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Abstract 

The smallest Cas13 family protein, CasRx, has a high cleavage activity and 

targeting specificity, offering attractive opportunity for therapeutic 

applications. Here we report that delivery of CasRx by adeno-associated 

virus via intravitreal injection could efficiently knockdown Vegfa transcripts 

and significantly reduce the area of laser-induced choroidal 

neovascularization in a mouse model of age-related macular degeneration. 
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Thus, RNA-targeting CRISPR system could be used for in vivo gene 

therapy.  

 

Main 

Age-related macular degeneration (AMD), characterized by the development of 

choroidal neovascularization (CNV), is a leading cause of vision deterioration in 

adults over age 501. An angiogenic growth factor vascular endothelial growth 

factor A (VEGFA) plays a crucial role in CNV pathogenesis and anti-VEGFA 

therapy using humanized antibodies has been widely used in treating AMD, with 

the therapeutic effects maintained by regular injections of antibodies2,3. Two 

recent studies showed that in a mouse model of AMD that permanent Vegfa 

gene disruption could be induced by SpCas9 or LbCpf1 editing4,5. However, risks 

associated with permanent DNA modifications, including unwanted off-target and 

on-target effects, need to be considered6,7.  

 

The Cas13 protein family was recently shown to be a programmable RNA-

targeting CRISPR system8-13, which could mediated RNA knockdown with high 

efficiency and specificity relative to other existing RNA interference 

approaches8,9,12. Several Cas13 proteins have been identified, among which 

RfxCas13d (CasRx) has the smallest size and highest RNase activity12. Here, we 

examine the potential application of CasRx system for in vivo gene therapy, 

using a laser-induced mouse model of AMD. Our results show that adeno-
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associated viral (AAV)-delivered CasRx could knockdown Vegfa transcripts 

efficiently, resulting in the significant reduction of CNV area in this AMD model. 

 

We first identified two CasRx targeting sites that are conserved in the human 

and mouse Vegfa gene. To achieve efficient Vegfa mRNA knockdown, two guide 

RNAs (gRNAs) targeting these two sites respectively were designed (Fig. 1a). 

We found that transient transfection of vectors expressing CasRx and the gRNA 

resulted in marked reduction of the Vegfa mRNA level in cultured human 293T 

cells (12+/- 3.5%, s.e.m.) and mouse N2a cells (29.5 +/- 8.4%, s.e.m.) within two 

days, as compared to cells transfected with the control vector (Fig. 1b, c). The 

VEGFA protein levels were also significantly reduced in mouse N2a cells (Fig. 

1d). To determine targeting specificity of CasRx, we performed transcriptome-

wide RNA-seq analysis. Besides Vegfa, the expression levels of many other 

genes were changed and more than half of top-ranked genes with altered 

expression were related with Vegfa according to previous studies. 

(Supplementary Fig. 1 and Supplementary Table 1). To investigate the 

knockdown efficiency of CasRx in the normal mouse retina, we intravitreally 

injected AAVs encoding CasRx and a dual-gRNA array targeting Vegfa (referred 

as AAV-CasRx-Vegfa). Three weeks after injection, choroid-retinal pigment 

epithelial (RPE) tissue complex was isolated for qPCR analysis (Fig. 1e,f). We 

observed the expression of AAV-CasRx-Vegfa (Fig. 1g) and found that Vegfa 

transcripts in the treated eye were potently suppressed (65.4 +/- 8.7%, s.e.m), as 

compared to those in the contralateral eye injected with PBS (Fig. 1h).  
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We next created the AMD mice by inducing CNV in both eyes by laser 

irradiation (Supplementary Fig. 2a,b, also see Methods). To investigate the 

potential usefulness of mRNA knockdown approach for treating AMD, we 

injected AAV-CasRx-Vegfa into one eye of the mouse, and PBS in the other eye 

as control (Fig 1f. Induction of CNV was performed in both eyes three weeks 

later. After laser burn, we confirmed successful infection of AAV-CasRx-Vegfa 

(Supplementary Fig. 3a). Furthermore, we found that the levels of Vegfa mRNA 

and VEGFA protein were significantly lower in the AAV-injected eye as compared 

that those in the contralateral PBS-injected eye (mRNA, 22.7 +/- 1.8% s.e.m., p = 

0.002; protein, 68.2 +/- 8.7%, s.e.m., p = 0.019; unpaired t-test) (Fig. 1i,j). Thus, 

intravitreal injection of the Vegfa mRNA-targeting AAV was efficient to 

knockdown VEGFA expression in the injected eye. The therapeutic effect of this 

CasRX approach was assessed by quantifying the CNV area 7 days after laser 

treatment. Our results showed that Vegfa-targeting AAV markedly reduced the 

area of CNV at two different levels of laser irradiation, as compared to the control 

eyes injected with PBS (Fig. 1k,l and Supplementary Fig. 3b and 4a,b. 180 mW, 

66 +/- 7.8%, s.e.m., n = 6 mice, p = 0.004; 240 mW, 36.5 +/- 6.9%, s.e.m., n = 4 

mice, p = 0.002; unpaired t-test). Reduction of CNV was also confirmed by 

injecting AAV-CasRx-Vegfa into one eye, and AAV-CasRx with no gRNA into the 

other eye as control (Fig. 1m and Supplementary Fig. 4c). To evaluate the 

potential toxicity of AAV-CasRx-Vegfa-mediated gene knockdown, we performed 

electroretinography (ERG) recording in mice at one and two months after the 

subretinal injection. Our results showed that there is no significant change in the 
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responses in mice injected with AAV-CasRx-Vegfa compared to that in mice 

injected with PBS (Supplementary Fig. 5a,b). In addition, we examined the 

expression level of opsin in the retina at around 1 month after AAV injection. We 

found that injection of AAV-CasRx-Vegfa did not affect the opsin-positive areas 

(Supplementary Fig. 5c). Together, these results suggest that AAV-CasRx-

mediated Vegfa knockdown is a safe way to treat AMD. 

 

In summary, our results demonstrate that AAV-mediated delivery of CasRx can 

potently knockdown Vegfa mRNA and suppress pathogenic CNV development in 

a mouse model of AMD, supporting the notion that RNA-targeting CRISPR 

system could be useful for therapeutic purposes. The small size of CasRx is 

suitable for packaging with multiple gRNAs in a single AAV vector for in vivo 

delivery. Notably, AAV-delivered CasRx has the potential for sustained corrective 

effects on protein expression for up to 2 years with a single injection14. The risks 

associated with mRNA editing could be lower than that of DNA editing, because 

of the existence of large number of transcripts, many of which may maintain 

normal functions. Thus CasRx knockdown approach could complement existing 

therapeutic strategies such as monoclonal antibodies, antisense oligonucleotides 

and DNA nuclease editing. Intriguingly, a recent study demonstrated that Cas13 

showed potent activity against RNA viruses15. In the future, it is promising to 

examine whether CasRx could be used to inhibit the reproduction of recently 

emerged deadly RNA viruses such as 2019-nCoV, Ebola, MERS and Zika. 
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Methods  

Ethical compliance. The use and care of animals complied with the guideline of 

the Biomedical Research Ethics Committee of Institute of Neuroscience, Chinese 

Academy of Sciences.   

