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Supplementary Fig. 1. Frequency of genome editing in different DNA-PKcs K3753R cell lines using different
CRISPR enzymes. (A) Genome editing of three genes with Cas9n (iCRISPR) and with Cas9 protein in 409B2
hiPSCs. (B) Patterns of deletions after editing with Cas9n and Cas9 in the gene VCAN as an example. Both nicking
sites are indicated by arrows, the left one was used also for Cas9. The three most abundant deletions are shown
for Cas9 (dark blue) and the bottom three for Cas9n (light blue). Microhomologies are indicated in pink. (C) The
genome editing frequencies in cells expressing the DNA-PKcs wildtype (WT) or DNA-PKcs KR mutant for different
recombinant CRISPR enzymes in 409B2 hiPSCs, HEK293 cells, and K562 cells. HDR, HDR with indels, NHEJ,
and MMEJ are indicated in green, light green, light blue, and light purple, respectively. Error bars show the SEM of
two replicates for A and four replicates for C.
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Supplementary Fig. 2. Impact of bleomycin treatment on DNA-PKcs wildtype (WT) and DNA-PKcs KR cells.
(A) Cell survival as measured by the resazurin assay after bleomycin treatment. Error bars show the SEM of two
replicates. (B) Spectral karyotyping (SKY) of cells after treatment with 3ug/ml bleomycin. (C) The translocations
observed for DNA-PKcs WT cells; and (D) DNA-PKcs KR cells. (E) An example of the majority of normal
metaphases observed.
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Supplementary Fig. 3. Base coverage along the chromosomes for the WT, KR, and KR-KSC hiPSC lines.
Coverage was calculated for 1Mb windows, using unique genomic regions. WT, KR, and KR-KSC are indicated as
a grey, red, and blue lines, respectively. A 1Mb region on chromosome 9 (arrow) carries a heterozygous deletion
in the KR and KR-KSC lines.
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Supplementary Fig. 4. Effect of small molecules and the CRISPY mix (17) on genome editing efficiency in
409B2 hiPSCs. (A) Effect of RAD51 inhibitor BO2, RAD51 enhancer RS-1, disputed DNA ligase IV inhibitor SCR7,
cell cycle inhibitor Nocodazole (removed after 16h to achieve cell cycle synchronization), and DNA-PK inhibitors
NU7026 and M3814, on genome editing of FRMD7 with Cas9 RNP. (B) Genome editing of KATNAL, SLITRK1, and
CALD1 in DNA-PKcs WT and KR cells with or without CRISPY small molecule mix using doxycycline inducible
Cas9n (iCRISPR). (C) Simultaneous editing of the three genes (framed) with and without the CRISPY mix.

Histogram designations as in Suppl. Fig. 1. Error bars show the SEM of four replicates for A, three replicates for B
and two replicates for C.



>

2.0

1 NGS seq. (HDR)
2 NGS seq. (HDR/indel)
; 1 NGS seq. (indel)

O 2 NGS seq. (indelfindel)
i 2 NGS seq. (wt/indel)

FRMD7/RNase P
copy number ratio
° @
o e
o
=]
el
.l
- :
e oy :
- :
s :
o®
Lo
e
S | |
$ I
¥ ;
¢ :
2 :
e0Qe

i @.k e
0.54-- B i B s e
@k *

B e e e e
no M3814 + M3814 k2
s
L)
o
B Z
o
e
3

kb MM 12 34586 7 8 9101112131415 161718 19202122 2324 2526 27 28 29 30 31 32 33 34 35 36 37 38 3940

8

3= R TR R N R R E N RO N B R E Rl N “EE R _ BN B B B B N A B B B R- N "N")
2—— -

1—

no M3814
f

3]
kb MM 1 2 3 45686 7 8 9101112131415161718192021222324252627 2829303132333435363738394041 5

