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Supplementary Fig. 1. Cas9 cleavage of dsDNA targets directed by chemically modified sgRNAs in
vitro. Cas9 cleavage of dsDNA targets directed by chemically modified sgRNAs in vitro. Bars indicate
percent yield of cleavage products of target DNA fragments (see Supplementary Fig. 2) treated with Cas9

protein and sgRNA. Average values + s.e.m. for three independent syntheses of each sgRNA are shown.
Nature Biotechnology: doi:10.1038/nbt.3290
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Supplementary Fig. 2. Cas9 cleavage of dsDNA targets directed by chemically modified sgRNAS in
vitro. Cleavage products from biochemical cleavage of dsDNA targets were assayed on DNA 7500
LabChips on a Bioanalyzer 2200. Representative gels are shown for each target, and additional replicates
are included in the results plotted in Supplementary Fig. 1.

Sample numbers:

L. Ladder

1. Unmodified sgRNA + target DNA (mock-treated minus Cas9)
2. Target DNA + Cas9 protein (mock-treated minus sgRNA)

3. Unmodified sgRNA + target DNA + Cas9 protein

4. M sgRNA + target DNA + Cas9 protein

5. MS sgRNA + target DNA + Cas9 protein

6. MSP sgRNA + target DNA + Cas9 protein
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Supplementary Fig. 3. Specificity of targeted cleavage mediated by synthetic sgRNAs. Target specificity
was assessed as in Fig. 1e using lllumina deep sequencing, but with the samples from Fig. 1c nucleofected
with 1 ug sgRNA. Indel frequencies were measured by deep sequencing of PCR amplicons from the three
bioinformatically predicted off-target loci for each sgRNA. Bars represent average values + s.e.m., n=3. See
also Supplementary Table 2 for a table with the indel percentages.
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Supplementary Fig. 4. Titration of the MSP sgRNA targeting IL2RG and Cas9 mRNA in K562 cells.
Measured indel frequencies are averages of three replicates and values are indicated in a heat map. S.e.m.
of replicates (n=3) is not indicated for clarity, but all are less than 4% of the measured values shown. Indel
frequencies were measured by TIDE analysis of PCR amplicons spanning the sgRNA target site and using a
mock-treated sample as a reference control.
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Supplementary Fig. 5. Schematic experimental outline of staggered delivery of sgRNA and Cas9
MRNA. Schematic overview of the experiment yielding data for Fig. 1g. K562 cells were nucleofected at the
indicated time points with Cas9 mRNA and/or sgRNAs targeting IL2ZRG. Genomic DNA was extracted 72 hrs
after nucleofection of the last component, and indel frequencies were measured by TIDE using a mock-
treated sample as a reference control.
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Supplementary Fig. 6. Comparing Cas9 protein from different vendors. Three days after 1
million K562 cells were nucleofected with 15 pg Cas9 protein pre-complexed with a 2.5 molar
excess of unmodified sgRNA, genomic DNA was extracted and indel rates were measured by
TIDE using a mock-treated sample as a reference control. Bars represent averages + s.e.m.,

n=3. Nature Biotechology: doi:10.1038/nbt.3290
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Supplementary Fig. 7. Specificity of targeted cleavage mediated by synthetic IL2ZRG sgRNAs and Cas9
plasmid, mRNA, or protein. Target specificity was assessed as in Fig. 1e and Supplementary Fig. 3 using
lllumina deep sequencing and displayed on a linear scale (left panel) and logarithmic scale (right panel). 1 million
K562 cells were nucleofected with (i) 2 ug Cas9 plasmid + 20 pg sgRNA, (ii) 15 pg Cas9 mRNA + 10 pug sgRNA,
or (iii) 15 pg Cas9 protein pre-complexed with 7.6 pg sgRNA (protein:sgRNA molar ratio = 1:2.5). Cas9 plasmid
results are the same as shown in Fig. 1e. Bars represent average indel frequencies + s.e.m., n=3.
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Supplementary Fig. 8. High RNA nucleofection efficiencies in primary human T cells. Stimulated T
cells from three different donors were nucleofected with GFP mRNA three days after stimulation.

Expression of GFP was measured three days after nucleofection by flow cytometry. GFP expression in
nucleofected cells (blue) is shown relative to mock-transfected cells (black).
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Supplementary Fig. 9. Increasing CCR5 sgRNA and Cas9 mRNA amounts in T cell nucleofections
yield similar indel frequencies. Stimulated T cells were nucleofected with the indicated amounts of the
MSP CCR5 sgRNA and Cas9 mRNA. Indel frequencies were measured by TIDE analysis of PCR amplicons
spanning the sgRNA target site and using a mock-treated sample as a reference control. Average indel
frequencies are shown for three different T cell donors + s.e.m., n=6.
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Supplementary Fig. 10. Similar indel frequencies in CD4+, CD8+, and total T cell populations, and
stable indel frequencies over time. (a) Stimulated T cells were nucleofected with CCR5 MSP sgRNA
and Cas9 mRNA and subsequently sorted into CD4* and CD8* subpopulations. Indel frequencies were
measured by TIDE and compared to indel frequencies in the bulk population. Bars represent average
indel frequencies for one T cell donor + s.e.m., n=8. (b) Stimulated T cells were nucleofected with the
CCR5 MSP sgRNA and Cas9 mRNA. gDNA was extracted from a subset of cells at the indicated time
points, and indel frequencies were measured by TIDE analysis of PCR amplicons spanning the sgRNA
target site and using a mock-treated sample as reference control. Average indel frequencies are shown
for three different T cells donors +/- s.e.m., n=6.
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Supplementary Fig. 11. Lower frequencies of cell death in T cells nucleofected with synthetic sgRNAs
and Cas9 mRNA compared to Cas9 plasmid. 1 million stimulated T cells were nucleofected with 10 pg of
the indicated synthetic sgRNA and either 15 pg Cas9 mRNA or 1 pug Cas9-encoding plasmid. 1 pg plasmid
encoding both the CCR5 sgRNA and Cas9 protein was included for comparison (sgRNA plasmid). Three
days after nucleofection, cells were stained with the LIVE/DEAD cell staining. Bars represent average
percentages of dead cells for three different T cell donors + s.e.m., n=6.
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Supplementary Fig. 12. Proliferation assay following nucleofection of synthetic sgRNAs into T cells.
Stimulated T cells from two different donors were nucleofected on Day 0, and cell proliferation was monitored
using the CellTiter Glo assay. S.e.m. of replicates are not indicated for clarity, but all are less than 15% of the
indicated values. Nature Biotechnology: doi:10.1038/nbt.3290
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Supplementary Fig. 13. CCR5 disruption in
unstimulated T cells. Unstimulated human T cells
from three different donors were nucleofected
on the day of isolation with the MS sgRNA and
Cas9 mMRNA. gDNA was extracted three days
after nucleofection and indel frequencies were
measured by TIDE using a mock-treated sample as a
reference control. Bars represent average + s.e.m.,
n=2.

