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pegVEGFA+5G-to-T_1 3’ -AGACGUCCGGUCUGCUCACGAGGUCUACCGUGUA-5 & o ®
pegVEGFA+5G-to-T_2 3’ -AGACGUCCGGUCUGAUCACGAGGUCUACCGUGUA-5 8 [ ®
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Supplementary Fig. 1. pegRNA containing additional base substitutions induced

higher editing efficiencies of single-base substitution at more target sites.

(a) Sequences of the PBS and RTT of pegRNAs and WT on-target genomic sites.
Intended single-base edits are in cyan, additional base substitutions are in blue and
PAMs are in brown. (b-d) The intended single-base editing frequencies (b),
unintended indel frequencies (¢) and fractions of editing product (d) were induced by
the pegRNAs in (a) at the indicated target sites under the PE3 setting. Means + s.d.
are from three independent experiments. Source data are provided as a Source Data

file.
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PAM
5’ -GCAGCTCGTTGTAGAAGGTGTGGTGC-3”
Primer-binding site RT-template
3’ -GCAACAUCUUCUACACCACGGUCUAGAAGAGGUAC-5’
3’ -GCAACAUCUUCUAUACCACGGUCUAGAAGAGGUAC-5’
3? -GCAACAUCUUCUAUACUACGGUCUAGAAGAGGUAC-5’
37 -GCAACAUCUUCUACACUACGGUAUAGAAGAGGUAC-5"
37 -GCAACAUCUUCUACACUACGGUAUAAAAGAGGUAC-5’
C-N Y F |

WTACTG1

pegACTG1-T89I

spegACTG1-T89I_1
spegACTG1-T89I_2
spegACTG1-T891_3
spegACTG1-T89I_4

Non-transfected HH W1 KE M-N

WT HBB
pegHBB-K18Term

5’ -CGTTACTGCCCTGTGGGGCAAGGTGA-3”

3’ -CGGGACACCCCGAUCCACUUGCACCUACUUCA-5?
spegHBB-K18Term_1 3’ -CGGGACACCCCUAUCCACUUGCACCUACUUCA-5
spegHBB-K18Term_2 3’ -CGGGACACCCCGAUUCACUUGCACCUACUUCA-5”
spegHBB-K18Term_3 3’ -CGGGACACCCCGAUUCAUUUGCACCUACUUCA-5?

spegHBB-K18Term_4 3’ -CGGGACACCCCGAUUCAUUUACACCUACUUCA-5?
spegHBB-K18Term_5 3’ -CGGGACACCCCGAUUCAUUUACAUCUACUUCA-5?

Non-transfected N-ALWG*®* VNV DE-C

ACE2-S19A

pegACE2-A19S
spegACE2-A19S_1

5’ -CTTGGCCTGTTCCTCAATGGTGGCCT-3?

3’ -GACAAGGAGUUACCACCUGACUCGUCGUCAAUGUC-5’
_ 3’ -GACAAGGAGUUAACACCUGACUCGUCGUCAAUGUC-5’
spegACE2-A19S_2 3’ -GACAAGGAGUUACCAUCUGACUCGUCGUCAAUGUC-5"
spegACE2-A19S_3 3’ -GACAAGGAGUUAACAUCUGACUCGUCGUCAAUGUC-5"
spegACE2-A19S_4 3’ -GACAAGGAGUUAACACCUGACGCGUCGUCAAUGUC-5”

spegACE2-A19S_5 3’ -GACAAGGAGUUAACACCUGACGCGACGUCAAUGUC-5’
spegACE2-A19S_6 3’ -GACAAGGAGUUAACACCUGACGCGACGACAAUGUC-5"

Non-transfected CCQEE I Ts QAATV-N

PGM3-L111S 5’ -TGATCCTTTGGGTGAAATGTCGGCAC-3?

pegPGM3-S111L 3’ -AACCCACUUUACAACCGUGGUAGGACCCUCCUUGU-5
spegPGM3-S111L_1 3’ -AACCCACUUUACAAUCGUGGUAGGACCCUCCUUGU-5
spegPGM3-S111L_2 37 -AACCCACUUUACAACCGAGGUAGGACCCUCCUUGU-5
spegPGM3-S111L_3 37 -AACCCACUUUACAACCGAGGAAGGACCCUCCUUGU-5
spegPGM3-S111L_4 3’ -AACCCACUUUACAAUCGAGGAAGGACCCUCCUUGU-5"
Non-transfected NNL GEMTLAUPSWE E-C
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Supplementary Fig. 2. pegRNA containing SSMs induced higher editing

efficiencies to generate or repair pathogenic point mutations at more target sites.

(a) Sequences of the PBS and RTT of pegRNAs and spegRNAs for generating

pathogenic point mutations and WT on-target genomic sites. Pathogenic point

mutations are in red and SSMs are in blue. (b-d) The intended single-base editing

frequencies (b), unintended indel frequencies (¢) and fractions of editing product (d)

were induced by the indicated pegRNAs and spegRNAs in (a). (e) Sequences of the

PBS and RTT of pegRNAs and spegRNAs for repairing pathogenic mutations and on-

target genomic sites with pre-installed mutations. Corrected bases are in green, pre-

installed point mutations are in red and SSMs are in blue. (f-h) The intended single-



base editing frequencies (f), unintended indel frequencies (g) and fractions of editing
product (h) were induced by the indicated pegRNAs and spegRNAs in (e). (b, c, d, f,
g, h) Means =+ s.d. are from three independent experiments. Source data are provided

as a Source Data file.



a

pegCXCR4+5G-toT-1
WT

Complete product
Intended products
Incomplete products

pegEMX1+4G-toC-2
WT

Complete product

Intended products

Incomplete products

pegSITE3+5G-toT-1
WT

Complete product
Intended products

CAGACTGAGCACGTGA
CAGACTGAGCACGAGAT TGCAGAGGAAAGGAAGCCCTGCTTCC
CAGACTGAGCACGTGATTGCAGAGGAAAGGAAGCCCTGCTTCC

AGAACCAGCGGTTACCATGGAGGGGATCAGTGTAA
AGAACCAGCGGTTACCATGGCTCGGATCAGTGTAA
AGAACCAGCGGTTACCATGGATCGGATCAGTGTAA
AGAACCAGCGGTTACCATGGCCGGGATCAGTGTAA

CCGAGCAGAAGAAGAAGGGCTCCCATCACATCAACCGGTGGCG
CCGAGCAGAAGAAGGACAGCACCCATCACATCAACCGGTGGCG
CCGAGCAGAAGAAGAACGGCTCCCATCACATCAACCGGTGGCG
CCGAGCAGAAGAAGGACGGCTCCCATCACATCAACCGGTGGCG
CCGAGCAGAAGAAGGACAGCTCCCATCACATCAACCGGTGGCG
CCGAGCAGAAGAAGAACAGCACCCATCACATCAACCGGTGGCG
CCGAGCAGAAGAAGGAGGGCTCCCATCACATCAACCGGTGGCG
CCGAGCAGAAGAAGAAGAGCTCCCATCACATCAACCGGTGGCG
CCGAGCAGAAGAAGAAG GGCACCCATCACATCAACCGGTGGCG

CAGAGGAAAGGAAGCCCTGCTTCC

Incomplete products |  CAGACTGAGCACGAGAT GGCAGAGGAAAGGAAGCCCTGCTTCC

PegACTG1-T89I-4

wr CGTTGTAGAAGGTGTGGTGCCAGATCTTCTCCATGTCGTCCCA

Complete product CGTTGTAGAAGATG I CATGCCATATTTTCTCCATGTCGTCCCA
CGTTGTAGAAGATGTGGTGCCAGATCTTCTCCATGTCGTCCCA
CGTTGTAGAAGATGTGATGCCAGATCTTCTCCATGTCGTCCCA

