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Fig. S1. Analysis of sgRNAs that target the splice acceptor or donor sites for exons 43 and 

45. (A) Alignment of human and mouse DNA sequence at the intron-exon junction of exon 45. 

The conserved region is shaded in light blue. Exon sequence is in bold upper case and intron 

sequence is in lower case. (B) T7E1 assay using human 293 cells transfected with plasmids that 

express SpCas9 and exon 43 sgRNA1 (G1), sgRNA2 (G2), sgRNA3 (G3) or sgRNA4 (G4) 

shows cleavage of the DMD locus at the intron-exon junctions of exon 43. Red arrowheads 



denote cleavage products. PCR indicates the undigested PCR product. (C) T7E1 assay using 

mouse 10T½ and human 293 cells transfected with plasmids that express SpCas9 and exon 45 

sgRNA5 (G5), sgRNA6 (G6), sgRNA7 (G7) or sgRNA8 (G8) shows cleavage of the Dmd locus 

at the intron-exon junction of exon 45. Red arrowheads denote cleavage products. PCR indicates 

the undigested PCR product. (D) Sequences of the G6 edited 34 single clones. HC is the 

sequence of the healthy human control. G6 sequence is shaded in blue. Insertions are shaded in 

green. Base modification and dystrophin gene status are listed on the right. (E) Western blot 

analysis showing restoration of dystrophin expression in three corrected single iPSC clones 

(clones #3, #9 and #11). Clone #3 and #11 were corrected through exon 45 skipping, and clone 

#9 was corrected through exon 45 reframing. HC, iPSC-CM from a healthy human control. NE, 

non-edited. Vinculin is loading control. 

  



 

Fig. S2. Characterization of the ΔEx44 mouse line. (A) Genomic sequence of targeted locus of 

Dmd exon 44 and surrounding intron regions. sgRNA sequences are indicated in blue, 

protospacer adjacent motifs (PAMs) are indicated in red, and genotyping primers are highlighted 

in yellow. Exon 44 sequence is in bold upper case and intron sequence is in lower case. (B) 

Picrosirius red staining of TA, diaphragm, and heart of WT and ΔEx44 mice. Scale bar is 50 µm. 

  



 



Fig. S3. Intramuscular AAV9 delivery of gene editing components rescues dystrophin 

expression. (A) Illustration of the AAV construct for CRISPR/Cas9 delivery. The muscle 

creatine kinase 8 (CK8e) regulatory cassette was used to express SpCas9 and GFP. The U6, H1, 

and 7SK RNA polymerase III promoters were used to express sgRNAs. ITR is inverted terminal 

repeats. (B) T7E1 assay shows cleavage of the Dmd locus at the intron-exon junction of exon 45 

in mouse C2C12 cells with electroporation of G5 or G6 in PX458 or Trispr backbone. Red 

arrowheads show cleavage products of genome editing. PCR indicates the undigested PCR 

product. (C) T7E1 assay shows cleavage of the Dmd locus at the intron-exon junction of exon 45 

in TA muscle of corrected ΔEx44 mice. Red arrowheads show cleavage products of genome 

editing. PCR indicates the undigested PCR product. (D and E) On-target (D) genomic and (E) 

cDNA amplicon deep sequencing of ΔEx44 DMD, and corrected ΔEx44 DMD mice after 3 

weeks of AAV-Cas9 and AAV-G6 intramuscular injection (2.5 × 10
10

 vg of AAV9-Cas9 and 2.5 

× 10
10

 vg of AAV-G6). Bold represents substitutions, red square is insertions, “-“ is deletion. 

Vertical pink line indicates intron-exon junction in (D) and exon-exon junction in (E). Black 

arrowhead points to dotted vertical line representing the predicted cleavage site. (F) Dystrophin 

immunostaining of TA muscle in WT, ΔEx44 DMD, and corrected ΔEx44 DMD mice after 3 

weeks of AAV-Cas9 and AAV-G6 intramuscular injection (2.5 × 10
10

 vg of AAV9-Cas9 and 2.5 

× 10
10

 vg of AAV-G6). Dystrophin is shown in red. Nuclei are marked by DAPI stain in blue. 

