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Supplementary Figure 1. Editing efficiencies, indels and edit/indel ratios of the QBE editors at site 1 and site 3.
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Supplementary Figure 1. Editing efficiencies, indels and edit/indel ratios of the QBE editors
at site 1 and site 3.

a-f, Frequencies of C-to-T or A-to-G conversions (a-b), indels (¢-d), and ratio of base edits to indels
(e-f) induced by the BE4max, QBEs-based editors at site 1 (upper panel) and site 3 (bottom panel).
Values and error bars represent the means and standard errors of the mean for three independent

biological replicates.



Supplementary Figure 2. Product purities at each position of the QBE editors at site 1 and site 3.
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Supplementary Figure 2. Product purities at each position of the QBE editors at site 1 and site
3.

a-b, Frequencies of C-to-T or C-to-R conversions using different QBE editors inlaid with the
different deaminases at site 1 (a) and site 3 (b) at the specified positions in the HEK293T cells.
Values and error bars represent the means and standard errors of the mean for three independent

biological replicates.



Supplementary Figure 3. Schematic representations of QBES to QBE11 editors and their relative editing properties.
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Supplementary Figure 3. Schematic representations of the QBES to QBE11 editors and their
relative editing properties.

a, Schematic representations of the QBE5-QBE11 editors. Numbers under and above nCas9(D10A)
represent amino acid positions in reference to wild-type SpCas9. CMV pro, enhanced
cytomegalovirus promoter; DEA, deaminase; NLS, nuclear localization signals; bGH, bovine
growth hormone polyadenylation signal. b-¢, Frequencies of C-to-T or C-to-R conversions (left Y
axis) and indels (right Y axis) induced by different QBE editors at site 1 (b) and site 3 (c) at the
specified positions in the HEK293T cells. Values and error bars represent the means and standard

errors of the mean for three independent biological replicates.



Supplementary Figure 4. Comparison of QBEmax and BE4max at multiple genomic sites.
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Supplementary Figure 4. Comparison of QBEmax and BE4max at multiple genomic sites.

a, Frequencies of C-to-T or C-to-R conversions (left Y axis) and indels (right Y axis) induced by

the mini-Sdd9-BE4max and mini-Sdd9-QBEmax. Values and error bars represent the means and

standard errors of the mean for three independent biological replicates.



Supplementary Figure 5. On-target DNA editing efficiencies during RNA-off target analyses.
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Supplementary Figure 5. On-target DNA editing efficiencies during RNA-off target analyses.

Frequencies of C-to-T or C-to-R conversions (left Y axis) and indels (right Y axis) induced by
nCas9(D10A), BE4max and QBEmax transfected cells. Values and error bars represent the means
and standard errors of the mean for two (nCas9(D10A)) or four (BE4max and QBEmax)

independent biological replicates.



Supplementary Figure 6. Molecular dynamic analysis of QBEmax.
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Supplementary Figure 6. Molecular dynamic analysis of QBEmax.

a, Snapshots for mini-Sdd9-BE4max and mini-Sdd9-QBEmax in the 300 ns MD simulations. b,
RMSD plot for mini-Sdd9-BE4max and mini-Sdd9-QBEmax in the MD simulation, the systems
equilibrated after 150 ns; gray, Cas9 domain; pink, mini-Sdd9; blue, UGI; red, catalytic region of
mini-Sdd9. c-d, Snapshots for mini-Sdd9-QBEmax (¢) and mini-Sdd9-BE4max (d) at the minimum
energy state in the MD simulation; gray, Cas9 domain; pink, mini-Sdd9; blue, UGI; red, catalytic

region of mini-Sdd9. e, Distance of UGI1 (left) and UGI2 (right) to the target Cs of site 1.



Supplementary Figure 7. Representative examples of gates used to flow sort mScarlet-positive and mScarlet-negative cells for
RNA off-target analysis.

Il i
& ey &7
w 3 w 3
w4 o 7
: =
-Illl]llll[lllllllll|l”|| -IIII|IIIl|ll|llllll|llll|
50 100 150 200 250 50 100 150 200 250 50 100 150 200 250
FSC-A {+ 1,000) FsC- #1,000) 88C-A {+ 1,000)
:
g Population #Events %Parent %Total
@ Il All Events 10.000 #u#g| 1000
Her 7.928 793 793
P2 7.863 992 786
Her3 7.626 970/ 763
[l P4 5383 706 538
B P5 1.187 156 19
4

2 3
o 10 10 10
45 mCherny-A

10%
Supplementary Figure 7. Representative examples of gates used to flow sort mScarlet-positive
and mScarlet-negative cells for RNA off-target analysis.

P4 for mScarlet-positive cells and PS5 for mScarlet-negative cells.



Supplementary Table 1. sgRNA list of the 5 CAR-T genes, provided as separate xIsx. file

Supplementary Table 2 (all sites used, NGS primers, amplicon sequences)

Target site Target sequence NGS primers Amplicon sequence
(Without PAM, 5°-to-3”)
Site 1 GACAAACCAGAAGCCGCTC NGS-sitesitel- TACCTATCACAATCACAACT
C F5S:ACACTCTTTCCCTACACGA GCAATATTACATAAATAGTC
CGCTCTTCCGATCTNNNNTACC | TGTTAGAGAAGGACAACTG
TATCACAATCACAACTGC AATCTGCAAATCAGTATCTT
NGS-sitesitel- CTCAATGAGAGTACAAGGA
R5:-TGGAGTTCAGACGTGTGCT | GGCAATGGCTACATACGAT
CTTCCGATCTGTTAACTTAGTT GGACAAACCAGAAGCCGCT
TTCTTGTAGCCC CCTGGGCTATGTTTACTATT
TACTTTTATGGTATAAAAAT
GTTCTCAGTCAAGCAGTTTC
AACAATAGATACCACAGTT
CCAATAAAAAGAGGGCTAC
AAGAAAACTAAGTTAAC
Site 2 GTTCACACCCATGACGAAC NGS-sitesite2- GGAGCGTGTCCATAGGGTG
A F5:ACACTCTTTCCCTACACGA CCAGGCTGGCCGCTTCTCCA
CGCTCTTCCGATCTNNNNGGA | CGGGCCCTGCCTTCCTCACC
GCGTGTCCATAGGGTGC TGATGATCTTGAGGCTGTTG
NGS-sitesite2- TCATACTTCTCATGGTTCAC
R5:TGGAGTTCAGACGTGTGCT | ACCCATGACGAACATGGGG
CTTCCGATCTGACCCGGGTTC GCATCAGCAGAGGGGGCAG
ATAACTGTCTG AGATGATGACCCTTTTGGCT
CCCCCCTGCAAATGAGCCTA
CAGCAGAGAAGCAGACAGT
TATGAACCCGGGTC
Site 3 GAACACAAAGCATAGACTG | NGS-sitesite3-250- TAACAAGACCTGGCTGAGC
C F:ACACTCTTTCCCTACACGAC TAACTGTGACAGCATGTGGT
GCTCTTCCGATCTNNNNTAAC AATTTTCCAGCCCGCTGGCC
AAGACCTGGCTGAGCTAA CTGTAAAGGAAACTGGAAC
NGS-sitesite3-250- ACAAAGCATAGACTGCGGG
R:TGGAGTTCAGACGTGTGCTC | GCGGGCCAGCCTGAATAGC
TTCCGATCTGTGCGTATGACAT | TGCAAACAAGTGCAGAATA
CATCAGATATTCTGC TCTGATGATGTCATACGCAC
Site 5 GTGGGGAAGGGGCCCCCAA | NGS-sitesite5- CAAGGCTGGCCAACCCATG
G F6:ACACTCTTTCCCTACACGA GGTGGAGTTTAGCCAGGGA
CGCTCTTCCGATCTNNNNCAA CCGTTTCAGACAGATATTTG
GGCTGGCCAACCCATGG CATTGAGATAGTGTGGGGA
NGS-sitesite5- AGGGGCCCCCAAGAGGATA
R5: TGGAGTTCAGACGTGTGCT | CTGCTAATTTTTTTTATAGC
CTTCCGATCTGTCCTGGTATCC | CTTTGCCTTGTTCCGATTCA




