Supplementary Table 1: Small molecules that are reported to increase HDR efficiency.

Small

Fold

Type Concentration Time Cell line Reference Function
molecule change
0.01~1uM 24-48h A549 1.8-3.1
0.01~1uM 24-48h MelJuSo 10.9-19.1
(melanoma)
1uM 24-48h DC2'4H(‘11,‘°’nd“U° 9.3-14.1 | BymeSM,etal, 2015 | SCR7 targets the DNA
cell line) binding domain of
SCR7 Inject together DNA ligase IV,

NHEJ ImM with Cas9 and Mouse zygote 1.0-4.0 reducing its affinity for
o sgRNA DSBs and inhibiting
inhibitors its functi

1uM 12-72h HEK293 5 Maruyama T, et al, 2015 | 1S Tunction
1uM 0-72h HEK293A 1.2 Pinder J, et al, 2015
20-80uM 0-20h Rabbit embryo NS Song J, et al, 2016
1uM 16h-64h HEK?293 2
NIIg;Ml 2uM 16h-64h HEK?293 2 Robert F, et al, 2015 P};I%{)I'I;aCOIOfg]i)CSA
- inhibitors o -
0060648 250nM 16h-64h HEK?293 2 PKes
HR 10uM 0-72h HEK293A 3-6 Pinder . et al. 2015 Stabili —_
,etal, abilize association o
activator RS-1 10pM 0-72h U208 1.5-3 RADS51 with DNA
7.5uM, 15uM 0-20h Rabbit embryo 2-5 Song J, et al, 2016




Table 1 (Continued)

Type Small Concentration Time Cell line Fold Reference Function
molecule change
i HEK293T NS
Lovastatin 40uM 0-17h : Bloc?ks at early G1 and
(Lov) Fibroblast 0.8% partially at G2/M phase
Mimosine HEK293T NS
. 200uM 0-17h
(Mim) " Fibroblast 0.7%
Aphidicolin S ue/ml 0-17h, HEK293T 1.1-1.5
(Aph) He 25h-42h Fibroblast | 0.6%-1.3% Arrest cells a the G1-5
Thymidine 0-17h, HEK293T NS PIIOT ¢
Cell cycle SmM - . DNA replication
inhibitors (Thy) 25h-42h Fibroblast 0.6% Lin S, etal, 2014
Hydroxyurea HEK293T NS
2mM 0-17h
(HU) m Fibroblast 0.6%
0-17h HEK293T 1.5-3
Nocodazol 0-17h Fibroblast NS
OEI(\)Ioacio ¢ 200ng/ml Arrest at G2/M phase
0-16h, Aph 3h Human ESC 2%
L755507 5uM 0-72h HEK293A NS Pinder J, et al, 2015 )
A B3-adrenergic
L755507 5uM 0-24h Mouse ESC 3 receptor agonist
Others VuC.etal 2015 | An NHEJ inhibitor of
. T intracellular protein
Brefeldin A 0.1uM 0-24h Mouse ESC 2 transport from the ER
to the Golgi apparatus

NS: not significant.
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Supplementary Figure 1. The HDR efficiency of different homology arm length in three 293T reporter
lines. Single 293T-puro-wpre cell clones 1# (a), 2# (b) and 3# (c) were isolated by sorting. The HDR-mediated
knockin efficiencies were determined by FACS at day 7 after co-transfection with Cas9/sgRNA1 and the donor
plasmids with various homology arm length. The data presented are average of three technical replicates.
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Supplementary Figure 2: The cleavage efficiency of sSgCTNNB1 and sgPRDM14 in iPSCs. To confirm the
target locus cleavage activity of sSgCTNNB1 and sgPRDM14, we nucleofected iPSCs of each sgRNA together
with Cas9 plasmid, and carried out T7E1 assay using total genomic DNA. CTNNB1-F1 and CTNNB1-R1
primers, PRDM14-F2 and PRDM14-R2 primers were used for PCR. The cleavage frequency was calculated

from the proportion of cut bands intensity to total bands intensity.



