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Figure S1. Self-paired spacers in the ScanDel library reveal phenotypes independently created by 
individual spacers. 
 
A) The spacers used in every designed gRNA pair had their own self-paired control included in the 
programmed gRNA pair library. 
 
B) The self-paired controls consisted of the exact same spacer included behind each promoter in the 
expression construct (two for each pair; (i) and (ii)). If a self-paired spacer was positively selected, any 
gRNA pairs that included that spacer were excluded from further analysis. This avoided any confounding 
effects of alternative repair outcomes that result from an individual gRNA’s edit that could cause 6TG 
resistance (e.g. a ~10 bp indel disrupting a transcription factor binding site, or disrupting an off-target 
locus that affects 6TG resistance, or an individual gRNA inducing translocations of HPRT1 at a high 
rate). By excluding these gRNAs, we can more confidently attribute observed phenotypes to programmed 
deletion induced by the gRNA pairs. 
 
C) Each gRNA pair was included in both possible orderings on the microarray. This was intended to 
minimize the impact of differences between the promoters, as well as to increase the chance that each 
deletion will be represented in the library, as synthesizing each pair twice reduces loss due to synthesis 
errors and cloning bottlenecks. 
  

LTR! LTR!U6! H1!gRNA 
backbone!

gRNA 
backbone!

spacer!
1!

spacer!
2!

original pair!

self-paired controls!

LTR! LTR!U6! H1!gRNA 
backbone!

gRNA 
backbone!

spacer!
2!

spacer!
2!

LTR! LTR!U6! H1!gRNA 
backbone!

gRNA 
backbone!

spacer!
1!

spacer!
1!

POSITIVELY SELECTED !
- exclude the gRNA-pair from analysis!
- phenotype could come from individual spacer’s edits!

NEGATIVELY SELECTED!
- keep the gRNA-pair for further analysis!
- assume phenotype comes from the pair’s effect !

A

B

Supplementary Figure 2

i!

ii!

LTR! LTR!U6! H1!gRNA 
backbone!

gRNA 
backbone!

spacer!
1!

spacer!
2!

reverse order pair!C



 
Figure S2: Distribution of selection scores across biological replicates for ScanDel gRNA pairs or 
individual gRNAs. 
 
A) Each gRNA pair in the ScanDel screens was assigned a selection score (log10(after/before 6TG)). The 
minimum selection score threshold described in Methods (-0.35 for replicate 1, -0.15 for replicate 2) is 
drawn with a dotted red line. 
 
B) Each gRNA in the individual gRNA screen was assigned a selection score as in A, for each replicate. 
The minimum negative selection score threshold (-0.4 for both replicates) is drawn with a dotted red line 
(explanation in Methods). 
  



 
 

 
Figure S3: The U6-H1 gRNA pair expression construct induces a higher deletion rate. 
 
A) Two spacers were chosen to program a 365 bp deletion within the second intron of HPRT1. To test 
deletion efficiency of the method as described in Fig. 1C, virus was made from the constructs depicted in 
B and C, and separately transduced into HAP1 at MOI < 0.3. Following 1 week of puromycin selection, 
gDNA was extracted and the targeted region amplified. The first 3 cycles of this PCR contained a forward 
primer with a unique molecular tag (UMI) to track reads from the same original cell. Sequencing was 
performed on a MiSeq. Of note, PCR bias for smaller deletion-holding amplicons was reduced by 
collapsing reads with the same UMI, but the potential remains for higher clustering efficiency of the 
shorter amplicons. 
 
B) The spacers for the deletion in A were placed behind either a U6 or H1 PolIII promoter. 20% of 
sampled haplotypes contained the programmed deletion, but 36% of sampled haplotypes remained 
unedited, implying longer editing time could result in a higher deletion rate. Reads were generated as 
described in A, and aligned as described in Methods and Fig. 3. The per base-pair editing rate summed 
across all sampled haplotypes is charted as a percentage at top, and the top 100 most prevalent haplotypes 
are displayed below it. Red indicates deletions and blue insertions. 
 