[ ] [ ]
" 0.48 0.98
33— W v Wenrge SBeNw - uwu--;---uh"------d'UU-U""‘

+M3814
f

Supplementary Fig. 5 FRMD7 gene copy number analysis in 409B2-hiPSCs edited with or without M3814.
(A) Copy number ratio between FRMD7 and the control gene RNAse P based on a TagMan quantitative PCR
assay. Each circle represents a cellular clone. Closed circles represent clones where amplicon sequencing yields
a single DNA sequence (HDR: green; indels: blue), open circles indicate two DNA sequences of similar read number
(HDR/indel mix: green; indel/indel: blue; wildtype/indel: grey). Asterisks indicate clones where a heterozygous
deletion identified by DNA sequencing is expected to interfere with binding of the TagMan probe (min. 5nt
mismatch), resulting in copy number ratios below the expectation of the diploid state. Error bars show the SEM of
at least four technical replicates. (B) Long range PCR of the FRMD?7 target locus for each clone. Arrows indicate
two clones carrying heterozygous big deletions and the respective TagMan assay copy number ratio is stated. The
+M3814 clone 22 has a deletion and a copy number ratio of 0.98, suggesting a gain of one copy of the target locus
in this clone as well.



Supplementary Table 1. Oligonucleotides used in this study. gRNA (gJRNA 20mer target) and single stranded
DNA donors (ssODNs) for editing, as well as primers for analysis are shown. Mutations are in bold letters and
ancestral mutations are underlined. The gRNAs with an asterisk were used for Cas9 cleavage.

KATNA1 t1 AAATGATGACCCTTCCAAAA

KATNAL1 t2 CAACACCTAAAATAAGGGTA

SLC8A1 t1 GAGTCTCTTATTTTCCCATG

SLC8A1t2 CAGATGAAATCCCATTGAAA

TTLL5 t1 CGTGGCAGGCCAGTAGGGCT

TTLLS5 t2 CGATCAGGAAGTCACACCAT

sva2c t1 GCAGAGGTTTAATGACATCA

svac 2 TGCATTGCTAACCAGAAATG

GPR132 t1 CCATGAAGACAGACGTCACC

GPR132 t2 TTTCCACCCCTTATGGATTC

PRDM10 t1 TCATCACCACCACCACCAAC

PRDM10 t2 TCTGCTGTTGGCTGTTGGTC

RBICC1t1 TGAGAAAGACAGACAAAAAT

RB1CC1 t2 CTTCGTATTTCTCTTCTTGT

SLITRK1 t1 GCTAACAGTTTACCCTGCCC

SLITRK1 t2 ACCCGTCGCTATCGCTGCTG

gRNAs SSH2 t1 CAGATCCTCAGGAGGGCCCA

SSH2 t2 GTGGTCAAACTCCAGCACCT

CSGALNACT1 t1 CTCATCTTATTTCGACCATT

CSGALNACT1 t2 GCCGTTTGAATTCGTGTTTG

CALD1 t1* TGGAGACTATTGCTGCTTGA

CALD1 t2 GCAGTATACCAGTGCAATTG

VCAN t1* GTTTACTGTTGCCTGATCAT

VCAN t2 CCCTGTGGAATTTAATACTG

ITGB4 t1 GGGTCCTGGGGTGGGCAGAT

ITGB4 t2* CCGCAGCTGGGCAGCCGTGC

FRMD7 t1 AGCCAGCTGAAAGAAGCCCA

FRMD?7 t2* GTGGGCTCTACATAGCTATG

PRKDC t1 GGTCCTCGCCACCCTTCACC

PRKDC t2 GCGCGTGGAGCAGCTCTTCC

PRKDC t1back GGTCCTCGCCACCTCTCACC

DNMT1 t1 (Cpf1) CTGATGGTCCATGTCTGTTAC

HPRT t1 (Cpf1) GGTTAAAGATGGTTAAATGAT
CTCATCTATATCCCAGGGAAAATTAGTAGCTGCCAGAACCATAACCATTTTAGAAGGGTCA

KATNA1 Cas9n TCATTTTCAGAAGCACCTCCAACACCTAAAATAACGGTAAGGGGAGAGTGAAAAAGATATT
AAGTTGGATTATACCAAATGAAGCT
TTCATTTCCTTCTCCTTCCATTTCTGTCTCAGCAATTACATGGTCCACATGAGAAAATAAGA