Intended produels | ¢ GTTGTAGAAGATGT CATGCCATATCTTCTCCATGTCGTCCCA
CGTTGTAGAAGATGTGATGCCAGATTTTCTCCATGTCGTCCCA
CGTTGTAGAAGATGTGGTGCCATATTTTCTCCATGTCGTCCCA
CGTTGTAGAAGGTGTCATGCCAGATCTTCTCCATGTCGTCCCA
CGTTGTAGAAGGTGTGGTGCCATATCTTCTCCATGTCGTCCCA
CGTTGTAGAAGGTGTGGTGCCAGATTTTCTCCATGTCGTCCCA

Incomplete products | (T TGTAGAAGGTGTCATGCCATATCTTCTCCATGTCGTCCCA
CGTTGTAGAAGGTGT CATGCCAGATTTTCTCCATGTCGTCCCA
CGTTGTAGAAGGTGTGGTGCCATATTTTCTCCATGTCGTCCCA
CGTTGTAGAAGGTGTCATGCCATATTTTCTCCATGTCGTCCCA

C

pegACE2-A19S-3

wr CTGTTCCTCAATGGTGGCCTGAGCAGCAGTTACAGCAACAAGG

Complete product

Intended products

Incomplete products

pegPGM3-S111L-1
WT

Complete product
Intended products
Incomplete products

CTGTTCCTCAATTGTAGACTGAGCAGCAGTTACAGCAACAAGG
CTGTTCCTCAATGGT GGACTGAGCAGCAGTTACAGCAACAAGG
CTGTTCCTCAATTGTGGACTGAGCAGCAGTTACAGCAACAAGG
CTGTTCCTCAATGGTAGACTGAGCAGCAGTTACAGCAACAAGG
CTGTTCCTCAATTGTGGCCTGAGCAGCAGTTACAGCAACAAGG
CTGTTCCTCAATTGTAGCCTGAGCAGCAGTTACAGCAACAAGG

TTGGGTGAAATGTC(GCACCATCCTGGGAGGAACATGCCACCT
TTGGGTGAAATGTTAGCACCATCCTGGGAGGAACATGCCACCT
TTGGGTGAAATGTTGGCACCATCCTGGGAGGAACATGCCACCT
TTGGGTGAAATGT CAGCACCATCCTGGGAGGAACATGCCACCT

(40.57%)
(0.03%)
(0.05%)

(27.50%)

(11.69%)
(0.08%)
(0.12%)

(45.06%)

(70.91%)
0.21%)
(0.05%)
(0.37%)
(0.06%)
(0.02%)

(46.39%)
(6.80%)
(0.09%)

pegPRNP+6G-to-T-2

wT GTGGGGGGCCTTGG
Complete product GTGGGGGGCCTTAG
GTGGGGGGCCTTGG
Intended products GTGGGGGGCCTTAG
GTGGGGGGCCTTGG
GTGGGGGGCCTTAG
Incomplete products GTGGGGGGCCTTGG
GTGGGGGGCCTTAG

pegRUNX1+6G-to-C-2

CTACATGCTGGGAAGTGC
ATCTACATGCTGGGAAGTGC
TCTACATGCTGGGAAGTGC
TCTACATGCTGGGAAGTGC
ATCTACATGCTGGGAAGTGC
CTACATGCTGGGAAGTGC
AGCTACATGCTGGGAAGTGC
AGCTACATGCTGGGAAGTGC

wT CAGGAGGAAGCGATGGCTTCAGACAGCATATTTG
Complete product CAGGAGGAAGTGATGCCTTCAGACAGCATATTTG
Intended products CAGGAGGAAGCGATGCCTTCAGACAGCATATTTG
Incomplete products| ~ CAGGAGGAAGTGATGGCTTCAGACAGCATATTTG
pegVEGFA+5G-to-T-1

wT TCTGCAGGCCAGATGAGGGCTCCAGATGGCACAT

Complete product
Intended products

TCTGCAGGCCAGACGAGTGCTCCAGATGGCACAT
TCTGCAGGCCAGATGAG TGCTCCAGATGGCACAT

Incomplete products| ~ TCTGCAGGCCAGACGAGGGCTCCAGATGGCACAT

pegCFTR-L23M-3

wT GATACAGACAGCGCCTGGAATTGTCAGACATATACCAAATCCC

Complete product GATACAGACAGCGTATGGAGTTGTCAGACATATACCAAATCCC
GATACAGACAGCGCATGGAATTGTCAGACATATACCAAATCCC

Intended products GATACAGACAGCGTATGGAATTGTCAGACATATACCAAATCCC
GATACAGACAGCGCATGGAGTTGTCAGACATATACCAAATCCC

Incomplete products GATACAGACAGCGTCTGGAATTGTCAGACATATACCAAATCCC
GATACAGACAGCGCCTGGAGTTGTCAGACATATACCAAATCCC

pegHBB-K18Term-2

wT GCCCTGTGGGGCAAGCGTGAACGTGGATGAAGTTGGTGGTG

Complete product GCCCTGTGGGGCTAAGTGAACGTGGATGAAGTTGGTGGTG

Intended products

Incomplete products GCCCTGTGGGGCT!
pegHBB-V7E-2
wT CACCTGACTCCTG

GCCCTGTGGGGCAAAGTGAACGTGGATGAAGTTGGTGGTG

TGAACGTGGATGAAGTTGGTGGTG

AGAAGTCTGCCGTTACTGCCCTGTGGG

Complete product

Intended products

Incomplete products:

CACCTGACTCCGGAAGAGAAGTCTGCCGTTACTGCCCTGTGGG
CACCTGACTCCTGAGGAGAAGTCTGCCGTTACTGCCCTGTGGG
CACCTGACTCCGGAGGAGAAGTCTGCCGTTACTGCCCTGTGGG
CACCTGACTCCTGAAGAGAAGTCTGCCGTTACTGCCCTGTGGG
CACCTGACTCCGG T GGAGAAGTCTGCCGTTACTGCCCTGTGGG
CACCTGACTCCTGTAGAGAAGTCTGCCGTTACTGCCCTGTGGG
CACCTGACTCCGGTAGAGAAGTCTGCCGTTACTGCCCTGTGGG

(24.83%)
(0.03%)
(0.02%)
(0.10%)
0.17%)
(0.03%)
(0.02%)

(24.33%)
(3.91%)
(0.52%)

(57.40%)
(1.31%)
(0.47%)

(16.61%)
(0.02%)
(0.56%)
(0.04%)
(0.02%)
(4.01%)

(9.01%)
(0.03%)
(0.06%)

(39.22%)

Supplementary Fig. 3. Incomplete products induced by the pegRNAs containing

additional base substitutions at on-target sites.