TCTATGATGGG

GTCATTCCAGTTTTTCTCTA
ATTTATTCTTCCCTTTAGCTA

GTTTCCTTCTCCCATCATAG
AGGATACCAGGAC
Site 7 GTCATCTTAGTCATTACCTG | NGS-site7-250- CAACATACAGAAGTCAGGA
F2:ACACTCTTTCCCTACACGA ATGCTTGAATATAAATTTAT
CGCTCTTCCGATCTN TATTACTCTATGTTCTATTTA
NNNAACGGAACTCAACCATTA | AGTTTTCATGTTCTAAAAAT
AGCA GTATCCCAGTTTACACGTCT
NGS-site7-250- CATATGCCCCTTGGCAGTCA
R2:TGGAGTTCAGACGTGTGCT | TCTTAGTCATTACCTGAGGT
CTTCCGATCTCCAACATACAGA | GTTCGTTGTAACTCATATAA
AGTCAGGAATGC ACTGAGTTCCCATGTTTTGC
TTAATGGTTGAGTTCCGTT
Site 8 TGCTTCCATGATGCACAGAC | NGS-sitesite8- AATATTTGATGAAGTCAGG
F6:ACACTCTTTCCCTACACGA GACATTATTATACTTAGTGT
CGCTCTTCCGATCTNNNNAATA | GTTTTAAATATTCTCAATTA
TTTGATGAAGTCAGGGAC AGTTACTTTTTCTCCTCTTCT
NGS-sitesite8- TCTAGCAACGTTCTACTGTT
R5:TGGAGTTCAGACGTGTGCT | GCTTCCATGATGCACAGACA
CTTCCGATCTAGTCTGTCAAAT | GGAGACTGTAGACTGCTTG
CTACCTCCCC AAGAAATTTAATGCTAGAA
GAAAACTAAAGGTAAGAAA
TTTTACATTTTTATGGGGAG
GTAGATTTGACAGACT
Site 9 TTTTATCACAGGCTCCAGGA | NGS-sitesite9- TAGGCCAGAAAAGAGATAT
F6:ACACTCTTTCCCTACACGA GGCATCTACTCTTAGACATA
CGCTCTTCCGATCTNNNNTAG ACACACCAGGGTCAATACA
GCCAGAAAAGAGATATGGC ACTTTGAAGCTAGTCTAGTG
NGS-sitesite9- CAAGCTAACAGTTGCTTTTA
R5:TGGAGTTCAGACGTGTGCT | TCACAGGCTCCAGGAAGGG
CTTCCGATCTCCAAGAGAGCC TTTGGCCTCTGATTAGGGTG
TTCCGAAAGA GGGGCGTGGGTGGGGTAGA
AGAGGACTGGCAGACCTCT
CCATCGGTGGCCGTTTGCCC
AGGGGGGCCTCTTTCGGAA
GGCTCTCTTGG
Site 10 CTTGACCAATAGCCTTGACA | NGS-sitesitel0- CAGCAGTATCCTCTTGGGGG
F5:ACACTCTTTCCCTACACGA CCCCTTCCCCACACTATCTC
CGCTCTTCCGATCTNNNNCAG AATGCAAATATCTGTCTGAA
CAGTATCCTCTTGGGGG ACGGTCCCTGGCTAAACTCC
NGS-sitesite10- ACCCATGGGTTGGCCAGCCT
R5:TGGAGTTCAGACGTGTGCT | TGCCTTGACCAATAGCCTTG
CTTCCGATCTGAACTGCTGAA ACAAGGCAAACTTGACCAA




GGGTGCTTCC TAGTCTTAGAGTATCCAGTG
AGGCCAGGGGCCGGCGGCT
GGCTAGGGATGAAGAATAA
AAGGAAGCACCCTTCAGCA
GTTC
Site 11 CGGAGTTCGCCCTGGAGAG NGS-Sitel1-F CTGTCTCAGTTCTCAGTCCG
G ACACTCTTTCCCTACACGACG GTTTCTTCGTATCTTGCAGA
CTCTTCCGATCTNNNNCTGTC TTTATCCAGGCACCTCCAGC
TCAGTTCTCAGTCCGG CCAGCAGTGGACAGGCTGT
NGS-Sitel1-R GTGTCGGAGTTCGCCCTGGA
GACTGGAGTTCAGACGTGTGC | GAGGTGGGTACTCTGCAGA
TCTTCCGATCTTAGCTCTGCCT | CCACGTGTGAAAGGCTTCCG
TATGGGGAGG AACATCAGCTCTTGTGCCTG
CCTCTCCTCCCCATAAGGCA
GAGCTA
Site 12 AAGTGTGATCACTTGGGTGG | NGS-Sitel2-F AATGTGTCAACTCTTGACAG
GACTGGAGTTCAGACGTGTGC | GGCTCTATTTTATAGGCTTC
TCTTCCGATCTTAGCTCTGCCT | TTCTCTGGAATCTTCTTCAT
TATGGGGAGG CATCCTCCTGACAATCGATA
NGS-Site12-R GGTACCTGGCTGTCGTCCAT
GACTGGAGTTCAGACGTGTGC | GCTGTGTTTGCTTTAAAAGC
TCTTCCGATCTGAGCTGCAGG | CAGGACGGTCACCTTTGGG
TGTAATGAAGACC GTGGTGACAAGTGTGATCA
CTTGGGTGGTGGCTGTGTTT
GCGTCTCTCCCAGGAATCAT
CTTTACCAGATCTCAAAAAG
AAGGTCTTCATTACACCTGC
AGCTC
Site 13 CAGGACGGTCACCTTTGGG NGS-Site13-F AATGTGTCAACTCTTGACAG
G ACACTCTTTCCCTACACGACG GGCTCTATTTTATAGGCTTC
CTCTTCCGATCTNNNNAATGT TTCTCTGGAATCTTCTTCAT
GTCAACTCTTGACAGGG CATCCTCCTGACAATCGATA
NGS-Sitel3- GGTACCTGGCTGTCGTCCAT
R:GACTGGAGTTCAGACGTGT GCTGTGTTTGCTTTAAAAGC
GCTCTTCCGATCTGAGCTGCA CAGGACGGTCACCTTTGGG
GGTGTAATGAAGACC GTGGTGACAAGTGTGATCA
CTTGGGTGGTGGCTGTGTTT
GCGTCTCTCCCAGGAATCAT
CTTTACCAGATCTCAAAAAG
AAGGTCTTCATTACACCTGC
AGCTC
Site 15 GGTACCTATCGATTGTCAGG | NGS-Sitel5- GAGCTGCAGGTGTAATGAA
F:ACACTCTTTCCCTACACGAC GACCTTCTTTTTGAGATCTG
GCTCTTCCGATCTNNNNAATG GTAAAGATGATTCCTGGGA




TGTCAACTCTTGACAGGG GAGACGCAAACACAGCCAC
NGS-Sitel5- CACCCAAGTGATCACACTTG
R:GACTGGAGTTCAGACGTGT TCACCACCCCAAAGGTGAC
GCTCTTCCGATCTGAGCTGCA CGTCCTGGCTTTTAAAGCAA
GGTGTAATGAAGACC ACACAGCATGGACGACAGC
CAGGTACCTATCGATTGTCA
GGAGGATGATGAAGAAGAT
TCCAGAGAAGAAGCCTATA
AAATAGAGCCCTGTCAAGA
GTTGACACATT
Site 17 GGATTGACCCAGGCCAGGG NGS-Sitel7- CCCAGCCAAACTTGTCAACC
C F:ACACTCTTTCCCTACACGAC AGTATCCCGGTGCAGGAGC
GCTCTTCCGATCTNNNNAGCA TGCACATACTAGCCCCTGTC
TGCATTTGTAGGCTTGAT TAGGAAAAGCTGTCCTGCG
NGS-Sitel7-R: ACGCCCTCTGGAGGAAGCA
TGGAGTTCAGACGTGTGCTCT | GGGCTTCCTTTCCTCTGCCA
TCCGATCTCCCAGCCAAACTT TCACGTGCTCAGTCTGGGCC
GTCAACC CCAAGGATTGACCCAGGCC
AGGGCTGGAGAAGCAGAAA
AAAAGCATCAAGCCTACAA
ATGCATGCT
Site 19 AGCCAGGACGGTCACCTTTG | NGS-Sitel9- AATGTGTCAACTCTTGACAG
F:ACACTCTTTCCCTACACGAC GGCTCTATTTTATAGGCTTC
GCTCTTCCGATCTNNNNAATG TTCTCTGGAATCTTCTTCAT
TGTCAACTCTTGACAGGG CATCCTCCTGACAATCGATA
NGS-Site19- GGTACCTGGCTGTCGTCCAT
R:GACTGGAGTTCAGACGTGT GCTGTGTTTGCTTTAAAAGC
GCTCTTCCGATCTGAGCTGCA CAGGACGGTCACCTTTGGG
GGTGTAATGAAGACC GTGGTGACAAGTGTGATCA
CTTGGGTGGTGGCTGTGTTT
GCGTCTCTCCCAGGAATCAT
CTTTACCAGATCTCAAAAAG
AAGGTCTTCATTACACCTGC
AGCTC
Site 21 CCAAGGATTGACCCAGGCC NGS-Site21- CCCAGCCAAACTTGTCAACC
A F:ACACTCTTTCCCTACACGAC AGTATCCCGGTGCAGGAGC
GCTCTTCCGATCTNNNNAGCA TGCACATACTAGCCCCTGTC
TGCATTTGTAGGCTTGAT TAGGAAAAGCTGTCCTGCG
NGS-Site21- ACGCCCTCTGGAGGAAGCA
R:TGGAGTTCAGACGTGTGCTC | GGGCTTCCTTTCCTCTGCCA
TTCCGA TCACGTGCTCAGTCTGGGCC
TCTCCCAGCCAAACTTGTCAA | CCAAGGATTGACCCAGGCC
CcC AGGGCTGGAGAAGCAGAAA