Nature Biotechnology: doi:10.1038/nbt.3290
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Supplementary Fig. 14. Indel frequencies in mobilized PB CD34* HSPCs for IL2RG and
HBB. Three days after nucleofection of CD34* HSPCs, genomic DNA was extracted and indel
frequencies were measured by the T7 assay. One representative gel of three biological
replicates for each of IL2ZRG and HBB is shown.
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» sgRNA sgRNA «
CCR5 locus l l

| 205bp |

! 2101bp !

z CD34" HSPCs

M5 | MSP_| M5 | MSP_
181 186 222 216

Total cloned PCR fragments analyzed

% allele modification + s.e.m. 73.9 (+2.8) 93.1(+x1.1) 37.8 (z0.5) 43.0 (+4.3)
% WT alleles + s.e.m. 26.1 (+28) 6.9 (x1.1) 62.2 (x0.5) 57.0 (x4.3)
% alleles with deletion between the cut sites *+ s.e.m. 53.4 (zx42) 69.7 (x2.1) 21.1 (x1.8) 23.1 (3.1

% alleles with inverted sequence between the cut sites + s.e.m. 5.3 (x2.2) 9.6 (+2.0) 5.9 (+2.6) 6.9 (+2.1)

% indel at both sites + s.e.m. 12.7 (+2.4) 12.6 (x1.6) 3.6 (+1.2) 7.9 (+1.9)
% indel at right site only + s.e.m. 2.4 (+1.7) 1.1 (+0.6) 3.6 (x0.9) 2.3 (+1.2)
% indel at left site only £ s.e.m. 0 0 3.6 (+0.5) 2.8 (+0.8)

Supplementary Fig. 15. High CCR5 gene modification frequencies in primary human T cells and
CD34* HSPCs using two sgRNAs. Stimulated T cells from three different donors and PB mobilized CD34*
HSPCs were nucleofected in triplicate with both the ‘D’ and ‘Q’ sgRNA together with Cas9 mRNA. gDNA
was extracted three days after nucleofection and the modified region of CCR5 was PCR-amplified using a
pair of primers generating a 2.1kb amplicon for non-modified alleles (panel A). PCR amplicons were
subcloned into a plasmid for transformation, and individual colonies representing individual alleles were
sequenced, referenced against the expected genomic sequence, and categorized according to the allelic
genotype (panel B).



Supplementary Table 1 Overview of all sgRNAs used in the present study. sgRNA sequences as well as calculated and
observed molecular weights are indicated. Nucleotides with 2’-O-methyl modifications are underlined. Modifications

in the phosphate backbone are indicated with @ (MS) and ¢ (MSP).

AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCU¢USU U

Mass Calc. | Mass Obs.

Name Sequence

(Da) (Da)

58 unmodified sefna.[CUUGCCCCACAGGGCAGUAAGUUUUAGAGCUAGAAAUAGCAAGUUAAAAU- 218742 | 318784

& AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUU ' '
CUUGCCCCACAGGGCAGUAAGUUUUAGAGCUAGAAAUAGCAAGUUAAAAU-

HBB M sgRNA = 3227154 | 3227135
AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUU

I CoUeUsGCCCCACAGGGCAGUAAGUUUUAGAGCUAGARAUAGCAAGUUARAAY- | - |

e AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUsUsUeU ' '
C#U ¢ U®GCCCCACAGGGCAGUAAGUUUUAGAGCUAGAAAUAGCAAGUUAAAAU-

HBB MSP sgRNA Rl 32619.93 | 32619.39
AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCU $USU U

L2RG unmodified sernia |UCCUAAUGAUGGCUUCAACAGUUUUAGAGCUAGAAAUAGCAAGUUAAAAU- 1721440 | 3221437

B AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUU ' '
UGGUAAUGAUGGCUUCAACAGUUUUAGAGCUAGAAAUAGCAAGUUAAAAU-

L2RG M sgRNA AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUU 32298.52 | 32297.01
UeGeGeUAAUGAUGGCUUCAACAGUUUUAGAGCUAGAAAUAGCAAGUUAAAAU-

IL2RG MS sgRNA e 323944 | 3239543
AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUsUsUeU
U#G#G#UAAUGAUGGCUUCAACAGUUUUAGAGCUAGAAAUAGCAAGUUAAAAU-

IL2RG MSP sgRNA 32646.91 | 32645.39
AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCU $USU U

CR5 unrodified seRNa.[COCAGCAUAGUGAGCCCAGAGUUUUAGAGCUAGAAAUAGCAAGUUAAAAU- 1725051 | 3228907

BRI AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUU ' '
[— GGCAGCAUAGUGAGCCCAGAGUUUUAGAGCUAGAAAUAGCAAGUUAAAAU- sr37acs | 323753
= AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUU ' '
GeGeCeAGCAUAGUGAGCCCAGAGUUUUAGAGCUAGAAAUAGCAAGUUAAAAU-

CCR5 MS sgRNA e 3247051 | 32469.92
AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUsUsUeU
(G#G ¢ C#AGCAUAGUGAGCCCAGAGUUUUAGAGCUAGAAAUAGCAAGUUAAAAU-

CCR5 MSP sgRNA 32723.02 | 32721.96
AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCU $USU U
UeCeAeCUAUGCUGCCGCCCAGUGUUUUAGAGCUAGAAAUAGCAAGUUAAAAU-

CCR5 ‘D’ MS sgRNA e 32,281.32 | 32,282.52

= AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUsUsUeU
U#C#A#CUAUGCUGCCGCCCAGUGUUUUAGAGCUAGAAAUAGCAAGUUAAAAU-

CCR5 ‘D' MSPsgRNA [~ = = 32,533.83 | 32,533.55
AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCU $USU U
GeCeUeGUGUUUGCGUCUCUCCCGUUUUAGAGCUAGAAAUAGCAAGUUAAAAU-

CCR5‘Q’ MSsgRNA ~ [o==* 32,252.22 | 32,253.21
AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUsUsUeU
(G#C#U#GUGUUUGCGUCUCUCCCGUUUUAGAGCUAGAAAUAGCAAGUUAAAAU-

CCR5 ‘Q MSP sgRNA 32,504.73 | 32,504.63




Supplementary Table 2

Tables showing the numbers on which Figs. 1c, 1e, and Supplementary Fig. 3 are based. Specificity of targeted
cleavage mediated by synthetic sgRNAs as performed in Fig. 1c with 2 pug Cas9 plasmid and either 1 pg sgRNA
(upper panel) or 20 pg sgRNA (lower panel). Indel frequencies were measured by deep sequencing of PCR amplicons
from the targeted genomic loci and three bioinformatically predicted off-target loci for each gene. Average values
are shown +/- s.e.m., n=3.

2 pug Cas9 plasmid and 1 pg sgRNA

MOCK UNMODIFIED M MS MSP

IL2RG | On-target 0.16 £0.03 2.43 +0.23 13.47 £+0.54 68 +£1.06 75.73 £1.30
Off-target 1 0.00 0.00 0.00 0.00 0.00
Off-target 2 0.00 0.00 0.10 £0.00 1.00 +0.10 0.37 +0.03
Off-target 3 0.00 0.00 0.00 0.00 0.00

HBB On-target 0.15 +0.05 1.3 +0.08 12.4+0.28  48.17+0.39 38.68 +0.85
Off-target1  0.01+0.01 0.84 £0.07 7.01+0.36  27.31+0.60 9.51+0.25
Off-target 2 0.00 0.00 0.01 +0.00 0.00 0.00
Off-target 3 0.00 0.00 0.00 0.00 0.00

CCR5 | On-target 0.02 £0.01 4.26 £0.18 3.41+0.23 24.6+1.25  22.78+1.76
Off-target1  0.01 +0.00 0.01 +0.00 0.01 +0.00 0.01 +0.00 0.02 +0.00
Off-target2  0.01 +0.01 0.01 £0.00 0.01 £0.00 0.08 +0.03 0.54 +0.10
Off-target3  0.01 +0.00 0.01 +0.00 0.01 +0.00 0.01 +0.00 0.01 +0.00

2 pg Cas9 plasmid and 20 pg sgRNA
UNMODIFIED M MsS MSP sgRNA PLASMID

IL2RG | On-target 23.4+1.8 48.13 +0.4 75.315.1 83.27 +0.7 70.53 +0.01
Off-target 1 0.00 0.03+0.03  0.13 £0.03 0.00 0.00
Off-target 2 0.13 £0.03 1.20+0.06  7.83 +0.58 2.77 £0.24 0.07 £0.00
Off-target 3 0.00 0.10+0.00  0.300.00 0.10 +0.00 0.17 +0.00

HBB On-target 19.42 +0.27 40.99+1.4 65.91+0.62 60.7110.25 31.11 +0.04
Off-target 1 9.2 +0.38 33.56+2.3  55.1+0.97 19.08 +0.49 25.44 +0.04
Off-target 2 0.00 0.00 0.00 0.00 0.00
Off-target 3 0.00 0.00 0.00 0.00 0.00