C) The spacers for the deletion in A were each placed behind a U6 PolIII promoter, and delivered, 
sampled, and visualized as above. With this expression construct, 10% of sampled haplotypes contained 
the programmed deletion. 
  

Supplementary Figure 1

A

LTR! LTR!U6! H1gRNA 
backbone !

gRNA 
backbone!

spacer!
1!

spacer!
2! LTR! LTR!U6! U6gRNA 

backbone!
gRNA 

backbone!
spacer!

1!
spacer!

2!

B C

795 bp UMI’d amplicon:!

gRNA 1! gRNA 2!

365 bp deletion !
HPRT1 intron 2!



 

 
 
Figure S4: ScanDel scores correlate across two biological replicates.  
 
The ScanDel selection scores for each biological replicate were calculated per base-pair by averaging the 
log10(after/before 6TG) for every programmed deletion that covers that base-pair. Least squares lines and 
points are colored by sequence content category. The stronger correlation for the ‘intronic’ category is 
driven by sequences proximal to the exons as seen in Fig. 3. Red corresponds to exons (Pearson: 0.736); 
green to intragenic regions (Pearson: 0.417); blue to intronic regions (within 2 Kb of an exon, Pearson: 
0.628; deeply intronic, Pearson: -0.0194); and purple is the promoter (1 Kb upstream of the TSS, Pearson: 
0.905). 
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Figure S5: None of the negative control gRNA pairs were positively selected by 6TG in both 
ScanDel replicates.   
 
A) Negative control gRNA pairs targeting random sequences not found in hg19 were given a selection 
score of log10(after/before 6TG). Only gRNA pairs sampled in both replicates are plotted. 
 
B) Additional negative control gRNA pairs were programmed to create 1 and 2 Kb deletions in regions 
not expected to cause 6TG resistance. Selection scores were calculated for each gRNA pair as in A, and 
plotted for gRNA pairs found in both replicates. These region’s coordinates were randomly generated 
from poorly conserved sequence 1 not within 10 Kb of any gene and far from HPRT1 (chr8:23768553-
23771053, chr4:25697737-25700237, chr9:41022164-41024664, chr5:12539119-12541619, 
chr6:23837183-23839683, chr8:11072736-11075236).  
 
C) Table showing counts of positively and negatively selected negative control gRNA pairs across 
experiments. 
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Figure S6: All exons and some exon-proximal non-coding regions score strongly in both the 
ScanDel gRNA pair screen and the individual gRNA screen.  
 
A) ATAC-seq data (green) from the HAP1 cell line displayed for the HPRT1 locus (chrX:133,591,675-
133,637,198, hg19). Bars depict hotspots 2 and beneath is the pile-up representation of ATAC-seq reads. 
 
B) The same ScanDel data is displayed as in Fig. 2C but zoomed-in on the HPRT1 locus. Each base-
pair’s score is the mean of the log10(after/before 6TG) values for all the programmed deletions that cover 
that base-pair. These scores are normalized to the median positive score from the replicate. The average 
of the two replicates’ scores for each base-pair is displayed. 
  
C) The same individual gRNA data is displayed as in Fig. 2D but zoomed in on HPRT1. Each base-pair 
score is the mean of the log10(after/before 6TG) values for all the inferred ~10 bp deletions that remove 
that base-pair. The normalized average of the two replicates’ scores for that base-pair is displayed. 
 
D) The same ScanDel track as in A but with per base-pair scores calculated after excluding any deletions 
programmed to disrupt an exon. 
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Figure S7: To confirm HAP1’s suitability as a model in which to study the ubiquitously expressed 
HPRT1, regions of accessibility were compared across HAP1 and 125 ENCODE cell types. 
 
A) The 206.1 Kb encompassing HPRT1 and its surrounding sequence interrogated by this screen 
(chrX:133,507,694-133,713,798, hg19, UCSC Genes track in blue). 
 