AAAAGCATCAAGCCTACAA

ATGCATGCT
Site 22 CCACCGCTGCGCCAAGGTG NGS-Site22- CTAGCCTTGCGTTCCGAGGA
C F:ACACTCTTTCCCTACACGAC GGACGGCCTGGCCGAAGCA
GCTCTTCCGATCTNNNNCTAG CCCGAGCACGGAACCACAG
CCTTGCGTTCCGAGG CCACCTTCCACCGCTGCGCC
NGS-Site22- AAGGTGCGGGTGTAGGGGT
R:TGGAGTTCAGACGTGTGCTC | GGGAGGCCGGGGCGAACCC
TTCCGATCTCCTGCAGTCCCCA | GCAGCCGGGACGGTGCGGT
AGA GCTGTTTCCTCTCGGGCCTC
AGTTTCCCCCCATGTAAGAG
AGGAAGTGGAGTGCAGGTC
GCCGAGGGCTCTTCGCTTGG
CACGATCTTGGGGACTGCA
GG
Site 29 CCAAGTACTTCAGGTAGCTG | NGS-Site29- GGCTTATGAAGGCAGAGAC
F:ACACTCTTTCCCTACACGAC TGAGAATGAGTTGAAAAGT
GCTCTTCCGATCTNNNNGGCT CAGTAGTAAAAAAGAATTG
TATGAAGGCAGAGACTGA AGAGCATGGGGTAAGGAGA
NGS-Site29- GATTCAACTCTGGGCAATCC
R:TGGAGTTCAGACGTGTGCTC | CAAGTACTTCAGGTAGCTGA
TTCCGATCTGTTACCTCTCCTT | GGTCAAGTTTAGTCTGGTAT
TCCAAGGCAC TGAAATAATTCAAATAATGT
TCACTGTTGGATTGTGAATT
AGGTAAAAATAGTCTCAAG
TGCCCATCCCACATGCCCTA
ACAAATTCAGGACTCCTCCT
AACACACCAAAGTGCCTTG
GAAAGGAGAGGTAAC
PDI-site 1 ACGACTGGCCAGGGCGCCT NGS-PD1sitel- AGGGACTGAGGGTGGAAGG
G 2F:ACACTCTTTCCCTACACGA TCCCTCCAGACCCCTGGCTC
CGCTCTTCCGATCTNNNNAGT TGGGACACCTGACCGCCGA
GGAGAAGGCGGCACTCTNGS- | CCCCACCTACCTAAGAACCA
PDlsitel- TCCTGGCCGCCAGCCCAGTT
2R:TGGAGTTCAGACGTGTGCT | GTAGCACCGCCCAGACGAC
CTTCCGATCTAGGGACTGAGG | TGGCCAGGGCGCCTGTGGG
GTGGAAGGT ATCTGCATGCCTGGAGCAGC
CCCACCAGAGTGCCGCCTTC
TCCACT
PD1-site 2 CGACTGGCCAGGGCGCCTG NGS-PD1site2- AGGGACTGAGGGTGGAAGG
T 2F:ACACTCTTTCCCTACACGA TCCCTCCAGACCCCTGGCTC
CGCTCTTCCGATCTNNNNAGT TGGGACACCTGACCGCCGA
GGAGAAGGCGGCACTCTNGS- | CCCCACCTACCTAAGAACCA
PDlsite2- TCCTGGCCGCCAGCCCAGTT




2R:TGGAGTTCAGACGTGTGCT | GTAGCACCGCCCAGACGAC
CTTCCGATCTAGGGACTGAGG | TGGCCAGGGCGCCTGTGGG
GTGGAAGGT ATCTGCATGCCTGGAGCAGC
CCCACCAGAGTGCCGCCTTC
TCCACT
PD1-site 3 TGTAGCACCGCCCAGACGA NGS-PD1site3- AGGGACTGAGGGTGGAAGG
C 2F:ACACTCTTTCCCTACACGA TCCCTCCAGACCCCTGGCTC
CGCTCTTCCGATCTNNNNAGT TGGGACACCTGACCGCCGA
GGAGAAGGCGGCACTCTNGS- | CCCCACCTACCTAAGAACCA
PDlsite3- TCCTGGCCGCCAGCCCAGTT
2R:TGGAGTTCAGACGTGTGCT | GTAGCACCGCCCAGACGAC
CTTCCGATCTAGGGACTGAGG | TGGCCAGGGCGCCTGTGGG
GTGGAAGGT ATCTGCATGCCTGGAGCAGC
CCCACCAGAGTGCCGCCTTC
TCCACT
PD1-site 4 CACCGCCCAGACGACTGGC NGS-PD1site4- AGGGACTGAGGGTGGAAGG
C 2F:ACACTCTTTCCCTACACGA TCCCTCCAGACCCCTGGCTC
CGCTCTTCCGATCTNNNNAGT TGGGACACCTGACCGCCGA
GGAGAAGGCGGCACTCTNGS- | CCCCACCTACCTAAGAACCA
PDlsite4- TCCTGGCCGCCAGCCCAGTT
2R:TGGAGTTCAGACGTGTGCT | GTAGCACCGCCCAGACGAC
CTTCCGATCTAGGGACTGAGG | TGGCCAGGGCGCCTGTGGG
GTGGAAGGT ATCTGCATGCCTGGAGCAGC
CCCACCAGAGTGCCGCCTTC
TCCACT
PDl-site 5 ACCGCCCAGACGACTGGCC NGS-PD1site5- AGGGACTGAGGGTGGAAGG
A 2F:ACACTCTTTCCCTACACGA TCCCTCCAGACCCCTGGCTC
CGCTCTTCCGATCTNNNNAGT TGGGACACCTGACCGCCGA
GGAGAAGGCGGCACTCTNGS- | CCCCACCTACCTAAGAACCA
PDlsite5- TCCTGGCCGCCAGCCCAGTT
2R:TGGAGTTCAGACGTGTGCT | GTAGCACCGCCCAGACGAC
CTTCCGATCTAGGGACTGAGG | TGGCCAGGGCGCCTGTGGG
GTGGAAGGT ATCTGCATGCCTGGAGCAGC
CCCACCAGAGTGCCGCCTTC
TCCACT
PD1-site 7 GGGCGGTGCTACAACTGGG NGS-PD1site7- AGTGGAGAAGGCGGCACTC
C 2F:ACACTCTTTCCCTACACGA TGGTGGGGCTGCTCCAGGC
CGCTCTTCCGATCTNNNNAGT ATGCAGATCCCACAGGCGC
GGAGAAGGCGGCACTCTNGS- | CCTGGCCAGTCGTCTGGGCG
PDlsite7- GTGCTACAACTGGGCTGGC
2R:TGGAGTTCAGACGTGTGCT | GGCCAGGATGGTTCTTAGGT
CTTCCGATCTAGGGACTGAGG | AGGTGGGGTCGGCGGTCAG
GTGGAAGGT GTGTCCCAGAGCCAGGGGT




