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Please complete each of the Inventory Tables below to outline your Extended Data and Supplementary Information items.

There are four sections: 
· Extended Data
· Supplementary Information: PDF Files
· Supplementary Information: Additional Files 
· Source Data 

Each section includes specific instructions. Please complete these tables as fully as possible.  We ask that you avoid using spaces in your file names, and instead use underscores, i.e.: Smith_ED_Fig1.jpg not Smith ED Fig1.jpg   

Please note that titles and descriptive captions will only be lightly edited, so please ensure that you are satisfied with these prior to submission. 

If you have any questions about any of the information contained in this inventory, please contact the journal.
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1. Extended Data

Complete the Inventory below for all Extended Data Figures and Tables   

· Keep Figure/Table titles to one sentence only 
· Upload your files as ‘Figure Files’ in our Manuscript Tracking system
· File names should include the Figure/Table Number. i.e.: Smith_ED_Fig1.jpg 
· Please be sure to include the file extension in the Filename. Note that Extended Data files (including tables) must be submitted as .jpg, .tif or .eps files only, and should be no more than 10MB
· [bookmark: _heading=h.gjdgxs]All Extended Data item legends must be provided in the Inventory below and should not exceed 300 words each (if possible)
· Please include Extended Data ONLY in this table 
	Figure or Table #
Please group Extended Data items by type, in sequential order.  Total number of items (Figs. + Tables) must not exceed 10.
	Figure/Table title
One sentence only
	Filename
Whole original file name including extension. i.e.: Smith_ED_Fig1.jpg
	Figure/Table Legend
If you are citing a reference for the first time in these legends, please include all new references in the main text Methods References section, and carry on the numbering from the main References section of the paper. If your paper does not have a Methods section, include all new references at the end of the main Reference list.

	Extended Data Fig. 1
	Further characterization of RCAHCR amplification
	extended_data_fig1.jpg
	a, Representative images of Gad1 in mouse brain tissue detected by HCR, RCA for 2 hours (RCA 2h), RCA overnight, and RCAHCR. The intensity of each image was adjusted for better visualization. b, Quantification of spot sizes automatically detected by Imaris in each condition (n = 74,292 (HCR), 10,744 (RCA 2h), 11,608 (RCA overnight), 24,798 spots (RCAHCR); **** p< 0.0001, two-sided Mann-Whitney test). c, Representative images of Gad1 in mouse brain tissue detected by RCA 2h, RCA overnight, and RCAHCR. The intensity range of all images was matched to show the different brightness of the signal. d, Cumulative distribution of RNA spot intensity of RCA 2h, RCA overnight, and RCAHCR. Dashed lines indicate the mean of each distribution (****p < 0.0001, Kolmogorov-Smirnov test).

	Extended Data Fig. 2
	Further characterization of 1-probe RCAHCR
	extended_data_fig2.jpg
	a, Representative images of three house keeping genes (Gapdh, Tfrc, and Polr2a) detected by smFISH and 1-probe RCAHCR in different NIH3T3 cells. b, Quantification of Gapdh spots/cells detected by smFISH and 1-probe RCAHCR (two-sided unpaired t-test). c, Representative images of Gapdh spots sequentially detected by 1st smFISH, 2nd smFISH, and 1-probe RCAHCR in the same NIH3T3 cells. The probe stripping was performed by DNase I treatment (0.5 U/µl). Note that the probe used for 1-probe RCAHCR is the same as a. d, Quantification of 1st and 2nd smFISH spots in the same cells. The slope estimated from linear regression was 0.9671, and the pearson correlation coefficient (r) was 0.9712. e, Representative images of Gad1, Pvalb, Sst, and Pcp4 genes detected by 1-probe RCAHCR in mouse brain tissue.