SLC8A1 Cas9n GACTCACAATAACTAACAGATGAAATCCCATAGAAAAGGTGGGTGAAAGACTTAATCGCC
GCATGTTGTACATGACACTTCCA

TTLL5 Cas9n CTGCCAGTGCTTCTCCCTGCCTACATCCCGGGGCACAGAACATCCCAAGCCCTGCTGGC
CTGCCACGCTGTCGATCAGGAAGTCACACCATTGGTCCCTTTTCTTC

ssODNs SV2C Cas9n ACATTTCTTTGTCTTTGCAGGTACTATGGATTATCCGTTTGGTTCCCTGACGTCATTAAACA

TCTGCAGTCCGATGAATATGCATTGCTAACCAGAAATGTGGAGAGAGATAAAT

GPR132 Cas9n

GCCACGGGCGACTGCAGCTCCTCGGTGTCCCTGCTGTGGGTGAGCCTGGTAACGTCTGT
CTTCATGGACCACTGTTTCCACCCCTTATGAATTCTGGACACTTCTTGGCGGGAATGGTC
CGTGGCCAGCACGTAGATAATG

PRDM10 Cas9n

GGAGTCCAGGTCGAGCCACCTGCACACAGTGACTCCCTGGACCCCCAGACCCACAGCCA
ACAGCAGACCACACAGTACATCATCACCACCACCACCAACGGGAACGGAAGCAGC

RB1CC1 Cas9n

AAGCTTCTGAATTAACTGTTCTCTGTCTTGCTCCTGGCTGCTGACCAATTTGTGTITGTCTT
TCTCAAGGTTCTGGATAATAGCTTCGTATTTCTCTTCTTGTTGGGTAATTTTTTCATCTTTTT
GTCTTTCAAGAGCACTCAATTCTGA




SLITRK1 Cas9n

TCATCTTTAAACCCGACCCTGGGATGTGGTCGCAGCTGCAGCCCCCAGGGCATGGTAAA
CTGTTAGCTAAGGGTTTGTTCCTGGCGCTACCCGTCGCTATCGCAGCTGTGGGTCTGATT
TTGATCTGCCAGTTGCCTGGGATCTTTGTACCTCCG

SSH2 Cas9n

ATCTGACCCTGGGCCCTCCTGAGGATCTGGCAAGTGGTCAAACTCCAGCACCTITGGGAG
CTGGAACAGTGGCATTCTGCTCAGAATGGGACAGTGAGCCAGCCTCA

CSGALNACT1 Cas9n

GTTGGCCATGTTGAGCTTTTCATTTTTCACTTTCATGATGGGGCCGAATGGACGAAATAAG
ACGAGCCGTTTGAATTCGTGTTTGTGGTCCCCTTTGAAGGTGAGCTCATACA

CALD1 Cas9n

TTATATGTATGTGTTTACTTTTTTAGCAGTGGTGTCAAATCGACCCATCAAGCTGCAGTAGT
CTCCAAGATTGACAGCAGACTGGAGCAGTATACCAGTGCTATTGAGGTGAGAATTGTCCT
CAGCGTTATGGTCCTGCTGAACAGAAATAGA

GTATACTGCTCCAGTCTGCTGTCAATCTTGGAGACTACTGCTGCTTGATGGGTCGATTTGA

CALD1 Cas9 CACCACTGCTAAAAAAGTAAACACATACA

VAN Cason GATAGCAGCATCAGAACAGCAAGTGGCAGCGAGAATTCTTGATTCCAATAATCAGGCAAC
AGTAAACCCTGTGGAATTTAATACTGAGGTTGCAACACCAC
CCTGAAACTCAAGCAGCTTTAATCAGAGGGCAGGATTCCACGATAGCAGCATCAGAACAG

VCAN Cas9 CAAGTGGCAGCGAGAATTCTTGATTCCAATAATCAGGCAACAGTAAACCCTGTGGAATTTA
ATACTG

TaB4 Cacon TGGTGATGCTGCTGTACTCGCTTTGCAGCGGGTGCTGGAAGAGCCCGGCATGGCTGCCC
AGCTGCGGGAAGGGTCCTGGGGTGGGCAGATAGGCCAGTCAGAGGG
CTCACCCACTAGGAAGGGCTCGGTGGCGCTGGTGTGGGTGGTGGTGATGCTGCTGTACT