CTGGAGGGACCTTCCACCCT

CAGTCCCT
PD1-site 8 CGGTGCTACAACTGGGCTG NGS-PD1site8- AGTGGAGAAGGCGGCACTC
G 2F:ACACTCTTTCCCTACACGA TGGTGGGGCTGCTCCAGGC
CGCTCTTCCGATCTNNNNAGT ATGCAGATCCCACAGGCGC
GGAGAAGGCGGCACTCTNGS- | CCTGGCCAGTCGTCTGGGCG
PD1site8- GTGCTACAACTGGGCTGGC
2R:TGGAGTTCAGACGTGTGCT | GGCCAGGATGGTTCTTAGGT
CTTCCGATCTAGGGACTGAGG | AGGTGGGGTCGGCGGTCAG
GTGGAAGGT GTGTCCCAGAGCCAGGGGT
CTGGAGGGACCTTCCACCCT
CAGTCCCT
PD1-site 9 CTACAACTGGGCTGGCGGC NGS-PD1site9- AGTGGAGAAGGCGGCACTC
C 2F:ACACTCTTTCCCTACACGA TGGTGGGGCTGCTCCAGGC
CGCTCTTCCGATCTNNNNAGT ATGCAGATCCCACAGGCGC
GGAGAAGGCGGCACTCTNGS- | CCTGGCCAGTCGTCTGGGCG
PD1site9- GTGCTACAACTGGGCTGGC
2R:TGGAGTTCAGACGTGTGCT | GGCCAGGATGGTTCTTAGGT
CTTCCGATCTAGGGACTGAGG | AGGTGGGGTCGGCGGTCAG
GTGGAAGGT GTGTCCCAGAGCCAGGGGT
CTGGAGGGACCTTCCACCCT
CAGTCCCT
PDI-site 10 | CAGCAACCAGACGGACAAG | NGS-PDIsitel0- AACACATCGGAGAGCTTCG
C 2F:ACACTCTTTCCCTACACGA TGCTAAACTGGTACCGCATG
CGCTCTTCCGATCTNNNNAGT AGCCCCAGCAACCAGACGG
GGAGAAGGCGGCACTCTNGS- | ACAAGCTGGCCGCCTTCCCC
PDlsite10- GAGGACCGCAGCCAGCCCG
2R:TGGAGTTCAGACGTGTGCT | GCCAGGACTGCCGCTTCCGT
CTTCCGATCTAGGGACTGAGG | GTCACACAACTGCCCAACG
GTGGAAGGT GGCGTGACTTCCACATGAGC
GTGGTCAGGGCCCGGCGCA
ATGACAGCGGCACCTACC
PDI-site 11 | CGTGTCACACAACTGCCCAA | NGS-PDIsitel1- AACACATCGGAGAGCTTCG
2F:ACACTCTTTCCCTACACGA TGCTAAACTGGTACCGCATG
CGCTCTTCCGATCTNNNNACC AGCCCCAGCAACCAGACGG
TGCAGCTTCTCCAAC ACAAGCTGGCCGCCTTCCCC
NGS-PD1sitell- GAGGACCGCAGCCAGCCCG
2R:TGGAGTTCAGACGTGTGCT | GCCAGGACTGCCGCTTCCGT
CTTCCGATCTGGTAGGTGCCG GTCACACAACTGCCCAACG
CTGTCATTG GGCGTGACTTCCACATGAGC
GTGGTCAGGGCCCGGCGCA
ATGACAGCGGCACCTACC
PDI-site 12 | GTGTCACACAACTGCCCAAC | NGS-PDIsitel2- AACACATCGGAGAGCTTCG

2F:ACACTCTTTCCCTACACGA

TGCTAAACTGGTACCGCATG




CGCTCTTCCGATCTNNNNACC AGCCCCAGCAACCAGACGG
TGCAGCTTCTCCAAC ACAAGCTGGCCGCCTTCCCC
NGS-PD1sitel2- GAGGACCGCAGCCAGCCCG
2R:TGGAGTTCAGACGTGTGCT | GCCAGGACTGCCGCTTCCGT
CTTCCGATCTGGTAGGTGCCG GTCACACAACTGCCCAACG
CTGTCATTG GGCGTGACTTCCACATGAGC
GTGGTCAGGGCCCGGCGCA
ATGACAGCGGCACCTACC
PDI-site 13 | CACCTACCTAAGAACCATCC | NGS-PDIsitel3- AGGGACTGAGGGTGGAAGG
2F:ACACTCTTTCCCTACACGA TCCCTCCAGACCCCTGGCTC
CGCTCTTCCGATCTNNNNAGT TGGGACACCTGACCGCCGA
GGAGAAGGCGGCACT CCCCACCTACCTAAGAACCA
NGS-PD1sitel3- TCCTGGCCGCCAGCCCAGTT
2R:TGGAGTTCAGACGTGTGCT | GTAGCACCGCCCAGACGAC
CTTCCGATCTAGGGACTGAGG | TGGCCAGGGCGCCTGTGGG
GTGGAAGGT ATCTGCATGCCTGGAGCAGC
CCCACCAGAGTGCCGCCTTC
TCCACT
PDI-site 14 | CGCAGATCAAAGAGAGCCT | NGS-PDIsitel4- CGTGACTTCCACATGAGCGT
G 2F:ACACTCTTTCCCTACACGA GGTCAGGGCCCGGCGCAAT
CGCTCTTCCGATCTNNNNCGT GACAGCGGCACCTACCTCTG
GACTTCCACATGAGCGTGG TGGGGCCATCTCCCTGGCCC
NGS-PD1site14- CCAAGGCGCAGATCAAAGA
3R:-TGGAGTTCAGACGTGTGCT | GAGCCTGCGGGCAGAGCTC
CTTCCGATCTTGATCCTGTGCA | AGGGTGACAGGTGCGGCCT
GGAGGGGACA CGGAGGCCCCGGGGCAGGG
GTGAGCTGAGCCGGTCCTG
GGGTGGGTGTCCCCTCCTGC
ACAGGATCA
PDI-site 15 | CGGCCAGTTCCAAACCCTGG | NGS-PDIsitel5- TAACCCCTGACCTTTGTGCC
4F:ACACTCTTTCCCTACACGA CTTCCAGAGAGAAGGGCAG
CGCTCTTCCGATCTNNNNTAA AAGTGCCCACAGCCCACCC
CCCCTGACCTTTGTGCCC CAGCCCCTCACCCAGGCCA
NGS-PD1sitel5- GCCGGCCAGTTCCAAACCCT
3R:-TGGAGTTCAGACGTGTGCT | GGTGGTTGGTGTCGTGGGCG
CTTCCGATCTAGGACCCAGAC GCCTGCTGGGCAGCCTGGTG
TAGCAGCACCA CTGCTAGTCTGGGTCCT
PDl-site 16 | AGCCGGCCAGTTCCAAACC NGS-PD1sitel6- TAACCCCTGACCTTTGTGCC
C 4F:ACACTCTTTCCCTACACGA CTTCCAGAGAGAAGGGCAG
CGCTCTTCCGATCTNNNNTAA AAGTGCCCACAGCCCACCC
CCCCTGACCTTTGTGCCC CAGCCCCTCACCCAGGCCA
NGS-PD1sitel6- GCCGGCCAGTTCCAAACCCT
3R:-TGGAGTTCAGACGTGTGCT | GGTGGTTGGTGTCGTGGGCG

CTTCCGATCTAGGACCCAGAC




TAGCAGCACCA GCCTGCTGGGCAGCCTGGTG

CTGCTAGTCTGGGTCCT
PDI-site 17 | CAGTTCCAAACCCTGGTGGT | NGS-PDIsitel7- TAACCCCTGACCTTTGTGCC
4F:ACACTCTTTCCCTACACGA CTTCCAGAGAGAAGGGCAG
CGCTCTTCCGATCTNNNNTAA AAGTGCCCACAGCCCACCC
CCCCTGACCTTTGTGCCC CAGCCCCTCACCCAGGCCA
NGS-PD1sitel7- GCCGGCCAGTTCCAAACCCT
3R:-TGGAGTTCAGACGTGTGCT | GGTGGTTGGTGTCGTGGGCG
CTTCCGATCTAGGACCCAGAC GCCTGCTGGGCAGCCTGGTG