Vector and gRNA sequences. The vector information are provided in 

Supplementary Sequences. gRNA1: 5’-gtgctgtaggaagctcatctctcctatgtg-3’; 
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gRNA2: 5‘-ggtactcctggaagatgtccaccagggtct-3’. 

Transient transfection, qPCR and RNA-seq. Plasmids transient transfection 

was performed as previously described1. 293T and N2a cells were cultured in 

dulbecco's modified eagle medium (DMEM) containing 10% fetal bovine serum 

(FBS) and penicillin/streptomycin, and maintained at 37 °C with 5% CO2. Cells 

were seeded in 6-well plates and transfected with 4 μg/well vectors expressing 

CasRx-GFP and gRNAs-mCherry (CasRx:gRNA-1:gRNA-2 = 2:1:1, see 

Supplementary sequences) using Lipofectamine 3000 reagent (Thermo Fisher 

Scientific). Control group was only transfected with 2 μg/well vectors containing 

CasRx-GFP. GFP+mCherry+ cells (GFP+ cells for control group) were isolated 

using flow cytometry 3 days after transfection. Total RNA was first purified using 

Trizol (Ambion) and then transcribed into complementary DNA (HiScript Q RT 

SuperMix for qPCR, Vazyme, Biotech). qPCR reactions were tracked by SYBR 

green probe (AceQ qPCR SYBR Green Master Mix, Vazyme, Biotech). For 

Supplementary Fig. 3, DNA was extracted from the RPE complex and used for 

qPCR. VEGFA qPCR primers are: Forward, 5‘- GGTGGACATCTTCCAGGAGT-

3’; Reverse, 5’-TGATCTGCATGGTAGATGTTG-3’. 

CasRx qPCR primers are: Forward, 5‘- CCCTGGTGTCCGGCTCTAA-3’; 

Reverse, 5’- GGACTCGCCGAAGTACCTCT-3’. For RNA-seq, around 250000 

GFP-positive cells were collected and lysed. Total RNAs were extracted and then 

converted to cDNA, which was used for RNA-seq. The libraries were sequenced 

using Illumina Xten platform. Low-quality reads were filtered with SolexaQA 

(V3.1.7.1) and aligned to mm10 reference genome with Hisat2 (V2.0.4). Read 
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counts and differentially expressed genes were calculated using htseq-count 

(v0.11.2) and DEseq2 (1.24.0), respectively. Genes were treated as differentially 

expressed genes when the fold-change > 2 and FDR < 0.05.  

AAV production and intravitreal injection.  

AAV-CasRx-Vegfa and AAV-CasRx (AAV-PHP.eb capsid2) was packaged by 

transfection of HEK293T cells using Polyethylenimine (PEI) (50 μg/ml). Viruses 

were harvested, purified and concentrated 3–7 days after transfection. Mice 

(C57BL/6) aged 6-8 weeks were anesthetized for intravitreal injection. Intravitreal 

injection of PBS, AAV-CasRx or AAV-CasRx-Vegfa (7.5*10^9 viral genomes in 1 

μl) was intravitreally injected using a Hamilton syringe with a 34G needle under 

an Olympus microscope (Olympus, Tokyo, Japan). Mice with retinal hemorrhage 

were excluded.  

 

Laser-induced CNV model, CNV staining and ERG 

At 2-3 weeks after AAV injection, mice were used for laser burn. CNV models 

were induced as previously described3. In brief, mice were anesthetized and 

pupils were dilated with dilating eye drops to enlarge the pupil size. Laser 

photocoagulation was performed using NOVUS Spectra (LUMENIS). The laser 

parameters used in this study were: 532 nm wave length, 70 ms exposure time, 

240 mW power (otherwise stated) and 50 μm spot size. 4 laser burns (30 laser 

burns for ELISA) around the optic disc were induced. Mice with vitreous 

hemorrhage were excluded in the study. 3 days after laser induction, mice were 
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perfused with saline and RPE complexes were dissociated for ELISA analysis 

(qPCR was performed 7 days after laser burn). CNV analysis was conducted 7 

days later after laser burn. Mice were perfused with PFA and the eyes were then 

fixed with PFA for 2 hours. The retina was removed from the eyes, and only 

RPE/choroid/scleral complex was stained with isolectin-B4 (IB4, 10μg/ml, I21413, 

Life Technologies) overnight. RPE complexes were flat-mounted and visualized 

with microscope (VS120 Olympus). Only eyes with successful AAV-CasRx-Vegfa 

infection were included for quantification. After obtaining CNV images, DNA was 

extracted from the RPE complex, the copy number of CasRx was evaluated by 

qPCR. The area of CNV was quantified using ImageJ software by a blind 

observer. ERG was performed as previously described4. 

ELISA   

RPE complex were collected for ELISA. To perform VEGFA ELISA, 30 laser 

burns were induced in each eye 3 weeks after AAV injection. Eyes were 

enucleated 3 days post-induction, the RPE complexes were dissociated from the 

retinas and lysed with RIPA lysis buffer. VEGFA protein levels were determined 

using Quantikine ELISA kit (MMV00，R&D SYSTEMS) according to the standard 

protocol.  

Statistical analysis. All values are shown as mean ± s.e.m. Statistical 

significance (p < 0.05) is determined by unpaired two-tailed Student’s t test. 

Randomization was used in all experiments and no statistical methods were used 

to pre-determine sample sizes but our sample sizes are similar to those reported 
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Figures 

 

Figure 1. AAV-mediated delivery of CasRx reduces the area of CNV in a 

mouse model of AMD. (a) Schematic illustration of the targeting sites. The 

CasRx targeting sites are conserved in the human and mouse Vegfa gene, and 

all isoforms were targeted. (b, c) Transient transfection of AAV vectors can 
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potently knock down Vegfa in both human 293T (n = 4 repeats, p < 0.0001, t = 

25.02) cells and mouse N2a cells (n = 3 repeats, p = 0.0011, t = 8.425). (d) 

VEGFA protein levels (n = 3 repeats, p < 0.01, t =9.675). (e) Schematic showing 

AAV-CasRx-Vegfa. (f) Schematic of the experimental procedure. AAV-CasRx-

Vegfa was intravitreally injected into one eye, and AAV-CasRx was injected into 

the other eye as a control, 21 days before laser burn. Three weeks after AAV 

infection, the transcription level of Vegfa mRNA was analyzed without laser burn. 