CCR5 | On-target 11.04 £2.5 14.87 2.1 56.3 £3.3 52.19+4.5 45.86 +0.03
Off-target 1 0.02 +0.01 0.01+0.00  0.01£0.00 0.01 +0.00 0.01 +0.00
Off-target 2 0.01 £0.00 0.02+0.00 1.7510.18 5.32 +0.68 0.02 +0.00
Off-target 3 0.01 +0.00 0.01+0.00 0.02 £0.01 0.02 +0.00 0.01 +0.00




Supplementary Table 3 List of on- and off-target loci interrogated by deep sequencing of PCR amplicons. For the
CCR5, HBB, and IL2RG-targeting CRISPR experiments, the intended genomic target sequence (‘ON’) and three com-
putationally predicted OFF-target sequences (‘OFF1-3’) are presented with their genomic location (human genome
build assembly hg38). Chosen off-target sequences were predicted top-scorers by both the COSMID? and Opti-
mized CRISPR Design? webtools (MIT design), except HBB-OFF3 which was only predicted to have significant activity
by COSMID. Predicted target activity increases with increasing COSMID score values and decreasing ‘MIT design’
score values. The PAM sites and mismatches in off-target sequences are indicated by red colored and bolded text,
respectively.

Target score
COSMID! | MIT design?

Target ID | Target site sequence (5= 3’) Genomic location Strand

CCR5 targeting guide RNA
Chr3:46373153-

ON GGCAGCATAGTGAGCCCAGAAGG 46373175 - 0 56
OFF1 ATCATCATAGTGAGCCCAGAGAG (1::213: ;810658_ + 0.44 2.4
OFF2 ACCAGCAGAGTGAGCCCAGAGGG (3:;21?97?4369- + 0.52 2.6
OFF3 AGGAGCAGAGTGAGCCCAGAGAG (9:;2259:272:69456_ + 0.54 2.6

HBB targeting guide RNA
Chr11:5226968-

ON CTTGCCCCACAGGGCAGTAACGG 5226990 + 0 65
OFF1 TCAGCCCCACAGGGCAGTAAGGG 581?3:;;;523584_ + 0.4 2.3
OFF2 CCTCTCCCACAGGGCAGTAAAGG ggg]é;f f g 28098- - 0.49 2.4
OFF3 TTTTCCCCAAAGGGCAGTAATAG ig;ﬁéégfg 65988- + 0.79 N/A

IL2RG targeting guide RNA
ChrX:71111519-

ON TGGTAATGATGGCTTCAACATGG 71111541 + 0 49
Chr7:151485304-
OFF1 TGGGAAGGATGGCTTCAACACAG 151485326 - 0.4 3.9
Chr1:167730172-
OFF2 TGGTGAGGATGGCTTCAACACGG 167730194 - 0.42 3.7
OFF3 TGGTAATGATGACTTCAACATAG Chr3:72764801- - 0.8 49.2

72764823




Supplementary Table 4 List of oligonucleotide primers used for generation of on- and off-target amplicons to quan-
tify indel rates by deep sequencing. The gene-specific hybridization sequences of the gene-specific amplicon primers
and barcodes of the illumina barcoding primers are indicated with underlined and bolded text, respectively.

Primer name

\ Primer sequence (5’ 3’)

Gene-specific amplicon primers

CCR5_ON-fwd

CGACAGGTTCAGAGTTCTACAGTCCGACGATCCAAACACAGCATGGACGACA

CCR5_ON-rev

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTGGCTGAAGAGCATGACTGACA

CCR5_OFF1-fwd

CGACAGGTTCAGAGTTCTACAGTCCGACGATCGGGGAAGCAGTCTGGACTTAGA

CCR5_OFF1-rev

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTCCTGCCATTAAATCCACCAAA

CCR5_OFF2-fwd

CGACAGGTTCAGAGTTCTACAGTCCGACGATCAGCGAGTCGAGTTCAGGTG

CCR5_OFF2-rev

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTGGCTACCTACCCCAGGTTCT

CCR5_OFF3-fwd

CGACAGGTTCAGAGTTCTACAGTCCGACGATCTCTCACCAACACTGCCGAAT

CCR5_OFF3-rev

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTTGGCATATAGTGCTCCCCACT

HBB_ON-fwd

CGACAGGTTCAGAGTTCTACAGTCCGACGATCTCTGTCTCCACATGCCCAGT

HBB_ON-rev

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTCAGGGCAGAGCCATCTATTG

HBB_OFF1-fwd

CGACAGGTTCAGAGTTCTACAGTCCGACGATCTCCCGTTCTCCACCCAATAG

HBB_OFF1-rev

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTGATTTCCAGGCTATGCTTCCA

HBB_OFF2-fwd

CGACAGGTTCAGAGTTCTACAGTCCGACGATCGTTGGCAGGGAGACTTACCA

HBB_OFF2-rev

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTCCCATGGTACGACTGTTCTCA

HBB_OFF3-fwd

CGACAGGTTCAGAGTTCTACAGTCCGACGATCTGGGGCCTTCAAGTGTTCTT

HBB_OFF3-rev

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTGTGTGCTCCTATGCCTGGTT

IL2RG_ON-fwd

CGACAGGTTCAGAGTTCTACAGTCCGACGATCCATTGGGCGTCAGAATTGTC

IL2RG_ON-rev

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTAGGTTCTTTCCACCGGAAGC

IL2RG_OFF1-fwd

CGACAGGTTCAGAGTTCTACAGTCCGACGATCTCCGGAAGTTATTCAAGTCTGA

IL2RG_OFF1-rev

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTGTCTGGCATCAGAGCACAAA

IL2RG_OFF2-fwd

CGACAGGTTCAGAGTTCTACAGTCCGACGATCCCTGGGCCATATCAAGAGAC

IL2RG_OFF2-rev

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTICTTTGGGGTGATGTTTGTG

IL2RG_OFF3-fwd

CGACAGGTTCAGAGTTCTACAGTCCGACGATCCACAACAGTTGACCCAGGAA

IL2RG_OFF3-rev

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTCCCAACCCAGGTCTCTGAAC

Illumina barcoding primers

AATGATACGGCGACCACCGAGATCTACACTAGAGCTCCGACAGGTTCAGAGTTC-

PS-BCAfWA | 1) CAGTCCGACGATC
bo.8C Bfwd | AATGATACGGCGACCACCGAGATCTACACTCATAGCGCGACAGGTTCAGAGTTC-
- TACAGTCCGACGATC
bc.8C Cfwd | AATGATACGGCGACCACCGAGATCTACACGTAGCACTCGACAGGTTCAGAGTTC-
- TACAGTCCGACGATC
o5.8C Dofwd | AATGATACGGCGACCACCGAGATCTACACGCTCATAGCGACAGGTTCAGAGTTC-
- TACAGTCCGACGATC
oc.8C Efwg | AATGATACGGCGACCACCGAGATCTACACATGCATCGCGACAGGTTCAGAGTTC-
- TACAGTCCGACGATC
bo.8C Ffwd | AATGATACGGCGACCACCGAGATCTACACAGTCGATCCGACAGGTTCAGAGTTC-
- TACAGTCCGACGATC
p5.80.G fwd | AATGATACGGCGACCACCGAGATCTACACCACTGTGACGACAGGTTCAGAGTTC-
- TACAGTCCGACGATC
b5.8C.H fwd | AATGATACGGCGACCACCGAGATCTACACCGAGTATCCGACAGGTTCAGAGTTC-
- TACAGTCCGACGATC
57.8C.A rey | CAAGCAGAAGACGGCATACGAGATTAGAGCTCGTGACTGGAGTTCAGAC-