Primer CTNNB1-F1 Left homology arm
~
GTGGCCTGGCACTGAGTAA?TACTTGGCTAAAGAAAGCTGGAGGTTGAAGAGGCTAGAAAGCGTTGTl TTCTGACAAGTTTGCTGCTGAACTTTGGATGCCCTAACCTCAG
g1

308bp (HA300bp) Exonl5

TGTTAACGTCTATGTCTGCTTCTCTCCTCTCTCTTTTGCCTTCCTTCTTGCCTATTTTGTTGACACCCTGACTCTTCTAGATCCTAGCTATCGTTCTTTTCACTCTGGTGGATAT

e ——

140bp (HA150bp)

GGCCAGGATGCCTTGGGTATGGACCCCATGATGGAACAGAGATGGGTGGCCACCCACCCTGGTGCTGACTATCCAGTTGATGGGCTGCCAGATCTGGGGCATGCCCAGG

Cut site #w== 8/bp (HA100bp) _ #s= 1 1bp (HAS0bD)
Replaced sequence in left arm_y,___ Replaced sequence in right arm S Right homology arm
ACCTCATGGATGGGCTGCCTCCAGGTIGACAGCAATCAGCTCGECCTGETTTGATACTGACCTGTAAATCATCCTTTAGGTAAGAAGTTTTAAAAAGCCAGTTTGGGTAAAATA
PAM Recognition site of SQCTNNB1 Stop Codon

gTTTTACTCTGCCTACAGAACTTCAGAAAGACTTGGTTGGTAGGGTGGGAGTGGTTTAGGCTATTTGTAAATCTGCCACAAAAACAGGTATATA TTTGAAAGGAGATGTCTT
51bp (HA50bp) 93bp (HA100bp) 145bp (HA150bp)

GGAACATTGGAATGTTCTCAGATTTCTGGTTGTTATGTGATCATGTGTGGAAGTTATTAACTTTAATGTTTTTTGCCACAGCTTTTGCAACTTAATACTCAAATGAGTAACATTT

- _ Primer CTNNB1-R1
GCTGTTTTAAACATTAATAGCAGCCTTTCTCTCTTTATACAGCTGTATTGTCTGAACTTGCATTGTGATTGGCCTGTAGAGTTGCTGAG

304bp (HA300bp)

Supplementary Figure 3a: Design of gene editing at the human CTNNB1 exon15. The exon sequence of CTNNB1 geneis in
gray shadow. The stop codon is indicated in red. The recognition site of SgCTNNBL1 is in bold and underlined by a green line, The
PAM is indicated in bold and the predicted cut site is indicated by a red triangle. The left homology arm is indicated with an orange
line and right homology arm with a blue line. The precise length of homology arm is indicated under a thick arrow. Replaced
sequences in left and right arms are separately indicated in purple and pink. Sequences in grey indicate genomic DNA outside of
homology arms. The primers used for knockin pattern analysis by PCR are indicated by black arrows.



Supplementary Figure 3b: Precisely edited CTNNB1 locus.

Primer CTNNB1-F1 Left homology arm
GTGGCCTGGCACTGAGTAATTACTTGGCTAAAGAAAGCTGGAGGTTGAAE GCTAGAAAGCGTTGTTTTCTGACAAGTTTGCTGCTGAACTTTGGATGCCCTAACCTCAG

308bp (HA300bp) Exonl5

TGTTAACGTCTATGTCTGCTTCTCTCCTCTCTCTTTTGCCTTCCTTCTTGCCTATTTTGTTGACACCCTGACTCTTCTAGATCCTAGCTATCGTTCTTTTCACTCTGGTGGATAT
140bp (HA150bp)

GGCCAGGATGCCTTGGGTATGGACCCCATGATGGAACAGAGATGGGTGGCCACCCACCCTGGTGCTGACTATCCAGTTGATGGGCTGCCAGATCTGGGGCATGCCCAGG
87bp (HA100bp) —
CTNNB1 with sense mutations 41bp (HASObp)

-~ ~
ACCTCATGGATGGGCTGCCTWTGGCCTGGTTTGATACTGACCTG
PAM Destroyed recognition site of sgPRDM14