VEGFA protein levels were quantified by ELISA 3 days after laser burn. CasRx 

and Vegfa mRNA levels as well as the area of CNV were measured 7 days after 

laser burn. (g) CasRx mRNA levels without laser burn, 21 days after AAV 

injection (n = 3 mice). (h,i) Vegfa mRNA levels before or 7 days after laser burn 

(Before laser burn: n = 6 mice, p = 0.002, t = 4.059; after laser burn: n = 3 mice, 

p = 0.002, t = 7.583 ). (j) VEGFA protein levels 3 days after CNV induction (n = 5 

mice, p = 0.019, t = 2.928). (k) Representative CNV images injected with the 

PBS or AAV-CasRx-Vegfa, 7 days after laser burn. The area of CNV is indicated 

by the yellow line. Scale bar: 200 μm. (l,m) The CNV area. A data point 

represents a laser burn and in total 4 laser burns were induced in each eye. 

(PBS + AAV-CasRx-Vegfa: n = 4 mice, p = 0.002, t = 3.39; AAV-CasRx + AAV-

CasRx-Vegfa: n = 4 mice, p = 0.0002, t = 4.292). All values are presented as 

mean ± s.e.m.. *p < 0.05, **p < 0.01, ***p < 0.001, unpaired t-test. 

 

 

Supplementary Figures. 
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Supplementary Figure 1. Targeting specificity of CasRx-Vegfa. Volcano plot 

showing the expression levels of all detected genes in RNA-seq libraries of 

CasRx-Vegfa compared to CasRx control. N2a cells, n = 3 independent 

replicates for both groups. Note that 24 out of 40 top-ranked genes with altered 

expression were related with Vegfa according to previous studies, and these 

genes are marked in the Figure. For details, see Supplementary Table 1.  
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Supplementary Figure 2. Induction of CNV with different levels of laser 

irradiation. (a) A data point represents a laser burn and in total 4 laser burns 

were induced in each eye. (b) Increase of Vegfa expression 7 days after laser 

burn (n =. 5 retinas per group). All values are presented as mean ± s.e.m.. *p < 

0.05, **p < 0.01, ***p < 0.001, unpaired t-test. 

 

 

  

Supplementary Figure 3. AAV expression and induction of CNV. (a) 

Successful infection of AAV-CasRx-Vegfa in the RPE complex after laser burn. 
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(b) Images showing laser-induced CNV (red circle) in the anesthetized mice, 7 

days after laser burn. All values are presented as mean ± s.e.m.. 

 

 

 

Supplementary Figure 4. Reduction of the area of CNV at two different 

levels of laser irradiation. (a) Representative images showing CNV was 

induced in the retina injected with PBS or AAV-CasRx-Vegfa using a laser 

intensity of 180 mW . The area of CNV is indicated by the yellow line. Scale bar: 

200 μm. (b) The CNV area. A data point represents a laser burn and in total 4 

laser burns were induced in each eye. (180 mW, n = 6 mice, p = 0.004, t = 

3.079). (c) Representative images showing CNV was induced in the retina 

injected with AAV-CasRx or AAV-CasRx-Vegfa using a laser intensity of 240 mW. 

The area of CNV is indicated by the yellow line. Scale bar: 200 μm. All values are 

presented as mean ± s.e.m.. *p < 0.05, **p < 0.01, ***p < 0.001, unpaired t-test. 
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Supplementary Figure 5. Injection of AAV-CasRx-Vegfa does not affect the 

retinal function. (a,b) ERG was performed to evaluate retinal function. Full-field 

ERG showed that there was no significant change in the scotopic a-wave, 

scotopic b-wave, or photopic response in mice injected with AAV-CasRx-Vegfa 

compared to control mice injected with PBS at 1 or 2 months after injection (1 

month: n = 16 mice per group; 2 month: n = 15 mice per group). (c), 

Representative images showing that the size of opsin-positive area was not 

affected 1 month after injection (n = 3 mice). Scale bar: 50 μm. All values are 

presented as mean ± s.e.m.. *p < 0.05, **p < 0.01, ***p < 0.001, unpaired t-test. 
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Supplementary Tables 

Supplementary Table 1. List of all genes from RNA-seq. Note that 24 out of 

40 top-ranked genes with altered expression (based on p value, yellow) were 

reported related with Vegfa.  

 