TAGCAGCACCA CTGCTAGTCTGGGTCCT
CISH-site 1 | TCTGCGTTCAGGGGTAAGCG | NGS-CISHsitel- ACTGGTTCCCTCCAGCCGCC
2F:ACACTCTTTCCCTACACGA GCCGTCCAGCCGAGTCCCCA
CGCTCTTCCGATCTNNNNACT CTCCGGAGTCGCCGCTGCCG
GGTTCCCTCCAGCCG CGGGGACATGGTCCTCTGCG
NGS-CISHsitel- TTCAGGGGTAAGCGCGGCT
IR:TGGAGTTCAGACGTGTGCT | CTCTGCCCCCTTCCCGGCCA
CTTCCGATCTTCTGCGCTCAGT | CCACGAGGGGCGCACGGGA
CACCTCTG GAACAGGGGCTTCGTGCTA
GCTGCCGGGCATTGGGAGG
GCTTGACGGGCCAGAGGTG

ACTGAGCGCAGA

CISH-site 2 | GGACTGGGCAGCGGCCCCT NGS-CISHsite2-2F:ACA ACTCACTGCTCATCCACTGC
GTGG CTCTTTCCCTACACGACGCTC | CTTCTAGACCTCGTCCTTTG
TTCCGATCTNNNNACTCACTG | CTGGCTGTGGAGCGGACTG
CTCATCCACTGCC GGCAGCGGCCCCTGTGGGC
NGS-CISHsite2- CCCGTCCCTGGAACTGCCCA
IR: TGGAGTTCAGACGTGTGCT | AGCCAGTCATGCAGCCCTTG
CTTCCGATCTTCCAGCACCTTT | CCTGCTGGGGCCTTCCTCGA
GGCTCACTCT GGAGGTGGCAGAGGGTACC
CCAGCCCAGACAGAGAGTG

AGCCAAAGGTGCTGGA
CISH-site 3 | GACTGGGCAGCGGCCCCTG NGS-CISHsite3-2F:ACA ACTCACTGCTCATCCACTGC
T CTCTTTCCCTACACGACGCTC | CTTCTAGACCTCGTCCTTTG
TTCCGATCTNNNNACTCACTG | CTGGCTGTGGAGCGGACTG
CTCATCCACTGCC GGCAGCGGCCCCTGTGGGC
NGS-CISHsite3- CCCGTCCCTGGAACTGCCCA
IR: TGGAGTTCAGACGTGTGCT | AGCCAGTCATGCAGCCCTTG
CTTCCGATCTTCCAGCACCTTT | CCTGCTGGGGCCTTCCTCGA
GGCTCACTCT GGAGGTGGCAGAGGGTACC
CCAGCCCAGACAGAGAGTG

AGCCAAAGGTGCTGGA
CISH-site 4 | GTTCCAGGGACGGGGCCCA NGS-CISHsite4- ACTCACTGCTCATCCACTGC
C 2F:ACACTCTTTCCCTACACGA CTTCTAGACCTCGTCCTTTG
CGCTCTTCCGATCTNNNNACT CTGGCTGTGGAGCGGACTG




CACTGCTCATCCACTGCC GGCAGCGGCCCCTGTGGGC
NGS-CISHsite4- CCCGTCCCTGGAACTGCCCA
IR: TGGAGTTCAGACGTGTGCT | AGCCAGTCATGCAGCCCTTG
CTTCCGATCTTCCAGCACCTTT | CCTGCTGGGGCCTTCCTCGA
GGCTCACTCT GGAGGTGGCAGAGGGTACC
CCAGCCCAGACAGAGAGTG

AGCCAAAGGTGCTGGA
CISH-site 5 | GTCATGCAGCCCTTGCCTGC | NGS-CISHsite5- TCCAGCACCTTTGGCTCACT
2F:ACACTCTTTCCCTACACGA CTCTGTCTGGGCTGGGGTAC
CGCTCTTCCGATCTNNNNACT CCTCTGCCACCTCCTCGAGG
CACTGCTCATCCACTGCC AAGGCCCCAGCAGGCAAGG
NGS-CISHsite5- GCTGCATGACTGGCTTGGGC
IR:TGGAGTTCAGACGTGTGCT | AGTTCCAGGGACGGGGCCC
CTTCCGATCTTCCAGCACCTTT | ACAGGGGCCGCTGCCCAGT
GGCTCACTCT CCGCTCCACAGCCAGCAAA
GGACGAGGTCTAGAAGGCA

GTGGATGAGCAGTGAGT
CISH-site 6 | TGGAACCCCAATACCAGCCT | NGS-CISHsite6- CACTGACAGCGTGAACAGG
1F:ACACTCTTTCCCTACACGA TAGCTGGGGTGCGTGCTGTC
CGCTCTTCCGATCTNNNNGAA | ACGTACTAAGAACGTGCCTT
GCTGGAGGCACTGCCTTGA CTGGCATCTTCTGCAGGTGT
NGS-CISHsite6- TGTCGGGCCTCGCTGGCCGT
IR: TGGAGTTCAGACGTGTGCT | AATGGAACCCCAATACCAG
CTTCCGATCTCACTGACAGCG CCTAGGCAAGTGCAGAGGG
TGAACAGGTAG GGCCAAGGGACATAGTGGA
AATTAGCTGGGGTAACCAA
TCCAGTGCAAGTCAAGGCA

GTGCCTCCAGCTTC

CISH-site 7 | TCATGCAGCCCTTGCCTGCT | NGS-CISHsite5- TCCAGCACCTTTGGCTCACT
2F:ACACTCTTTCCCTACACGA CTCTGTCTGGGCTGGGGTAC
CGCTCTTCCGATCTNNNNACT CCTCTGCCACCTCCTCGAGG
CACTGCTCATCCACTGCC AAGGCCCCAGCAGGCAAGG
NGS-CISHsite5- GCTGCATGACTGGCTTGGGC
IR: TGGAGTTCAGACGTGTGCT | AGTTCCAGGGACGGGGCCC
CTTCCGATCTTCCAGCACCTTT | ACAGGGGCCGCTGCCCAGT
GGCTCACTCT CCGCTCCACAGCCAGCAAA
GGACGAGGTCTAGAAGGCA

GTGGATGAGCAGTGAGT
CISH-site 8 | CACCTGCAGAAGATGCCAG NGS-CISHsite8- GAAGCTGGAGGCACTGCCT
A 1F:ACACTCTTTCCCTACACGA TGACTTGCACTGGATTGGTT
CGCTCTTCCGATCTNNNNGAA | ACCCCAGCTAATTTCCACTA
GCTGGAGGCACTGCCTTGA TGTCCCTTGGCCCCCTCTGC
NGS-CISHsite8- ACTTGCCTAGGCTGGTATTG