10X tile scan of the entire TA muscle. Scale bar is 500 µm. 

  



 



Fig. S4. Analysis of top 10 potential off-target sites. (A) T7E1 analysis of the top 10 predicted 

off-target (OT) sites of sgRNA-G6 assayed in TA muscle 3 weeks following intramuscular 

injection of 2.5 × 10
10

 vg AAV9-Cas9 and 2.5 × 10
10

 vg AAV-G6. Red arrowheads denote on-

target cleavage products. No off-target cleavage products were detected. PCR indicates the 

undigested PCR product. (B) Amplicon genomic deep sequencing analysis on the top 10 

predicted off-target sites of G6. Muscle was analyzed 3 weeks following intramuscular injection 

of 2.5 × 10
10

 vg AAV9-Cas9 and 2.5 × 10
10

 vg AAV-G6. Mismatches in the target sequence are 

highlighted in red. (C) Percentage of NHEJ in amplicon genomic deep sequencing analysis on 

the top 10 predicted off-target sites of G6. Blue indicates AAV-Cas9 only control, and red 

indicates AAV-Cas9/AAV-G6 injected TA muscle. Data are represented as mean ± SEM. 

  



 

Fig. S5. Correction of ΔEx44 mice by systemic delivery of AAV9 expressing gene editing 

components. Whole TA muscle scanning of ΔEx44 DMD and corrected ΔEx44 DMD 4 weeks 

after systemic injection of a 1:5 ratio and 1:10 ratio of AAV-Cas9 to AAV-G6. AAV-Cas9 was 

administered at 5 × 10
13

 vg/kg. Dystrophin is shown in red. Nuclei are marked by DAPI stain in 

blue. 10X tile scan of the entire TA muscle. Scale bar is 500 µm. 

  



 



Fig. S6. Western blot analysis of corrected ΔEx44 mice by systemic delivery of AAV9 

expressing gene editing components. (A)–(F) Western blot analysis of dystrophin, Cas9, and 

GFP protein expression in TA, triceps, diaphragm, and heart of ΔEx44 mice 4 weeks after 

systemic delivery of AAV-Cas9 and AAV-G6 at the indicated ratios. AAV-Cas9 was 

administered at 5 × 10
13

 vg/kg. Vinculin is loading control. (n= 3). (G) Quantification of the 

Western blot analysis in TA, triceps, diaphragm, and heart. Relative dystrophin intensity was 

calibrated with vinculin internal control. Data are represented as mean ± SEM. One-way 

ANOVA was performed followed by Newman-Keuls post hoc test. *P<0.005, **P<0.001, 

****P<0.0001 (n=3). 

  



 



 

 



 

Fig. S7. Histology of ΔEx44 mice after systemic delivery of AAV9 expressing gene editing 

components. (A) H&E staining of TA, triceps, diaphragm and heart of ΔEx44 mice 4 weeks 

after systemic delivery of AAV-Cas9 and AAV-G6 at the indicated ratios. AAV-Cas9 was 

administered at 5 × 10
13

 vg/kg. Scale bar is 50 µm. (B) Whole muscle scanning of TA, triceps, 

diaphragm and heart of corrected ΔEx44 DMD mice. H&E staining of WT, ΔEx44 DMD and 

corrected ΔEx44 DMD 4 weeks after systemic injection of a 1:5 ratio and 1:10 ratio of AAV-

Cas9 to AAV-G6. AAV-Cas9 was administered at 5 × 10
13

 vg/kg. Tile scan (4X) of the entire 

muscle. Scale bar in TA, triceps, diaphragm is 500 µm, in heart is 1.5mm. (C) Picrosirius red 

staining of TA, triceps, diaphragm and heart of ΔEx44 mice 4 weeks after systemic delivery of 

AAV-Cas9 and AAV-G6 at the indicated ratios. AAV-Cas9 was administered at 5 × 10
13

 vg/kg. 