mNeonGreen
ATGGTGAGCAAGGGCGAGGAGGATAACATGGCCTCTCTCCCAGCGACACATGAGTTACACATC TTGGCTCCATCAACGGTGTGGACTTTGACATGGT

GGGTCAGGGCACCGGCAATCCAAATGATGGTTATGAGGAGTTAAACCTGAAGTCCACCAAGGGTGACCTCCAGTTCTCCCCCTGGATTCTGGTCCCTCATATCGGGTATG

GCTTCCATCAGTACCTGCCCTACCCTGACGGGATGTCGCCTTTCCAGGCCGCCATGGTAGATGGCTCCGGATACCAAGTCCATCGCACAATGCAGTTTGAAGATGGTGCC

TCCCTTACTGTTAACTACCGCTACACCTACGAGGGAAGCCACATCAAAGGAGAGGCCCAGGTGAAGGGGACTGGTTTCCCTGCTGACGGTCCTGTGATGACCAACTCGCT

GACCGCTGCGGACTGGTGCAGGTCGAAGAAGACTTACCCCAACGACAAAACCATCATCAGTACCTTTAAGTGGAGTTACACCACTGGAAATGGCAAGCGCTACCGGAGCA



CTGCGCGGACCACCTACACCTTTGCCAAGCCAATGGCGGCTAACTATCTGAAGAACCAGCCGATGTACGTGTTCCGTAAGACGGAGCTCAAGCACTCCAAGACCGAGCTC

Wpre

AACTTCAAGGAGTGGCAAAAGGCCTTTACCGATGTGATGGGCATGGACGAGCTGTACAAGTAAGTTTAAACGCGTCGACAATCAACCTCTGGATTACAAAATTTGTGAAAGA

TTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTATA

AATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCACC

ACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCAC

TGACAATTCCGTGGTGTTGTCGGGGAAGCTGACGTCCTTTCCATGGCTGCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCC

.. PbloyA

& N
TCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCGACGAGTCGGATCTCCCTTTGGGCGGATCCAGACA

TGATAAGATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTGAAAAAAATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGCTGCA

ATAAACAAGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTTTTTAAAGCAAGTAAAACCTCTACAAATGTGGTATGGCTGATTAT

GATCCGGCTGCCTCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGC
Right homology arm
~ 2.
CCGTCAGGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCGCAGCCATGAGT‘AAATCATCCTTTAGGTAAGAAGTTTTAAAAAGCCAGTTTGGGTAAAATA TTTTACTCTGCC

Stop Codon 51bp (HA50bp)




TACAGAACTTCAGAAAGACTTGGTTGGTAGGGTGGGAGTGGTTTAGGCTATTTGTAAATCTGCCACAAAAACAGGTATATACTTTGAAAGGAGATGTCTTGGAACATTGGAA
93bp (HA100bp) 145bp (HA150bp)

TGTTCTCAGATTTCTGGTTGTTATGTGATCATGTGTGGAAGTTATTAACTTTAATGTTTTTTGCCACAGCTTTTGCAACTTAATACTCAAATGAGTAACATTTGCTGTTTTAAAC

- Primer CTNNB1-R1
pd
ATTAATAGCAGCC,;TTCTCTCTTTATACAGCTGTATTGTCTGAACTTG CATTGTGATTGGCCTGTAGAGTTGCTGAG

304bp (HA300bp)

Supplementary Figure 3b: Precisely edited CTNNBL1 locus. The exon of CTNNBL1 gene is in gray shadow. The stop codon is
marked in red. Silent mutations are introduced to destroy the recognition site of sSgCTNNB1, which is in bold and underlined by a
green line. The left homology arm is indicated with an orange line and the right HA with a blue line. The precise length of homology
arm is indicated under a thick arrow. The GS linker sequence is in yellow and mNeonGreen-Wpre-ployA sequence in green color.
Sequences in grey indicate genomic DNA outside of homology arms. The primers used for knockin pattern analysis are indicated by
black arrows.



Supplementary Figure 3c: Backbone sequence cut off from pD-mNeonGreen-sg (CTNNB1).

Partial recognition
site of sgCTNNB1 Donor plasmid backbone sequence

ggtgacagcaatcagccaggtggcacttttcggggaaatgtgcgcggaaccectatttgtttattitictaaatacattcaaatatgtatccgctcatgagacaataaccctgataaatgcttcaataatattgaa

aaaggaagagtatgagtattcaacatttccgtgtcgceccttattcccttttttgcggceattttgecttectgtttttgctcacccagaaacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgg
gttacatcgaactggatctcaacagcggtaagatccttgagagttttcgccccgaagaacgttttccaatgatgagceacttttaaagttctgctatgtggcgeggtattatcccgtattgacgccgggcaagage
aactcggtcgccgcatacactattctcagaatgacttggttgagtactcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgccataaccatgagtgataacactg

