATTCACCGCGTGCCTTAATCGGGCATTCACCGCGTGCCTTAATCGGGCATTCACCGCGTGCCTTA-3’ and the anti-sense oligonucleotide was 5’-TAAGGCACGCGGTGAATGCCCGATTAAGGCACGCGGTGAATGCCCGATTAAGGCACGCGGTGAATGCCCGATTAAGGCACGCGGTGAATGCC-3’; for miR-153-3p, the sense oligonucleotide was 5’- GATCACTTTTGTGACTATGCAAATCGGATCACTTTTGTGACTATGCAAATCGGATCACTTTTGTGACTATGCAAATCGGATCACTTTTGTGACTATGCAA-3’ and the anti-sense oligonucleotide was 5’-TTGCATAGTCACAAAAGTGATCCGATTTGCATAGTCACAAAAGTGATCCGATTTGCATAGTCACAAAAGTGATCCGATTTGCATAGTCACAAAAGTGATC-3’; for miR-219a-5p, the sense oligonucleotide was 5’- AGAATTGCGTTTGGACAATCAATCGAGAATTGCGTTTGGACAATCAATCGAGAATTGCGTTTGGACAATCAATCGAGAATTGCGTTTGGACAATCA-3’ and the anti-sense oligonucleotide was 5’- TGATTGTCCAAACGCAATTCTCGATTGATTGTCCAAACGCAATTCTCGATTGATTGTCCAAACGCAATTCTCGATTGATTGTCCAAACGCAATTCT-3’ ; for miR-219a-2-3p, the sense oligonucleotide was 5’- ACAGATGTCCAGCCACAATTCTACTGACAGATGTCCAGCCACAATTCTACTGACAGATGTCCAGCCACAATTCTACTGACAGATGTCCAGCCACAATTCT-3’ and the anti-sense oligonucleotide was 5’- AGAATTGTGGCTGGACATCTGTCAGTAGAATTGTGGCTGGACATCTGTCAGTAGAATTGTGGCTGGACATCTGTCAGTAGAATTGTGGCTGGACATCTGT-3’ ; for miR-301b-3p, the sense oligonucleotide was 5’- GCTTTGACAATATCATTGCACTGACTGGCTTTGACAATATCATTGCACTGACTGGCTTTGACAATATCATTGCACTGACTGGCTTTGACAATATCATTGCACTG-3’ and the anti-sense oligonucleotide was 5’- CAGTGCAATGATATTGTCAAAGCCAGTCAGTGCAATGATATTGTCAAAGCCAGTCAGTGCAATGATATTGTCAAAGCCAGTCAGTGCAATGATATTGTCAAAGC-3’ ; for miR-340-5p, the sense oligonucleotide was 5’- AATCAGTCTCATTGCTTTATAAACTGAATCAGTCTCATTGCTTTATAAACTGAATCAGTCTCATTGCTTTATAAACTGAATCAGTCTCATTGCTTTATAA-3’ and the anti-sense oligonucleotide was 5’- TTATAAAGCAATGAGACTGATTCAGTTTATAAAGCAATGAGACTGATTCAGTTTATAAAGCAATGAGACTGATTCAGTTTATAAAGCAATGAGACTGATT-3’.

Insertions or deletions (Indel) check generated by SaCas9
Indel identification was performed using the Guide-it Mutation Detection Kit, following the supplier’s instructions (TAKARA, 631443). In brief, genomic DNA was prepared from E6 cells infected with control AAV, a set of GE AAV or a combination of both. This DNA was then used in a standard PCR reaction with the following cycle parameters: 20 sec at 95℃, 30 sec at 63℃, and 70 sec at 68℃. PCR products were denatured, annealed, incubated with the resolvase that cuts mismatched nucleotides, and examined by electrophoresis. The following oligonucleotide DNA primers were synthesized for human DHODH genomic DNA: the forward primer was 5′-CTGACACCAGCGAGCTACTCC-3′, and the reverse primer was 5′-AACTTCACTCATTTCTGTTTACTGTG-3′.

Western blotting
Western blotting was performed as previously described [60]. The blotted membranes were probed with the following antibodies: rabbit anti-DHODH (1:100, Sigma, HPA010123) followed by HRP-conjugated anti-Rabbit (1:3000, Bio-Rad, 1706515) and HRP-conjugated anti-GAPDH (1:3000, Proteintech, HRP-60004). An ECL system was used to detect proteins, according to the supplier’s instructions (Bio-Rad, 1705061). Protein quantification was performed using ImageJ software (NIH).

9P33 expression vector
The sequence (ttggcggtgccttttaag) from PHP.eB was replaced with the sequence for 9P33 (gggcaggtgactgggtgg), resulting in the pRC2-mi342-9P33 vector. The nucleotide sequences of the inserted oligonucleotides were verified using the BigDye Terminator Kit version 3.1 (ThermoFisher, 4337455) and ABI sequencer model 3130xl (Applied Biosystems).  