GTGTGCTCTTCCGATCT




CAAGCAGAAGACGGCATACGAGATTCATAGCGGTGACTGGAGTTCAGAC-

P7-BC_Brev GTGTGCTCTTCCGATCT
P7-BC C rev CAAGCAGAAGACGGCATACGAGATGTAGCACTGTGACTGGAGTTCAGAC-
- GTGTGCTCTTCCGATCT
P7-BC D rev CAAGCAGAAGACGGCATACGAGATGCTCATAGGTGACTGGAGTTCAGAC-
- GTGTGCTCTTCCGATCT
P7-BC E rev CAAGCAGAAGACGGCATACGAGATATGCATCGGTGACTGGAGTTCAGAC-
- GTGTGCTCTTCCGATCT
P7-BC F rev CAAGCAGAAGACGGCATACGAGATAGTCGATCGTGACTGGAGTTCAGAC-
-~ GTGTGCTCTTCCGATCT
P7-BC-G rev CAAGCAGAAGACGGCATACGAGATCACTGTGAGTGACTGGAGTTCAGAC-
- GTGTGCTCTTCCGATCT
P7-BC-H rev CAAGCAGAAGACGGCATACGAGATCGAGTATCGTGACTGGAGTTCAGAC-

GTGTGCTCTTCCGATCT




Supplementary Table 5 List of CCR5, HBB, and IL2RG on- and off-target amplicons generated for deep sequencing
analysis of indel rates. Amplicon sizes (of unedited genomic DNA) range from 183-220 bp, with a minimum of 50 bp
from the target site to the hybridization sequence of the gene-specific primer. The hybridization sequences used for
amplicon generation from genomic DNA and putative CRISPR-target sites are indicated in underlined and bolded text,
respectively.

Target ID Target amplicon sequence (5’ 3’)

CCR5 targeting guide RNA
CAAACACAGCATGGACGACAGCCAGGTACCTATCGATTGTCAGGAGGATGATGAAGAA-
GATTCCAGAGAAGAAGCCTATAAAATAGAGCCCTGTCAAGAGTTGACACATT-
GTATTTCCAAAGTCCCACTGGGCGGCAGCATAGTGAGCCCAGAAGGGGACAGTAA-
GAAGGAAAAACAGGTCAGAGATGGCCAGGTTGAGCAGGTAGATGTCAGTCATGCTCTTCAGCC
GGGGAAGCAGTCTGGACTTAGAAAGGAAATAGGTGGTCTGTCATAGGGGCTTTCATT-
AGAGTTAAACTTCATAGAGTCAACTGTTTCATCATCATAGTGAGCCCAGAGAGCCAC-
TGCCCAGCAGCATGCTCACACCACCTACCCTAGTGTAGGTAATAGGTCTACGCTAG-
GACCCCGTGCTGGGCTCTCAGCCCATCATGAGATTITTGGTGGATTTAATGGCAGG
AGCGAGTCGAGTTCAGGTGGGAGCAGAGGGCGCCCACCAGCAGAGCGAGTCGAG-
TCCAGGCGGGAGCAGAGGGCGCACACCAGCAGAGTGAGCCCAGAGGGTTTAAA-
GAAGGGGCGGTCTCTACGGTATGGGTAGAGTCAGGGGAACTAGGAAAGGACAGAGCAGAAC-
CTGGGGTAGGTAGCC
TCTCACCAACACTGCCGAATGTCATCTCTTCTCATCTTTATCTCTATTCTTT-
GCTTCCTGTCTTCAGGGCTCTTCCCTTGGCATTCACCAGGAGCAGAGTGAGCCCAGA-
GAGCTGAGTGGTATCCCTTCTTCTTGGGTCCCTGAGCCCTGACCTGGAGCAATGCTGTGAGA-
CAGCAGGAAAGGAGGGGAGTGTGGAGTGGGGAGCACTATATGCCA

HBB targeting guide RNA
TCTGTCTCCACATGCCCAGTTTCTATTGGTCTCCTTAAACCTGTCTTGTAACCTTGATAC-
CAACCTGCCCAGGGCCTCACCACCAACTTCATCCACGTTCACCTTGCCCCACAGGGCAG-
TAACGGCAGACTTCTCCTCAGGAGTCAGATGCACCATGGTGTCTGTTTGAGGTTGCTAG-
TGAACACAGTTGTGTCAGAAGCAAATGTAAGCAATAGATGGCTCTGCCCTG
TCCCGTTCTCCACCCAATAGCTATGGAAAGGGGAAGATCCCAGAGAACTTGGA-
TAGGAAAGGTGAAGTCAGAGCAGTGCTTCAGCCCCACAGGGCAGTAAGGG-
CAGCCTTCCTCTAAATACCAGATTCCCAAATCTGGCTGTGCTTTCAATTTGGGAGTT-
GGACATACTGCTAAACTATAATTTCTTAGGCCGTACCTAAAATATATTATGGAA-
GTTGGCAGGGAGACTTACCAGCTTCCCGTATCTCCCTCCACATGGAGGCAGGACAC-
GCTCTGGCCTTGCCCACCCTCCCACTAGCCTCTCCCACAGGGCAGTAAAGGTGAGTCTGGGA-
GAAAGAACCGGTCAGACTTAGTTCAGCTCCACCCTTTCCTCCTGGGAGTGAG-
TCTTTCCAAGACAGAGCATGTTTTTTTCTACCCCTCAGTGAGAACAGTCGTACCATGGG
TGGGGCCTTCAAGTGTTCTTCCCAAGAGTCAGAGTGAACCAGAACCAAGAACCATGTT-
GAGTTGCCCAGATGTAACCAGGCCTACAGGTACCTGGGAGAAACACGTG-
TACATTTTCCCCAAAGGGCAGTAATAGCATCCTAGGCTTCAAAACATTCATAGAAAC-
CATTTTTCAAATGCAAAGTCCAACACAGTTAGAAATAACCAGGCATAGGAGCACAC

IL2RG targeting guide RNA
CATTGGGCGTCAGAATTGTCGTGTTCAGCCCCACTCCCAGCAGGGGCAGCTGCAGGAA-
TAAGAGGGATGTGAATGGTAATGATGGCTTCAACATGGCGCTTGCTCTTCATTCCCTGGGTG-
TAGTCTGTCTGTGTCAGGAACCTGGGTCCCTCACCCACTACCCCTCCCCACCCACAC-
GTTTCCTCTGTCATAGCTTCCGGTGGAAAGAACCT
TCCGGAAGTTATTCAAGTCTGATTTTCTTTCCTCCCTTGTCAGGGAAAAGAAGTT-
GTGACAAATTGCTTGGATCCTTAAGCTTAAGTGG-
GAAGGATGGCTTCAACACAGAACATCTGTTTCATTGCTGTTTTATCCGTCAG-
TAAAACTGTTACTTCTTTTATGTACTAAAAGTTCTTAGCACTTAACTAATATTAGCTCTTT-

ON

OFF1

OFF2

OFF3

ON

OFF1

OFF2

OFF3

ON

OFF1




CCTGGGCCATATCAAGAGACTCTGCCTCAAAAAAGAAAAGAAAGAAAGAAAAA-
GAAAAAAAAAAGAACATCATTAAAAATCCCTGAGGAGCATTTAGAGTATTGGGTGG-

OFF2 CACAAACAGATTCTGCATGATTGGTGAGGATGGCTTCAACACGG-
CAGCTTTATTCCTCTTTAACAGAGTCAGCAGCATCAAGGCATGAGGGATCTT-
CACAACAGTTGACCCAGGAACAGGGGGAACCTCCCACCATTCCCATCCCACTGTTT-

OFF3 GATCAGATCCAAGAATCCACAATATTGAGAGTGAATGAAAAGTGTCAGCTGG-

TAATGATGACTTCAACATAGTCAGAACTCTTTGGGGTGTTCCAAACATCATGGTGCAT-
ATGTATTACCTGGGAGTCTTGTTAAAAAGACTCCTGTTCAGAGACCTGGGTTGGG
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Supplementary Note 1

