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Supplementary Figure 11. Analysis of on-target editing efficiency and single cell
clusters. (a) Single-cell UMAP colored by three different delivery methods. (b) Distribution of number
of edited loci in single cells on UMAP. (c) Distribution of editing efficiency for representative loci
(BIRCS5, MRPL12, UQCRC1) on UMAP.
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Supplementary Figurel2. On-target and Gene expression analysis in highly modified
HEK293T clones and lowly modified clones by bulk RNAseq. (a) On-target editing
efficiency in two negative control (NC) clones, two lowly modified clones, and three highly
modified clones. (b)Transcriptional correlation of wild-type negative control clones and
highly modified clones. (¢) Transcriptional correlation of wild-type negative control clones
and lowly modified clones. (d)Volcano plot for differentially expressed genes between
wild-type negative control clones and highly modified clones. (e) Heatmap for
differentially expressed genes between wild-type negative control clones and highly
modified clones. (f) Expression level of targeted loci in three conditions.
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Supplementary Figure 13. Karyotype analysis of the highly and lowly modified
HEK293T clones. The chromosomal arrangement of one of highly modified HEK293T
clone(a) and one lowly modified HEK293T clone(b) and Wildtype HEK 293T(c) were
determined using Karyotype analysis. The black arrows indicated clonal abnormalities.
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Table S1. 50 sgRNAs sequences targeting 52 gene sites

87651176

CCAAACCTAGCCTATTATCCAG

6 f
ORG3 6 f 87667031 AGCTCTAATAAACCGAGCACTG
PTPA o f 125147462 CCCTCCTAGCCCGACGTGACAG
PSMD13 11 f 252599 GGCCCTAGGTGAGGATGTCATG
NCP2 12 e 6556952 CCATCTAAGATAGCAGCAGCTG
NOP2 12 e 8558027 CCTAGCTACTTGGGAGICTCGAG
ANAPCS 12 e 121308479 TCTCTAGAGATGGTTIATCAAG
KIAA Q391 14 f 335273565 AGAATCTCTATGICTITIGGTG
AQR 15 e 34856791 TTTGGCTACTIGGICTCTICCG
TECID3BE 17 e 36165954 GATGCTTCTAGAAGCCTGGAGG
TBCID3F 17 e 36429011 TTCGTCCCTAGCTCTGAAGGGG
TBCID3C 17 f 38058007 GATGCTTCTAGAAGCCTGGAGG
TECID3 17 f 38181873 GATGCTTCTAGAAGCCTGGAGG
BIRCS 17 f 78223856 CCTITCCTAAGACATTGCTAAG
MRPLI12 17 f 817072338 TGGAGGCTACTCCAGAACCACG
NL&4Y Y f 14841261 GAAAAGCTATACTCTAGIGGTG
SRY Y e 2786588 TGTCCTACAGCTITGTCCAGIG
WDR3 1 f 1179358446 TTCAGTTCTAAGTCAACGITAG
ECT 3 f 172818768 ATCTCCTAATTCTTCACAAATG
RPL32 3 e 12836083 TGCCTACTCATITICTICACTG
TERC 3 e 198027172 ATGGTGGCTATCCACGATGGAG
POLRIB 4 f 57030987 ATAGCTAAACACTCATCATICG
CcDQ23 5 e 138188577 GCCAACTATGGCGTGACAGAAG
RICK1 6 f 7417440 TCATICTATTIGCCTTITITICG
() dec] ] f 87667122 GCTTTCTAGCAGCCTCCCCATG
MASTL 10 f 27186535 TIGTGCTACAGACTAAATCCAG
ATP2A2 12 f 110347411 ACAACTAAAGTICTGAGCTAAG
AURKA 20 e 56370157 GATTCCTAAGACTGTTTGCTAG
RBX1 2 f 40872487 CTTTTCCTAGTGCCCATACCTG
LOC105373102 Y f 1386391 CAAGGCTAAGICCCACGTGCAG
CD% Y f 2740803 CAATCTTCTATTTCTCTAAAAG
ZBED1 Y e 2488624 TCCTCGCTACAGGAAGCTGCTG
VAMP7 Y f 57128470 TCTTICCTATTTCTTCACACAG
UTY Y e 13249785 GAAACAGCTACAAAACCAGIGG
PPIE 1 f 30781 GAGCTCTACGTCAGCTTCCAGG
NUDC 1 f 26046180 GGGCTAGTTGAATTTAGCCTTIG
WDRT? 1 e 111441220 CCAATCTACTCAGTAACACTTG
SFPQ 1 g 35184455 CATCTAAAATCGGGGTITITIG
SFPQ 1 e 35186046 ACACACCTAAGTTGTGAAAATG
NSL1 1 e 212727141 CTCTCCTAAACTGCCCCTAGAG
RABGGTB 1 f 7574840 TGAATCTAGCTCACTAGCTCAG
1SG012 1 e 156723348 ACTGCCACTAGTCTGTAGGGGG
DIL 1 f 212102839 TAGAATCTATAATTCTGTIGAG
MAGCH 1 e 53227044 AGTCTAGATIGGTTTAATCTIG
ZBTBROS 1 e 32633309 GAAGCTAGGAGTTICAAGACTAG
TRNAUILAP 1 f 2857765 GCCTGGCTACATCATGGCAGGG
SNRPE 1 f 203860931 ATTTCTAGTIGGAGACACTTIG
MTOR 1 e 11185573 GCACTCTAGCCTGAACAGAGTG
POLRIA 2 e 86027422 GTAGCTGCTATCTCAGAGGCTG
ATL2 2 e 38206482 TACTGTCTAATTTTICTICTIC
WDR33 2 e 127706492 CTCCGTCTAAGGAGCTGGAACG
UQCRCl 3 e 48590127 TCCCGCCTAGAAGCGCAGCCAG
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Table S2. Sanger sequence primers used in this study.

