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Figure S1. Evaluation of gRNA efficiency and dCas9 protein expression. (A) Western blot analysis 
of FLAG-tagged dCas9 protein containing either no effector domain (noED) or the KRAB domain. 
Whole-cell extracts from Neuro-2A cells transfected with the indicated FLAG-tagged plasmids or empty 
vector were blotted and probed with anti-FLAG-HRP antibody (SIGMA A8592). (B) T7E1 assay was 
used to confirm the genome-editing activity of targeted Cas9 in Neuro-2A cells. Cells were transfected 
with hCas9-WT, a GFP-expressing plasmid (pCMV-eGFP) and S1 gRNA, S2 gRNA or a non-functional 
gRNA control C. Cells were sorted into low and high GFP expressing cells. Genomic DNA was isolated 
and a ~800 bp PCR product was amplified using primers flanking the target site (Supplemental Table 
S1). Amplicons were heat denatured and slowly re-annealed to allow formation of heteroduplexes that 
are cleaved by T7 endonuclease I releasing two smaller DNA fragments (marked with asterisks). DNA 
fragments were quantitated using the Gel Doc XR system (BioRad) and indel frequency was calculated. 
Calculated indel frequencies are shown below samples treated with T7E1 enzyme. (C) The Single-
Strand Annealing (SSA) recombination reporter assay was used to determine RNA guided Cas9 cleav-
age activity as previously described (Bhakta et al. 2013). S1, S2 or S2* gRNA target sites were intro-
duced into the split firefly luciferase gene. Targeted Cas9 cleavage activity results in joining of the split 
luciferase gene. Firefly luciferase activity was determined and normalized to a Renilla luciferase control 
signal. All experiments were performed in duplicates.
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Figure S2. Experimental design for genome-wide Cas9 binding and activity analysis. (A) Schematic 
of ChIP-seq analysis to identify gRNA-specific and gRNA-independent binding sites. (B) Schematic of 
sequence capture to evaluate Cas9 cleavage activity at potential off-target sites identified by ChIP-seq and 
computational prediction based on sequence similarity to target site.
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Figure S3. Identification of S1 and S2 specific Cas9 binding sites. Venn diagrams 
showing the overlap between ChIP-seq data sets. (A) S1 peaks from two independent 
experiments (rep1 and rep2) were overlapped with S2 peaks from two independent experi-
ments. The 150 overlapping peaks were considered as gRNA-independent since they were 
observed with two different gRNAs (S1 and S2 respectively). (B) gRNA-independent peaks  
present in S1 and S2 gRNA data sets were subtracted from S1 and S2 gRNA-specific 
binding peaks prior to overlap analysis. Overlaps identified 69 and 254 (S1 and S2 respec-
tively) bona fide binding sites for downstream analysis.
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Figure S4: Amino acid sequence of dCas9-KRAB-3X Flag 
5-Amino acid linker is underlined  
KRAB domain is highlighted in blue  
3XFlag tag is highlighted in orange 
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Figure S5. S2-specific and gRNA-independent motifs resemble SP1 and KLF5 motifs. 
The Tomtom Motif Comparison Tool identified SP1 and KLF5 motifs when S2-specific (A) 
and gRNA-independent (B) motifs are compared with the elements of a database of known 
motifs (and their DNA reverse complements). 
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Figure S6. Genome-wide Cas9 binding in human cell line HEK293T facilitated by VEGFA #3 
gRNA. (A) HEK293T cells were co-transfected with the Flag-tagged dCas9 expressing plasmid and a 
plasmid expressing VEGFA #3 gRNA or a non-functional gRNA (Control). ChIP-seq peak distribution in 
two independent biological replicates determines that ChIP-seq enrichment is highest at the target site 
(marked with arrow). dCas9-binding profile shows ChIP-enrichment at the human VEGFA locus. No 
enrichment was detected in the Control data set. (B) Overlap analysis of Cas9-bound regions reveals 
16 sites in common between two biological replicates. MEME-ChIP de novo motif analysis identifies a 
6-bp core motif and extends beyond the PAM.
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Figure S7. Sequence capture does not identify significant indels in untreated Neuro-2A 
samples. Bivariate analysis of percent indels relative to the total number of reads per target 
region. Neuro-2a cells expressing catalytically active Cas9 and one of three gRNA variations are 
compared. The top panel depicts a comparison of cells expressing non-functional gRNA to cells 
treated with S1 gRNA, while the bottom compares non-functional gRNA expressing cells against 
cells treated with S2 gRNA. No significant indels were identified by Fisher's exact test (n=1200, 
p<0.01). S1 or S2 gRNA-treated samples that had less than 5% indel frequency were compared 
to non-functional gRNA control sample. 
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Figure S8. Validation of capture enrichment. Capture enrichment was determined using 
quantitative real-time PCR. Fold enrichment was calculated using the 2^-ddCT method compar-
ing the S1/S2 target site to a promoter region not present on the capture baits. No enrichment 
was determined before targeted sequence capture. Capture efficiency was monitored for three 
different hybridization temperatures showing strongest enrichment at 65C.



Sample Indel% TS Indel% OT1 
empty gRNA 0.2  0.1 
S1 gRNA 33.5 *   0.0 
S2 gRNA 34.7 * 16.0 * 

O’Geen, Figure S9 

Figure S9. Indel analysis by targeted high-throughput sequencing. 
Results summarize the percentage of sequencing reads containing indels in 
Neuro-2a cells treated with Cas9 nuclease together with either S1, S2 or empty 
gRNA. Indel percentages were determined for the S1 and S2 target sites as well as 
the S2 off-target site OT1. Asterisk (*) indicates samples with statistically significant 
indels as compared to empty gRNA control samples (P<0.01, Fisher exact test). 
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Figure S10. Sequence capture analysis using clonal and non-clonal reads.
(A) Bivariate analysis of percent indels relative to the total number of reads per target region. 
Indel analysis was performed two ways: (1) with all sequence reads passing quality filtering 
(clonal, left panel) and (2) with only unique reads after clonal sequences have been removed 
(non-clonal, right panel). The top panel depicts a comparison of Neuro-2a control cells expressing
 catalytically active Cas9 and non-functional gRNA to untreated Neuro-2a. The middle panel 
shows a comparison of cells treated with S1 gRNA against control cells. High occurrence of indels
 is observed for the target site (TS). The bottom panel shows a comparison of cells treated with 
S2 gRNA to control cells expressing non-functional gRNA. High indel frequencies are observed
for one off-target site (OT1) in addition to the target site (TS). (B) A comparison of S2 TS and OT1
sequences, and a table listing the percentage of indels calculated for each of the four data sets at 
S1 and S2 TS and S2 OT1 for analysis using all reads (clonal) or after removal of clonal reads 
(non-clonal).
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