(a) The frequencies of complete products (with intended single-base editing and all

additional base substitutions), intended products (with intended single-base editing

but not all additional base substitutions) and incomplete products (with additional

base substitutions but no intended single-base editing) induced by the optimized



pegRNAs with additional base substitutions in Fig. 1a and Supplementary Fig. 1a. (b)
The frequencies of complete products (with intended single-base editing and all
SSMs), intended products (with intended single-base editing but not all SSMs) and
incomplete products (with SSMs but no intended single-base editing) induced by the
optimized spegRNAs in Fig. 1a and Supplementary Fig. 2a. (¢) The frequencies of
complete products (with intended single-base editing and all SSMs), intended
products (with intended single-base editing but not all SSMs) and incomplete
products (with SSMs but no intended single-base editing) induced by the optimized
spegRNAs in Fig. 1a and Supplementary Fig. 2e. The frequencies are means from

three biologically independent experiments.



pegCXCR4+5G -to-T
AGAACCAGCGGTTACCATGGAGGGGATCAGTGTAA

RT-template

pegPRNP+GG -to-T
GTGGGGGGCCTTGGE (CCTACATGCTGGGAAGTGCCATGAGCA

Scaffold insertion

Complele product  AGAACCAGCGGTTACCATGGATGGGATCAGTGTAA (0.0329%) Ccmp\ae product  GTGGGGGGCCTTGGCGTCTACATGCTGGGAAGTGCCATGAGCA  (11.73%)
C (0.0026%)
peqCXCRA+5G10-T_1 Byproducts | GTGGGGGGCCTTGGCGTCTACATGCTGGGAAGTGCGATGAGCA )
wr AGAACCAGCGGTTACCATGGAGEGGATCAGTGTAA PegPRNP+6G-to-T_2
Complete product  AGAACCAGCGGTTACCATGGCTGGGATCAGTGTAA (40.57%) wr GTGGGGGGCCTTGGLGECTACATGCTGGGAAGTGCCATGAGCA
AGAACCAGCGGTTACCATGGCTGGGATGAGTGTAA (0.0213%) Complete product  GTGGGGGGCCTTAGCATCTACATGCTGGGAAGTGCCATGAGCA  (24.83%)
Byproducts AGAACCAGCGGTTACCATGGCTGGGATGGGTGTAA (0.0137%) Byproducts | GTGGGGGGCCTTAGCATCTACATGCTGGGAAGTGCGATGAGCA  (0.0038%)
AGAACCAGCGGTTACCATGGCGGGGATGAGTGTAA (0.0001%)
pegRUNXHGG-to-C
CAGGAGGAAGCGAT (L CTTCAGACAGCATATTTGAGTCATTT
pegEMX1 +4G-0-C Comp\ete product CAGGAGGAAGCGATGCCTTCAGACAGCATATTTGAGTCATTT  (16.65%)
CCCAGCAGACAA AN ETEEEATRARATEARECCCTCGCG Byproducts | CAGGAGGAAGCGATGCCTTCAGACAGCATATTTGGGTCATTT  (0.1107%)
cOmp.g.e product CCGAGCAGAAGAAGAACGGCTCCCATCACATCAACCGGTGGCG  (2.56%) pegRUNX1+6G-to-C_2
Byproducts | CCGAGCAGAAGAAGAACGGCTCCCATCACATCAACGGGTGGCG  (0.0612%) - .
wr CAGGAGGAAGCGATGECTTCAGACAGCATATTTGAGTCATTT
pegEMX1+4G-to-C_2 Complete product CAGGAGGAAGTGATGCCTTCAGACAGCATATTTGAGTCATTT  (14.91%)
wr CCGAGCAGAAGAAGAAGGICTCCCATCACATCAACCGGTGGCG Eﬁggﬁggxgggfﬁ Egg:g:g:gggﬁmggg&m (0.2096%)
Complete product CCGAGCAGAAGAAGGACAGCACCCATCACATCAACCGGTGGCG  (27.50%) G (0.0472%)
O CAGCACAGAAGGACACCACCCATCACATCAACGGGTCRCG fo.sos%); Byproducts CAGGAGGAAGTGATGGCTTCAGACAGCATATTTGGGTCATTT  (0.0027%)
CCGAGCAGAAGAAGAAGGGCACCCATCACATCAACGGGTGGCG  (0.0284%) CAGGAGGAAGTGATGCCTTCAGACAGCATATTTGGGACATTT  (0.0024%)
Byproducts CCGAGCAGAAGAAGAACAGCACCCATCACATCAACGGGTGGCG  (0.0026%) o
CCGAGCAGAAGAAGGACACCTCCCATCACATCAACGGGTGGCG  (0.0003%) F:z_?VEGFA"SG t‘?CIGCAGGCCAGATGA(((CTCCAGATGGCACA‘I‘I’GTCAGAG
CCGAGCAGAMGAAGAAGAGCACCCATCACATCAACGGGTGGCG - (0.0002%) Complete product  TCTGCAGGCCAGATGAGTGCTCCAGATGGCACATTGTCAGAG  (58.13%)
Byproducts | TCTGCAGGCCAGATGAGTGCTCCAGATGGCACATGGTCAGAG  (0.0219%)
TCTGCAGGCCAGATGAG TGCTCCAGATGGCACATGGACAGAG  (0.0045%)
pegSITE3+5G-to-T pegVEGFA+5G -to-T_1
CAGACTGAGCACGTGA (iCAGAGGARAGGAAGCCCTGCTTCC TCTGCAGGCCAGATGACGICTCCAGATGGCACATTGTCAGAG
Comv‘e'epmdud CAGACTGAGCACGTGATTGCAGAGGAAAGGAAGCCCTGCTTCC  (3.20%) Comp\eteprodum TCTGCAGGCCAGACGAGTGCTCCAGATGGCACATTGTCAGAG  (57.40%)
Byproduct CAGACTGAGCACGTGAT TGCAGAGGAAAGGAAGCCGTGCTTCC  (0.00017%)
yproducts | ¢ ) TCTGCAGGCCAGACGAGTGCTCCAGATGGCACATGGTCAGAG  (0.0208%)
PegSITES+5G -to-T_1 TCTGCAGGCCAGACGAGTGCTCCAGATGGCACATGGACAGAG  (0.0004%)
CAGACTGAGCACGTGAT ((CAGAGGARAGGAAGCCCTGCTTCC Byproducts TCTGCAGGCCAGAGGAGTGCTCCAGATGGCACATGGTCAGAG  (0.0003%)
Complele product  CAGACTGAGCACGAGATTGCAGAGGAAAGGAAGCCCTGCTTCC  (11.69%) TCTGCAGGCCAGAGGAGTGCTCCAGATGGCACATGGACAGAG  (0.0001%)
Byproducts | CAGACTGAGCACGAGATTGCAGAGGAAAGGAAGCCGTGCTTCC  (0.001%) TCTGCAGGCCAGACGAGGGCTCCAGATGGCACATGGTCAGAG  (0.0001%)
pegACTG1-T89I pegCFTR -L23M
wr CGTTGTAGAAGGTG! GG TGCCAGATCTTCTCCATGTCGTCCCA GATACAGACAGCGCCTGEAATTGTCAGACATATACCAAATCCC
Complete product  CGTTGTAGAAGATGTGGTGCCAGATCTTCTCCATGTCGTCCCA  (8.43%) Comp\ete product  GATACAGACAGCGCATGGAATTGTCAGACATATACCAATCCC  (2.24%)
CGTTGTAGAAGATGTGGTGCCAGATCTTCTCCATGGCGTCCCA  (0.0546%) Byproducts | GATACAGACAGCGCATGGAATTGTCAGACATATACGAAATCCC  (0.104%)
Byproducts CGTTGTAGAAGATGTGGTGCCAGATCTTCTCCATGGGGTCCCA  (0.0034%) !
CGTTGTAGAAGATGT GCTGCCAGATCTTCTCCATGGGATCCCA  (0.0003%) SPegCFTR-L23M._3
wr GATACAGACAGCGCC | CAATTGTCAGACATATACCAAATCCC
spegACTG1-T89l_4 Complete product  GATACAGACAGCGTATGGAGTTGTCAGACATATACCAAATCCC  (16.61%)
wr CGTTGTAGAAGGTG! G TGCCAGATCTTCTCCATGTCGTCCCA GATACAGACAGCGTATGCAGTTGTCAGACATATACGAAATCCC  (0.3796%)
Complete product  CGTTGTAGAAGATGTGATGCCATATTTTCTCCATGTCGTCCCA  (45.06%) Byproducts GATACAGACAGCGCCTGCAGTTGTCAGACATATACGARATCCC  (0.1479%)
CGTTGTAGAAGATGTCATGCCATATTTTCTCCATGGCGTCCCA  (0.0455%) GATACAGACAGCGTAT GGAGTTGTCAGACATATACGGAATCCC  (0.0126%)
CGTTGTAGAAGGTGTGGTGCCATATTTTCTCCATGGCGTCCCA  (0.0022%) GATACAGACAGCGTATGGAATTGTCAGACATATACGARATCCC  (0.003%)
CGTTGTAGAAGGTGTGATGCCATATTTTCTCCATGGGGTCCCA  (0.0072%)
CGTTGTAGAGGTGGATGCCATATTTTCTCCATGGCGTCCCA — (0.0059%) PegHBB -K18Term
CGTTGTAGAAGGTGTGATGCCATATTTTCTCCATGGGATCCCA  (0.0043%) GCCCTGTGGGGCANC(TGAACGTGGATGAAGTTGGTGGTG
- CGTTGTAGMGATGTGATGCCATATTTTCTCCATGGGGTCCCA  (0.0029%) Ccmp\ae product  GCCCTGTGGGGCTAGGTGAACGTGGATGAAGTTGGTGGTG (501%)
yproducts CGTTGTAGAAGATGTGATGCCAGATCTTCTCCATGGCGTCCCA — (0.0013%) Byproducts GCCCTGTGGGGCTAGGTGAACGTGGATGAAGTGGGTGGTG (0.0196%)
CGTTGTAGAAGATGTCCTGCCAGATCTTCTCCATGGCGTCCCA  (0.0010%) GCCCTGTGGGECTAGGTGAACGTGGATGAAGTGGATGGTG (0.0069%)
CGTTGTAGAAGGTGTGGTGCCAGATTTTCTCCATGGCGTCCCA  (0.0007%) spegHBB-K18Term_2
CGTTGTAGAAGATGTGATGCCATATCTTCTCCATGGCGTCCCA  (0.0006%) wr P y—
CGTTGTAGAAGGTGTGGTGCCATATTTTCTCCATGGGGTCCCA  (0.0002%) AGG .
CGTTGTAGAAGATGT CATGCCATA CTCCATGGGATCCCA (0.0002%) Complete product gggg}g}ggggg}ﬁﬁ?:;%Eg;gg:;gxg%gg;gg;g gg:g@@%)
Byproducts | GCCCTGTGGGGCAAAGTGAACGTGGATGAAGTGGGTGGTG (0.0005%)
pegACEz—A1QS pegHBB-V7E
CTGTTCCTCAATGG! (GCCTGAGCAGCAGTTACAGCAACAAGG wT CACCTGACTCCTGI GEAGAAGTCTGCCGTTACTGCCCTGTGGG
Completeproduct CTGTTCCTCAATGGTGGACTGAGCAGCAGTTACAGCAACAAGG  (25.28%) Complete product - CACCTGACTCCTGAGGAGAAGTCTGCCGTTACTGCCCTGTGGG  (12.20%)
Byorod CTGTTCCTCAATGGTGGACTGAGCAGCAGTTACAGGGACAAGG  (0.0802%) Byorod CACCTGACTCCTGAGGAGAAGTCTGCCGTTACTGCGCTGTGGG — (0.1258%)
yproducts CTGTTCCTCAATGGTGGACTGAGCAGCAGTTACAGGAACAAGG  (0.0093%) yproducts CACCTGACTCCTGAGGAGAAGTCTGCCGTTACTGCGGTGTGGG  (0.0014%)
spegACE2-A19S_3 spegHBB-V7E_2
wr CTGTTCCTCAATGG ! GCCTGAGCAGCAGTTACAGCAACAAGG wr CACCTGACTCCTGIGEAGAAGTCTGCCGTTACTGCCCTGTGGG
Complete product CTGTTCCTCAATTGTAGACTGAGCAGCAGTTACAGCAACAAGG  (70.91%) Complete product  CACCTGACTCCGGAAGAGAAGTCTGCCGTTACTGCCCTGTGGG  (39.229%)
CTGTTCCTCAATTGTAGACTGAGCAGCAGTTACAGGGACAAGG  (0.0833%) CACCTGACTCCGGAAGAGAAGTCTGCCGTTACTGCGCTGTGGG  (0.086%)
Byproducts | CTGTTCCTCAATTGTAGACTGAGCAGCAGTTACAGGAACAAGG  (0.0099%) CACCTGACTCCGGAAGAGAAGTCTGCCGTTACTGCGGTGTGGG  (0.0006%)
CTGTTCCTCAATGGTAGACTGAGCAGCAGTTACAGGGACAAGG  (0.0021%) Byproducts CACCTGACTCCTGAGGAGAAGTCTGCCGTTACTGCGCTGTGGG  (0.0003%)
CACCTGACTCCGGTAGAGAAGTCTGCCGTTACTGCGCTGTGGG  (0.0002%)
CACCTGACTCCGGTGGAGAAGTCTGCCGTTACTGCGCTGTGGG  (0.0002%)
pegPGMS-S111L
TTGGGTGAAATGTCGGCACCATCCTGGGAGGAACATGCCACCT
Complele product TTGGGTGAAATGTTGGCACCATCCTGGGAGGAACATGCCACCT  (27.57%)
Byproducts | TTGGGTGAAATGTTGGCACCATCCTGGGAGGAACAGGCCACCT  (1.726%)
TTGGGTGAAATGTTGGCACCATCCTGGGAGGAACAGGACACCT  (0.044%)
spegPGM3-S111L_1
wr TTGGGTGAAATGTCGGCACCATCCTGGGAGGAACATGCCACCT
Complete product TTGGGTGAAATGTTAGCACCATCCTGGGAGGAACATGCCACCT  (46.39%)
TTGGGTGAAATGTTAGCACCATCCTGGGAGGAACAGGCCACCT  (1.495%)
TTGGGTGAAATGTTAGCACCATCCTGGGAGGAACAGGACACCT  (0.1751%)
Byproducts TTGGGTGAAATGTTGGCACCATCCTGGGAGGAACAGGCCACCT  (0.1724%)
TTGGGTGAAATGTCAGCACCATCCTGGGAGGAACAGGCCACCT  (0.0045%)
TTGGGTGAAATGTTGGCACCATCCTGGGAGGAACAGGACACCT  (0.0014%)