gene left primer (5'-3') right primer (5'-3')
ORC3 1 CCCTGGCAGTTTACATCTGAGT |AGCAGCATGTGAAGGATTAGCT
ORC3 2 ATACAGCACGGCCAGTTTCC CTGGTCACCTTTTTCTCTTAAGCT
PTPA CTTCCTCACAGTGCCTGGAG ACAGCCTCTCATCAAACGGG

PSMD13 CTGCGTGTCTTAACGTCCCT AGCTTCATTGGCTGCAAACG
NOP2 1 TGAGAAAGCTGCCTTCCAGA AGGCAAGAGTTCCAACCTGG
NOP2 2 GACGGTGTCTTGCTTTGTCG GAGGCCAGGAGTTCAAGACC
ANAPCS ACGTCGTTTACTTCCAGGCC AGGGAGAGAGGGGACATGAA
KIAA0391 AACAACTGGAGACTCGTGGC TCTTCAGGACAGAGGCAATGC
AQR CACTCCAGAAGCCATCCCTG TGACAGTAAAATGGCAGAAGCA
TBCID3B TAGGGACGAACAGCAGTGTG |TGTCTCTCAAGCTGCACTCT
TBCID3F CTAGGGACGAACAGCAGTGT TCTCTCTCGAGCTGCACTCT
TBC1D3C CTAGGGACGAACAGCAGTGT TCTCTCTCGAGCTGCACTCT
TBC1D3 CTAGGGACGAACAGCAGTGT TCTCTCTCGAGCTGCACTCT
BIRCS CCATGGATTGAGGCCTCTGG ACAGGCAGAAGCACCTCTG
MRPL12 CAATGTCGCCAAAGCTGAGG CGCAGGCAATTCTCCCAAAC
NLGN4Y TTGATGGGGATGCAGCCTTT TGGCACAAAAACATTCCTGGT

SRY GGGATGACTGTACGAAAGCCA |AACATAAGAAAGTGAGGGCTGT
WDR3 ATCTCAAGAGGGAATGCGAGG |ACGCCAACTCTTCTGTGCTT
ECT2 TGTACGTCATTCTGCTTTCCGA |TGTTCCTTTTTTTTTTCCCGCA

RPL32 TGGCCATCAGAGTCACCAAC ATGGGAGATTCCAAAGGGGC
TFRC CCCAGGAAGGTCCACAGATG AACCCTTTCTCAAGCTTTGCT

POLR2B TGCCTTACGCATGCAAACTA ACAGAAGAAAAGCATGCATATCAT
CDC23 CAAGGCGAGACTCCTACCAC AGGTCCTTGGAACAGACGTG
RIOK1 GGTCAAGGAAGCCCAGAGAG |CACAGACAGTGCCACGATGA