ITGBA4 Cas9 CGCTTTGCAGCGGGTGCTGGAAGAGCCCGGCATGGCTGCCCAGCTGCGGGAAGGGTCC

TGGGGTGGGC

FRMD7 Cas9n

AGGTGCCCAGATGGTCCCCAATTAGAGCAGAGGAAAGGACAAGTCCAGATAGCTATGTA
GAGCCCACTGCAATGAAGCCAGCTGAAAGAAGCCCAAGGAATATCAGAATG

FRMD7 Cas9

TATGCCTCCCCAGGTCTTTTTTTATGTGGACAAGCCACCCCAGGTGCCCAGATGGTCCCC
AATTAGAGCAGAGGAAAGGACAAGTCCAGATAGCTATGTAGAGCCCACTGCAATGAAGCC
AGCTGAA

PRKDC Cas9n

GCGAAGGCCCAAGCGCATCATCATCCGTGGCCATGACGAGAGGGAACACCCTTTCCTGG
TGAGAGGTGGCGAGGACCTGCGGCAGGACCAGCGCGTGGAGCAGCTCTTCCAGGTCAT
GAATGGGATCCTGGCCCAAG

PRKDC back mutation
Cas9n

GCGAAGGCCCAAGCGCATCATCATCCGTGGCCATGACGAGAGGGAACACCCTTTCCTGG
TGAAGGGTGGCGAGGACCTGCGGCAGGACCAGCGCGTGGAGCAGCTCTTCCAGGTCAT
GAATGGGATCCTGGCCCAAG

TTAACATCAGTACGTTAATGTTTCCTGATCGTCCATGTCTGTTAGTCGCCTGTCAAGTGGC

Primers

DNMTI Cpf1 GTGACACCGGGCGTGTTCCCCAGAGTGAC

—— GCCATTTCACATAAAACTCTTTTAGGTTATAGATGGTTAAATGAATGACAAAAAAAGTAATT
P CACTTACAGTCTGGCTTATATCCAACAC

KATNAI forward CCTGACGGCAAAGGAATATAG

KATNAL1 reverse

ACTGTGCTTCCTTGTATTGTTGT

SLCB8A1 forward AAGAAGGGTCTTGGGGTTCC
SLC8AL1 reverse TGCCCTCTCCCCCATCTTAT
TTLL5 forward CCTTGCCACCATTCTTCTTT
TTLLS reverse CTTTGCTGAAGAGGGACGAG
SV2C forward GGGAGTTGCTCATTGCCTCT

SV2C reverse

ACCTGCCATTGTCGTATTCCA

GPR132 forward GCCTGGAGAAGGTGTAGTGG
GPR132 reverse CAGCCTCTGTGGTGTTTCTG
PRDM10 forward ACAGACATGAGGTGGGTGCT
PRDM10 reverse TCAGAATTGGAAGAAAAGCAAA

RB1CC1 forward

GGGCAGTCTGAATAGCTTCATC

RB1CCL1 reverse TTTGCATAACCAAGCATTTGA
SLITRK1 forward GGGCTTCAAATCAGCCAAG
SLITRK1 reverse TTTCAAGACAAATGGGCAAG
SSH2 forward TCAGGACTCCTTCCTGCTGT
SSH2 reverse GCACCAAAAGGGAAAAGTGA
CSGALNACT1 forward GATGCTGTCAGTGGTCAGGA
CSGALNACT1 reverse TCTTACCGTGCAAAGAAGGAG

CALD1 forward

GCTAATCAGCTAGCATATGTATGAGAA

CALD1 reverse

TTGGACTTGATTATTGTCCTAAGTG

VCAN forward GGCAGGATTCCACGATAGCA
VCAN reverse CGTGCCTTCCACTGACTCTT

ITGB4 forward CCATAGAGTCCCAGGATGGA
ITGB4 reverse GTGCTCACCCACTAGGAAGG




FRMD7 forward TGCTCCTACCGCTAGTCCTG
FRMD?7 reverse GGTATTATGCCTCCCCAGGT
PRKDC forward CTAGCCTGTGCCCTGAGATG
PRKDC reverse GCACAACGCTATAGGTCCTCA