TTGGGTGAAATGTCAGCACCATCCTGGGAGGAACAGGACACCT

(0.0011%)

Supplementary Fig. 4. Byproducts induced by the pegRNAs containing

additional base substitutions at on-target sites.

(a) The frequencies of complete products and byproducts (with pegRNA scaffold

incorporation) induced by regular pegRNAs and the optimized pegRNAs containing



additional base substitutions in Fig. 1a and Supplementary Fig. 1a. (b) The
frequencies of complete products and byproducts induced by regular pegRNAs and
the optimized spegRNAs in Fig. 1a and Supplementary Fig. 2a. (¢) The frequencies
of complete products and byproducts induced by regular pegRNAs and the optimized
spegRNAs in Fig. 1a and Supplementary Fig. 2e. The frequencies are means from

three biologically independent experiments.
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OT-c  TGTTACTGCCCTGTGGTTCAAGGCCC 220 OT-c  GATCACTTTGGGTGCAATGTAGGGAT 2 20
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w oo ? @ ? W r x r
OTa OTb OTc OT-a OTb OTc

Supplementary Fig. 5. Off-target editing induced by the pegRNAs containing

additional base substitutions.
(a) The sequences of on- and off-target sites for the pegRNAs in Fig. 1a and

Supplementary Fig. 1a are shown. The base substitution frequencies were determined

at the indicated off-target sites. (b) The sequences of on- and off-target sites for the



pegRNAs in Fig. 1a and Supplementary Fig. 2a are shown. The base substitution
frequencies were determined at the indicated off-target sites. (¢) The sequences of on-
and off-target sites for the pegRNAs in Fig. 1a and Supplementary Fig. 2e are shown.
The base substitution frequencies were determined at the indicated off-target sites.
Means =+ s.d. are from three independent experiments. Source data are provided as a

Source Data file.
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Supplementary Fig. 6. Splicing patterns of the exons edited by the pegRNAs

containing additional base substitutions.