IR: TGGAGTTCAGACGTGTGCT

GGGTTCCATTACGGCCAGCG




CTTCCGATCTCACTGACAGCG AGGCCCGACAACACCTGCA
TGAACAGGTAG GAAGATGCCAGAAGGCACG
TTCTTAGTACGTGACAGCAC
GCACCCCAGCTACCTGTTCA
CGCTGTCAGTG
CISH-site 9 | CAGCCTTGTGCAGCACTATG | NGS-CISHsite9- ACTCCAGCTTCCGTCTGGAC
2F:ACACTCTTTCCCTACACGA TCCAACTGCTTGTCCAGGCC
CGCTCTTCCGATCTNNNNACT ACGCATCCTGGCCTTTCCGG
CCAGCTTCCGTCTGGACTC ATGTGGTCAGCCTTGTGCAG
NGS-CISHsite9- CACTATGTGGCCTCCTGCAC
2R:TGGAGTTCAGACGTGTGCT | TGCTGATACCCGAAGCGAC
CTTCCGATCTGTACAGCAGTG AGCCCCGATCCTGCTCCCAC
GCTGGTGGA CCCGGCCCTGCCTATGCCTA
AGGAGGATGCGCCTAGTGA
CCCAGCACTGCCTGCTCCTC
CACCAGCCACTGCTGTAC
CISH-site CTCACCAGATTCCCGAAGGT | NGS-CISHsitel0- TCAAGGCAGTGCCTCCAGCT
10 2F:ACACTCTTTCCCTACACGA TCACGCTTCCCTAGAGAGGG
CGCTCTTCCGATCTNNNNACT CTGTGCCTCTCCCATCAGAC
CCAGCTTCCGTCTGGACTC TCTCCTGGGCCGGGCTATGC
NGS-CISHsite10- CTCCCAAATCAGACTCAAA
IR: TGGAGTTCAGACGTGTGCT | GGCAGAACTAAGCTTCTCCC
CTTCCGATCTGTACAGCAGTG ACCAGACTACTCAGGAAAA
GCTGGTGGA GGCCTGCCTCCCCCCTCAGA
CTCACCAGATTCCCGAAGGT
AGGAGAAGGTCTTGGCTAT
GCACAGCAGATCCTCC
FAS-site 1 GACTGCGTGCCCTGCCAAG NGS-FASsitel - GGAAAGCTAGGGACTGCAC
A 10F:ACACTCTTTCCCTACACGA | AGTCAATGGGGATGAACCA
CGCTCTTCCGATCTNNNNGGA | GACTGCGTGCCCTGCCAAG
AAGCTAGGGACTGCACAGT AAGGGAAGGAGTACACAGA
NGS-FASsitel - CAAAGCCCATTTTTCTTCCA
TR:TGGAGTTCAGACGTGTGCT | AATGCAGAAGATGTAGATT
CTTCCGATCTCCACTTCTAAGC | GTGTGATGAAGGACATGGC
CATGTCCTTCATCAC TTAGAAGTGG
FAS-site 2 ACTGCGTGCCCTGCCAAGA NGS-FASsite2- GGAAAGCTAGGGACTGCAC
A 10F:ACACTCTTTCCCTACACGA | AGTCAATGGGGATGAACCA
CGCTCTTCCGATCTNNNNGGA | GACTGCGTGCCCTGCCAAG
AAGCTAGGGACTGCACAGT AAGGGAAGGAGTACACAGA
NGS-FASsite2- CAAAGCCCATTTTTCTTCCA
TR:TGGAGTTCAGACGTGTGCT | AATGCAGAAGATGTAGATT
CTTCCGATCTCCACTTCTAAGC | GTGTGATGAAGGACATGGC

CATGTCCTTCATCAC

TTAGAAGTGG




FAS-site 3 CGTGCCCTGCCAAGAAGGG NGS-FASsite3- GGAAAGCTAGGGACTGCAC
A 10F:ACACTCTTTCCCTACACGA | AGTCAATGGGGATGAACCA
CGCTCTTCCGATCTNNNNGGA GACTGCGTGCCCTGCCAAG
AAGCTAGGGACTGCACAGT AAGGGAAGGAGTACACAGA
NGS-FASsite3- CAAAGCCCATTTTTCTTCCA
TR:TGGAGTTCAGACGTGTGCT | AATGCAGAAGATGTAGATT
CTTCCGATCTCCACTTCTAAGC | GTGTGATGAAGGACATGGC
CATGTCCTTCATCAC TTAGAAGTGG
FAS-site 4 GAGGGTCCAGATGCCCAGC NGS-FASsite4- ACTTTGCCTATCCCCGGGAC
A 2F:ACACTCTTTCCCTACACGA TAAGACGGGGTAAGCCTCC
CGCTCTTCCGATCTNNNNAGT ACCCGGGCAGGAGAGGGCT
ACGGAGTTGGGGAAGCTCT CACCAGAGGTAGGAGGGTC
NGS-FASsite4- CAGATGCCCAGCATGGTTGT
2R:TGGAGTTCAGACGTGTGCT | TGAGCAATCCTCCGAAGTG
CTTCCGATCTACTTTGCCTATC AAAGAGCTTCCCCAACTCCG
CCCGGGACT TACT
FAS-site 5 TACAGTTGAGACTCAGAACT | NGS-FASsite5- GACTGACATCAACTCCAAG
2F:ACACTCTTTCCCTACACGA GGATTGGAATTGAGGAAGA
CGCTCTTCCGATCTNNNNGAC CTGTTACTACAGTTGAGACT
TGACATCAACTCCAAGGGA CAGAACTTGGAAGGCCTGC
NGS-FASsite5- ATCATGATGGCCAATTCTGC
IR: TGGAGTTCAGACGTGTGCT | CATAAGCCCTGTCCTCCAGG
CTTCCGATCTCACCTGGAGGA TG
CAGGGCTTA
FAS-site 6 GTTGAGACTCAGAACTTGG NGS-FASsite6- GACTGACATCAACTCCAAG
A 2F:ACACTCTTTCCCTACACGA GGATTGGAATTGAGGAAGA
CGCTCTTCCGATCTNNNNGAC CTGTTACTACAGTTGAGACT
TGACATCAACTCCAAGGGA CAGAACTTGGAAGGCCTGC
NGS-FASsite6- ATCATGATGGCCAATTCTGC
IR: TGGAGTTCAGACGTGTGCT | CATAAGCCCTGTCCTCCAGG
CTTCCGATCTCACCTGGAGGA TG
CAGGGCTTA
FAS-site 7 AAGCCACCCCAAGTTAGAT NGS-FASsite7- GAGGCAAATCTTTGTGAACT
C 1F:ACACTCTTTCCCTACACGA ACTTCCCAAGTTATTTCAAT
CGCTCTTCCGATCTNNNNGTC CTGCAGTTTGAACAAAGCA
CAATGTTCCAACCTACAGG AGAACTTACCCCAAACAATT
NGS-FASsite7- AGTGGAATTGGCAAAAGAA
IR: TGGAGTTCAGACGTGTGCT | GAAGACAAAGCCACCCCAA
CTTCCGATCTGAGGCAAATCTT | GTTAGATCTGGATCCTGTAG
TGTGAACTAC GTTGGAACATTGGAC
FAS-site 8 CCCCAAACAATTAGTGGAA NGS-FASsite8- GAGGCAAATCTTTGTGAACT
T 1F:ACACTCTTTCCCTACACGA ACTTCCCAAGTTATTTCAAT
CGCTCTTCCGATCTNNNNGTC CTGCAGTTTGAACAAAGCA
CAATGTTCCAACCTACAGG AGAACTTACCCCAAACAATT




NGS-FASsite8- AGTGGAATTGGCAAAAGAA
IR: TGGAGTTCAGACGTGTGCT | GAAGACAAAGCCACCCCAA
CTTCCGATCTGAGGCAAATCTT | GTTAGATCTGGATCCTGTAG
TGTGAACTAC GTTGGAACATTGGAC
FAS-site 9 AACTTACCCCAAACAATTAG | NGS-FASsite9- GAGGCAAATCTTTGTGAACT
1F:ACACTCTTTCCCTACACGA ACTTCCCAAGTTATTTCAAT
CGCTCTTCCGATCTNNNNGTC CTGCAGTTTGAACAAAGCA
CAATGTTCCAACCTACAGG AGAACTTACCCCAAACAATT
NGS-FASsite9- AGTGGAATTGGCAAAAGAA
IR: TGGAGTTCAGACGTGTGCT | GAAGACAAAGCCACCCCAA
CTTCCGATCTGAGGCAAATCTT | GTTAGATCTGGATCCTGTAG
TGTGAACTAC GTTGGAACATTGGAC
FAS-site 10 | AAGTTCAACTGCTTCGTAAT | NGS-FASsitel0- CACCACTATTGCTGGAGTCA
1F:ACACTCTTTCCCTACACGA TGACACTAAGTCAAGTTAA
CGCTCTTCCGATCTNNNNCAC AGGCTTTGTTCGAAAGAATG
CACTATTGCTGGAGTCATG GTGTCAATGAAGCCAAAAT
NGS-FASsite10- AGATGAGATCAAGAATGAC
IR: TGGAGTTCAGACGTGTGCT | AATGTCCAAGACACAGCAG
CTTCCGATCTCTGCAAGAGTA AACAGAAAGTTCAACTGCTT
CAAAGATTGGC CGTAATTGGCATCAACTTCA
TGGAAAGAAAGAAGCGTAT
GACACATTGATTAAAGATCT
CAAAAAAGCCAATCTTTGTA
CTCTTGCAG
TGFBR2- TTCAGAGCAGTTTGAGACA NGS-TGFBR2Ssitel- GCTGAGGTCTATAAGGCCA
site 1 G 2F:ACACTCTTTCCCTACACGA AGCTGAAGCAGAACACTTC
CGCTCTTCCGATCTNNNNGCT AGAGCAGTTTGAGACAGTG
GAGGTCTATAAGGCCAAGC GCAGTCAAGATCTTTCCCTA
NGS-TGFBR2Ssitel- TGAGGAGTATGCCTCTTGGA
2R:TGGAGTTCAGACGTGTGCT | AGACAGAGAAGGACATCTT
CTTCCGATCTAACTCCGTCTTC | CTCAGACATCAATCTGAAGC
CGCTCCTCAG ATGAGAACATACTCCAGTTC
CTGACGGCTGAGGAGCGGA
AGACGGAGTT
TGFBR2- GAACATACTCCAGTTCCTGA | NGS-TGFBR2Ssite2- GCCTCTTGGAAGACAGAGA
site 2 2F:ACACTCTTTCCCTACACGA AGGACATCTTCTCAGACATC
CGCTCTTCCGATCTNNNNGCC AATCTGAAGCATGAGAACA
TCTTGGAAGACAGAGAAGG TACTCCAGTTCCTGACGGCT
NGS-TGFBR2Ssite2- GAGGAGCGGAAGACGGAGT
2R:TGGAGTTCAGACGTGTGCT | TGGGGAAACAATACTGGCT
CTTCCGATCTGCTGATGACATG | GATCACCGCCTTCCACGCCA
CCGCGTCA AGGGCAACCTACAGGAGTA
CCTGACGCGGCATGTCATCA