Supplementary Sequences 
 
CasRX-P2A-GFP plasmid: 
pCAG-SV40 NLS-CasRx-SV40 NLS-P2A-GFP-WPRE-PolyA 
ATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCC
CATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTT
CCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGT
ACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGT
AAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTA
CTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTCGAGGTGAG
CCCCACGTTCTGCTTCACTCTCCCCATCTCCCCCCCCTCCCCACCCCCAAT
TTTGTATTTATTTATTTTTTAATTATTTTGTGCAGCGATGGGGGCGGGGGGGG
GGGGGGGGCGCGCGCCAGGCGGGGCGGGGCGGGGCGAGGGGCGGGGC
GGGGCGAGGCGGAGAGGTGCGGCGGCAGCCAATCAGAGCGGCGCGCTC
CGAAAGTTTCCTTTTATGGCGAGGCGGCGGCGGCGGCGGCCCTATAAAAA
GCGAAGCGCGCGGCGGGCGGGGAGTCGCTGCGACGCTGCCTTCGCCCC
GTGCCCCGCTCCGCCGCCGCCTCGCGCCGCCCGCCCCGGCTCTGACTGA
CCGCGTTACTCCCACAGGTGAGCGGGCGGGACGGCCCTTCTCCTCCGGG
CTGTAATTAGCGCTTGGTTTAATGACGGCTTGTTTCTTTTCTGTGGCTGCGT
GAAAGCCTTGAGGGGCTCCGGGAGGGCCCTTTGTGCGGGGGGAGCGGCT
CGGGGGGTGCGTGCGTGTGTGTGTGCGTGGGGAGCGCCGCGTGCGGCTC
CGCGCTGCCCGGCGGCTGTGAGCGCTGCGGGCGCGGCGCGGGGCTTTGT
GCGCTCCGCAGTGTGCGCGAGGGGAGCGCGGCCGGGGGCGGTGCCCCG
CGGTGCGGGGGGGGCTGCGAGGGGAACAAAGGCTGCGTGCGGGGTGTG
TGCGTGGGGGGGTGAGCAGGGGGTGTGGGCGCGTCGGTCGGGCTGCAA
CCCCCCCTGCACCCCCCTCCCCGAGTTGCTGAGCACGGCCCGGCTTCGG
GTGCGGGGCTCCGTACGGGGCGTGGCGCGGGGCTCGCCGTGCCGGGCG
GGGGGTGGCGGCAGGTGGGGGTGCCGGGCGGGGCGGGGCCGCCTCGGG
CCGGGGAGGGCTCGGGGGAGGGGCGCGGCGGCCCCCGGAGCGCCGGC
GGCTGTCGAGGCGCGGCGAGCCGCAGCCATTGCCTTTTATGGTAATCGTG
CGAGAGGGCGCAGGGACTTCCTTTGTCCCAAATCTGTGCGGAGCCGAAAT
CTGGGAGGCGCCGCCGCACCCCCTCTAGCGGGCGCGGGGCGAAGCGGT
GCGGCGCCGGCAGGAAGGAAATGGGCGGGGAGGGCCTTCGTGCGTCGC
CGCGCCGCCGTCCCCTTCTCCCTCTCCAGCCTCGGGGCTGTCCGCGGGGG
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GACGGCTGCCTTCGGGGGGGACGGGGCAGGGCGGGGTTCGGCTTCTGGC
GTGTGACCGGCGGCTCTAGAGCCTCTGCTAACCATGTTCATGCCTTCTTCT
TTTTCCTACAGCTCCTGGGCAACGTGCTGGTTATTGTGCTGTCTCATCATTT
TGGCAAAGAATTGGAATTCGCCGCCACCATGCCTAAAAAGAAAAGAAAGG
TGGGTTCTGGTATCGAGAAGAAGAAGAGCTTCGCCAAGGGCATGGGAGTG
AAGAGCACCCTGGTGTCCGGCTCTAAGGTGTACATGACCACATTTGCTGAG
GGAAGCGACGCCAGGCTGGAGAAGATCGTGGAGGGCGATAGCATCAGAT
CCGTGAACGAGGGAGAGGCTTTCAGCGCCGAGATGGCTGACAAGAACGC
TGGCTACAAGATCGGAAACGCCAAGTTTTCCCACCCAAAGGGCTACGCCG
TGGTGGCTAACAACCCACTGTACACCGGACCAGTGCAGCAGGACATGCTG
GGACTGAAGGAGACACTGGAGAAGAGGTACTTCGGCGAGTCCGCCGACG
GAAACGATAACATCTGCATCCAGGTCATCCACAACATCCTGGATATCGAGA
AGATCCTGGCTGAGTACATCACAAACGCCGCTTACGCCGTGAACAACATCT
CCGGCCTGGACAAGGATATCATCGGCTTCGGAAAGTTTTCTACCGTGTACA
CATACGACGAGTTCAAGGATCCAGAGCACCACCGGGCCGCTTTTAACAAC
AACGACAAGCTGATCAACGCCATCAAGGCTCAGTACGACGAGTTCGATAA
CTTTCTGGATAACCCCAGGCTGGGCTACTTCGGACAGGCTTTCTTTTCTAA
GGAGGGCAGAAACTACATCATCAACTACGGAAACGAGTGTTACGACATCC
TGGCCCTGCTGAGCGGACTGAGGCACTGGGTGGTGCACAACAACGAGGA
GGAGTCTCGGATCAGCCGCACCTGGCTGTACAACCTGGACAAGAACCTGG
ATAACGAGTACATCTCCACACTGAACTACCTGTACGACAGGATCACCAACG
AGCTGACAAACAGCTTCTCCAAGAACTCTGCCGCTAACGTGAACTACATCG
CTGAGACCCTGGGCATCAACCCAGCTGAGTTCGCTGAGCAGTACTTCAGA
TTTTCCATCATGAAGGAGCAGAAGAACCTGGGCTTCAACATCACAAAGCTG
AGAGAAGTGATGCTGGACAGAAAGGATATGTCCGAGATCAGGAAGAACCA
CAAGGTGTTCGATTCTATCAGAACCAAGGTGTACACAATGATGGACTTTGT
GATCTACAGGTACTACATCGAGGAGGATGCCAAGGTGGCCGCTGCCAACA
AGAGCCTGCCCGACAACGAGAAGTCTCTGAGCGAGAAGGATATCTTCGTG
ATCAACCTGAGAGGCTCCTTTAACGACGATCAGAAGGACGCTCTGTACTAC
GATGAGGCCAACAGGATCTGGAGAAAGCTGGAGAACATCATGCACAACAT
CAAGGAGTTCCGGGGAAACAAGACCCGCGAGTACAAGAAGAAGGACGCT
CCAAGGCTGCCTAGGATCCTGCCTGCTGGAAGGGACGTGAGCGCCTTCAG
CAAGCTGATGTACGCCCTGACAATGTTTCTGGACGGAAAGGAGATCAACG
ATCTGCTGACCACACTGATCAACAAGTTCGACAACATCCAGTCTTTTCTGA
AAGTGATGCCTCTGATCGGCGTGAACGCTAAGTTCGTGGAGGAGTACGCC
TTCTTTAAGGACAGCGCCAAGATCGCTGATGAGCTGCGGCTGATCAAGTCC
TTTGCCAGGATGGGAGAGCCAATCGCTGACGCTAGGAGAGCTATGTACATC
GATGCCATCCGGATCCTGGGAACCAACCTGTCTTACGACGAGCTGAAGGC
TCTGGCCGACACCTTCAGCCTGGATGAGAACGGCAACAAGCTGAAGAAG
GGCAAGCACGGAATGCGCAACTTCATCATCAACAACGTGATCAGCAACAA
GCGGTTTCACTACCTGATCAGATACGGCGACCCAGCTCACCTGCACGAGA
TCGCTAAGAACGAGGCCGTGGTGAAGTTCGTGCTGGGACGGATCGCCGAT
ATCCAGAAGAAGCAGGGCCAGAACGGAAAGAACCAGATCGACCGCTACT
ACGAGACCTGCATCGGCAAGGATAAGGGAAAGTCCGTGTCTGAGAAGGTG
GACGCTCTGACCAAGATCATCACAGGCATGAACTACGACCAGTTCGATAAG
AAGAGATCTGTGATCGAGGACACCGGAAGGGAGAACGCCGAGAGAGAGA
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AGTTTAAGAAGATCATCAGCCTGTACCTGACAGTGATCTACCACATCCTGA
AGAACATCGTGAACATCAACGCTAGATACGTGATCGGCTTCCACTGCGTGG
AGCGCGATGCCCAGCTGTACAAGGAGAAGGGATACGACATCAACCTGAAG
AAGCTGGAGGAGAAGGGCTTTAGCTCCGTGACCAAGCTGTGCGCTGGAAT
CGACGAGACAGCCCCCGACAAGAGGAAGGATGTGGAGAAGGAGATGGCC
GAGAGAGCTAAGGAGAGCATCGACTCCCTGGAGTCTGCTAACCCTAAGCT
GTACGCCAACTACATCAAGTACTCCGATGAGAAGAAGGCCGAGGAGTTCA
CCAGGCAGATCAACAGAGAGAAGGCCAAGACCGCTCTGAACGCCTACCT
GAGGAACACAAAGTGGAACGTGATCATCCGGGAGGACCTGCTGCGCATC
GATAACAAGACCTGTACACTGTTCCGGAACAAGGCTGTGCACCTGGAGGT
GGCTCGCTACGTGCACGCCTACATCAACGACATCGCCGAGGTGAACTCCT
ACTTTCAGCTGTACCACTACATCATGCAGAGGATCATCATGAACGAGAGAT
ACGAGAAGTCTAGCGGCAAGGTGTCTGAGTACTTCGACGCCGTGAACGAT
GAGAAGAAGTACAACGATAGACTGCTGAAGCTGCTGTGCGTGCCTTTCGG
ATACTGTATCCCACGGTTTAAGAACCTGAGCATCGAGGCCCTGTTCGACCG
CAACGAGGCTGCCAAGTTTGATAAGGAGAAGAAGAAGGTGAGCGGCAAC
TCCGGTTCTGGTCTCGAGCCCAAGAAGAAGAGGAAAGTCCTCGAGGCTAC
TAACTTCAGCCTGCTGAAGCAGGCTGGAGACGTGGAGGAGAACCCTGGA
CCTATGCATATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCC
CATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGT
CCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTT
CATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCA
CCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAG
CAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCG
CACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGA
AGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGA
CTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACA
ACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAG
GTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGC
CGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTG
CCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCA
ACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGG
GATCACTCTCGGCATGGACGAGCTGTACAAGTAAACGCTAGCTAGAATCAA
CCTCTGGATTACAAAATTTGTGAAAGATTGACTGGTATTCTTAACTATGTTGC
TCCTTTTACGCTATGTGGATACGCTGCTTTAATGCCTTTGTATCATGCTATTG
CTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTATAAATCCTGGTTGCTGTCT
CTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGCAC
TGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCACCACCTGTC
AGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAAC
TCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGC
ACTGACAATTCCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGGCTG
CTCGCCTGTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTC
CCTTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGC
TCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACGAGTCGGATCTC
CCTTTGGGCCGCCTCCCCGCATCGATACCGTCGACCTCGACTGTGCCTTCT
AGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTG
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GAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCG
CATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGA
CAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGA 
 