(a) Schematic diagrams illustrating the position of PCR primers to detect the splicing
pattern of the edited exon 3 of EMXI. (b) RT-PCR results showed that no aberrant
splicing of EMX1 exon 3 was triggered by the indicated pegRNAs. (¢) Schematic
diagrams illustrating the position of PCR primers to detect the splicing pattern of the

edited exon 3 of ACGTI. (d) RT-PCR results showed that no aberrant splicing of



ACGT1I exon 3 was triggered by the indicated pegRNAs. Agarose gel data are
representative of three independent experiments. Uncropped gels for (b) and (d) are

provided.



U20S

a PAM b Int_e_nded single base C  Unintended indel
WT VEGFA 5 -ATGTCTGCAGGCCAGATGAGGGCTC-3 editing frequency (%) frequency (%)
Primer-binding site RT-template 0 2.0 4.0 6.0 8.0 0 2I All 6I 8I 19
pegVEGFA+5G-to-T 3’ -AGACGUCCGGUCUACUCACGAGGUCUACCGUGUA-5" Je &o
pegVEGFA+5G-to-T_1 3’ -AGACGUCCGGUCUGCUCACGAGGUCUACCGUGUA-5" |8 8o
pegVEGFA+5G-to-T_2 3’ -AGACGUCCGGUCUGAUCACGAGGUCUACCGUGUA-5" |8 "
pegVEGFA+5G-to-T_3 3’ -AGACGUCCGGUCUGAUUACGAGGUCUACCGUGUA-5’ 9
pegVEGFA+5G-to-T_4 3’ -AGACGUCCGGUCUGAUUACAAGGUCUACCGUGUA-5" 8 ®
pegVEGFA+5G-to-T_5 3’ -AGACGUCCGGUCUGAUUACAAGAUCUACCGUGUA-5’ |8 ®
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WT ACTGH1 5’ -GCAGCTCGTTGTAGAAGGTGTCGTGC-3” . ) )
pegACTG1-T89l 37 -GCAACAUCUUCUACACCACGGUCUAGAAGAGGUAC-5°  [8 I
spegACTG1-T89I_1 3’ -GCAACAUCUUCUAUACCACGGUCUAGAAGAGGUAC-5’ =B °
spegACTG1-T89I_2 37 -GCAACAUCUUCUAUACUACGGUCUAGAAGAGGUAC-5’ g :
spegACTG1-T891_3 37 -GCAACAUCUUCUACACUACGGUAUAGAAGAGGUAC-5’  |memmmgo °
spegACTG1-T89I_4 37 -GCAACAUCUUCUACACUACGGUAUAAAAGAGGUAC-5 (g °
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Primer-binding site RT-template 0 20 40 60 80 0 2 4 6 8 10
pegVEGFA+5G-to-T 3’ -AGACGUCCGGUCUACUCACGAGGUCUACCGUGUA-5"
pegVEGFA+5G-to-T_1 3’ -AGACGUCCGGUCUGCUCACGAGGUCUACCGUGUA-5’
pegVEGFA+5G-to-T_2 3’ -AGACGUCCGGUCUGAUCACGAGGUCUACCGUGUA-5"
pegVEGFA+5G-to-T_3 3’ -AGACGUCCGGUCUGAUUACGAGGUCUACCGUGUA-5’ ®
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Non-transfected
WT ACTG1 5 -GCAGCTCGTTGTAGAAGGTGT GGTGC-3” ) ) ) ) L
pegACTG1-T89I 3’ -GCAACAUCUUCUACACCACGGUCUAGAAGAGGUAC-5’ ®
spegACTG1-T89I_1 3’ -GCAACAUCUUCUAUACCACGGUCUAGAAGAGGUAC-5’ ®
spegACTG1-T89I_2 37 -GCAACAUCUUCUAUACUACGGUCUAGAAGAGGUAC-5 L]
spegACTG1-T891_3 37 -GCAACAUCUUCUACACUACGGUAUAGAAGAGGUAC-5 °
spegACTG1-T89I_4 37 -GCAACAUCUUCUACACUACGGUAUAAAAGAGGUAC-5’ ]
Non-transfected C-NY FI HHW I KE M-N i
HelLa_mutation correction
g h Intended single base i Unintended indel
editing frequency (%) frequency (%)

CCR5-Q102E 5’ -GCTGCCGCCCAGTGGGACTT AAATACAATGTGTGAAC-3’ 2|0 4|0 6IO 8|0 0 2 4 6
pegCCR5-E102Q 37 -GGGUCACCCUGAAACCUUUAUGUUACACAGUUGAGAACUG-5” f——e
spegCCR5-E102Q 1 3’ -GGGUCACCCUAAAACCUUUAUGUUACACAGUUGAGAACUG-5’
SpegCCR5-E102Q 2 3’ -GGGUCACCCUAAAGCCUUUAUGUUACACAGUUGAGAACUG-5’

[—C— Foo=—t0
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spegCCR5-E102Q_4 3’ -GGGUCACCCUAAAGCCAUUGUGUUACACAGUUGAGAACUG-5
spegCCR5-E102Q_5 3’ -GGGUCACCCUAAAGCCAUUGUGAUACACAGUUGAGAACUG-5
Non-transfected N-QWDF GN TMCQ L L -C ®

Supplementary Fig. 7. The pegRNA containing additional base substitutions or

SSMs induced higher single-base editing efficiencies in different cells.

(a) Sequences of the PBS and RTT of pegRNAs and spegRNAs and WT on-target
genomic site in U20S cells. Intended single-base edits are in cyan, pathogenic point

mutations are in red and additional base substitutions and SSMs are in blue. (b, ¢) The



intended single-base editing frequencies (b) and unintended indel frequencies (c¢)
were induced by the indicated pegRNAs and spegRNAs in (a) in U20S cells. (d)
Sequences of the PBS and RTT of pegRNAs and spegRNAs and WT on-target
genomic site in HeLa cells. Intended single-base edits are in cyan, pathogenic point
mutations are in red and additional base substitutions and SSMs are in blue. (e, f) The
intended single-base editing frequencies (e) and unintended indel frequencies (f) were
induced by the indicated pegRNAs and spegRNAs in (d) in HeLa cells. (g) Sequences
of the PBS and RTT of spegRNAs and on-target genomic site in the HeLa cells with a
pre-installed point mutation. Corrected bases are in green, pre-installed point
mutations are in red and SSMs are in blue. (h, i) The intended single-base editing
frequencies (h) and unintended indel frequencies (i) were induced by the indicated
pegRNAs in (g) in the HeLa cells with the pre-installed point mutation. (b, ¢, e, f, h, i)
Means =+ s.d. are from three independent experiments. Source data are provided as a

Source Data file.
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Supplementary Fig. 8. Effect of additional base substitution position in RTT on

editing efficiency.