GC




TGFBR2- CGGAGTTGGGGAAACAATA | NGS-TGFBR2Ssite3- CATACTCCAGTTCCTGACGG
site 3 C 1F:ACACTCTTTCCCTACACGA CTGAGGAGCGGAAGACGGA
CGCTCTTCCGATCTNNNNCATA | GTTGGGGAAACAATACTGG
CTCCAGTTCCTGACGGCT CTGATCACCGCCTTCCACGC
NGS-TGFBR2Ssite3- CAAGGGCAACCTACAGGAG
1F:TGGAGTTCAGACGTGTGCT | TACCTGACGCGGCATGTCAT
CTTCCGATCTTGTGGAGGTGA CAGCTGGGAGGACCTGCGC
GCAATCCCC AAGCTGGGCAGCTCCCTCGC
CCGGGGGATTGCTCACCTCC
ACA
TGFBR2- ACCTACAGGAGTACCTGAC NGS-TGFBR2Ssite4- CATACTCCAGTTCCTGACGG
site 4 G 1F:ACACTCTTTCCCTACACGA CTGAGGAGCGGAAGACGGA
CGCTCTTCCGATCTNNNNCATA | GTTGGGGAAACAATACTGG
CTCCAGTTCCTGACGGCT CTGATCACCGCCTTCCACGC
NGS-TGFBR2Ssite4- CAAGGGCAACCTACAGGAG
1F:TGGAGTTCAGACGTGTGCT | TACCTGACGCGGCATGTCAT
CTTCCGATCTTGTGGAGGTGA CAGCTGGGAGGACCTGCGC
GCAATCCCC AAGCTGGGCAGCTCCCTCGC
CCGGGGGATTGCTCACCTCC
ACA
TGFBR2- CCGTCTCACAGCCCAGTGTG | NGS-TGFBR2Ssite5- AGCCCACCAACTCATGGTGC
site 5 2F:ACACTCTTTCCCTACACGA CCTTTGGATCTCTTTCCCGC
CGCTCTTCCGATCTNNNNAGC TACAGGGCATCCAGATGGT
CCACCAACTCATGGTG GTGTGAGACGTTGACTGAGT
NGS-TGFBR2Ssite5- GCTGGGACCACGACCCAGA
2R:TGGAGTTCAGACGTGTGCT | GGCCCGTCTCACAGCCCAGT
CTTCCGATCTGGGAGCCGTCT GTGTGGCAGAACGCTTCAGT
TCAGGAATCTT GAGCTGGAGCATCTGGACA
GGCTCTCGGGGAGGAGCTG
CTCGGAGGAGAAGATTCCT
GAAGACGGCTCCC
TGFBR2- GTCCTTCTCTGTCTTCCAAG NGS-TGFBR2Ssitel- AACTCCGTCTTCCGCTCCTC
site 6 2F:ACACTCTTTCCCTACACGA AGCCGTCAGGAACTGGAGT
CGCTCTTCCGATCTNNNNGCT ATGTTCTCATGCTTCAGATT
GAGGTCTATAAGGCCAAGC GATGTCTGAGAAGATGTCCT
NGS-TGFBR2Ssitel- TCTCTGTCTTCCAAGAGGCA
2R:TGGAGTTCAGACGTGTGCT | TACTCCTCATAGGGAAAGAT
CTTCCGATCTAACTCCGTCTTC | CTTGACTGCCACTGTCTCAA
CGCTCCTCAG ACTGCTCTGAAGTGTTCTGC
TTCAGCTTGGCCTTATAGAC
CTCAGC
TGFBR2- ACTCCAGTTCCTGACGGCTG | NGS-TGFBR2Ssite7- GCCTCTTGGAAGACAGAGA
site 7 2F:ACACTCTTTCCCTACACGA AGGACATCTTCTCAGACATC
CGCTCTTCCGATCTNNNNGCC AATCTGAAGCATGAGAACA




TCTTGGAAGACAGAGAAGG TACTCCAGTTCCTGACGGCT
NGS-TGFBR2Ssite7- GAGGAGCGGAAGACGGAGT
2R:TGGAGTTCAGACGTGTGCT | TGGGGAAACAATACTGGCT
CTTCCGATCTGCTGATGACATG | GATCACCGCCTTCCACGCCA
CCGCGTCA AGGGCAACCTACAGGAGTA
CCTGACGCGGCATGTCATCA
GC
TGFBR2- TTCCCAGAGCACCAGAGCC NGS-TGFBR2Ssite8- CACAATGATGCTGGTCCACA
site 8 A 2F:ACACTCTTTCCCTACACGA CCTACCTCCCACTGCATTAC
CGCTCTTCCGATCTNNNNTGG AGCGAGATGTCATTTCCCAG
GAACTGCAAGATACATGGC AGCACCAGAGCCATGGAGT
NGS-TGFBR2Ssite8- AGACATCGGTCTGCTTGAAG
2R:TGGAGTTCAGACGTGTGCT | GACTCAACATTCTCCAAATT
CTTCCGATCTCACAATGATGCT | CATCCTGGATTCTAGGACTT
GGTCCACACC CTGGAGCCATGTATCTTGCA
GTTCCCA
TGFBR2- CTGGTGGTTGAGCCAGAAG NGS-TGFBR2Ssite9- ACACAATGGGACCTTCCCTC
site 9 C 2F:ACACTCTTTCCCTACACGA AGATTTAAGCTCAATATTCC
CGCTCTTCCGATCTNNNNATTT | AGAATTCTCTGCCACCTAAG
GGTTCCAAGGTGCGGGAG AGGCAACTTGGTTGAATCTT
NGS-TGFBR2Ssite9- ACTGACCTTTGTAAACACTC
2R:TGGAGTTCAGACGTGTGCT | ACTCCTTACCTGGTGGTTGA
CTTCCGATCTACACAATGGGA GCCAGAAGCTGGGAATTTCT
CCTTCCCTCAG GGTCGCCCTCGATCTCTCAA
CACGTTGTCCTTCATGCTTT
CGACACAGGGGTGCTCCCG
CACCTTGGAACCAAAT
TGFBR2- TGGTGGTTGAGCCAGAAGC NGS-TGFBR2Ssite10- ACACAATGGGACCTTCCCTC
site 10 T 2F:ACACTCTTTCCCTACACGA AGATTTAAGCTCAATATTCC
CGCTCTTCCGATCTNNNNATTT | AGAATTCTCTGCCACCTAAG
GGTTCCAAGGTGCGGGAG AGGCAACTTGGTTGAATCTT
NGS-TGFBR2Ssite10- ACTGACCTTTGTAAACACTC
2R:TGGAGTTCAGACGTGTGCT | ACTCCTTACCTGGTGGTTGA
CTTCCGATCTACACAATGGGA GCCAGAAGCTGGGAATTTCT
CCTTCCCTCAG GGTCGCCCTCGATCTCTCAA
CACGTTGTCCTTCATGCTTT
CGACACAGGGGTGCTCCCG
CACCTTGGAACCAAAT
TRAC-site AACAAATGTGTCACAAAGT NGS-TRACSsitel- AGAACCCTGACCCTGCCGTG
1 A 1F:ACACTCTTTCCCTACACGA TACCAGCTGAGAGACTCTA
CGCTCTTCCGATCTNNNNAGA AATCCAGTGACAAGTCTGTC
ACCCTGACCCTGCCGTGTA TGCCTATTCACCGATTTTGA
NGS-TRACSsitel- TTCTCAAACAAATGTGTCAC
IR: TGGAGTTCAGACGTGTGCT | AAAGTAAGGATTCTGATGT