DNMT1 forward

TGAACGTTCCCTTAGCACTCTG

DNMT1 reverse

CCTTAGCAGCTTCCTCCTCC

HPRT forward

GGTGAAAAGGACCCCACGAA

HPRT reverse

TGGCAAATGTGCCTCTCTACAAAT

lllumina adapter forward 5'

ACACTCTTTCCCTACACGACGCTCTTCCGATCT

lllumina adapter reverse 5'

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCT

FRMDY for. (long range)

AGGCCAGAACCAATCACTTC

FRMDY rev. (long range)

GTTAGCTTCCTGGGGAGGTC

FRMD? for. TagMan

GGCTTCTTTCAGCTGGCTTCA

FRMD7 rev TagMan

CCAATTAGAGCAGAGGAAAGGACAA




Supplementary Table 2. Overview of mutations introduced in KATNA1, SLITRK1, and CALD1 in 33 single
cell-derived colonies (SCCs) after multiplexed editing. Integration of targeted nucleotide substitutions (left
blocking mutation, ‘ancient’” missense mutation, and right blocking mutation) and insertion/deletions (indels) is
labelled with ‘y’, while absence of these mutations is labelled with ‘n’. Homozygous (homo) or heterozygous (het)
integration of the mutations is stated. Intended substitutions or indels are highlighted with green or gray,
respectively. SSC 2 has an additional unintended substitution in CALD1 and SSC 29 has an additional unintended
substitution in KATNAL.
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Right block
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Haplotype B

Indel | Leftblock  Ancient
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Indel | leftblock A
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rrrrr t  Rightblock
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Supplementary Table 3. Overview of mutations introduced in RB1CC1, PRDM10 and TTLL5 in 21 single cell-
derived colonies (SCCs) after multiplexed precise genome editing. Integration of targeted nucleotide
substitutions (‘ancient’ missense mutation and left blocking mutation — dependent on the editing design of the
respective gene) and insertion/deletions (indels) is labelled with ‘y’, while absence of these mutations is labelled
with ‘n’. Homozygous (homo) or heterozygous (het) integration of the mutations is stated. Intended substitutions or
indels are highlighted with green or gray, respectively. SSC 15 has an additional unintended substitution in RB1CC1

and TTLLS5.
RB1CC1
Haplotype A Haplotype B
SSC Left block Ancient Indel i Left block Ancient Indel
1 y (het) y (het) n H n n n
2 n n
3 y (het) n n
a4 n n
5 n n n | n n n
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Supplementary Table 4. Overview of mutations introduced in TTLL5, SV2C, and SLC8AL1 in 29 single cell-
derived colonies (SCCs) after multiplexed precise genome editing. Integration of targeted nucleotide
substitutions (‘ancient’ missense mutation, left blocking mutation, and right blocking mutation — dependent on the
editing design of the respective gene) and insertion/deletions (indels) is labelled with ‘y’, while absence of these
mutations is labelled with ‘n’. Homozygous (homo) or heterozygous (het) integration of the mutations is stated.
Intended substitutions or indels are highlighted with green or gray, respectively. SSC 3 has an additional unintended
substitution in SLC8AL.

TTLL5 svac SLC8A1

Haplotype A Haplotype B Haplotype A Haplotype B Haplotype A Haplotype B
Left block Ancient Right block Indel

Ancient Indel

Ancient Indel Left block Ancient Indel | Leftblock Ancient Indel Left block Ancient Right block Indel

n
n

y (het)
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Supplementary Table 5. Overview of mutations introduced in TTLL5, SV2C, SLC8A1, and PRDM10 in 33
single cell-derived colonies (SCCs) after multiplexed precise genome editing. Integration of targeted
nucleotide substitutions (‘ancient’ missense mutation, left blocking mutation, and right blocking mutation —
dependent on the editing design of the respective gene) and insertion/deletions (indels) is labelled with ‘y’, while
absence of these mutations is labelled with ‘n’. Homozygous (homo) or heterozygous (het) integration of the
mutations is stated. Intended substitutions or indels are highlighted with green or gray, respectively.
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