	Extended Data Fig. 3
	Validation of two-step stripping method
	extended_data_fig3.jpg
	a, Representative images of the RNA signals of the barcode transfected into HEK293T cells and detected by RCAHCR (1’ HCR). Following 1’ HCR, we divided the samples into three groups: (1) no stripping, (2) only hairpin disassembly via strand displacement (SD only) and (3) hairpin disassembly via strand displacement and initiator detachment via formamide treatment (SD-FA). While proceeding with each step, we time-lapse imaged the samples after hairpin disassembly via strand displacement (“Strand Displacement”), followed by initiator detachment with formamide (“60% formamide”). b, Relative cell intensity of no-stripping, SD-only, and SD-FA samples in a after each step (n = 3; mean  SD). c, Representative images of the RNA signals from the barcode after the first (1’ HCR) and second round of HCR (2’ HCR) with the same initiators and hairpins (+Initiator) or only the hairpins (-Initiator). d, The coefficient of determination (R2) between 1’ HCR and 2’ HCR in c (mean  SD; two-sided unpaired t-test; n = 9 for “-Initiator”; n = 6 for “+Initiator”). e, In situ labeling of Gad1 with RCAHCR amplification in mouse cortex (1’ HCR) and re-detection (2’ HCR) after two-step stripping. f, Relative cell intensity over eight rounds of the same barcode detection (used in a) in cell culture (n = 5; mean  SD). g, The coefficient of determination (R2) between each round during the eight rounds of repeated labeling in f (n = 5; mean  SD).

	Extended Data Fig. 4
	In situ dose-dependent transduction profiling of barcoded AAV pools with USeqFISH
	extended_data_fig4.jpg
	a, Schematic of experimental design. A pool was composed of AAV-PHP.eB carrying the viral genome with five unique barcodes delivered at different doses (1011, 1010, 109, 108, and 107 vg for each barcode per animal). After delivering the pool to mice via retro-orbital injection, USeqFISH was applied to the harvested brain tissue to detect the barcodes of each variant in parallel. b, Immunohistochemistry (IHC) with GFP antibodies, labeling spGFP(1-10) used as the coding sequence of the barcoded viral genome, showed broad expression of the injected pool across brain regions, including the cortex (red outlined box), thalamus (green outlined box), and cerebellum (blue outlined box). c, Representative images of the expression of the 5-dose pool. Viral transcript spots are indicated with yellow arrows in the images of lower doses (109, 108, and 107 vg). d, The transduction rate of AAV-PHP.eB at each dose acquired from five mice (indicated by different colors; the mean of each dose is indicated by the black line; mean  SEM). e, The cumulative distribution of the viral RNA spot number in each transduced cell at each dose (Kolmogorov-Smirnov test).

	Extended Data Fig. 5
	AAV-PHP.AX characterization following single injection in mouse brain
	extended_data_fig5.jpg
	a, AAV-PHP.AX was engineered by substituting a 7-amino acid (AA) sequence of a glial homing peptide (green), at AA452-458 of AAV-PHP.eB (9-AA peptide shown in red). b, AAV9 and AAV-PHP.AX (each packaging a single-stranded CAG-eGFP genome) were delivered by retro-orbital injection to 8-week-old C57BL/6J male mice (n ≥ 3 per group) at 3 x 1011 vg/mouse. Transgene expression was evaluated three weeks later. c, Representative images of human U87 glioblastoma (astrocyte-like) cells transduced by AAV-PHP.AX or AAV-PHP.eB, packaging CAG-eGFP, 48 hr or 72 hr post-infection (n ≥ 3 wells per condition). d, e, AAV-PHP.AX transduces astrocytes more efficiently than AAV-PHP.eB when paired with an astrocytic promoter. AAV:GFAP-2xNLS (nuclear localization signal)-mTurq2 was delivered by retro-orbital injection to 8-week-old C57BL/6J male mice (n = 3 per group) at 1.5 x 1011 vg/mouse. Transgene expression was evaluated three weeks later. d, Brain sections were stained with the astrocyte marker S100β (red). Representative images of the cortex, hippocampus, and thalamus are shown. e, Quantification of the percentage of S100β+ cells transduced by AAV-PHP.AX and AAV-PHP.eB (mean  SD;  two-way ANOVA, Tukey’s multiple comparisons test with adjusted p values; ***p = 0.0001 for cortex; ***p = 0.0006 for hippocampus; *p = 0.0217 for thalamus). f, AAV-PHP.AX efficiently transduces the brain after intravenous administration to C57BL/6J, DBA2/J, and FVB mice. AAV-PHP.AX:CAG-2xNLS-eGFP was delivered by retro-orbital injection to 8-week-old male mice (n ≥ 5 per group) at 3 x 1011 vg/mouse. Transgene expression was evaluated three weeks later. Representative images of the brain and liver are shown. DAPI staining for nuclei is shown in blue.