B) Regions of open chromatin in HAP1 cells (green) as profiled by ATAC-seq. 
 
C) Clusters of DNase accessibility peaks across 125 cell lines assayed by the ENCODE project 3. Each 
accessible region is labeled with the number of cell lines in which it is detected. Though there are many 
cell-type specific peaks, the HAP1 open chromatin regions match sites commonly accessible across many 
cell lines. 
  



 
 
Figure S8: None of the negative control random-sequence gRNAs were positively selected in both 
individual gRNA screen replicates. 
 
A) Selection scores across replicates for individual gRNAs that target regions not expected to induce 6TG 
resistance (as described in Fig. S5). Only gRNAs sampled in both replicates are plotted. 
 
B) Table of the negative control gRNAs selected in both, either, or neither biological replicate. 
  



 

 
 
Figure S9: Correlation of the individual gRNA screen scores across two biological replicates.   
 
The individual gRNA scores for each biological replicate were calculated per base-pair and presented as 
mean of log10(after/before 6TG) between replicates. Least squares lines and points are colored by 
sequence content category. Specifically, intronic sequence within 2 Kb of an exon is colored in green 
(Pearson: 0.176); exons are red (Pearson: 0.818); deep intronic is yellow (Pearson: -0.14); intragenic 
sequences are blue (Pearson: 0.070; and promoter sequence (2 Kb upstream of the TSS) is purple 
(Pearson: 0.022). 
  



 
 

 
Figure S10: Region interrogated with ScanDel only partially surveys a 300 Kb topologically 
associated domain (TAD) found in HAP1 cells.  
 
A heatmap of interactions between 5 Kb bins along chrX:132,669,000-134,716,000 (hg19) in HAP1 cells4 
(Juicebox 1.4 5, balanced normalization). RefSeq gene annotations are drawn across the axes, with the 
HPRT1 gene model drawn in red. Blue lines mark its TSS and the 206 Kb surveyed by ScanDel is 
highlighted as a dark blue box. Light blue boxes mark peaks and yellow boxes mark TADs as called by 
Sanborn et al. 
  



Supplementary Tables 

 
Table S1. Read count data and selection scores for the 4 gRNA pairs upstream of exon 1 used for Fig. 
3A-D. Green is positively selected and red is negatively selected. 

 
Table S2. Read count data and selection scores for the 5 gRNA pairs in intron 1 used for Fig. 3E-H. 

 
Table S3. Read count data and selection scores (for both replicates of the individual gRNA screen) for the 
10 individual gRNAs targeting regions upstream of exon 1 and displayed in Fig. 4. 
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Supplementary References 
 
1.  Pollard KS, Hubisz MJ, Rosenbloom KR, Siepel A. Detection of nonneutral substitution rates on 

mammalian phylogenies. Genome Res. 2010;20(1):110-121. doi:10.1101/gr.097857.109. 
2.  John S, Sabo PJ, Thurman RE, et al. Chromatin accessibility pre-determines glucocorticoid 

receptor binding patterns. Nat Genet. 2011;43(3):264-268. doi:10.1038/ng.759. 
3.  Rosenbloom KR, Sloan CA, Malladi VS, et al. ENCODE Data in the UCSC Genome Browser: 

Year 5 update. Nucleic Acids Res. 2013;41(D1):56-63. doi:10.1093/nar/gks1172. 
4.  Sanborn AL, Rao SSP, Huang S-C, et al. Chromatin extrusion explains key features of loop and 

domain formation in wild-type and engineered genomes. Proc Natl Acad Sci. 
2015;112(47):201518552. doi:10.1073/pnas.1518552112. 

5.  Durand NC, Robinson JT, Shamim MS, et al. Juicebox Provides a Visualization System for Hi-C 
Contact Maps with Unlimited Zoom. Cell Syst. 2016;3(1):99-101. doi:10.1016/j.cels.2015.07.012. 

 


