
 

Supplementary Figure 2. Targeted disruption of the Gla gene in mouse eggs using CRISPR 

technology. 

(A) Design of the sgRNA sequence targeted to exon 3 of the Gla gene on the X chromosome. PAM, 

protospacer adaptor motif. (B) Validation of the double-strand breakage efficacy of the designed sgRNA 

and the pCMV-dasherGxxFP plasmid in HEK293T cells. (C) Direct sequencing data for exon 3 in the Gla 

gene in wild-type (C57BL/6 mice) and #12 mice (Fabry disease model mice). (D) Illustration of the 

alpha-galactosidase protein structure in wild-type and #12 mice. Asp170 and Asp231, which are located 

after the 158th amino acid of the alpha-galactosidase protein, are key amino acids for alpha-galactosidase 

activity 1. (E) Primer design for Fabry mouse genotyping. The forward primer #12 contains the specific 

insertion sequence #12. (F) Genotyping results of the #12 Fabry mice. +/+ denotes female wild -type 

mice, +/Y denotes male wild-type mice, -/+ denotes female heterozygous #12 mice, -/- denotes female 

homozygous #12 mice, and -/Y denotes male #12 mice. Heterozygotes and homozygotes were 

distinguished using T7EI. (G) Alpha-galactosidase activity in tail-tip tissue from Fabry disease model 



mice and wild-type mice. (H) Alpha-galactosidase activity in the liver, kidneys, heart, and plasma of 

Fabry disease model mice and NIH Fabry mice (C57BL/6;129-Glatm1Kul/J, The Jackson Laboratory, Stock 

No: 003535) and wild-type C57BL/6 mice. The numerical value next to each name denotes the number of 

experiments. (I) Gb3 and lyso-Gb3 levels in the liver, kidneys, heart, and plasma of Fabry disease model 

mice, NIH Fabry mice, and wild-type C57BL/6 mice. The numerical value next to each name denotes the 

number of experiments. 

 

To develop a commercial cell transplantation therapy for Fabry disease, we generated a Gla gene KO 

mouse line using the CRISPR/Cas9 system that can be used without any licensing cost. To delete the 

alpha-galactosidase protein, we designed an sgRNA sequence that targeted exon 3 of the Gla gene using 

CRISPRdirect 2 and COSMID 3 (Supplementary Fig. 2A, Supplementary Table 1) and inserted the 

sgRNA into the pX330 plasmid 4. To confirm that the sgRNA-Gla sequence functioned correctly, we 

cotransfected HEK293T cells with the pCMV-dasherGxxFP-Gla (Supplementary Fig. 2B) and pX330-

Gla plasmids 5. Since approximately 30% reconstituted EGFP expression was observed 48 h after 

transfection (Supplementary Fig. 2B), we decided to inject the pX330-Gla plasmid into pronuclei in 

fertilized eggs (C57BL/6). Sixteen pups developed from these eggs and were genotyped by PCR and 

subsequent sequence analysis. The analysis revealed that 63% (10/16) of the pups carried the targeted 

mutation at the Gla locus (Supplementary Table 2). Among these mice, the twelfth mouse (#12, male) had 

a 7-bp insertion that generated a stop codon in the immediate downstream region (Supplementary Fig. 

2C). Domain analysis of the amino acids encoded by the Gla gene with InterPro 

(https://www.ebi.ac.uk/interpro/) revealed that this insertion resulted in the loss of two enzymatic active 

sites (Supplementary Fig. 2D) 1. Therefore, we bred the offspring of the #12 mouse. To obtain 

homozygous mice, we designed and checked primers for assessment of germline transmission of the Gla 

mutation (Supplementary Fig. 2E). Furthermore, we used T7 endonuclease I (T7EI, New England 

Biolabs., Ipswich, MA, USA) to distinguish between heteroplasmy and homoplasmy (Supplementary Fig. 

2F). The alpha-galactosidase activity in the tail-tip tissue of the CRISPR-generated male (-/Y) and female 

(-/-) Gla KO mice (CRISPR-mediated Gla gene knockout mice, Fabry disease model mice) was 

significantly lower than that in wild-type mice (Supplementary Fig. 2G). To confirm the complete 

inactivation of alpha-galactosidase, we measured alpha-galactosidase activity in various tissues from 

Fabry disease model mice and in Fabry mice previously established by the National Institutes of Health 

(NIH Fabry mice) 6. There were no significant differences in the activity of alpha-galactosidase activity 

(Supplementary Fig. 2H) or the amounts of Gb3 and lyso-Gb3, which are abnormally stored in Fabry 

disease and are often utilized as biomarkers (Supplementary Fig. 2I), in any tissue between Fabry disease 



model mice and NIH Fabry mice. The Fabry disease model mice exhibited the typical biochemical 

phenotype of Fabry disease and were thus considered comparable to the NIH Fabry mice. 
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