	Extended Data Fig. 6
	Automated 3D image processing and quantitative data analysis pipeline for USeqFISH
	extended_data_fig6.jpg
	a, A collection of volume imaging data for each USeqFISH experiment consists of nuclei labeling and RNA spots for each round and cytosolic labeling for the last round. Using the nuclei labeling for each round, we calculated the rigid transformation matrix to the last image for registration across imaging rounds. We combined this transformation matrix with one for correcting optical aberration obtained with fluorescent microbeads prior to the experiment. For RNA spot detection, we proceeded with smoothing by 3-pixel median filtering and background subtraction for each volume and applied a Laplacian of Gaussian filter to obtain the location of each spot. For cell body segmentation, we pre-processed the dT labeled image and used it to identify single cells by applying Cellpose. These three calculations were then combined to register all volumes into the same coordinates, to assign each spot to each cell, and finally to obtain the cells-by-genes expression matrix. b, The expression matrix of endogenous genes was then normalized and z-standardized and used to cluster cell types with endogenous genes by applying PCA, followed by Leiden clustering. The viral gene expression profiles were analyzed along the clusters identified (details in Methods and Fig. 3a).

	Extended Data Fig. 7
	Examples of endogenous and AAV transcripts in mouse thalamus and cerebellum
	extended_data_fig7.jpg
	Representative RNA images of endogenous cell-type marker genes (Prkcd, Necab1, and Calb2 for thalamus; Prkcd, Ppp1r17, and Gabra6 for cerebellum) and six variants in the same region of the mouse thalamus (a) and cerebellum (b).


	Extended Data Fig. 8
	Spatial expression pattern of cell marker genes compared to Allen Brain Atlas and miRNA TS pool detected by USeqFISH
	extended_data_fig8.jpg
	

	Extended Data Fig. 9
	USeqFISH validation in NHP tissue
	extended_data_fig9.jpg
	a, Virally labeled cells, expressing mTurquoise2 (pseudo-colored), in the rhesus macaque brain and USeqFISH labeling with probes targeting the sequence of mTurquoise2. b, We validated our probe design for the rhesus macaque by applying USeqFISH with Pvalb probes and post hoc IHC with Pvalb antibodies to the same tissue. Localization of Pvalb mRNA signal in cells labeled with Pvalb antibodies (the same approach used for mouse probe validation in Supplementary Fig. 3) supports the versatility of our probe design in both rodents and NHPs.

	Choose an item.
	
	
	


Do not insert additional rows - total number of Extended Data items must not exceed 10.

1. Supplementary Information:
A. PDF Files 

Complete the Inventory below for all additional textual information and any additional Supplementary Figures, which should be supplied in one combined PDF file. 

· Row 1: A combined PDF containing any Supplementary Text, Discussion, Notes, Additional Supplementary Figures, Supplementary Protocols, simple tables, and all associated legends. Only one such file is permitted.

· Row 2: Nature Research’s Reporting Summary; if previously requested by the editor, please provide an updated Summary, fully completed, without any mark-ups or comments. (Reporting Summaries are not required for all manuscripts.)

Note: Please do not include a title page within your Supplementary Information file - a cover sheet that includes the title of your paper and a hyperlink to it will be automatically added while preparing your manuscript for publication  

	Item
	Present?
	Filename
Whole original file name including extension. i.e.: Smith_SI.pdf.  The extension must be .pdf
	A brief, numerical description of file contents. 
i.e.: Supplementary Figures 1-4, Supplementary Discussion, and Supplementary Tables 1-4.