IL2RG targeting vector sequence

ctaaattgtaagcgttaatattttgttaaaattcgcgttaaatttttgttaaatcagctcattttttaaccaataggccgaaatcggcaaaatcccttataaatcaaaagaatagaccg
agatagggttgagtgttgttccagtttggaacaagagtccactattaaagaacgtggactccaacgtcaaagggcgaaaaaccgtctatcagggcgatggecccactacgtgaaccatca
ccctaatcaagttttttggggtcgaggtgccgtaaagcactaaatcggaaccctaaagggagecccccgatttagagecttgacggggaaageccggecgaacgtggcgagaaaggaagggaa
gaaagcgaaaggagcgggcgctagggcgctggcaagtgtagecggtcacgctgegegtaaccaccacacccgecgegettaatgegeecgetacagggegegteccattegecattcagge
tgcgcaactgttgggaagggcgatcggtgecgggectettegetattacgeccagetggcgaaagggggatgtgectgecaaggecgattaagttgggtaacgecagggtttteccagtcacga
cgttgtaaaacgacggccagtgagcgcgecgtaatacgactcactatagggcgaattgggtacctaactataacggtcctaaggtagegattaattaatgggagaaacaccacagaagcea
gagtgggttatattctctgggtgagagagggggagaaattgaagectgattctgaggtttcaagtectgggtgactgagagggtgacgataccattgactgaggtggggaaggcaggaaga
gaagcagagttgggggaagatgggaagcttgaagctagtattgttgttectccatttctagaatatttttgtattataagtcacacttectegecagtectcaacagggacccagetcag
gcagcagctaagggtgggtattctggtttggattagatcagaggaaagacagctgtatatgtgcccacaggagccaagacggtattttccatcctcccaaaacagtagagectttgacag
agatttaagggtgaccaagtcaaggaagaggcatggcatagaacggtgatgtcgggggtgggggttcagaacttccattatagaaggtaatgatttagaggagaaggtggttgagaatg
gtgctagtggtagtgaacagatccttcccaggatctaggtgggctgaggatttttgagtctgtgacactattgtatatccagetttagtttectgtttaccaccttacagcagcacctaa
tctcctagaggacttagecccgtgtcacacagcacatatttgccacaccctectgtaaagececctggtttataaggttcttteccaccggaagectatgacagaggaaacgtgtgggtggggag
gggtagtgggtgagggacccaggttcctgacacagacagactacacccagggaatgaagagcaagcgcctctagaattaccctgttatcectaaggtaagta gttacaagacag
gtttaaggaggccaatagaaactgggcttgtcgagacagagaagattcttgegtttetgataggcacctattggtettactgacatccactttgectttecteteccacaggggtacecgaa
gccgctagegcetaccggtcgecaccatgeccgecatgaagatcgagtgecgecatcaceggecaccetgaacggegtggagttcgagetggtgggeggeggagagggecaccecccgagcagg
gccgcatgaccaacaagatgaagagcaccaaaggcgecctgaccttecagecectacctgetgagecacgtgatgggetacggettetaccactteggecacctacceccageggetacgag
aaccccttectgcacgecatcaacaacggeggctacaccaacacccgecatcgagaagtacgaggacggeggegtgetgecacgtgagettecagetaccgetacgaggecggecgegtgat

cggcgacttcaaggtggtgggcaccggcttcecccgaggacagegtgatcttcaccgacaagatcatccgcagcaacgeccaccgtggagcacctgcaccccatgggegataacgtgetgg
tgggcagcttcgcccgcaccttcagectgecgegacggecggectactacagettegtggtggacageccacatgecacttcaagagegecatccacceccagecatecectgecagaacgggggecce
atgttcgccttcecgeccgegtggaggagectgcacagcaacaccgagectgggcatcgtggagtaccagcacgecttcaagaccececategecttecgecagatctecgagetecgatgactecga
gggcgcgccccgctgatcagectcgactgtgecttctagttgeccagecatectgttgtttgecectececccegtgecttecttgaccctggaaggtgecacteccecactgtectttectaat
aaaatgaggaaattgcatcgcattgtctgagtaggtgtcattctattctggggggtggggtggggcaggacagcaagggggaggattgggaagacaatagcaggcatgectggggatgeg
gtgggctctatggcttctgaggcggaaagaacgtttaaacactagtgaagagcaagcgecatgttgaagecatcattaccattecacatcectettattecectgecagetgeccetgetggg
agtggggctgaacacgacaattctgacgecccaatgggaatgaagacaccacagetggtgggaaatctgggactggagggggetggtgagaagggtggectgtgggaaggggecgtacaga
gatctggtgcctgccactggecattacaatcatgtgggcagaattgaaaagtggagtgggaagggcaagggggagggtteectgectecacgetacttettetttetttettgtttgttt
gtttctttetttettttgaggcagggtectcactatgttgectaggetggtectcaaactectggectetagtgatectectgectcagectttcaaagecaccaggattacagacatgage
caccgtgcttggcctcecctecttctgaccatcatttctctttcecctececctgecttcattttectecccaatctagatttcttectgaccactatgeccactgactcecctcagtgtttccac
tctgccccteccagaggttcagtgttttgtgttcaatgtcgagtacatgaattgcacttggaacagcagctctgageccccagectaccaacctcactectgecattattggtatgagaagg
gacgagggggaggggatgaagaagaggtgggttggatcagagaccaagagagagggtagcaagtctcccaggtaccccactgttttectecctggggtaagtcataagtecggtgecattte
attacctctttctccgcacccgacatagatgagctccagettttgtteectttagtgagggttaattgegegettggegtaatcatggtcatagetgtttectgtgtgaaattgttate
cgctcacaattccacacaacatacgagccggaagcataaagtgtaaagectggggtgectaatgagtgagectaactcacattaattgegttgegetcactgeccgetttecagteggga
aacctgtcgtgccagctgcattaatgaatcggccaacgecgeggggagaggecggtttgegtattgggegetettecegettectegetecactgactegetgegeteggtegtteggetgeg
gcgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggcecg
cgttgctggecgtttttccataggctccgecececctgacgagcatcacaaaaatcgacgectcaagtcagaggtggecgaaacccgacaggactataaagataccaggegtttececcectgga
agctcecctegtgegetcectecectgtteccgaccctgeecgettacecggatacctgtecgectttetececcttegggaagegtggegetttectecatagetcacgetgtaggtatectcagtteggt
gtaggtcgttcgctccaagectgggetgtgtgcacgaaccccccgttcageccgacegetgegecttateceggtaactategtecttgagtccaaccecggtaagacacgacttategecac
tggcagcagccactggtaacaggattagcagagcgaggtatgtaggecggtgectacagagttcttgaagtggtggectaactacggectacactagaaggacagtatttggtatctgeget
ctgctgaagccagttaccttcggaaaaagagttggtagectcttgatccggcaaacaaaccaccgectggtageggtggtttttttgtttgcaagecagcagattacgegcagaaaaaaagg
atctcaagaagatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatecttttaa
attaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagegatctgtctatttecgttcatccata
gttgcctgactccecegtegtgtagataactacgatacgggagggcttaccatctggeccccagtgectgecaatgataccgecgagacccacgectcaccggectccagatttatcagcaataaa
ccagccagccggaagggccgagcgcagaagtggtcecctgcaactttatecegectcecateccagtectattaattgttgecgggaagectagagtaagtagttcgecagttaatagtttgegea
acgttgttgccattgctacaggcatcgtggtgtcacgectegtegtttggtatggettcattcagecteceggttcccaacgatcaaggegagttacatgatcceccatgttgtgcaaaaaa
gcggttagctcecctteggtectecgatecgttgtcagaagtaagttggececgecagtgttatcactcatggttatggcagcactgcataattctcecttactgtcatgecateccgtaagatgett
ttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgectcttgecececggegtcaatacgggataataccgecgecacatagcagaactttaaaag
tgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgetgttgagatccagttcgatgtaacccactegtgecacccaactgatcttcageatecttttacttte
accagcgtttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaatactcatactcttectttttcaatattattgaagcattta
tcagggttattgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgecgcacatttcccecgaaaagtgecac

IL2RG homology arms
Chimeric intron
GFP

BGH Poly (A)
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HBB targeting vector sequence

ctaaattgtaagcgttaatattttgttaaaattcgcgttaaatttttgttaaatcagctcattttttaaccaataggccgaaatcggcaaaatcccttataaatcaaaagaatagaccg
agatagggttgagtgttgttccagtttggaacaagagtccactattaaagaacgtggactccaacgtcaaagggcgaaaaaccgtctatcagggcgatggecccactacgtgaaccatca
ccctaatcaagttttttggggtcgaggtgccgtaaagcactaaatcggaaccctaaagggagecccccgatttagagecttgacggggaaageccggecgaacgtggcgagaaaggaagggaa
gaaagcgaaaggagcgggcgctagggcgetggcaagtgtageggtcacgectgegegtaaccaccacacccgecgegettaatgegeegetacagggegegteccattegecattecagge
tgcgcaactgttgggaagggcgatcggtgecgggectecttegetattacgeccagetggcgaaagggggatgtgectgecaaggecgattaagttgggtaacgecagggtttteccagtcacga
cgttgtaaaacgacggccagtgagcgcgecgtaatacgactcactatagggcgaattgggtacctaactataacggtcctaaggtagegattaattaaaggcagaaacagttagatgtee
ccagttaacctcctatttgacaccactgattaccccattgatagtcacactttgggttgtaagtgactttttatttatttgtatttttgactgcattaagaggtctectagttttttate
tcttgtttcccaaaacctaataagtaactaatgcacagagcacattgatttgtatttattctatttttagacataatttattagcatgcatgagcaaattaagaaaaacaacaacaaat
gaatgcatatatatgtatatgtatgtgtgtatatatacacacatatatatatatattttttcttttcttaccagaaggttttaatccaaataaggagaagatatgcttagaaccgaggt
agagttttcatccattctgtcctgtaagtattttgcatattctggagacgcaggaagagatccatctacatatcccaaagctgaattatggtagacaaaactcttccacttttagtgea
tcaacttcttatttgtgtaataagaaaattgggaaaacgatcttcaatatgcttaccaagctgtgattccaaatattacgtaaatacacttgcaaaggaggatgtttttagtagcaatt
tgtactgatggtatggggccaagagatatatcttagagggagggctgagggtttgaagtccaactcctaagccagtgccagaagageccaaggacaggtacggectgtcatcacttagace
tcaccctgtggagccacaccctagggttggecaatctacteccaggagecagggagggcaggagecagggctgggcataaaagtcagggcagagecatectattgettacatttgettetyg
acacaactgtgttcactagcaacctcaaacagacaccatggtgcacctgactcctgaggagaagtctgecgttactgececcagatetgggectecggtgeccgtcecagtgggcagagegeac
atcgcccacagtccccgagaagttggggggaggggteggecaattgaaccggtgectagagaaggtggegeggggtaaactgggaaagtgatgtegtgtactggetecgecttttteceyg
agggtgggggagaaccgtatataagtgcagtagtecgecgtgaacgttetttttegecaacgggtttgecgecagaacacaggtaagtgecgtgtgtggtteccegegggectggectettt
acgggttatggcccttgegtgecttgaattactteccacctggetgecagtacgtgattettgateccgagettegggttggaagtgggtgggagagttecgaggecttgegettaaggage
cccttcgectegtgettgagttgaggecctggectgggecgetggggecgecgegtgecgaatectggtggcaccttegegectgtetegetgetttcgataagtctctagecatttaaaatt
tttgatgacctgctgcgacgctttttttctggcaagatagtcttgtaaatgecgggeccaagatctgcacactggtatttecggtttttggggecgegggeggecgacggggececgtgegtee
cagcgcacatgttcggcgaggcggggectgcgagecgecggceccaccgagaatcggacgggggtagtctcaagetggecggectgetectggtgectggecctecgegecgecgtgtategecee
gccctgggcggcaaggctggeccggtecggcaccagttgecgtgagecggaaagatggecgettcececggecctgetgecagggagectcaaaatggaggacgecggecgectcgggagagcgggegg
gtgagtcacccacacaaaggaaaagggcctttccgtcecctcagececgtecgettcatgtgacteccacggagtaccgggecgecgteccaggcacctecgattagttctecgagettttggagtacg
tcgtectttaggttggggggaggggttttatgegatggagtttececcacactgagtgggtggagactgaagttaggeccagettggecacttgatgtaattetecttggaatttgeeetttt
tgagtttggatcttggttcattctcaagectcagacagtggttcaaagtttttttettccatttcaggtgtecgtgaggtaccgagetcttcgaaggatccategecaccatgeecgeca
tgaagatcgagtgccgecatcaccggcaccctgaacggegtggagttecgagetggtgggeggecggagagggecacceecgagecagggecgcatgaccaacaagatgaagagcaccaaaggce
gccctgaccttcagecectacctgetgagecacgtgatgggetacggettetaccactteggecacctaccecageggetacgagaacceccttectgecacgecatcaacaacggeggeta
caccaacacccgcatcgagaagtacgaggacggcggcgtgctgcacgtgagecttcagectaccgectacgaggecggecgegtgatecggegacttcaaggtggtgggecaccggetteceeceg
aggacagcgtgatcttcaccgacaagatcatccgcagcaacgccaccgtggagcacctgcaccccatgggecgataacgtgectggtgggcagettegeececgecaccttcagectgegegac
ggcggctactacagcttcgtggtggacagccacatgcacttcaagagecgeccatccaccccagecatecctgcagaacgggggecccatgttecgecttcecgecgegtggaggagetgecacag
caacaccgagctgggcatcgtggagtaccagcacgeccttcaagacccccatcgecttecgeccagatctecgagtctagetcgagggecgegeeccgectgatcagectcgacctgtgectteta
gttgccagccatctgttgtttgcececctecccecegtgecttecttgaccctggaaggtgecactcccactgtectttectaataaaatgaggaaattgcatcgecattgtctgagtaggtgt
cattctattctggggggtggggtggggcaggacagcaagggggaggattgggaagacaatagcaggcatgectggggatgeggtgggectctatggettectgaggecggaaagaacgttteg
cgcctgtggggcaaggtgaacgtggatgaagttggtggtgaggecctgggecaggttggtatcaaggttacaagacaggtttaaggagaccaatagaaactgggcatgtggagacagaga
agactcttgggtttctgataggcactgactctctectgectattggtetatttteccacececttaggetgetggtggtectacecttggacccagaggttetttgagtectttggggatetyg
tccactecctgatgetgttatgggcaaccctaaggtgaaggetcatggcaagaaagtgecteggtgectttagtgatggectggetcacctggacaacctcaagggcacctttgecacact
gagtgagctgcactgtgacaagctgcacgtggatcctgagaacttcagggtgagtctatgggacgecttgatgttttcttteccecttettttectatggttaagttcatgtcataggaagg
ggataagtaacagggtacagtttagaatgggaaacagacgaatgattgcatcagtgtggaagtctcaggatcgttttagtttcttttatttgectgttcataacaattgttttettttgt
ttaattcttgctttctttttttttcttctccgcaatttttactattatacttaatgecttaacattgtgtataacaaaaggaaatatctctgagatacattaagtaacttaaaaaaaaa
ctttacacagtctgcctagtacattactatttggaatatatgtgtgcttatttgcatattcataatctccctactttattttcttttatttttaattgatacataatcattatacatat
ttatgggttaaagtgtaatgttttaatatgtgtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgctttcttcttttaatatacttttttgtttatctta
tttctaatactttcecctaatctetttetttcagggecaataatgatacaatgtatcatgectetttgecaccattctaaagaatectgecaggggagtgagecagetgtaagatttgagggge
gactccgattagtttatcttcccacggactagagttggtgtcgaggtgeccatttcattacctettteteccgecaccecgacatagatgageteccagettttgttecctttagtgagggtta
attgcgcgcttggcgtaatcatggtcatagctgtttecctgtgtgaaattgttatcecgetcacaattccacacaacatacgageccggaagcataaagtgtaaagecctggggtgectaatg
agtgagctaactcacattaattgcgttgcgctcactgeccegettteccagtcgggaaacctgtecgtgecagetgecattaatgaatcggeccaacgegecggggagaggeggtttgegtattyg
ggcgctcecttceegettectegetcactgactegetgegeteggtegtteggetgeggegageggtatcagetcactcaaaggeggtaatacggttatccacagaatcaggggataacgea
ggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgegttgetggegttttteccataggetcecgecceectgacgagcatcacaaaaatcgacgetcaag
tcagaggtggcgaaacccgacaggactataaagataccaggecgtttcccecctggaagectecctegtgegetetectgtteccgaccectgecgettacecggatacctgtecgectttetee
cttcgggaagcgtggegetttctcatagetcacgetgtaggtatectcagtteggtgtaggtegttegeteccaagetgggetgtgtgecacgaaccecccecgttecagececgaccgetgegee
ttatccggtaactatcgtcttgagtccaaccecggtaagacacgacttatcgecactggcagcagccactggtaacaggattagcagagcgaggtatgtaggeggtgetacagagttett
gaagtggtggcctaactacggctacactagaaggacagtatttggtatctgegectectgectgaageccagttaccttecggaaaaagagttggtagetcttgatececggcaaacaaaccaceg
ctggtagcggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctgacgectcagtggaacgaaaactcacgt
taagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttacca
atgcttaatcagtgaggcacctatctcagcgatctgtctatttcgttcatccatagttgectgactecececcgtegtgtagataactacgatacgggagggecttaccatctggecccagtyg
ctgcaatgataccgcgagacccacgctcaccggctccagatttatcagcaataaaccageccagecggaagggceccgagecgcagaagtggtectgecaactttatecgectecatecagtet
attaattgttgccgggaagctagagtaagtagttcgecagttaatagtttgegcaacgttgttgecattgetacaggcategtggtgtcacgetegtegtttggtatggettcattcag
ctccggttcccaacgatcaaggecgagttacatgatccccecatgttgtgcaaaaaageggttagetectteggtectecgategttgtcagaagtaagttggecgecagtgttatcactea
tggttatggcagcactgcataattctcttactgtcatgccatcegtaagatgettttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgeggecgaccgagttge
tcttgcccggegtcaatacgggataataccgegeccacatagcagaactttaaaagtgctcatcattggaaaacgttcttecggggegaaaactctcaaggatettacegetgttgagate
cagttcgatgtaacccactcgtgcacccaactgatcttcagcatcttttactttcaccagegtttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcga
cacggaaatgttgaatactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggg
gttccgegecacatttccccgaaaagtgecac