Quantification of AAV production
Four days after transfection with three vectors as mentioned in the AAV production section, the culture supernatant was collected and centrifuged at 1,000 rpm at RT for 3 min. The virus supernatant was treated using the AAVpro Titration Kit Ver.2 (TAKARA, 6233). In brief, five microliters of the supernatant was mixed with 10x DNase I buffer and DNase I for a total volume of 10 µl and incubated at 37℃ for 30 min. The solution was then heated at 95℃ for 10 min, mixed with an equal volume of lysis buffer, and further incubated at 70℃ for 10 min. After dilution using the EASY dilution, 5 µl of the solution was analyzed using the THUNDERBIED SYBR qPCR Mix (TOYOBO, QPX-201) and the StepOnePlus system (ThermoFisher, AM1560). 
  Using a standard curve ranging from 103 to 109 molecules of the GFP genes (pMY-IRES-EGFP, a gift from Dr. Toshio Kitamura) (Supplementary Fig. 8c), we determined the number of viruses secreted from the packaging cells. 
The following oligonucleotide DNA primers were selected using Benchling (www.benchling.com) and synthesized: For the gfp sense primer, 5'-CCCTGAAGTTCATCTGCACC-3'; and for the gfp antisense primer, 5'-GAAGAAGTCGTGCTGCTTCA-3'.

AAV transduction efficiency
Five hundred virus genomes (vg) per cell were used to examine the transduction efficiency of AAV-GFP coated with AAV2, a braintropic capsid (PHP.eB, CAP-B10, CAP-B22, or 9P33), or mosaic capsids. Three days after infection, GFP expression in living cells was captured alongside phase-contrast images using an Axiovert inverted microscope (Carl Zeiss).

Intracranial injection of the virus
Five microliters of the virus solution (approximately 1x109 virus/µl) were injected into the brains of GIC tumor-bearing NOG mice (10- to 12-week-old) twice under anesthesia with a mixture of medetomidine, midazolam and butorphanol [61], as performed for GIC injection. 
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Supplementary Figure legends
Supplementary Fig. 1. Expression of candidate six miRs in human tissues
The human and mouse Small Noncoding RNA Tissue Atlas showed the expression levels of six candidate miRs, miR-124-3p, -153-3p, -219a-5p, -219a-2-3p, -301b-3p, and -340-5p, in various human tissues as depicted in the figures. RPM: reads per million mapped reads.

Supplementary Fig. 2. Selection of functional miRs that specifically prevent GFP expression in ReN cells in an miRCS-dependent manner
Representative photographs of GFP (green) and Keima-Red (red) expression in the ReN (a) and GICs, E6 (b) and E16 (c), all of which were transfected with a set of miR-monitoring vectors, pVITRO1-keimaRed-EGFP and pVITRO1-keimaRed-EGFP-4xmiRCS vectors. Scale bar, 0.1 mm. 

Supplementary Fig. 3. Analysis of GE effects of AAV encoding SaCas9 and sgDHODH
(a) Indel effects of each GE AAV vector targeting DHODH (left panel, sgRNA1-3) or their combination (right panel). Arrows indicate the cleaved products. M: 1 kbp ladder. (b) Western blot analysis of DHODH in E6 cells transfected with the GE AAV. GAPDH served as a loading control. The relative ratio of DHODH/GAPDH is shown just below the blot data. (c) Alignment of human and mouse sequences targeted by each sgRNA. Lowercase letters indicate nucleotide differences between the two species.

Supplementary Fig. 4. Both the GE AAV and GE AAV encoding miRCS prevented GIC proliferation
Representative photographs of GFAP (green) and Ki67 (purple) expression in SaCas9 (red)-positive GICs, E6 (a) and E16 (b). Arrows indicate Ki67-negative SaCas9-positive GICs. Nuclei were counterstained with Hoechst33342 (Blue). Scale bar, 0.1 mm.

Supplementary Fig. 5. Both GE AAV and GE AAV encoding miRCS induced cleaved Caspase 3 in GICs
Representative photographs of βIII tubulin (green) and cleaved Caspase 3 (Casp3, purple) expression in SaCas9 (red)-positive GICs, E6 (a) and E16 (b). Arrows indicate Casp3 and SaCas9-double positive GICs. Nuclei were counterstained with Hoechst33342 (Blue). Scale bar, 0.1 mm.

Supplementary Fig. 6. Braintropic AAV capsids deliver GFP gene into neural cells of NOG mice
Representative images show immunoreactivity for GFP (green) alongside the neuronal marker MAP2 (a, red), the astrocyte marker GFAP (b, red), and the oligodendrocyte marker GalC (c, red) in the brains of C57BL/6 and NOG mice that received intravenous injections of AAV with brain targeting capsids; CAP-B10, CAP-B22, or 9P33. Insets provide detailed views of the boxed regions. Nuclei were counterstained with Hoechst33342 (Blue). CC: corpus callosum. Scale bar, 0.1 mm.