ORC3 GCCTCCAGTGCTCGGTTTAT TCTCAACAAAACAGGCTCCTCT

MASTL ACCTCCTATTTTGAAGCCAGGA |TCTGTGAAAGCTGTAACGTACA

ATP2A2 TCGTAAGTGGCTTACCTGGG TACCAGGCCAGCAGAAACTT

AURKA CAGAGGCCAATGCTCAGAGA GAGGGCAGCAGTCAATGGTA

RBX1 CGACAGCCAAGCTAGTGTCA AGGTAACAGCAGGGAAAGTCA

LOC105373102 TGGATGGATGGATGGATGGAT({GCCCACCTGATCCTCCTTTC

CD99 AGGAACTGTGTCCACGTGAG CAGAAGGCCTCCATCTCTGC

ZBEDI1 TTCTGTATGAGAACGCCCGG CAGCAAAGCATCCAATGGGC
VAMP7 AATTGCTCTCCTCGTCCCTC GAGGGTTGAAGAGACTGGCA

UTY TCTAGGCTCTTTCATTATCATCCYAAGTCCTGAAGCAGAGGCAG

PPIE TGTCCTCCCTGCAGATTCAC GCACACAGTAGGAACCCCAG

NUDC CTGGGAGAAGGGACAGCTTT GCCCACAAGTCCCAGAGAAG
WDR77 GAGAGATGCGACTTGGTCCC AGGCTCCTGTGTTGTCTCAC
SFPQ 1 GGAACTCCAGCAGGATATGGT |CCTGCCCAAACAGACCATTT
SFPQ 2 TGAGTGGTTCCATGATGGGA ACCACACACCGAGTTCTTCT

NSL1 ACAGCTCTGAGTCTCAAGGC GGTCACCCAGCTTCATCCTC

RABGGTB TGGAATTGCTGGATTGTCACT |AGTCACTTTTAGATTCGATAAGCAC
I1SG20L2 GCTTGCTCAGGTTGGGAAGA AGCTGTCCATTGGTCCACTG

DTL GCCCAGCTCCATGAGGAAAA GGCAGCTTTCTTAAAGACCAGA
MAGOH TGATGGGTCAAAGTTTTAATGCJACACAAAATTTTCTACTCCCACCC
ZBTB8OS TGTCACTAATCAGGATTGTGTGAAAAAGTGTGGATGAGGCTGC
TRNAUIAP GCTTGCTTTCCAGACCCCAT GGAGTCTCTCATCTCCCTCAC

SNRPE AAAACATCTGAGTGTGTGGCT |AGTAACACGAGGGTAATCAAAACA
MTOR CCCTGAGCTTTCTAATTTGCCAC|GGCTGAGGTGGATGGATCAC
POLRIA GGATCCCACGATGAGCTGAG CACTTGGAACTGCCCTGGAT

ATL2 GCTCTTTCATCAGCACAGCG TGGATGTGCAATTCCATACCCT
WDR33 TCTTTGTTTCAGGCCGAGGG CCTCTACCCCAGTTACTGCC

UQCRCI1 TGAGCAGCTCCCAGACTACA GTGGCACAGGTTAGAGGAGC
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Table S3. Summary of the karyotype analysis of HEK293T highly modified clones
(19,21) and lowly modified clones (11,16).
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—X X X
add (X) (q28) X X X X X X
der (X) add (X) (p11. 2) add (X) (q28)
add (1) (p36. 1) X X X XX X X
add (1) (q42) XX XX XX XX XX XX
del (1) (q31) X X X XX XX X X
-2 X
i(2) (q10) X X X X X
-3 X
add (3) (p24) X X X X X
del (3) (p22) X
add (3) (q12)
-4 XX X X XX X X X
add (4) (p16) X
add (7) (g36)
-7 X
-8 X X X X
-9 X X
add (9) (q34) X X
add (10) (p13) X X X X X
-10 X
add (11) (g23) X
-11 X X
-12 X
add (13) (p11) X X X X X
add (13) (q34) X X X X X X
-13 X X
-14 X
-15 X X X X X X X
-16 X
-17 X
-18 X X X X
-21 X X X X X X
—22 X
marl X X
mar 1-4 1-6 3-5 4-5 1-4 1-4 3-5
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