HBB homology arms
EFla promoter
GFP

BGH Poly (A)
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CCR5 targeting vector sequence

ctaaattgtaagcgttaatattttgttaaaattcgcgttaaatttttgttaaatcagctcattttttaaccaataggccgaaatcggcaaaatcccttataaatcaaaagaatagaccg
agatagggttgagtgttgttccagtttggaacaagagtccactattaaagaacgtggactccaacgtcaaagggcgaaaaaccgtctatcagggcgatggecccactacgtgaaccatca
ccctaatcaagttttttggggtcgaggtgccgtaaagcactaaatcggaaccctaaagggagecccccgatttagagecttgacggggaaageccggecgaacgtggcgagaaaggaagggaa
gaaagcgaaaggagcgggcgctagggcgetggcaagtgtageggtcacgectgegegtaaccaccacacccgecgegettaatgegeegetacagggegegteccattegecattecagge
tgcgcaactgttgggaagggcgatcggtgecgggectecttegetattacgeccagetggcgaaagggggatgtgectgecaaggecgattaagttgggtaacgecagggtttteccagtcacga
cgttgtaaaacgacggccagtgagcgcgecgtaatacgactcactatagggcgaattgggtacctaactataacggtcctaaggtagegattaattaagaacagtgattggecatccagta
tgtgccctecgaggectcettaattattactggettgetecatagtgecatgttetttgtgggetaactectagegtcaataaaaatgttaagactgagttgecageegggecatggtggetecatyg
cctgtaatcccagecattctaggaggectgaggcaggaggategettgageccaggagttecgagaccagectgggcaacatagtgtgatettgtatctataaaaataaacaaaattagett
ggtgtggtggcgcctgtagtccccageccacttggaggggtgaggtgagaggattgecttgagecccgggatggtccaggectgcagtgagecatgategtgecactgecacteccagectggge
gacagagtgagaccctgtctcacaacaacaacaacaacaacaaaaaggctgagctgcaccatgcttgacccagtttcttaaaattgttgtcaaagecttcattcactccatggtgetata
gagcacaagattttatttggtgagatggtgctttcatgaattcccccaacagagccaagectctccatctagtggacagggaagectagcagcaaaccttceccttcactacaaaacttcecat
tgcttggccaaaaagagagttaattcaatgtagacatctatgtaggcaattaaaaacctattgatgtataaaacagtttgcattcatggagggcaactaaatacattctaggactttat
aaaagatcactttttatttatgcacagggtggaacaagatggattatcaagtgtcaagtccaatctatgacatcaattattatagecgectctagaattaccctgttatcectaagatcet
gggctceggtyg tcagtgggcagagcgcacatcgeccacagtccccgagaagttggggggaggggteggecaattgaacecggtgectagagaaggtggegeggggtaaactgggaaa
gtgatgtcgtgtactggectececgectttttecccgagggtgggggagaaccgtatataagtgecagtagtegeegtgaacgttetttttegecaacgggtttgecgecagaacacaggtaagt
gcegtgtgtggttece “ctggcctetttacgggttatggeccttgegtgecttgaattactteccacctggetgecagtacgtgattettgatececgagettegggttggaagtgg
gtgggagagttcgaggccttgegettaaggagececttegectegtgettgagttgaggectggectgggegetggggecgeegegtgegaatetggtggecaccttegegectgtete
ctgctttcgataagtctctagccatttaaaatttttgatgacctgctgecgacgetttttttctggcaagatagtcttgtaaatgcgggccaagatctgcacactggtattteggttttt
ggggccgcgggceggcgacggggeccgtgegteccagegecacatgttecggecgaggeggggectgegagegeggecaccgagaatecggacgggggtagtctcaagetggeecggectgetet
ggtgcctggcctcgegc ccgtgtatcgceccccgecectgggecggcaaggctggeccecggtecggecaccagttgegtgagecggaaagatggecgetteccggecectgetgcagggagetcaa
aatggaggacgcggcgctcgggagagcgggcgggtgagtcacccacacaaaggaaaagggectttcegtecctcagecgtegettcatgtgacteccacggagtaccgggecgecgtecagg
cacctcgattagttctcgagecttttggagtacgtcgtctttaggttggggggaggggttttatgcgatggagtttccccacactgagtgggtggagactgaagttaggeccagecttggea
cttgatgtaattctccttggaatttgccctttttgagtttggatcecttggttcattctcaagectcagacagtggttcaaagtttttttctteccatttcaggtgtecgtgaggtacecgage
tcttcgaaggatccatcgeccaccatggtgagcaagggcgaggagetgttcaccggggtggtgeeccatectggtecgagetggacggegacgtaaacggeccacaagttcagegtgteecgge
gagggcgagggcgatgccacctacggcaagetgaccctgaagttecatetgecaccaccggecaagetgececgtgecctggeccacectegtgaccacctteggetacggectgatgtgett
cgcccgetaccccgaccacatgaagcagcacgacttettcaagtecgecatgeccgaaggetacgtecaggagegeaccatettettcaaggacgacggcaactacaagaccecgegecyg
aggtgaagttcgagggcgacaccctggtgaaccgcatcgagctgaagggcatcgacttcaaggaggacggcaacatcctggggcacaagctggagtacaactacaacagccacaacgte
tatatcatggccgacaagcagaagaacggcatcaaggtgaacttcaagatccgccacaacatcgaggacggcagcgtgcagctecgececgaccactaccagcagaacacccccatecggega
cggccccgtgectgectgeccgacaaccactacctgagectaccagtccaagectgagcaaagaccccaacgagaagcgecgatcacatggtectgetggagttecgtgaccgecgecgggatcea
ctctcggcatggacgagctgtacaagtaactcgagggcgegcece