(a) Heatmaps show the intended single-base editing frequencies induced by the

pegRNAs containing one additional base substitution at the indicated positions in



RTT. (b) Heatmaps show the intended single-base editing frequencies induced by the
pegRNAs containing two additional base substitution at the indicated positions in

RTT. Source data are provided as a Source Data file.



a b Intended single base
PAM editing frequency (%)
WTACTG1  5’-GCAGCTCGTTGTAGAAGGTGTGCTGC-3° o 20 40 80 80
Primer-binding site  RT-template I 1 1 N N
spegACTG1-T89I_1 3’ -GCAACAUCUUCUAUACCACGGUCUAGAAGAGGUAC-5"
spegACTG1-T891_1_v1 3’ -GCAACAUCUUCUAAACCACGGUCUAGAAGAGGUAC-5"
spegACTG1-T891_1_v2 3’ -GCAACAUCUUCUAGACCACGGUCUAGAAGAGGUAC-5’
spegACTG1-T891_4 3’ -GCAACAUCUUCUACACUACGGUAUAAAAGAGGUAC-5’
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Supplementary Fig. 9. Effects of the mutation type and PBS length of spegRNA

on editing efficiency.

(a) Sequences of PBS and RTT of the spegRNAs with different kind of SSMs (e.g.,

transition and transversion). Pathogenic point mutations are in red and SSMs are in

blue. (b, ¢) The intended single-base editing frequencies (b) and unintended indel

frequencies (c¢) were induced by the spegRNAs in (a). (d, e) The intended single-base

editing frequencies (d) and unintended indel frequencies (e) induced by the

spegRNAs with different length of PBS at the indicated target sites. (b, ¢, d, ) Means



+ s.d. are from three independent experiments. Source data are provided as a Source

Data file.
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e
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WT SITE3 5’ -GGCCCAGACTGAGCACGTGATGGCAG-3” , ,
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spegSITE3+5G-to-T_1 3’ -GUCUGACUCGUGCUCUAACGUCUCCUUUCCUUCGG-5 & ® e
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Non-transfected o
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Non-transfected ° b
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Supplementary Fig. 10. Comparison of the editing efficiencies by pegRNA and

spegRNA at more target sites.

(a) The intended single-base editing frequencies, unintended indel frequencies and

fractions of editing product were induced by the indicated pegRNAs and spegRNAs



at newly tested target sites. (b) Reanalyzing the intended single-base editing
frequencies, unintended indel frequencies and fractions of editing product that were
induced by the indicated pegRNAs and spegRNAs at previously tested target sites.
Means + s.d. are from three independent experiments. The data are from Fig. 1a and

Supplementary Fig. 1 and 2. (a, b). Source data are provided as a Source Data file.
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Supplementary Fig. 11. Effect of pegRNA scaffold structure on editing efficiency.

(a) Schematic diagrams illustrating the predicted secondary structures of a regular
pegRNA and the apegRNAs with one A/U-to-G/C base pair change in the small

hairpin. (b) Intended indel frequencies were induced by the pegRNAs in (a) under the



PE3 setting. (¢) Schematic diagrams illustrating the predicted secondary structures of
the apegRNAs with two A/U-to-G/C base pair change in the small hairpin or with a
previously published structure!’. (d) Intended indel frequencies were induced by
apegRNA-2 and the pegRNAs in (¢) under the PE3 setting. (b, d) Means =+ s.d. are

from three independent experiments. Source data are provided as a Source Data file.
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Supplementary Fig. 12. Unintended indels induced by regular pegRNA and

apegRNA-2 at on-target sites.

On-target unintended indel frequencies induced by the regular pegRNA and
apegRNA-2 at the indicated sites under PE3 setting. Means + s.d. are from three

independent experiments. Source data are provided as a Source Data file.



GCH1 (+1 GAT ins) RP2 (+1 GAA ins) RT template scaffold insertion

wT GGGCGAGAACCCC---CAGE(GCAAGGGCTGCTCAAGA PegRNA apegRNA-2 ACAGCTTTGAGCT---CTTCCCTAGTAGGTATAGGAACAT  pegRNA apegRNA-2

Complete product GGGCGAGAACCCCGATCAGCGGCAAGGGCTGCTCAAGA 29.72%  32.53% Complele product ACAGCTTTGAGCTGAACTTCGGTAGTAGGTATAGGAACAT 5.25%  13.74%

Byproduct GGGCGAGAACCCCCATCAGCGGCAAGGGCTGGTCAAGA 0.2600% 0.2470% Byproducts |ACAGC'I'I'I'GAGCTA;~«C'I'H, GGTAGTAGGTATGGGAACAT 0.2970% 0.6030%
yproducts

GGGCGAGAACCCCGATCAGC GGCAAGGGCTGGAARMGA 0 0.0170%
RP2 (+1 AGTT ins)

GCH1 (+1 CAG del) wr ACAGCTTTGAGCT----CTTCGGTAGTAGGTATAGGAACAT PegRNA  apegRNA-2
wr GGGCOAGACCCCCAGETECARGEECTGCTCAAGA PeoRNA apegRNA-2 Complete product ACAGCTTTGAGCTAGTTCTTCGGTAGTAGGTATAGGAACAT 5.75%  11.54%
Complete product GGGCGAGAACCCC--C GGCAAGGGCTGCTCAAGA 3.16%  16.80% Byproducts | ACAGCTTTGAGCTAGTTCTTCGGTAGTAGGTATGGGAACAT 0.3430% 1.0500%

Byproducts |GGGCGAGAAC(CC———( GGCAAGGGCTGGTCAAGA 0.1070% 0.0200% RP2 (+2 GCG ins)

GCH1 (+2 GGC ins) wWT ACAGCTTTGAGCTC---TTCCCTAGTAGGTATAGGAACATAGTCC PegRNA apegRNA-2
Complete product ACAGCTTTGAGCTCGCGTTCGGTAGTAGGTATAGGAACATAGTCC 2.60%  5.84%

wr GGGCGAGAACCCCC===AGL ((CAAGGGCTGCTCAAGACGCCCT PegRNA apegRNA-2 T TTOACCTCL T CTACTACCTATACC orcc . y
Complete product GGGCGAGAACCCCCGGCAGC GGCAAGGGCTGCTCAAGACGCCCT 17.65%  29.32% Byproducts | ACAGCTTTGAGCTCGCGTTCGGTAGTAGGTATAGGARGATAGTCC 0.0005% 0.0009%
Byproducts | GGGCGAGAACCCCCGGCAGCGGCAAGGGCTGCTCAAGGCGCCCT 0.2600% (0.0959% RP2 (+2 TTCGG del)
) wr ACAGCTTTGAGCTCTTEGTAGTAGGTATAGGAACATAGTCC PeaRNA apegRNA-2
GCH1 (+1 GACC ins) Complete product ACAGCTTTGAGCTC----- TAGTAGGTATAGGAACATAGTCC 0.29%  1.67%
wT (GGCGAGAACCCC=2==CAGE L CAAGGGCTGCTCARGACGCCCT PegRNA apegRNA2 Byproducts | ACAGCTTTGAGCTC----~ TAGTAGGTATAGGAAGATAGTCC 0.0009% 0.0003%
Complete product GGGCGAGAACCCCGACCCAGCGGCAAGGGCTGCTCAAGACGCCCT 10.73%  27.87%
Byproducts |GGGCGAGAAC(((’ ACCCAGCGGCAAGGGCTGCTCAAGGCGCCCT 0.0253% 0.0968% ACTG1 (+2 TAA ins)
wr CTCGTTGTAGAAGGE2=TGTETGCCAGATCTTCTCCATGTCGTCCC PeoRNA apegRNA-2
GCH1 (+5 GAT ins) Complete product CTCGTTGTAGAAGGTAATGTGGTGCCAGATCTTCTCCATGTCGTCCC  7.62%  14.18%
WT GGGCGAGAACCCCCAG! ---({ CAAGGGCTGCTCAAGACGCCCT PpegRNA apegRNA-2 Byproducts I(T(GWGTAGAAGGT' ATGTGGTGCCAGATCTTCTCCATGGCGTCCC 0.0170% 0.0130%
Complete product GGGCGAGAACCCCCAGCAGTGGCAAGGGCTGCTCAAGACGCCCT  3.11%  8.12% )
. ACTGH1 (+4 AACC ins)
Byproduct GGGCGAGAACCCCCAGCAGTGGCAAGGGCTGCTCAAGGCGCCCT 0 0.0724%
yroducts | ‘ wr CTCGTTGTAGAAGETG==2=T(ITGCCAGATCTTCTCCATGTCGTCCC PegRNA apegRNA2
GOH (+1 GAGCG del) Complete product CTCGTTGTAGAAGGTGAACCTGGTGCCAGATCTTCTCCATGTCGTCCC 6.84%  12.59%
TCGTTGTAGAAGGTGAACCTGGTGCCAGATCTTCTCCAT T % 0. %
wT GGGCGAGAACCCCCAGEEECARGGGETGCTCARGACGCCCT PegRNA apegRNA-2 Byproducts | CTCGTTGTAGAAGGTG GGTGCCAGATCTTCTCCATICGTCCC 0.0030% 0.0100%
Complete product GGGCGAGAACCCC-----GCAAGGGCTGCTCAAGACGCCCT  8.65%  21.11% ACTG1 (+3 ACTC ins)
Byproducts | GGGCGAGAACCCC~~--~GCAAGGGCTGCTCAAGGCGCCCT 0.4615% 0.7205% WT CTCGTTGTAGAMCET G TOETGCCAGATCTTCTCCATCTCGTCCC peaRNA apegRNA2