	Supplementary Information
	Yes	Jang_SI.pdf
	Supplementary Figures 1-6

	Reporting Summary
	Yes	Jang_nr-reporting-summary.pdf

	Peer Review Information 
	Choose an item.	OFFICE USE ONLY





B. Additional Supplementary Files 
Complete the Inventory below for all additional Supplementary Files that cannot be submitted as part of the Combined PDF. 
· Do not list Supplementary Figures in this table (see section 2A) 
· Where possible, include the title and description within the file itself
· Spreadsheet-based tables & data should be combined into a workbook with multiple tabs, not submitted as individual files.
· Compressed files are acceptable where necessary. ZIP files are preferred.
· Please note that the ONLY allowable types of additional Supplementary Files are: 
	· Supplementary Tables 
	· Supplementary Audio 
	· Supplementary Videos
	· Supplementary Software

	· Supplementary Code 				
	· Supplementary Data, for example: 	
· Source Data for Supplementary Figures
· Raw NMR Data, Cryo-EM Data
· Computational Data, Crystallographic Data, etc.



	Type
	Number
Each type of file (Table, Video, etc.) should be numbered from 1 onwards.  Multiple files of the same type should be listed in sequence, i.e.: Supplementary Video 1, Supplementary Video 2, etc.  
	Filename
Whole original file name including extension. i.e.: Smith_
Supplementary_Video_1.mov
	Legend or Descriptive Caption 
Describe the contents of the file

	Supplementary Table
	Supplementary Table 1
	suppletable1_genelist.xlsx
	Gene list used for comparison between USeqFISH and scRNA-seq

	Supplementary Table 
	Supplementary Table 2
	suppletable2_sequences.xlsx
	All probe sequences

	Supplementary Table
	Supplementary Table 3
	suppletable3_ddPCRprimers.xlsx
	Probe and primer sequences for AAV titration

	Choose an item.
	
	
	

	Choose an item.
	
	
	

	Choose an item.
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Add rows as needed to accommodate the number of files.

3. Source Data

Complete the Inventory below for all Source Data files. 
· Acceptable types of Source Data for Main Figures and Extended Data Figures or Tables are: 
· Statistical Source Data 
· Plain Text (ASCII, csv, TXT) or Excel formats only 
· Either one file for each relevant Figure, or a single file containing all source data, with clearly named tabs for each Figure/Extended Data Figure item
· Full-length, unprocessed gels or blots 
· JPG, TIF, or PDF formats only 
· One file for each relevant Figure containing all supporting blots and/or gels, or a single file with clearly labeled gels or blots for each Figure/ED Figure item 
·  Source Data for Supplementary Figures is not allowed.  Instead:
· Include Unprocessed Gels or Blots for Supplementary Figures as additional Supplementary Figures to the main Supplementary Information PDF file. 
· Include Statistical Source Data for Supplementary Figures as ‘Supplementary Data’ files and list them in section 2B.
· Please see this example of Source Data in a publication. 

	Parent Figure or Table
	Filename
Whole original file name including extension. i.e.: Smith_SourceData_Fig1.xls, or Smith_
Unmodified_Gels_Fig1.pdf
	Data description
i.e.: Unprocessed western Blots and/or gels, Statistical Source Data, etc.  

	Source Data Fig. 1
	
	

	Source Data Fig. 2
	
	

	Source Data Fig. 3
	
	

	Source Data Fig. 4
	
	

	Source Data Fig. 5
	
	

	Source Data Fig. 6
	
	

	Source Data Fig. 7
	
	

	Source Data Fig. 8
	
	

	Source Data Extended Data Fig./Table 1
	
	

	Source Data Extended Data Fig./Table 2
	
	

	Source Data Extended Data Fig./Table 3
	
	

	Source Data Extended Data Fig./Table 4
	
	

	Source Data Extended Data Fig./Table 5
	
	

	Source Data Extended Data Fig./Table 6
	
	

	Source Data Extended Data Fig./Table 7
	
	

	Source Data Extended Data Fig./Table 8
	
	


	Source Data Extended Data Fig./Table 9
	
	

	Source Data Extended Data Fig./Table 10
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