Vegfa-gRNA-1 plasmid: 
U6-DR-target ste-1-DR-pCMV-mCherry-WPRE-PolyA 
GAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGT
TAGAGAGATAATTGGAATTAATTTGACTGTAAACACAAAGATATTAGTACAA
AATACGTGACGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATT
ATGTTTTAAAATGGACTATCATATGCTTACCGTAACTTGAAAGTATTTCGATT
TCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACCGCAAGTAAACCCC
TACCAACTGGTCGGGGTTTGAAACGGTACTCCTGGAAGATGTCCACCAGG
GTCTCAAGTAAACCCCTACCAACTGGTCGGGGTTTGAAACTTTTTTTGTCC
GCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGAC
CCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAG
GGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACT
TGGCAGTACATCAAGTGTATCATATGCCAAGTCCGCCCCCTATTGACGTCAA
TGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTACGGGA
CTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGA
TGCGGTTTTGGCAGTACACCAATGGGCGTGGATAGCGGTTTGACTCACGG
GGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCAC
CAAAATCAACGGGACTTTCCAAAATGTCGTAATAACCCCGCCCCGTTGACG
CAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGGTCG
TTTAGTGAACCGTCAGATCACGCGTGCCACCATGGTGAGCAAGGGCGAGG
AGGATAACATGGCCATCATCAAGGAGTTCATGCGCTTCAAGGTGCACATGG
AGGGCTCCGTGAACGGCCACGAGTTCGAGATCGAGGGCGAGGGCGAGG
GCCGCCCCTACGAGGGCACCCAGACCGCCAAGCTGAAGGTGACCAAGGG
TGGCCCCCTGCCCTTCGCCTGGGACATCCTGTCCCCTCAGTTCATGTACGG
CTCCAAGGCCTACGTGAAGCACCCCGCCGACATCCCCGACTACTTGAAGC
TGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGATGAACTTCGAGGAC
GGCGGCGTGGTGACCGTGACCCAGGACTCCTCCCTGCAGGACGGCGAGT
TCATCTACAAGGTGAAGCTGCGCGGCACCAACTTCCCCTCCGACGGCCCC
GTAATGCAGAAGAAGACCATGGGCTGGGAGGCCTCCTCCGAGCGGATGTA
CCCCGAGGACGGCGCCCTGAAGGGCGAGATCAAGCAGAGGCTGAAGCTG
AAGGACGGCGGCCACTACGACGCTGAGGTCAAGACCACCTACAAGGCCA
AGAAGCCCGTGCAGCTGCCCGGCGCCTACAACGTCAACATCAAGTTGGAC
ATCACCTCCCACAACGAGGACTACACCATCGTGGAACAGTACGAACGCGC
CGAGGGCCGCCACTCCACCGGCGGCATGGACGAGCTGTACAAGTAAAATC
AACCTCTGGATTACAAAATTTGTGAAAGATTGACTGGTATTCTTAACTATGTT
GCTCCTTTTACGCTATGTGGATACGCTGCTTTAATGCCTTTGTATCATGCTAT
TGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTATAAATCCTGGTTGCTGT
CTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGC
ACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCACCACCTG
TCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGA
ACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGG
GCACTGACAATTCCGTGGTGTTGTCGGGGAAGCTGACGTCCTTTCCATGG
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CTGCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTAC
GTCCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCC
GGCTCTGCGGCCTCTTCCGCGTCTCCGCCTTCGCCCTCAGACGAGTCGGA
TCTCCCTTTGGCCGCCTCCCCGCCACCGGTTAGGGGCCCGTTTAAACCCG
CTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCC
CTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTC
CTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATT
CTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGAC
AATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGC 
 