Complete product CTCGTTGTAGAAGGTACTCGTGGTGCCAGATCTTCTCCATGTCGTCCC 3.68%  4.32%

GCH1 (+4 CGG del) CTCGTTGTAGAAGGTACTCGTGGTGCCAGATCTTCTCCATGGCGTCCC 0.0020% 0.0025%
GGGCGAGAACCCCCAGEICAAGGGCTGCTCAAGACGCCCT PeaRNA apegRNA2 BYPOGUEIS | (TCGTTGTAGAAGGTAC TCGTGGTGCCAGATCTTCTCCATGGAGTCCC 0 0
Comp\ete product GGGCGAGAACCCCCAG---CAAGGGCTGCTCAAGACGCCCT  7.33%  29.77%
ayprocucts | CCTCCAGARCCCCCAG---CARGGGCTGCTCAAGGCGLCCT 0.0329% 0.0802% RNF2 (+1 TTA ins)
GGGCGAGAACCCCCAG---CAAGGGCTGCTCAAGGAGCCCT 0 0.0094% wr TCTTAGTCATTAC- --CTGAGGTGTTCGTTGTAACTCATATAA PegRNA apegRNA-2
Complete product TCTTAGTCATTACTAACTGAGGTGTTCGTTGTAACTCATATAA 9.50%  24.23%
GCH1 (+2 AGCG del) TCTTAGTCATTACTAACTGAGGTGTTCGTTGTAACGCATATAA 0.0470% 0.0300%
wr GGGCGAGAACCCCCAGEIECARGGGCTGCTCARGACGCCCT PeoRNA apegRNA-2 Byproduels [ TCTTAGTCATTACTAACTGAGGTGTTCGTTGTAACGGATATAA 0 0.0300%
Complete product GGGCGAGAACCCCC----GCAAGGGCTGCTCAAGACGCCCT  9.07%  26.36% )
Byproducts | GGGCGAGAACCCCC----GCAAGGGCTGCTCAAGGCGCCCT 0.0171% 0.2711% RNF2 (+1 GTA ins)
wr TCTTAGTCATTAC- --CTGAGGTGTTCGTTGTAACTCA  PegRNA  apegRNA-2
SITE1 (+2 TAG ins) Complete product TCTTAGTCATTACG TACTGAGGTGTTCGTTGTAACTCA 16.46% 24.23%
wr AAGACCCAGCATCCRREGTaRETCCCTCARAAGETCTGEGARATCGGGTC PegRNA apegRNA2 Byproducts | TCTTAGTCATTACGTACTGAGGTGTTCGTTGGAACGGA  0.4862%  0.1965%
Complete product AAGACCCAGCATCCTACGTGGGTCGCTGAAAAGCTGTGGGAAATCGGGTC  1.07%  6.23% RNF2 (+1 CTG del)
ayproucts | MOACCCAGCATCCTACGTGCGTCCTGAMAGCTGTGGGAGTCGGGTC 0 0.0037% wr TCTTAGTCATTACCTGAGETGTTCGTTGTARCTCATATAA poGRNA apegRNA-2
AAGACCCAGCATCCTACGTGAGTCGCTGAMAGCTGTGGGAAGGAGGGTC 0.0069% O Complete product TCTTAGTCATTAC---AGGTGTTCGTTGTAACTCATATAA 6.01%  19.48%

TCTTAGTCATTAC- --AGGTGTTCGTTGTAACGCATATAA 0.0900% 0.2470%
SITE1 (+2 GTGG del) Byproducts TCTTAGTCATTAC---AGGTGTTCGTTGTAACGGATATAA O 0
wr AAGACCCAGCATCCGTERITCGCTGARRAGETGTGGGARATCGGGTC PeoRNA apegRNA-2
Complete product AAGACCCAGCATCC----GTCGCTGAAAAGCTGTGGGAAATCGGGTC  20.1%  18.49% RNF2 (+2 GGAA ins)
Byproducts | AAGACCCAGCATCC- ---GTCGCTGAAAAGCTGTGGGAAGTCGGGTC 0.0140% 0.0076% wr TCTTAGTCATTACCES==TGAGGTGTTCGTTGTAACTCATATAA PegRNA  apegRNA-2
Complete product TCTTAGTCATTACCGGAATGAGGTGTTCGTTGTAACTCATATAA  8.99%  7.99%
SITE1 (+4 GGG del) Byproducts TCTTAGTCATTACCGCAATGAGGTGTTCGTTGTAACGCATATAA 0.0778% 0.0550%

wWT AAGACCCAGCATCCGT((CTCGCTGAAAAGCTGTGGGAAATCGGGTC PegRNA apegRNA-2
Complete product AAGACCCAGCATCCGT---TCGCTGAAAAGCTGTGGGAAATCGGGTC 15.55%  22.59%
Byproducts |AAGACCCAGCATCCGT---TCGCTGAAAAGCTGTGGGAAGTCGGGTC 0.0022% 0.0160%

TCTTAGTCATTACCGGAATGAGGTGTTCGTTGTAACGGATATAA 0.0718% 0

VHL (+3 TTA ins)

wr GAGGGAATGCCCCGG==~AGGICGGAGAACTGGGACGAG PegRNA apegRNA-2
SITET (+7 TCGC del) Complete product GAGGGAATGCCCCGGTAAAGGGCGGAGAACTGGGACGAG 21.71%  30.82%
wr AAGACCCAGCAT RO T EO TG RACETRIRaGERA TCGGGTC. poaRNA apegRNA2 Byproducts | GAGGGAATGCCCCGGTAAAGGGCGGAGAACTGGAACGAG 0.0484% 0.1098%
Complete product AAGACCCAGCATCCGTGG G-~~~ TGAAAAGCTGTGGGAAATCGGGTC  2.20%  12.41% RUNX1 (+1 CGA del)

Byproducts | AAGACCCAGCATCCGTGGG- - -~ TGAAAAGCTGTGGGAAGTCGGGTC 0.0040% 0.0114% wr TTTCAGGAGGAAGECATERCTTCAGACAGCATATTT  pooRNA apegRNAZ
Complete product TTTCAGGAGGAAG--~TGGCTTCAGACAGCATATTT  11.60%  16.04%
Byproduots | TTTCAGGAGGAAG--~TGGCTTCAGACAGGATATTT  0.0368% 0.1635%