Scale bar is 50 µm. 

  



 

 



Fig. S8. Quantification of histological improvement and qPCR analysis of corrected ΔEx44 

DMD mice. (A) Percentage of centrally nucleated fibers in TA muscle of WT, ΔEx44 DMD 

control and ΔEx44 DMD-AAV9 treated mice 4 weeks after systemic delivery at indicated ratios. 

Data are represented as mean ± SEM. One-way ANOVA was performed followed by Newman-

Keuls post hoc test. **P<0.001 (n=3). (B) Measurement of fiber area of transverse muscle 

sections. Fiber size is grouped into 250 µm
2
 intervals, and represented as the percentage of total 

fibers in each group. Data are represented as mean ± SEM. One-way ANOVA was performed 

followed by Newman-Keuls post hoc test. (n=3). (C) qPCR analysis of Cas9 mRNA expression 

in TA, triceps, diaphragm, and heart of ΔEx44 mice 4 weeks after systemic delivery of AAV-

Cas9 and AAV-G6 at the indicated ratios. AAV-Cas9 was administered at 5 × 10
13

 vg/kg. 

Normalized to 18S ribosomal RNA. Data are represented as mean ± SEM. One-way ANOVA 

was performed followed by Newman-Keuls post hoc test. *P<0.005. (n= 3). (D) qPCR analysis 

of GFP mRNA expression in TA, triceps, diaphragm, and heart of ΔEx44 mice 4 weeks after 

systemic delivery of AAV-Cas9 and AAV-G6 at the indicated ratios. AAV-Cas9 was 

administered at 5 × 10
13

 vg/kg. Normalized to 18S ribosomal RNA. Data are represented as 

mean ± SEM. One-way ANOVA was performed followed by Newman-Keuls post hoc test. 

*P<0.005. (n= 3). 

  



 

Fig. S9. Histological analysis showing dystrophin restoration in the EDL muscle of 

corrected ΔEx44 DMD mice. (A) Dystrophin immunostaining of EDL muscle in ΔEx44 DMD 

and corrected ΔEx44 DMD mice 4 weeks after systemic injection of a 1:5 ratio and 1:10 ratio of 

AAV-Cas9 to AAV-G6. AAV-Cas9 was administered at 5 × 10
13

 vg/kg. Dystrophin is shown in 

red. Nuclei are marked by DAPI stain in blue. Scale bar is 100 µm. (B) H&E staining of EDL 

muscle in ΔEx44 DMD and corrected ΔEx44 DMD mice 4 weeks after systemic injection of a 

1:5 ratio and 1:10 ratio of AAV-Cas9 to AAV-G6. AAV-Cas9 was administered at 5 × 10
13

 

vg/kg. Inset box indicates area of magnification shown below. Scale bar is 50 µm. 

  



Table S1. Primer sequences and media components. 

Purpose of the primers ID

Ex43-gRNA#1-DMD-Top

Ex43-gRNA#1-DMD-Bot

Ex43-gRNA#2-DMD-Top

Ex43-gRNA#2-DMD-Bot

Ex43-gRNA#3-DMD-Top

Ex43-gRNA#3-DMD-Bot

Ex43-gRNA#4-DMD-Top

Ex43-gRNA#4-DMD-Bot

Ex45-gRNA#5-Top

Ex45-gRNA#5-Bot

Ex45-gRNA#6-Top

Ex45-gRNA#6-Bot

Ex45-gRNA#7-Top

Ex45-gRNA#7-Bot

Ex45-gRNA#8-Top

Ex45-gRNA#8-Bot

mDmd-T7E1-Ex45-F

mDmd-T7E1-Ex45-R

DMD-T7E1-Ex45-F

DMD-T7E1-Ex45-R

mDmd-In44-2-Top

mDmd-In44-2-Bot

mDmd-In44-6-Top

mDmd-In44-6-Bot

Exon 44_T7-In44-2-F

Exon 44_T7-In44-6-F

Exon 44_T7-Rv

Geno dE44-F

Geno dE44-R

Media name Volume of base media Base media
Volume of 

supplement
Supplement

CDM3 Supplement:

- 4.224g L-ascorbic acid-2-phosphate

- 10g recombinant human albumin

- 200mL H2O

4, 5, or 6 µM CHIR99021-HCl (12mM).