Supplementary Fig. 7. Transduction efficiency of AAV capsids to GICs
Representative photographs of GFP (green) expression in 293 cells (left panels) and GICs, E6 (middle panels) and E16 (right panels), which were infected with AAV-GFP coated with AAV2, PHP.eB, CAP-B10, CAP-B22, or 9P33. Scale bar, 0.1 mm.

Supplementary Fig. 8. Optimal ratio of AAV2/CAP-B22 mosaic capsids for AAV infection to GICs
Representative photographs of GFP (green) expression in GICs, E6 (a) and E16 (b), which were infected with AAV-GFP containing various ratios of mosaic capsids, AAV2 (V2) and CAP-B22 (B22). Nestin (red) is a marker of GICs. Nuclei were counterstained with Hoechst33342 (Blue). Scale bar, 0.1 mm. (c) A standard curve for quantifying virus particles containing the gfp gene. Various copies of pMY-IRES-EGFP were analyzed by qPCR, resulting in a copy number = (Ct value-29.73110072)/-1.96349E-08. (d) Quantitative data (n=4) on virus particles encoding the gfp gene, coated with AAV2, CAP-B22, or mosaic capsids.

Supplementary Fig. 9. Transduction efficiency of AAV2/9P33 mosaic capsids to GICs
(a) Representative photographs of GFP (green) expression in E6, which was infected with AAV-GFP coated with AAV2/9P33 mosaic capsids, shown alongside phase contrast images of live culture. (b) Representative images of immunoreactivity for GFP (green) and hMitochondria (red) in the E6 tumor-bearing brains of NOG mice that received intravenous injection of AAV-GFP coated with AAV2/9P33 mosaic capsids. Higher magnification images are displayed on the right of each figure, surrounded by white dashed lines in the left images. White dotted lines indicate the boundary between GIC tumors and mouse brain parenchyma. Nuclei were counterstained with Hoechst 33342 (Blue). Scale bar, 0.1 mm.

Supplementary Fig. 10. GFP expression in non-brain tissues of mice that received intravenous injection of either mosaic capsids-coated AAV-GFP or mosaic capsids-coated AAV-GFP encoding miRCS
Representative photographs of GFP (green) expression in the liver, kidney, spleen and lung of mice that received intravenous injection of AAV-GFP, AAV-GFP with miR219a-2-3pCS or AAV-GFP with miR340-5pCS. The right images in each figure display higher magnification views of the areas outlined by white dashed lines in the left images. Nuclei were counterstained with Hoechst33342 (Blue). Scale bar, 0.2 mm.

Supplementary Fig. 11. Influence of dose escalation of the mosaic capsids-coated AAV-GFP and mosaic capsids-coated AAV-GFP encoding miRCS to the transduction efficiency into brain and liver
Representative photographs of GFP (green) expression in the brain and liver of mice that received intravenous injection of AAV-GFP, AAV-GFP with miR219a-2-3pCS or AAV-GFP with miR340-5pCS, administered once (a, 1011 vg/mouse) or four times (b, 4x1011 vg/mouse in total). The right images in each figure display higher magnification views of the areas outlined by white dashed lines in the left images. Nuclei were counterstained with Hoechst33342 (Blue). Scale bar, 0.2 mm.

Supplementary Fig. 12. Intracranial injection of mosaic capsids-coated GE AAVs encoding miRCS extended the survival time of GIC brain tumor-bearing mice
Survival curve of E6 brain tumor-bearing mice (n = 5 mice per group) infected with AAV-GFP (cross, dashed line), GE AAV (open circle), GE AAV encoding miR-219a-2-3pCS (open triangle), or GE AAV encoding miR-340-5pCS (open square). Arrows indicate AAV injections. Statistical significance was determined using the Log-rank (Mantel–Cox) test.

Supplementary Fig. 13. Anti-tumorigenic activity of mosaic capsids-coated GE AAVs encoding miRCS to GIC brain tumor
(a) Representative HE-staining photographs of coronal sections from GIC transplanted brain transduced with AAV-GFP (control), GE AAV (sgDHODH), GE AAV encoding miR-219a-2-3pCS (sgDHODH miR-219a-2-3pCS) or GE AAV encoding miR-340-5pCS (sgDHODH miR-340-5pCS). (b-e) Representative images of immunoreactivity for SaCas9 (green), hMitochondria (hMito, red) and either DHODH (purple in b, c) or cleaved Caspase 3 (Casp3, purple in d, e) in E6 (b, d) and E16 (c, e) brain tumor-bearing mice. These mice received intravenous injections of sgDHODH, sgDHODH miR-219a-2-3pCS or sgDHODH miR-340-5pCS. The right images in each figure display higher magnification views of the areas outlined by white dashed lines in the left images. Arrows indicate Casp3-positive SaCas9-expressing GICs. White dotted lines indicate the boundary between GIC tumor and mouse brain parenchyma. Nuclei were counterstained with Hoechst33342 (Blue). Scale bar, 1 mm in a and 0.1 mm in b and c.
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