ggcgegeccegcetgatcagectegactgtgecttetagttgecagecatetgttgtttgececcteececegtgecttect
tgaccctggaaggtgccactcccactgtcctttcctaataaaatgaggaaattgcatcgcattgtctgagtaggtgtcattctattectggggggtggggtggggcaggacagcaagggg
gaggattgggaagacaatagcaggcatgctggggatgcggtgggctctatggcttctgaggcggaaagaacgtttaaacactagtctatgacatcaattattatacatcggagececctge
caaaaaatcaatgtgaagcaaatcgcagcccgcectcctgectececgcetctactcactggtgttcatectttggttttgtgggcaacatgetggtcatecctcatcctgataaactgecaaaag
gctgaagagcatgactgacatctacctgctcaacctggccatctctgacctgtttttccttcttactgtccecttectgggectcactatgetgececgeccagtgggactttggaaatacaa
tgtgtcaactcttgacagggctctattttataggcttcttctctggaatcttcttcatcatcctecctgacaatcgataggtacctggetgtegteccatgectgtgtttgetttaaaagece
aggacggtcacctttggggtggtgacaagtgtgatcacttgggtggtggetgtgtttgegtcteteccaggaatcatectttaccagatctcaaaaagaaggtettcattacacctgecag
ctctcattttccatacagtcagtatcaattctggaagaatttccagacattaaagatagtcatcttggggetggtectgecgetgettgtecatggtecatectgetactegggaatectaa
aaactctgcttcggtgtcgaaatgagaagaagaggcacagggctgtgaggettatcttcaccatcatgattgtttattttectettetgggetecectacaacattgtecttetectgaac
accttccaggaattctttggectgaataattgcagtagectctaacaggttggaccaagectatgcaggtgactgeccatttcattacctectttectecgecaccecgacatagatgagetcecag
cttttgttccctttagtgagggttaattgcgegettggegtaatcatggtcatagetgtttecctgtgtgaaattgttateccgetcacaattccacacaacatacgageccggaageataa
agtgtaaagcctggggtgcctaatgagtgagectaactcacattaattgegttgegetcactgeccgetttecagtegggaaacctgtegtgecagetgecattaatgaatcggccaacge
gcggggagaggcggtttgegtattgggegetcttecegettectegetcactgactegetgegeteggtegtteggetgeggegageggtatcagetcactcaaaggeggtaatacggtt
atccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgegttgetggegtttttccataggecteecgeecceetgacyg
agcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggcgtttcccectggaagetcectegtgegetectectgtteecgacectgeecgett
accggatacctgtccgectttctececcttecgggaagegtggegetttectcatagectcacgetgtaggtatectcagttcggtgtaggtegttegeteccaagetgggetgtgtgecacgaace
cccecgttcagececgaccgetgegecttatececggtaactatecgtecttgagtccaaccecggtaagacacgacttatecgeccactggcagecageccactggtaacaggattagcagagegaggt
atgtaggcggtgctacagagttcttgaagtggtggecctaactacggctacactagaaggacagtatttggtatctgegectctgectgaageccagttaccttecggaaaaagagttggtage
tcttgatccggcaaacaaaccaccgectggtageggtggtttttttgtttgcaagcagcagattacgecgcagaaaaaaaggatctcaagaagatcecctttgatettttectacggggtctga
cgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatg
agtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagecgatctgtctatttcgttcateccatagttgectgactecceegtegtgtagataactacgatacgg
gagggcttaccatctggccccagtgectgecaatgataccgecgagacccacgectcacecggetcecagatttatcagcaataaaccagccageccggaagggecgagecgcagaagtggtectge
aactttatccgcctccatccagtctattaattgttgeccgggaagetagagtaagtagttegecagttaatagtttgegecaacgttgttgecattgectacaggecategtggtgtecacget
cgtcgtttggtatggettcattcagectececggttcccaacgatcaaggecgagttacatgatcceccatgttgtgcaaaaaageggttagectectteggtectecgategttgtcagaagt
aagttggccgcagtgttatcactcatggttatggcagcactgcataattctcttactgtcatgeccatccgtaagatgettttetgtgactggtgagtactcaaccaagtcattctgaga
atagtgtatgcggcgaccgagttgctcttgceccggegtcaatacgggataataccgegeccacatagcagaactttaaaagtgectcatcattggaaaacgttettecggggecgaaaactet
caaggatcttaccgctgttgagatccagttcgatgtaacccactcgtgcacccaactgatcttcagecatcttttactttcaccagegtttectgggtgagcaaaaacaggaaggcaaaat
gccgcaaaaaagggaataagggcgacacggaaatgttgaatactcatactcttecctttttcaatattattgaagecatttatcagggttattgtctcatgageggatacatatttgaatg
tatttagaaaaataaacaaataggggttccgcgcacatttccccgaaaagtgecac

HBB homology arms
EFla promoter

GEP

BGH Poly (A)
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Supplementary Note 2
Generation of CRISPR on- and predicted off-target amplicons for deep sequencing

For each targeted gene locus, 10° K562 cells were transfected with either 1 ug or 20 ug of the synthetic
guide RNAs (unmodified, M, MS or MSP) and 2 pug of the Cas9 expression plasmid (PX330), 2 ug of sgRNA
plasmid encoding both the sgRNA and Cas9 protein (positive control), or 2 pg of PX330 only (Cas9 only,
negative control). Additionally, for experiments targeting the IL2RG gene locus, 10° K562 cells were trans-
fected with 15 pg Cas9 mRNA and 10 pg of synthetic guide RNA (unmodified or MS), 15 pg Cas9 protein
pre-complexed with 7.6 pg synthetic guide RNA (unmodified or MS). Genomic DNA from these samples
and mock transfection samples (2" negative control) was extracted 72 hours post transfection using
QuickExtract™ DNA Extraction Solution (Epicentre, Madison, WI) according to the manufacturer’s
specifications. 40ng of genomic DNA was used as a template for PCR amplification of the on-target and
three computationally predicted off-target loci (see Supplementary Table 3), using PfuUltra Il HS 2x
Master Mix (Agilent Technologies, Santa Clara, CA) and gene-specific primers that tag the amplicon
ends with sequencing primers utilized in deep sequencing by the MiSeq (lllumina, San Diego, CA)
platform (see Supplementary Table 4). A second PCR reaction was carried out on the on- and off-
target amplicons (see Supplementary Table 5) to append additional lllumina sequencing adaptors (i.e.
P5, P7) and custom, dual 8-bp barcodes, uniquely identifying the corresponding transfection
treatments. Following the 2" PCR, barcoded amplicons were quantified by Agilent D1000 TapeStation,
pooled in equimolar concentrations before purification with a QlAquick PCR Purification Kit (Qiagen,
Valencia, CA) according to the manufac-turer’s instructions. The purified library was sequenced on an
[llumina MiSeq DNA sequencer, 2 x 201 cycles with dual indexing by a NGS DNA sequencing service
(Segmatic, Fremont, CA).



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	nbt.3290_PORTEUS_REV-Supp Tables and Notes.pdf
	Hendel_Bak_et_al_Suppl_Tables_NBT-BC36219B
	Hendel_Bak_et_al_Suppl_Note_1_NBT-BC36219B
	Hendel_Bak_et_al_Suppl_Note_2_NBT-BC36219B




