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Figure S1. Design of sgRNAs and in vitro testing with a reporter vector. (A) The albumin exon 14 
(capital letters), stop codon (STOP), flanking introns (small caps), and the identified sgRNAs are shown. 
(B) Scheme of the pX601-SaCas9 vector. ITR, inverted terminal repeat; CMV, Cytomegalovirus 
promoter; SaCas9, Staphylococcus aureus Cas9; bGHpA, bovine growth hormone polyadenylation 
signal; sgRNA, single guide RNA; Guide, incomplete sgRNA-coding sequence; U6, RNA polIII 
promoter. (C) Scheme of the experimental design. HEK293 cells were transiently transfected with the 
pX601-SaCas9 plasmid and the homologous recombination reporter vector, and luciferase activity was 
determined. (D) Scheme of the homologous recombination reporter vector and resulting recombination 
product. The recombination reporter vector (34) contained the albumin exon 14 and flanking introns. 
Recombination between the repeated luciferase sequences results in the reconstitution of luciferase 
activity. (E) The dot plot graph shows the luciferase activity determined after transfection of the pX601-
SaCas9 vectors (low and a high amounts). Values are normalized respect to cells transfected with the 
reporter vector alone (Ctrl). Two-way ANOVA: interaction, ns, P = 0.9569; sgRNA, ***, P < 0.0001; 
dose, ns, P = 0.4743; Bonferroni post hoc tests analysis; experiments were conducted in triplicate.  



 

Figure S2. sgRNA8 is more efficient than sgRNA7 to induce INDELs at the endogenous albumin 
locus in NIH-3T3 cells. (A) The PCR products obtained in Figure 2B were cloned and 24 independent 
clones from each sgRNA treatment were sequenced. The number of clones presenting insertions and 
deletions, and the total % of INDELs are indicated. (B, C) Alignments of the sequences of the analyzed 
clones treated with SaCas9-sgRNA7 (B), or SaCas9-sgRNA8 (C). Sequences were aligned to that of the 
mouse albumin gene (mAlb). The sgRNA7 sequence is highlighted in yellow while the sgRNA8 one in 
light blue. The corresponding PAM regions are typed in blue, while base modifications are indicated in 
red. The length of deletions and insertions (in bp) are indicated as ∆ and +, respectively, next to the clone 
number (cl). 

  



Figure S3. sgRNA8 efficiently targets the albumin locus in neonatal treated mice. (A) Representative 
nucleotide sequences of the targeted albumin locus of sgRNA8 treated mice. Sequences shown represent 
gap length diversity rather than the actual frequency distribution. The length of the PCR fragment was 
517 bp (B) Mutation frequency analysis at the albumin target site by sgRNA8. The dots represent the 
percentage of reads with bases different from the original sequence at each base position. The colored 
dots indicate variants above noise levels; the grey dots represent levels predicted as sequencing noise. The 
SaCas9 on-target site is indicated by green arrowheads. The analysis was performed in the same animals 
analyzed in Figure 2C-D. (C) Box plots of the distributions of the data shown in Panel B, with indicated 
median values. Signal and noise distributions are plotted separately. Indels are represented in red and snp 
in blue. 



 

Figure S4. Determination of the most effective dose of rAAV8-SaCas9-sgRNA8. The % of INDELs 
obtained after transducing P4 WT pups by intraperitoneal injection are indicated. The doses used in each 
experimental group (n=2 mice/dose, except in the 1.0E12 group, n=3) are indicated.  

  



Figure S5. The intravenous route of administration is more efficient than the intraperitoneal one. 
(A) Scheme of the experimental strategy used to compare intraperitoneal (IP) and intravenous (IV) 
administration routes. WT newborn mice were IP or IV transduced at post-natal day 4 with the same dose 
(1.0E+11 vg/mouse) of the rAAV8-pGG2-AAT-eGFP episomal vector (13). The liver was collected at 
post-natal day 19 and the number of eGFP positive cells in liver sections was evaluated. (B) Histological 
analysis of liver sections of IP- or IV-transduced mice. Nuclei were counterstained with Hoechst. 
Representative images are shown. Scale bar 500 µm. (C) Quantification of the number of eGFP-positive 
hepatocytes. Unpaired Student’s t-test, **, P = 0.0088, n = 3 per experimental group, 10 images per 
animal were analyzed.  