Vegfa-gRNA-2 plasmid: 
U6-DR-target site-2-DR-pCMV-mCherry-WPRE-PolyA 
GAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGT
TAGAGAGATAATTGGAATTAATTTGACTGTAAACACAAAGATATTAGTACAA
AATACGTGACGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATT
ATGTTTTAAAATGGACTATCATATGCTTACCGTAACTTGAAAGTATTTCGATT
TCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACCGCAAGTAAACCCC
TACCAACTGGTCGGGGTTTGAAACGGTACTCCTGGAAGATGTCCACCAGG
GTCTCAAGTAAACCCCTACCAACTGGTCGGGGTTTGAAACTTTTTTTGTCC
GCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGAC
CCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAG
GGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACT
TGGCAGTACATCAAGTGTATCATATGCCAAGTCCGCCCCCTATTGACGTCAA
TGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTACGGGA
CTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGA
TGCGGTTTTGGCAGTACACCAATGGGCGTGGATAGCGGTTTGACTCACGG
GGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCAC
CAAAATCAACGGGACTTTCCAAAATGTCGTAATAACCCCGCCCCGTTGACG
CAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGGTCG
TTTAGTGAACCGTCAGATCACGCGTGCCACCATGGTGAGCAAGGGCGAGG
AGGATAACATGGCCATCATCAAGGAGTTCATGCGCTTCAAGGTGCACATGG
AGGGCTCCGTGAACGGCCACGAGTTCGAGATCGAGGGCGAGGGCGAGG
GCCGCCCCTACGAGGGCACCCAGACCGCCAAGCTGAAGGTGACCAAGGG
TGGCCCCCTGCCCTTCGCCTGGGACATCCTGTCCCCTCAGTTCATGTACGG
CTCCAAGGCCTACGTGAAGCACCCCGCCGACATCCCCGACTACTTGAAGC
TGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGATGAACTTCGAGGAC
GGCGGCGTGGTGACCGTGACCCAGGACTCCTCCCTGCAGGACGGCGAGT
TCATCTACAAGGTGAAGCTGCGCGGCACCAACTTCCCCTCCGACGGCCCC
GTAATGCAGAAGAAGACCATGGGCTGGGAGGCCTCCTCCGAGCGGATGTA
CCCCGAGGACGGCGCCCTGAAGGGCGAGATCAAGCAGAGGCTGAAGCTG
AAGGACGGCGGCCACTACGACGCTGAGGTCAAGACCACCTACAAGGCCA
AGAAGCCCGTGCAGCTGCCCGGCGCCTACAACGTCAACATCAAGTTGGAC
ATCACCTCCCACAACGAGGACTACACCATCGTGGAACAGTACGAACGCGC
CGAGGGCCGCCACTCCACCGGCGGCATGGACGAGCTGTACAAGTAAAATC
AACCTCTGGATTACAAAATTTGTGAAAGATTGACTGGTATTCTTAACTATGTT
GCTCCTTTTACGCTATGTGGATACGCTGCTTTAATGCCTTTGTATCATGCTAT
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TGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTATAAATCCTGGTTGCTGT
CTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGC
ACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCACCACCTG
TCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGA
ACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGG
GCACTGACAATTCCGTGGTGTTGTCGGGGAAGCTGACGTCCTTTCCATGG
CTGCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTAC
GTCCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCC
GGCTCTGCGGCCTCTTCCGCGTCTCCGCCTTCGCCCTCAGACGAGTCGGA
TCTCCCTTTGGCCGCCTCCCCGCCACCGGTTAGGGGCCCGTTTAAACCCG
CTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCC
CTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTC
CTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATT
CTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGAC
AATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGC 
 