CTTCCGATCTTTGCTCCAGGCC | GTATATCACAGACAAAACT

ACAGCACT GTGCTAGACATGAGGTCTAT
GGACTTCAAGAGCAACAGT
GCTGTGGCCTGGAGCAA
TRAC-site TTTCAAAACCTGTCAGTGAT | NGS-TRACSsite2- TGTGTCCTGCAGGCCATGCA
2 2F:ACACTCTTTCCCTACACGA GGCCTGGGACATGCAAGCC

CGCTCTTCCGATCTNNNNTGT CATAACCGCTGTGGCCTCTT
GTCCTGCAGGCCATGCA GGTTTTACAGATACGAACCT
NGS-TRACSsite2- AAACTTTCAAAACCTGTCAG
IR: TGGAGTTCAGACGTGTGCT | TGATTGGGTTCCGAATCCTC
CTTCCGATCTCATGAGCAGATT | CTCCTGAAAGTGGCCGGGTT

AAACCCGGCC TAATCTGCTCATG
TRAC-site TTCAAAACCTGTCAGTGATT | NGS-TRACSsite3- TGTGTCCTGCAGGCCATGCA
3 2F:ACACTCTTTCCCTACACGA GGCCTGGGACATGCAAGCC

CGCTCTTCCGATCTNNNNTGT CATAACCGCTGTGGCCTCTT
GTCCTGCAGGCCATGCA GGTTTTACAGATACGAACCT
NGS-TRACSsite3- AAACTTTCAAAACCTGTCAG
IR: TGGAGTTCAGACGTGTGCT | TGATTGGGTTCCGAATCCTC
CTTCCGATCTCATGAGCAGATT | CTCCTGAAAGTGGCCGGGTT

AAACCCGGCC TAATCTGCTCATG
TRAC-site TTCGTATCTGTAAAACCAAG | NGS-TRACSsite4- CATGAGCAGATTAAACCCG
4 2F:ACACTCTTTCCCTACACGA GCCACTTTCAGGAGGAGGA

CGCTCTTCCGATCTNNNNTGT TTCGGAACCCAATCACTGAC
GTCCTGCAGGCCATGCA AGGTTTTGAAAGTTTAGGTT
NGS-TRACSsite4- CGTATCTGTAAAACCAAGA
IR: TGGAGTTCAGACGTGTGCT | GGCCACAGCGGTTATGGGC
CTTCCGATCTCATGAGCAGATT | TTGCATGTCCCAGGCCTGCA

AAACCCGGCC TGGCCTGCAGGACACA

Supplementary Table 3: ipTM and pTM scores of the AlphaFold3 predicted structures.

AlphaFold3 predicted structures pTM ipTM
mini-Sdd9-BE4max-sgRNA-DNA 0.71 0.75
mini-Sdd9-QBEmax-sgRNA-DNA 0.7 0.72
mini-Sdd9-CP-1031-sgRNA-DNA 0.72 0.74
mini-Sdd9-inlaid-1244-sgRNA-DNA 0.75 0.77

Supplementary Sequences

mini-Sdd9-BE4max:
MKRTADGSEFESPKKKRKVCPIWVKNALQELVGRKETSGKVFDVDGKPIGPDIQSGYKDR
ELRRGVYETLRKSPFFQKHFPSTATWYVSLHVEAQYAVWMLRNRIKHATVVINNTYVCSD
MNRLHDNCMTAVPHILPEGYTMTVWKADRTEVTLRGKAPKESGGSSGGSSGSETPGTSES
ATPESSGGSSGGSDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIG
ALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEED
KKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIE



GDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGE
KKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLA
AKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQ
SKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIH
LGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWN
FEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKY VTEGMRKP
AFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDL
LKIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTG
WGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDS
LHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRE
RMKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMY VDQELDINRLSDYDVD
HIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFD
NLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLK
SKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDV
RKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDF
ATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVA
YSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYS
LFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQ
HKHYLDEINEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAENITHLFTLTNLGAPAAF
KYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDSGGSGGSGGSTNLSDIIEK
ETGKQLVIQESILMLPEEVEEVIGNKPESDILVHTAYDESTDENVMLLTSDAPEYKPWALVI
QDSNGENKIKMLSGGSGGSGGSTNLSDIEKETGKQLVIQESILMLPEEVEEVIGNKPESDIL
VHTAYDESTDENVMLLTSDAPEYKPWALVIQDSNGENKIKMLSGGSKRTADGSEFEPKKK
RKV*

mini-Sdd9-QBEmax:
MKRTADGSEFESPKKKRKVKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYG
GFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKD
LIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKSGGSSGGSSG
SETPGTSESATPESSGGSSGGSCPIWVKNALQELVGRKETSGKVFDVDGKPIGPDIQSGYK
DRELRRGVYETLRKSPFFQKHFPSTATWYVSLHVEAQYAVWMLRNRIKHATVVINNTYV
CSDMNRLHDNCMTAVPHILPEGYTMTVWKADRTEVTLRGKAPKESGGSSGGSSGSETPG
TSESATPESSGGSSGGSLKGSPEDNEQKQLFVEQHKHYLDEINEQISEFSKRVILADANLDK
VLSAYNKHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSI
TGLYETRIDLSQLGGDGGSGGSGGSGGSGGSGGSGGMDKKYSIGLAIGTNSVGWAVITDE
YKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEI
FSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDST
DKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVD
AKAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSK
DTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHH
QDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELL
VKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYV



GPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHS
LLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKI
ECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEER
LKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFM
QLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRH
KPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYY
LONGRDMY VDQELDINRLSDYDVDHIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEV
VKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQIL
DSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVG
TALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGSGGSGGSGGSTNLSDIIEKETGKQL
VIQESILMLPEEVEEVIGNKPESDILVHTAYDESTDENVMLLTSDAPEYKPWALVIQDSNGE
NKIKMLSGGSGGSGGSTNLSDIEKETGKQLVIQESILMLPEEVEEVIGNKPESDILVHTAYD
ESTDENVMLLTSDAPEYKPWALVIQDSNGENKIKMLSGGSKRTADGSEFEPKKKRKV*

mini-Sdd9-QBEn:
MKRTADGSEFESPKKKRKVARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSN
FDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAP
LSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIK
PILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNRE
KIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFD
KNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKV
TVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVL
TLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILD
FLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVK
VVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVE
NTQLQNEKLYLYYLQNGRDMY VDQELDINRLSDYDVDHIVPQSFLKDDSIDNKVLTRSDK
NRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQL
VETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYH
HAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSESGGSSGGSSGSETPGT
SESATPESSGGSSGGSCPIWVKNALQELVGRKETSGKVFDVDGKPIGPDIQSGYKDRELRR
GVYETLRKSPFFQKHFPSTATWYVSLHVEAQYAVWMLRNRIKHATVVINNTYVCSDMNR
LHDNCMTAVPHILPEGYTMTVWKADRTEVTLRGKAPKESGGSSGGSSGSETPGTSESATP
ESSGGSSGGSQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGR
DFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPT
VAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPK
YSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFV
EQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAENIIHLFTLTNLGAPA
AFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDGGSGGSGGSGGSGGS
GGSGGDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGE
TAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIF
GNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSD
VDKLFIQLVQTYNQLFEENPINASGVDAKAILSSGGSGGSGGSTNLSDIIEKETGKQLVIQE
SILMLPEEVEEVIGNKPESDILVHTAYDESTDENVMLLTSDAPEYKPWALVIQDSNGENKIK
MLSGGSGGSGGSTNLSDIEKETGKQLVIQESILMLPEEVEEVIGNKPESDILVHTAYDESTD



ENVMLLTSDAPEYKPWALVIQDSNGENKIKMLSGGSKRTADGSEFEPKKKRKYV