SITE3 (+1 TGA del)

wr CAGACTGAGCACGTGAT((CAGAGGAAAGGAAGCCCTGCTTCCTCCAGAGGGCGT PegRNA apegRNA-2

Complete product CAGACTGAGCACG- - - TGGCAGAGGAAAGGAAGCCCTGCTTCCTCCAGAGGGCGT  9.17%  26.58% SITES (+1 CTT ins)

Byproducts |CAGACTGAGCA(G---T(:hCAGAGGAAAGGAAGCCCTGCTTCCTCCAGGGGGCGT 0.0140% 0.0167% WT CAGACTGAGCACG---TGC T CAGCCCAAGAAATGCAGAG  PegRNA  apegRNA-2
Complete product CAGACTGAGCACGCTTTGCTGGAGCCCAAGAAATGCAGAG  16.61%  23.66%

SITE3 (+4 TGGC del) CAGACTGAGCACGCTTTGCTGGAGCCCAAGAAGTGCAGAG  0.0532%  0.0957%

wr CAGACTGAGCACGTGAT(CAGAGGAAAGGAAGCCCTGCTTCCTCCAGAGGGCGT PegRNA  apegRNA-2 Byproducts CAGACTGAGCACGCTTTGCTGGAGCCCAAGAAGGGCAGAG 0 0.0188%

Complete product CAGACTGAGCACGTGA- - --AGAGGAAAGGAAGCCCTGCTTCCTCCAGAGGGCGT  8.89%  22.85% CAGACTGAGCACGCTTTGCTGGAGCCCAAGAAGGACAGAG 0 0.0043%

Byproducts | CAGACTGAGCACGTGA- - - -AGAGGAAAGGAAGCCCTGCTTCCTCCAGGGGGCGT 0.0032% 0.0567%
SITE8 (+2 GTGG del)

SITE3 (+7 CAGAGG del) wt CAGACTCAGCAGGTGTGEGAGCGAGCCTTGTCTTTG PegRNA  apegRNA-2
wT CAGACTGAGCACGTGAT((CAGAGGAAAGGAAGCCCTGCTTCCTCCAGAGGGCGT PegRNA  apegRNA-2 Complete product CAGACTGAGCAGGT----GGAGCGAGCCTTGTCTTTG 1.14%  14.38%
Complete product CAGACTGAGCACGTGATGG -AAAGGAAGCCCTGCTTCCTCCAGAGGGCGT  8.11%  22.85% Byproducts CAGACTGAGCAGGT -~ -~ GGAGCGAGCCTGGTCTTTG 026%  03854%
Byproducts | CAGACTGAGCACGTGATGG -AAAGGAAGCCCTGCTTCCTCCAGGGGGCGT 0.0133% 0.0262% CAGACTGAGCAGGT----GGAGCGAGCCTGGACTTTG  0.0131%  0.0141%
SITE3 (+1 6*HIS ins) SITE9 (+1-+5 TGAGG del)
wT CAGACTGAGCAC TGATGGC CCTGCTTCCTCCAGAGG PeaRNA apegRNA -2 WT CAGACTGAGCAAGTGAGGEGCTCAGCCTCCCATGGAG PegRNA  apegRNA-2
Complete product CAGACTGAGCACGCACCATCATCACCATCATTGATGGCAGAGGAAAGGAAGCCCTGCTTCCTCCAGAGG 12.50% 25.11%  Complete product CAGACTGAGCAAG-----(GCTCAGCCTCCCATGGAG 127%  4.65%
Byproducts | CAGACTGAGCACGCACCATCATCACCATCATTGATGGCAGAGGAAAGGAAGCCCTGCTTCCTCCAGGGG 0.0200% 0.0001% Byproducts CAGACTGAGCAAG CGCTCAGCCTCGCATGGAG 0.0002%  0.0079%
CAGACTGAGCAAG- - - --GGCTCAGCCTCGGATGGAG 0 00137%

SITE3 (+1 LoxP ins)

Wt CAGACTGAGCACG: TGAT((.CAGAGGAAAGGAAGCCCTGCTTCCTCCAGAG PegRNA  apegRNA-2
Complete product CAGACTGAGCACGATTGTTATAAC AGTTATTGATGGCAGAGGAAAGGAAGCCCTGCTTCCTCCAGAG 3.25%  15.69%
Byproducts | CAGACTGAGCACGATTGTTATAAC AAGTTATTGATGGCAGAGGAAAGGAAGCCCTGCTTCCTCCAGGG O 0.0100%

Supplementary Fig. 13. Byproducts induced by regular pegRNA and apegRNA-2

at on-target sites.



The frequencies of complete products and byproducts (with pegRNA scaffold
incorporation) induced by the regular pegRNA and apegRNA-2 in Fig. 2b. The

frequencies are means from three biologically independent experiments.
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Supplementary Fig. 14. Off-target editing induced by regular pegRNA and
apegRNA-2.

(a) The sequences of on- and off-target sites for the pegRNAs in (b). (b) The indel
frequencies were determined at the predicted off-target sites. 293FT cells were either

treated with the regular pegRNA, apegRNA-2 or left non-transfected (NT). Means +



s.d. are from three independent experiments. Source data are provided as a Source

Data file.
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Supplementary Fig. 15. apegRNA-2 induced higher intended indel efficiencies

than regular pegRNA in U20S cells.

(a) On-target intended indel editing frequencies induced by the regular pegRNA and
apegRNA-2 at the indicated sites in U20S cells. (b) Statistical analysis of normalized
editing frequencies, setting the frequencies induced by regular pegRNAs as 1. n =15
editing from three independent experiments shown in (a). (¢) On-target unintended
indel frequencies induced by the regular pegRNA and apegRNA-2 at the indicated
sites in U20S cells. (d) Statistical analysis of normalized indel frequencies, setting
the frequencies induced by regular pegRNAs as 1. n = 15 editing from three

independent experiments shown in (¢). (a, ¢) Means + s.d. are from three independent



experiments. (b, d) P value, Wilcoxon one-tailed signed-rank test. The median and

interquartile range (IQR) are shown. Source data are provided as a Source Data file.
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Supplementary Fig. 16. The effect of sgRNA scaffold structure on Cas9-mediated

gene editing efficiency and the effect of apegRNA-2 PBS length on PE3-mediated

prime editing efficiency.

(a) Schematic diagrams illustrating the predicted secondary structures of the regular

sgRNA and asgRNA-2, which contains the same small hairpin as apegRNA-2. (b)

On-target indel frequencies were induced by the co-expression of Cas9 nuclease and

the regular sgRNA or asgRNA-2. (¢) Statistical analysis of normalized indel

frequencies, setting the frequencies induced by the regular sgRNA as 1. n =9 editing

from three independent experiments shown in (b). P value, Wilcoxon one-tailed



signed-rank test. The median and interquartile range (IQR) are shown. (d) The
intended indel editing frequencies induced by the regular pegRNA and apegRNA-2
with different length of PBS at the indicated target sites. (b, d) Means + s.d. are from

three independent experiments. Source data are provided as a Source Data file.
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Supplementary Fig. 17. Efficacy of spegRNA and apegRNA in PE2 system.

(a, b) The intended single-base editing frequencies (a) and unintended indel
frequencies (b) were induced by the regular pegRNA and the pegRNAs containing
additional base substitutions under the PE2 setting. (¢, d) Intended indel editing
frequencies (¢) and unintended indel frequencies (d) induced by the regular pegRNA
and apegRNA at the indicated target sites under the PE2 setting. Means + s.d. are

from three independent experiments. Source data are provided as a Source Data file.



Uncropped gels for Supplementary Fig. 6b

Uncropped gels for Supplementary Fig. 6d

Uncropped gels Supplementary Fig. 6.