  



 
Figure S6. Spontaneous HR is more efficient at P2 administration than at P4 one. (A) Scheme of the 
experimental design. WT newborn mice were IV transduced with rAAV8-donor-eGFP at P2 or P4 with 
8.0E11 vg/mouse of rAAV8-donor-eGFP. Liver was collected at P19 and the number of eGFP-positive 
cells was determined. (B) Histological analysis of liver sections. Nuclei were counterstained with 
Hoechst. Scale bar 500 µm. (C) Quantification of the number of eGFP positive hepatocytes. Unpaired 
Student’s t-test, ***, P = 0.0008. n=3 and 5 for the animals transduced at P2 and P4, respectively; 10 
images per animal were analyzed. 
  



 
Figure S7. WB analysis of liver extracts from Crigler-Najjar mice treated with rAAV8-donor-
hUGT1A1 and rAAV8-SaCas9-sgRNA8. Ugt1-/- newborn mice were IV transduced at P2 with rAAV8-
donor-hUGT1A1 alone (HR; 2.0E11 vg/mouse) or in combination with rAAV8-SaCas9-sgRNA8, using 
two different SaCas9 doses (low, HDR L; or high, HDR H; 6.0E10 and 2.0E11 vg/mouse, respectively), 
as described in Figure 4. The complete gels of the Western blot analyses of liver protein extracts using an 
anti-Ugt1 antibody with human and mouse specificity are shown (Short and long expositions). No bands 
corresponding to the potential full length Albumin-P2A-hUGT1A1 protein were detected, suggesting 
efficient ribosomal skipping by the P2A. 

  



Figure S8 Ugt1-/- rAVV8-treated mice show normal brain histology. (A) Cerebellar layer thickness 
was determined in WT untreated and Ugt1-/- rAAV8-treated mice (M10) with a constant dose of the donor 
vector and two different SaCas9 doses (low, HDR L; or high, HDR H), using Hoechst-stained brain 
sections. Representative images are shown. ML, molecular layer; GL, granular layer; WM, white matter. 
Scale bar = 480 µm. WT vs. HDR H, unpaired t-test, GL: ns, P = 0.1945;. ML: ns, P= 0.6024. WT and 
HDR H, n = 3; HDR L, n = 2. (B) Left panel, Purkinje cells immunofluorescence analysis of cerebellar 
sections using an anti-Calbindin specific antibody. Nuclei were counterstained with Hoechst. Scale bar 50 
µm. WT and HDR H, n = 3; HDR L, n = 2. ML, molecular layer; PCs, Purkinje cells. Right panel, 
quantification of PCs density. Student t-test, ns, P = 0.0936. The analysis was performed in the same 
animals used in Figure 4. 
  



 

Figure S9 Ugt1-/- rAVV8-treated mice show normal liver histology. (A) (B) Haematoxylin-Eosin 
(H&E) (A) and Masson’s trichrome (B) stainings of liver sections from WT/HET untreated and Ugt1-/- 

rAAV8-treated mice (M10) with a constant dose of the donor vector and two different SaCas9 doses 
(low, HDR L; or high, HDR H). 10 x and 20 x magnifications are shown. WT and HDR H, n = 3; HDR L, 
n = 2. The analysis was performed in the same animals used in Figure 4. 

  



Figure S10 Ugt1-/- rAVV8-treated mice show no evidence of inflammation. (A-D) Evaluation of the 
mRNA levels by qRT-PCR of Tnfa (A), Cd8 (B), Cd4 (C) and Infg (D) of WT untreated and Ugt1-/- 

rAAV8-treated mice with two different donor-SaCas9 ratios (low, HDR L; or high, HDR H), at 10 
months of age. Gapdh was used to normalize all inflammatory markers levels. Student t-test: Tnfa, ns, P = 
0.0702; Cd8, ns, P = 0.0756; Cd4, ns, P = 0.7270; Infg, ns, P = 0.8456. HDR L, n = 2; WT and HDR H, n 
= 3. The analysis was performed in the same animals used in Figure 4. 

  



Figure S11. Normal mRNA and protein levels of albumin after SaCas9 administration. (A) Plasma 
albumin evaluation of WT mice untreated and treated at P2 with eGFP-donor DNA (HR), or with eGFP-
donor DNA and SaCas9 encoding AAV8 vectors, at low (HDR L) or high SaCas9 dose (HDR H). n = 5 
The analysis was performed in the same animals used in Figure 3. One-way ANOVA, ns., n = 5 per 
experimental group. (B) Plasma albumin evaluation of WT mice untreated and treated at P2 with a 
constant dose of hUGT1A1-donor DNA AAV, and two doses of SaCas9 encoding AAV8 vector (low, 
HDR L; or high, HDR H). The analysis was performed in the same animals used in Figure 4. One-way 
ANOVA, ns., P=0.1435, WT and HDR H, n=3; HDR L, n = 2. (C) Albumin mRNA levels of WT mice 
untreated (UNTR) and treated with only rAAV8-SaCas9-sgRNA8 (2.0E+11 vg/mouse) at P2. Mice were 
sacrificed at different post-natal days, (P7, P13, P19, and P30) and the livers analyzed. One-way 
ANOVA, ns, P = 0.5473, untreated mice, n = 2; treated mice, n = 3 per group. (D) Albumin mRNA levels 
of WT mice untreated (UNTR) and Ugt1-/- rAAV8-treated mice with a low (HDR L) and a higher ratio 
(HDR H) between hUGT1A1-donor and SaCas9 at 10 months of age. The analysis was performed in the 
same animals used in Figure 4. One-way ANOVA, ns, P = 0.4394; WT and HDR H, n=3; HDR L, n = 2. 