AAV-CasRx-Vegfa plasmid: 
ITR-EFS-SV40 NLS-CasRX-HA-SV40 NLS-SV40 PolyA-U6-DR-target site-1-
DR-target site-2-DR-ITR 
CCTGCAGGCAGCTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCGTC
GGGCGACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGA
GGGAGTGGCCAACTCCATCACTAGGGGTTCCTGCGGCCTCTAGAtaggtcttg
aaaggagtgggaattggctccggtgcccgtcagtgggcagagcgcacatcgcccacagtccccgag
aagttggggggaggggtcggcaattgatccggtgcctagagaaggtggcgcggggtaaactgggaa
agtgatgtcgtgtactggctccgcctttttcccgagggtgggggagaaccgtatataagtgcagtagtc
gccgtgaacgttctttttcgcaacgggtttgccgccagaacacaggaccggtGCCACCATGCCT
AAAAAGAAAAGAAAGGTGGGTTCTGGTATCGAGAAGAAGAAGAGCTTCGC
CAAGGGCATGGGAGTGAAGAGCACCCTGGTGTCCGGCTCTAAGGTGTACA
TGACCACATTTGCTGAGGGAAGCGACGCCAGGCTGGAGAAGATCGTGGA
GGGCGATAGCATCAGATCCGTGAACGAGGGAGAGGCTTTCAGCGCCGAG
ATGGCTGACAAGAACGCTGGCTACAAGATCGGAAACGCCAAGTTTTCCCA
CCCAAAGGGCTACGCCGTGGTGGCTAACAACCCACTGTACACCGGACCAG
TGCAGCAGGACATGCTGGGACTGAAGGAGACACTGGAGAAGAGGTACTT
CGGCGAGTCCGCCGACGGAAACGATAACATCTGCATCCAGGTCATCCACA
ACATCCTGGATATCGAGAAGATCCTGGCTGAGTACATCACAAACGCCGCTT
ACGCCGTGAACAACATCTCCGGCCTGGACAAGGATATCATCGGCTTCGGA
AAGTTTTCTACCGTGTACACATACGACGAGTTCAAGGATCCAGAGCACCAC
CGGGCCGCTTTTAACAACAACGACAAGCTGATCAACGCCATCAAGGCTCA
GTACGACGAGTTCGATAACTTTCTGGATAACCCCAGGCTGGGCTACTTCGG
ACAGGCTTTCTTTTCTAAGGAGGGCAGAAACTACATCATCAACTACGGAAA
CGAGTGTTACGACATCCTGGCCCTGCTGAGCGGACTGAGGCACTGGGTGG
TGCACAACAACGAGGAGGAGTCTCGGATCAGCCGCACCTGGCTGTACAAC
CTGGACAAGAACCTGGATAACGAGTACATCTCCACACTGAACTACCTGTAC
GACAGGATCACCAACGAGCTGACAAACAGCTTCTCCAAGAACTCTGCCGC
TAACGTGAACTACATCGCTGAGACCCTGGGCATCAACCCAGCTGAGTTCG
CTGAGCAGTACTTCAGATTTTCCATCATGAAGGAGCAGAAGAACCTGGGCT
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TCAACATCACAAAGCTGAGAGAAGTGATGCTGGACAGAAAGGATATGTCC
GAGATCAGGAAGAACCACAAGGTGTTCGATTCTATCAGAACCAAGGTGTA
CACAATGATGGACTTTGTGATCTACAGGTACTACATCGAGGAGGATGCCAA
GGTGGCCGCTGCCAACAAGAGCCTGCCCGACAACGAGAAGTCTCTGAGC
GAGAAGGATATCTTCGTGATCAACCTGAGAGGCTCCTTTAACGACGATCAG
AAGGACGCTCTGTACTACGATGAGGCCAACAGGATCTGGAGAAAGCTGGA
GAACATCATGCACAACATCAAGGAGTTCCGGGGAAACAAGACCCGCGAGT
ACAAGAAGAAGGACGCTCCAAGGCTGCCTAGGATCCTGCCTGCTGGAAG
GGACGTGAGCGCCTTCAGCAAGCTGATGTACGCCCTGACAATGTTTCTGG
ACGGAAAGGAGATCAACGATCTGCTGACCACACTGATCAACAAGTTCGAC
AACATCCAGTCTTTTCTGAAAGTGATGCCTCTGATCGGCGTGAACGCTAAG
TTCGTGGAGGAGTACGCCTTCTTTAAGGACAGCGCCAAGATCGCTGATGA
GCTGCGGCTGATCAAGTCCTTTGCCAGGATGGGAGAGCCAATCGCTGACG
CTAGGAGAGCTATGTACATCGATGCCATCCGGATCCTGGGAACCAACCTGT
CTTACGACGAGCTGAAGGCTCTGGCCGACACCTTCAGCCTGGATGAGAAC
GGCAACAAGCTGAAGAAGGGCAAGCACGGAATGCGCAACTTCATCATCAA
CAACGTGATCAGCAACAAGCGGTTTCACTACCTGATCAGATACGGCGACC
CAGCTCACCTGCACGAGATCGCTAAGAACGAGGCCGTGGTGAAGTTCGTG
CTGGGACGGATCGCCGATATCCAGAAGAAGCAGGGCCAGAACGGAAAGA
ACCAGATCGACCGCTACTACGAGACCTGCATCGGCAAGGATAAGGGAAAG
TCCGTGTCTGAGAAGGTGGACGCTCTGACCAAGATCATCACAGGCATGAA
CTACGACCAGTTCGATAAGAAGAGATCTGTGATCGAGGACACCGGAAGGG
AGAACGCCGAGAGAGAGAAGTTTAAGAAGATCATCAGCCTGTACCTGACA
GTGATCTACCACATCCTGAAGAACATCGTGAACATCAACGCTAGATACGTG
ATCGGCTTCCACTGCGTGGAGCGCGATGCCCAGCTGTACAAGGAGAAGGG
ATACGACATCAACCTGAAGAAGCTGGAGGAGAAGGGCTTTAGCTCCGTGA
CCAAGCTGTGCGCTGGAATCGACGAGACAGCCCCCGACAAGAGGAAGGA
TGTGGAGAAGGAGATGGCCGAGAGAGCTAAGGAGAGCATCGACTCCCTG
GAGTCTGCTAACCCTAAGCTGTACGCCAACTACATCAAGTACTCCGATGAG
AAGAAGGCCGAGGAGTTCACCAGGCAGATCAACAGAGAGAAGGCCAAGA
CCGCTCTGAACGCCTACCTGAGGAACACAAAGTGGAACGTGATCATCCGG
GAGGACCTGCTGCGCATCGATAACAAGACCTGTACACTGTTCCGGAACAA
GGCTGTGCACCTGGAGGTGGCTCGCTACGTGCACGCCTACATCAACGACA
TCGCCGAGGTGAACTCCTACTTTCAGCTGTACCACTACATCATGCAGAGGA
TCATCATGAACGAGAGATACGAGAAGTCTAGCGGCAAGGTGTCTGAGTACT
TCGACGCCGTGAACGATGAGAAGAAGTACAACGATAGACTGCTGAAGCTG
CTGTGCGTGCCTTTCGGATACTGTATCCCACGGTTTAAGAACCTGAGCATC
GAGGCCCTGTTCGACCGCAACGAGGCTGCCAAGTTTGATAAGGAGAAGAA
GAAGGTGAGCGGCAACTCCggttctggtTACCCATACGACGTACCAGATTACG
CTCCCAAGAAGAAGCGCAAGGTGGGAtaaAGATCCtaaAACTTGTTTATTGC
AGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAA
GCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATC
TTATCATGTCTGGATCGCggccgagggcctatttcccatgattccttcatatttgcatatacgata
caaggctgttagagagataattggaattaatttgactgtaaacacaaagatattagtacaaaatacgtga
cgtagaaagtaataatttcttgggtagtttgcagttttaaaattatgttttaaaatggactatcatatgcttacc
gtaacttgaaagtatttcgatttcttggctttatatatcttgtggaaaggacgaaacaccgaacccctacca
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actggtcggggtttgaaacggtactcctggaagatgtccaccagggtctcaagtaaacccctaccaact
ggtcggggtttgaaacgtgctgtaggaagctcatctctcctatgtgcaagtaaacccctaccaactggtc
ggggtttgaaacTTTTTTTgaattctgatgcggtgGCGGCCGCAGGAACCCCTAGTGAT
GGAGTTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGGGC
GACCAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTCAGTGAG
CGAGCGAGCGCGCAGCTGCCTGCAGG 
 