CDM3-WNT 100mL CDM3 20 µL 2 uM WNT-C59 (10mM)

SELECTIVE 500mL RPMI-1640 -glucose (Gibco 11879-020) 10mL B27 Supplement (Thermo Fisher Scientific 17504044 )

BASAL 500mL RPMI-1640 (Gibco 11875-093) 10mL B27 Supplement (Thermo Fisher Scientific 17504044 )

CO388-GFP-F

CO389-GFP-R

CO460-spCas9-F

CO461-spCas9-R

Sites ID Sequence (5'->3') Product (bps) miSeq-with Adaptor

mDmd-Ex45G6-Ontarget-DS-F1 CCCTGAGCTGAAGTGAGAGG TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCCTGAGCTGAAGTGAGAGG

mDmd-Ex45G6-Ontarget-DS-R2 ACCTCTTTCTCCTTTCTGCCAG GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGACCTCTTTCTCCTTTCTGCCAG

E45G6OT1-DS-F1-YLM CTGCCCCAACAAGAGCATTCTAAG TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCTGCCCCAACAAGAGCATTCTAAG

E45G6OT1-DS-R1-YLM AGCCACTGTTTAACTTGCAGTCAC GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGAGCCACTGTTTAACTTGCAGTCAC

E45G6OT2-DS-F1-YLM CTTTCCTCCTCCACCCTCACAG TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCTTTCCTCCTCCACCCTCACAG

E45G6OT2-DS-R1-YLM TCCTGTTACATGTCCCCGACAC GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGTCCTGTTACATGTCCCCGACAC

E45G6OT3-DS-F1-YLM CTCAGAGAGTCGATGGAACTCCTG TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCTCAGAGAGTCGATGGAACTCCTG

E45G6OT3-DS-R1-YLM TCCTATGGGGTCAATTTCTGCACA GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGTCCTATGGGGTCAATTTCTGCACA

E45G6OT4-DS-F1-YLM GGTTCTCAAAATGCCCTGTTGTGA TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGGTTCTCAAAATGCCCTGTTGTGA

E45G6OT4-DS-R1-YLM TCTCCTGGAGGGGTGAAAGAAAAG GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGTCTCCTGGAGGGGTGAAAGAAAAG

E45G6OT5-DS-F1-YLM TGTGGGACTGCTAGAAAGTTTGGA TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGTGTGGGACTGCTAGAAAGTTTGGA

E45G6OT5-DS-R2-YLM GATCCCCGCCTGGAGTTTATTAGT GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGATCCCCGCCTGGAGTTTATTAGT

E45G6OT6-DS-F2-YLM TGGACAAAGGAGCAAACAAAAGCT TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGTGGACAAAGGAGCAAACAAAAGCT

E45G6OT6-DS-R2-YLM TTTATGGACAGTTGAGGTGCCAGA GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGTTTATGGACAGTTGAGGTGCCAGA

E45G6OT7-DS-F1-YLM AAGGGACAGCTCAAAGACCTTCTT TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGAAGGGACAGCTCAAAGACCTTCTT

E45G6OT7-DS-R1-YLM ACTTCAAACGCACTGTCACATCAG GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGACTTCAAACGCACTGTCACATCAG

E45G6OT8-DS-F1-YLM TCTGAAGAAGCCCTTGGTCATTCA TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGTCTGAAGAAGCCCTTGGTCATTCA

E45G6OT8-DS-R1-YLM ATCCTCTACACGTAACAGGAAGCC GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGATCCTCTACACGTAACAGGAAGCC

E45G6OT9-DS-F1-YLM GAAGGCAGTCAAGCAGATTGGATC TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGAAGGCAGTCAAGCAGATTGGATC

