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Figure 1. Comparison of SaCas9 and SpCas9 systems for CRISPR imaging. (A) sgRNA designs for targeting human telomeres and MUC4E. (B) CRISPR
labeling of telomere, MUC4 gene, 5S rDNA, centromere alpha satellite, centromere 48 bp satellite and a chromosome 1 tandem repeat in aneuploid RPE
cells, and MUC4 in diploid RPE (RPEDiploid) cells. All images are maximum intensity projections from z stacks. Scale bars: 5 �m. (C) Histograms of
telomere counts per cell detected by PNA FISH or the two Cas9s (n = 20). (D) Histograms of MUC4 loci counts by CRISPR labeling in the two RPE
cells. At least 25 cells were analyzed for each case. (E) Comparing the robustness of dSpCas9 and dSaCas9 systems as the fraction of functional sgRNAs
for each locus. (F) Direct comparison of dSpCas9/dSaCas9 labeling efficiency by targeting the same DNA sequences. The PAM that allows targeting by
both Cas9 systems are indicated in red. Labeling efficiency is defined by quantifying the percentage of cells (n = 30 cells) containing 3 or 6 CRISPR spots
and by measuring the signal intensity of CRISPR spots (n = 55 spots). Error bars report ±SEM.
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Figure 2. Characterization of dSaCas9 DNA-binding activity. (A) Effect of sgRNA guide length on the labeling efficiency of MUC4E. The labeling
efficiency was measured by the percentage of cells (n ≥ 30 cells) containing 3 or 6 CRISPR spots and the signal intensity of CRISPR spots (n ≥ 55 spots).
Error bars report ±SEM. (B) Comparison of dSaCas9 labeling efficiency with NNGRRT and NNGRRG PAMs. The labeling efficiency was measured
by the percentage of cells (n ≥ 30 cells) containing 3 or 6 CRISPR spots and the ratio of CRISPR signal to the background signal (n = 60 spots). (C)
Effect of sgRNA–DNA mismatches on dSaCas9 activity. The positions and identities of base transition are indicated in yellow. The labeling efficiency
was determined in the same way as in (B). (D)MUC4 labeling efficiency illuminated by signal-to-background ratio after transformation of all possible
nucleotides at each position within MUC4 target sequence. 20 nucleotides of the protospacer sequence is shown. A least 60 CRISPR spots are measured.
All images are maximum intensity projections from z stacks. Scale bars: 5 �m.
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Figure 3. Optimization of sgRNA scaffold for SaCas9. (A) Sequences of the original and modified sgRNA scaffolds with A-U pair flip at different positions.
(B) Northern blotting to detect S. aureus sgRNA abundance in RPE cells. Total RNA samples from cells expressing either wild-type or A-U flipped sgRNAs
were analyzed by Northern blot using a sgRNA-specific probe to determine in vivo steady-state sgRNA levels. Band intensities relative to wild-type sample
are shown below. 5S rRNA was imaged by gel staining as loading control. sgRNA design for targeting human telomeres and 48-bp family satellite DNA
using dSaCas9. (C) CRISPR imaging of telomeres and 48-bp satellite DNA by dSaCas9-EGFP with original and optimized sgRNA scaffold. Arrowheads:
nucleolar puncta. Scale bars: 5 �m. (D) Histograms of telomere counts per cell detected by dSaCas9-EGFP with the original and four modified sgRNAs
(n = 20 cells). (E) Percentage of cells contain nucleolar puncta with different sgRNA scaffolds targeting telomeres. n ≥ 50 cells. (F) Percentage of cells
containing nucleolar puncta with different sgRNA scaffolds targeting 48-bp satellite DNA. n ≥ 58 cells.
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