AAV-CasRx plasmid: 
ITR-EFS-SV40 NLS-CasRX-HA-SV40 NLS-SV40 PolyA -ITR 
CCTGCAGGCAGCTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCGTC
GGGCGACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGA
GGGAGTGGCCAACTCCATCACTAGGGGTTCCTGCGGCCTCTAGAtaggtcttg
aaaggagtgggaattggctccggtgcccgtcagtgggcagagcgcacatcgcccacagtccccgag
aagttggggggaggggtcggcaattgatccggtgcctagagaaggtggcgcggggtaaactgggaa
agtgatgtcgtgtactggctccgcctttttcccgagggtgggggagaaccgtatataagtgcagtagtc
gccgtgaacgttctttttcgcaacgggtttgccgccagaacacaggaccggtGCCACCATGCCT
AAAAAGAAAAGAAAGGTGGGTTCTGGTATCGAGAAGAAGAAGAGCTTCGC
CAAGGGCATGGGAGTGAAGAGCACCCTGGTGTCCGGCTCTAAGGTGTACA
TGACCACATTTGCTGAGGGAAGCGACGCCAGGCTGGAGAAGATCGTGGA
GGGCGATAGCATCAGATCCGTGAACGAGGGAGAGGCTTTCAGCGCCGAG
ATGGCTGACAAGAACGCTGGCTACAAGATCGGAAACGCCAAGTTTTCCCA
CCCAAAGGGCTACGCCGTGGTGGCTAACAACCCACTGTACACCGGACCAG
TGCAGCAGGACATGCTGGGACTGAAGGAGACACTGGAGAAGAGGTACTT
CGGCGAGTCCGCCGACGGAAACGATAACATCTGCATCCAGGTCATCCACA
ACATCCTGGATATCGAGAAGATCCTGGCTGAGTACATCACAAACGCCGCTT
ACGCCGTGAACAACATCTCCGGCCTGGACAAGGATATCATCGGCTTCGGA
AAGTTTTCTACCGTGTACACATACGACGAGTTCAAGGATCCAGAGCACCAC
CGGGCCGCTTTTAACAACAACGACAAGCTGATCAACGCCATCAAGGCTCA
GTACGACGAGTTCGATAACTTTCTGGATAACCCCAGGCTGGGCTACTTCGG
ACAGGCTTTCTTTTCTAAGGAGGGCAGAAACTACATCATCAACTACGGAAA
CGAGTGTTACGACATCCTGGCCCTGCTGAGCGGACTGAGGCACTGGGTGG
TGCACAACAACGAGGAGGAGTCTCGGATCAGCCGCACCTGGCTGTACAAC
CTGGACAAGAACCTGGATAACGAGTACATCTCCACACTGAACTACCTGTAC
GACAGGATCACCAACGAGCTGACAAACAGCTTCTCCAAGAACTCTGCCGC
TAACGTGAACTACATCGCTGAGACCCTGGGCATCAACCCAGCTGAGTTCG
CTGAGCAGTACTTCAGATTTTCCATCATGAAGGAGCAGAAGAACCTGGGCT
TCAACATCACAAAGCTGAGAGAAGTGATGCTGGACAGAAAGGATATGTCC
GAGATCAGGAAGAACCACAAGGTGTTCGATTCTATCAGAACCAAGGTGTA
CACAATGATGGACTTTGTGATCTACAGGTACTACATCGAGGAGGATGCCAA
GGTGGCCGCTGCCAACAAGAGCCTGCCCGACAACGAGAAGTCTCTGAGC
GAGAAGGATATCTTCGTGATCAACCTGAGAGGCTCCTTTAACGACGATCAG
AAGGACGCTCTGTACTACGATGAGGCCAACAGGATCTGGAGAAAGCTGGA
GAACATCATGCACAACATCAAGGAGTTCCGGGGAAACAAGACCCGCGAGT
ACAAGAAGAAGGACGCTCCAAGGCTGCCTAGGATCCTGCCTGCTGGAAG
GGACGTGAGCGCCTTCAGCAAGCTGATGTACGCCCTGACAATGTTTCTGG
ACGGAAAGGAGATCAACGATCTGCTGACCACACTGATCAACAAGTTCGAC
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AACATCCAGTCTTTTCTGAAAGTGATGCCTCTGATCGGCGTGAACGCTAAG
TTCGTGGAGGAGTACGCCTTCTTTAAGGACAGCGCCAAGATCGCTGATGA
GCTGCGGCTGATCAAGTCCTTTGCCAGGATGGGAGAGCCAATCGCTGACG
CTAGGAGAGCTATGTACATCGATGCCATCCGGATCCTGGGAACCAACCTGT
CTTACGACGAGCTGAAGGCTCTGGCCGACACCTTCAGCCTGGATGAGAAC
GGCAACAAGCTGAAGAAGGGCAAGCACGGAATGCGCAACTTCATCATCAA
CAACGTGATCAGCAACAAGCGGTTTCACTACCTGATCAGATACGGCGACC
CAGCTCACCTGCACGAGATCGCTAAGAACGAGGCCGTGGTGAAGTTCGTG
CTGGGACGGATCGCCGATATCCAGAAGAAGCAGGGCCAGAACGGAAAGA
ACCAGATCGACCGCTACTACGAGACCTGCATCGGCAAGGATAAGGGAAAG
TCCGTGTCTGAGAAGGTGGACGCTCTGACCAAGATCATCACAGGCATGAA
CTACGACCAGTTCGATAAGAAGAGATCTGTGATCGAGGACACCGGAAGGG
AGAACGCCGAGAGAGAGAAGTTTAAGAAGATCATCAGCCTGTACCTGACA
GTGATCTACCACATCCTGAAGAACATCGTGAACATCAACGCTAGATACGTG
ATCGGCTTCCACTGCGTGGAGCGCGATGCCCAGCTGTACAAGGAGAAGGG
ATACGACATCAACCTGAAGAAGCTGGAGGAGAAGGGCTTTAGCTCCGTGA
CCAAGCTGTGCGCTGGAATCGACGAGACAGCCCCCGACAAGAGGAAGGA
TGTGGAGAAGGAGATGGCCGAGAGAGCTAAGGAGAGCATCGACTCCCTG
GAGTCTGCTAACCCTAAGCTGTACGCCAACTACATCAAGTACTCCGATGAG
AAGAAGGCCGAGGAGTTCACCAGGCAGATCAACAGAGAGAAGGCCAAGA
CCGCTCTGAACGCCTACCTGAGGAACACAAAGTGGAACGTGATCATCCGG
GAGGACCTGCTGCGCATCGATAACAAGACCTGTACACTGTTCCGGAACAA
GGCTGTGCACCTGGAGGTGGCTCGCTACGTGCACGCCTACATCAACGACA
TCGCCGAGGTGAACTCCTACTTTCAGCTGTACCACTACATCATGCAGAGGA
TCATCATGAACGAGAGATACGAGAAGTCTAGCGGCAAGGTGTCTGAGTACT
TCGACGCCGTGAACGATGAGAAGAAGTACAACGATAGACTGCTGAAGCTG
CTGTGCGTGCCTTTCGGATACTGTATCCCACGGTTTAAGAACCTGAGCATC
GAGGCCCTGTTCGACCGCAACGAGGCTGCCAAGTTTGATAAGGAGAAGAA
GAAGGTGAGCGGCAACTCCggttctggtTACCCATACGACGTACCAGATTACG
CTCCCAAGAAGAAGCGCAAGGTGGGAtaaAGATCCtaaAACTTGTTTATTGC
AGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAA
GCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATC
TTATCATGTCTGGATCGCggccgaattctgatgcggtgGCGGCCGCAGGAACCCCT
AGTGATGGAGTTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGG
CCGGGCGACCAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTC
AGTGAGCGAGCGAGCGCGCAGCTGCCTGCAGG 
 
 

 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted February 20, 2020. ; https://doi.org/10.1101/2020.02.18.955286doi: bioRxiv preprint 

https://doi.org/10.1101/2020.02.18.955286