cggccaacttacttctgacaacgatcggaggaccgaaggagctaaccgcttttttgcacaacatgggggatcatgtaactcgcecttgatcgttgggaaccggagcetgaatgaagcecataccaaacgacga

gcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaactattaactggcgaactacttactctagcttcccggcaacaattaatagactggatggaggcggataaagttgcaggaccacttc
tgcgctcggceccttceggcetggctggtttattgctgataaatctggagecggtgagegtgggtetcgeggtatcattgcagecactggggecagatggtaageccteccgtatcgtagttatctacacgacgggg

agtcaggcaactatggatgaacgaaatagacagatcgctgagataggtgcctcactgattaagcattggtaactgtcagaccaagtttactcatatatactitagattgatttaaaacttcattittaatttaaaag

gatctaggtgaagatcctttitgataatctcatgaccaaaatcccttaacgtgagttttcgticcactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcctttttttctgcgcgtaatctgcetget
tgcaaacaaaaaaaccaccgctaccagcggtggtitgtitgccggatcaagagctaccaactctitticcgaaggtaactggcticagcagagcgcagataccaaatactgtcctictagtgtagccgtagtta
ggccaccacttcaagaactctgtagcaccgcctacatacctcgetctgctaatcetgttaccagtggetgctgccagtggcgataagtegtgtcettaccgggttggactcaagacgatagttaccggataaggce
gcagcggtcgggcetgaacggggggttcgtgcacacageccagcettggagcgaacgacctacaccgaactgagatacctacagegtgagetatgagaaagcgecacgcttcccgaagggagaaagg
cggacaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcticcagggggaaacgcctggtatctttatagtcetgtcgggtttcgccacctetgacttgagegtegatitttgtgat
gctcgtcaggggggcggagcctaiggaaaaacgccagcaacgcggccttittacggttcctggcecttitgctggcctittgctcacatgttctttcctgcgttatccectgattctgtggataaccgtattaccgecttt

gagtgagctgataccgctcgecgcagecgaacgaccgagegcagegagtcagtgagcgaggaagcggaagagcegceccaatacgcaaaccgcectctcceecgegegttggecgattcattaatgcage

tggcacgacaggtttcccgactggaaagcgggcagtgagcgcaacgcaattaatgtgagttagctcactcattaggcaccccaggctttacactttatgcttccggctegtatgttgtgtggaattgtgagegg

ataacaatttcacac’aq ctgattgctgtcacc

Partial recognition
site of sgCTNNB1



Supplementary Figure 3c: Backbone sequence cut off from pD-mNeonGreen-sg (CTNNBL1). The sequence of donor plasmid
backbone is in lower case and indicated by a red line. The residual partial SJCTNNB1 recognition sequence after linearization by

CRISPR is in bold and indicated by green lines.



Supplementary Figure 3d: Knockin pattern analysis at the CTNNB1 locus.

pD-mNeonGreen-sg-HA50-50bp (CTNNB1)

Left homology arm Replaced sequence in left arm Replaced sequence in right arm Right homology arm
Wwild type  TGCCAGATCTGGGGC::::::GGCTGCCTCCa ggtgacagcaatcagctggectggtitgatactgacctg TAAATCATCC::::GGTAAAATACTTTTA

Left homology arm CTNNB1 with sense mutations GS-mNeonGreen-Wpre-ployA Right homology arm
Expected TGCCAGATCTGGGGC:::::: AAATCATCC:::::GGTAAAATACTTTTA
Cl1-19 TGCCAGATCTGGGGC::::::GGCTGCCTCC] AAATCATCC::::GGTAAAATACT T TTA HDR
CI20-21 TGCCAGATCTGGGGC: aaatcatce::iiiiiiiiiige

cctggttigatcatgacctg TAAATCATCC: :::GGTAAAATACTTTTA 3-NHEJ 71bp ins
***** gacagcaatcagctggectggtttgatactgacctg TAAATCATCC::::GGTAAAATACTTTTA 3-NHEJ 80bp ins
ctgggcatgccccagatcctccagggtgacagcaatcagetggectggttigatactgacctg TAAATCATCC GTAAAATACTTTTA 5,3-NHEJ mNeonGreen reverse insertion

Clone22 TGCCAGATCTGGGGC::::::GGCTGCCTCC]