E45G6OT9-DS-R2-YLM ACTAGCAGCCTTTGGATGAAGACA GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGACTAGCAGCCTTTGGATGAAGACA

E45G6OT10-DS-F2-YLM ATGACGACGACGACAATGTTGATG TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGATGACGACGACGACAATGTTGATG

E45G6OT10-DS-R2-YLM CCTCAAAGCCTTCTTGAAGGAAGC GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGCCTCAAAGCCTTCTTGAAGGAAGC

RT-Site ID Sequence (5'->3') Product (bps) miSeq-with Adaptor

mDmd-E4346-RT-DS-F1 AGGTGAAAGTACAGGAAGCCGT TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGAGGTGAAAGTACAGGAAGCCGT

mDmd-E4346-RT-DS-R1 CTGCTGCTCATCTCCAAGTGGA GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGCTGCTGCTCATCTCCAAGTGGA
E45G6 RT-DS 370

Sequence of primers for on target cDNA amplicon deep sequencing

Sequence (5’-3’)

Sequence of primers for on and off target genomic amplicon deep sequencing.

Primer sequences for exon targeting and generation of ΔEx44 DMD mouse model

Sequence of primers to titer AAV

Media for iPSC-CMs differentiation

CDM3 500mL RPMI-1640 (Gibco 11875-093) 5mL

CDM3-C 100mL CDM3
33.3, 41.6, or 

50 µL

GAATTGTAATACGACTCACTATAGGGTATGTTGGAACCAGTCCAGA

AAAAGCACCGACTCGGTGCCAC

GCTGAGGGGGAGACAGTAGA

TCAGAAGGCATTTTGTCAAT

AGAACGGCATCAAGGTGAAC

CACCGGTAGTTCTGAATCAGGAGGA

AAACTCCTCCTGATTCAGAACTACC

CACCGTATGTTGGAACCAGTCCAGA 

AAACTCTGGACTGGTTCCAACATAC 

GAATTGTAATACGACTCACTATAGGGGTAGTTCTGAATCAGGAGGA

AAACGGATGGCATTGGGCAGCGC

CTAACATAAAAGGTGTCTTTCTATC

GGCAATCCCTCATGATTTTTAGCAC

GTCTTTCTGTCTTGTATCCTTTGG

AATGTTAGTGCCTTTCACCC

CACCGCTTACAGGAACTCCAGGA

AAACTCCTGGAGTTCCTGTAAGC

CACCGAGGAACTCCAGGATGGCATT

AAACAATGCCATCCTGGAGTTCCTC

CACCGCGCTGCCCAATGCCATCC

AAACACAAGGGTAGGTAACACATAC

CACCGTACAAGGACCGACAAGGGT

AAACACCCTTGTCGGTCCTTGTAC

CACCGCGCTGCCCAATGCCATCCTG

AAACCAGGATGGCATTGGGCAGCGC

CACCGTTTTAAAATTTTTATATTA

AAACTAATATAAAAATTTTAAAAC

CACCGTTTTATATTACAGAATATAA

AAACTTATATTCTGTAATATAAAAC

CACCGTATGTGTTACCTACCCTTGT

E45G6 OT8 459

E45G6 OT9 414

E45G6 OT10 445

E45G6 OT5 440

E45G6 OT6 413

E45G6 OT7 398

E45G6 OT2 356

E45G6 OT3 442

E45G6 OT4 487

Primers for titering of AAV-Trispr 

Primers for titering of AAV-CK8e-Cas9 

E45G6 Target 404

E45G6 OT1 374

GAACTCCAGCAGGACCATGT

CGGCTTCATCAAGAGACAGC

TTCACTTCCCGGATCAGCTT

Primers for T7E1 assay

Primers for sgRNA targeting Dmd 

exon 44 to generate the ΔEx44 DMD 

model

Primers for in vitro transcription of 

sgRNA

Primers for genotyping of ΔEx44 DMD 

model

Primers for sgRNA targeting exon 43

Primers for sgRNA targeting exon 45

 


	aav4324_SM_new
	aav4324_SupplementalMaterial_v3_new