  



Figure S12 SaCas9 protein levels decrease to undetectable levels 30 days after its administration. 
(A) Experimental scheme. WT newborn mice were intravenously transduced with rAAV8-SaCas9-
sgRNA8 (2.0E+11 vg/mouse) at post-natal day 2. Livers were collected at post-natal days 7, 13, 19 and 
30, and analyzed by WB. IV, intravenous; SaCas9, rAAV8-SaCas9-sgRNA8. (B) WB analysis of liver 
protein extracts of WT untreated and treated with rAAV8-SaCas9-sgRNA8 collected at different post-
natal days. HSP70 was used as loading control. The quantification of the WB is shown in the lower panel. 
One-way ANOVA, ns, P = 0.0847, n = 3 per group.  

  



 
 

 
 
Figure S13. Full	uncut	gels	of	Figure	S12.	The	“+”	symbol	in	the	first	lane	on	the	left	indicates	the	
positive	control	corresponding	to	tissue	culture	cells	transfected	with	a	plasmid	expressing	the	

SaCas9. 
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Figure S14 Analysis of SaCas9 off-target activity. (A). Mutation frequency analysis of the predicted 
potential off-target sites by sgRNA8. The dots represent the percentage of reads with bases different from 
the original sequence at each base position. The red and blue dots indicate variants above noise levels. 
Grey dots indicate variants below threshold levels (noise). The location of the predicted SaCas9 off-target 
site is indicated by a red arrow. (B) Box plots of the distributions of the data shown in Panel A, with 
indicated median values. Signal and noise distributions are plotted separately. Indels are represented in 
red and snp in blue. The analysis was performed in the same animals used in Figure 2C, D and Figure S3. 
The length of the PCR fragments was Tubgcp2, 522 bp; Kif21a, 478 bp; and Gm29874, 491 bp. 
  



 
 
 

 
 

Figure S15. Full	uncut	gels	of	Figure	2B. 
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Figure S16. Full	uncut	gels	of	Figure	2D. 
 
 
 
  



 

 
 

Figure S17. Full	uncut	gels	of	Figure	3C. 
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Table S1. Gap-length frequency analysis of the albumin on-target site (sgRNA8) 

 

The genomic DNA of the albumin on-target site was PCR amplified and sequenced by NGS approach. The 
obtained reads were aligned and noise filtered. The % of reads containing gaps ≥ 2 bases was determined. Lines 5 
and 6 show the data of independent duplicate PCR reactions of Lines 1 and 4. The animals are the ones presented 
in Figure 2C-D for sgRNA8. The length of the PCR fragment was 517 bp. 



Table S2. Positional-frequency analysis of the albumin on-target site (sgRNA8) 

 

 

The genomic DNA of the albumin on-target site was PCR amplified and sequenced by NGS. The 
positional-frequency analysis of the obtained reads was performed as described in the Materials and Methods 
section. The animals are the ones presented in Figure 2C, D for sgRNA8. The median values were plotted in Figure 
S3C. ND, not detected. 
  



Table S3. Positional-frequency analysis of predicted off-target sites 

 

The genomic DNA of the predicted potential off-target sites was PCR amplified and sequenced by NGS. 
The positional-frequency analysis of the obtained reads was performed as described in the Mat&Meth section. The 
animals are the ones presented in Figure 2C-D for sgRNA8. The median values were plotted in Figure S12B. ND, 
not detected. 
  



Table S4. Gap-length frequency analysis of predicted off-target sites 

 

 

The genomic DNA of the predicted potential off-target sites was PCR amplified and sequenced by NGS. 
The obtained reads were aligned and noise filtered. The % of reads containing gaps ≥ 2 bases was determined. The 
animals are the ones presented in Figure 2C-D for sgRNA8. The length of the PCR fragments was Tubgcp2, 
522 bp; Kif21a, 478 bp; and Gm29874, 491 bp. 
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