Clone23 TGCCAGATCTGGGG

GCTGCCTCCagtggagtattttacccaaactgg

Clone24 TGCCAGATCTGGGG GCTGCCTCCaggacagcaatcagccaggt acacaggagctgattgctgtcaccggtgacagcaatcagcetggectggtttgatactgacctg TAAATCATCC:: GG TAAAATACTTTTA 5,3-NHEJ Backbone forward insertion
Clone25 TGCCAGATCTGGGG GCTGCCTCCagtggtgacagcaatcagcecag::::tcacacaggagctgattgctgtcaccggtgacagcaatcagetggectggtttgatactgacctg TAAATCATCC::GGTAAAATACT TTTA 5,3-NHEJ Backbone forward insertion
Clone26 TGCCAGATCTGGGGC: GCTGCCT-—--cagcaatcagccaggtggeac::: ::tcacacaggagctgattgctgtcaccggtgacagcaatcagetggectggtitgatactgacctg TAAATCATCC GTAAAATACTTTTA 5,3-NHEJ Backbone forward insertion

Cl27-28 TGCCAGATCTGGGG
Clone29 TGCCAGATCTGGGG
Clone30 TGCCAGATCTGGGGC:

GCTGCCTCCagggtgacagcaatcagctcectg::agtgccacctggetgattgetgtcaccggtgacagcaatcagetggectggtitgatactgacctg TAAATCATCC:::GGTAAAATACTTTTA 5,3-NHEJ Backbone reverse insertion
GCTGCCT—— tcagctccetg::::agtgccacctggetgattgetgt ggtgacagcaatcagetggcectggtttgatactgacctgTAAATCATCC::::GGTAAAATACTTTTA 5,3-NHEJ Backbone reverse insertion
—-ggtgacagcaatcagctccty:::ccccgaaaagtgccacctggcetgatt getggectggtttgatactgacctg TAAATCATCC::::GGTAAAATACTTTTA 5,3-NHEJ Backbone reverse insertion

pD-mNeonGreen-sg-HA100-100bp (CTNNB1)

Left homology arm Replaced sequence in left arm Replaced sequence in right arm Right homology arm
Wwild type  GAGATGGGTGGCCAC:::::GGCTGCCTCCa ggtgacagcaatcagctggcectggtttgatactgacctglFAAATCATCC: I NTGGTTIGGTAGGGTGG
Left homology arm CTNNB1 with sense mutations GS-mNeonGreen-Wpre-ployA Right homology arm

Expected  GAGATGGGTGGCCAC:::GGCTGCCTCC i e e O EAREIE C G TCCTC G TG CAGCCATGAGTAAATCATCC i TGETTGGTAGG G TGG

t _

tggcctggtitgatactgacctg TAAATCATCC: TGGTTIGGTAGGGTGG 3-NHEJ 114bp ins

Cl1-16 GAGATGGGTGGCCAC:
Clonel7

Clone18 GAGATGGGTGGCCAC:
************** caatcagctggcectggtitgatactgacctg TAAATCATCC::TGGTTGGTAGGGTGG  3-NHEJ 493bp del; 31bp ins

Clone19 GAGATGGGTGGCCAC: tggagggtggceeac::::ggcetgectectggcgatagcaatcagetggectggtitgatactgacctg GGTTGGTAGGGTGG 5-NHEJ 41bp del; 131bp ins

Clone20 GAGATGGGTGGCCAC::::::GGCTGCCTCCatggagggtggcceac::::ggcetgectectggcgatagcaatcagetggectggtttgatactgacctg :tggttggtagcctccag

ggtgacagcaatcagctggcectggtttgatactgacctg TAAATCATCC: i TGCTTGGTAGGGTGG 5-NHEJ 91bp ins; 3-NHEJ 139bp ins
Clone21 GAGATGGGTGGCCA GGCTGCCTCCaggtgacagcaatcagccaggty:::::cacaggagctgattgctgtcaccggtgacagcaatcagcetggectggtttgatactgacctg TAAATCATC GGTTGGTAGGGTGG 5,3-NHEJ Backbone forward insertion
Cl22-23 GAGATGGGTGGCCA GGCTGCCTCCagggtgacagcaatcagccaggt acaggagctgattgctgtcaccggtgacagcaatcagetggectggttigatactgacctgTAAATCATC GGTTGGTAGGGTGG 5,3-NHEJ Backbone forward insertion
Clone24 GAGATGGGTGGCCAC::::::GGCTGCCTCC-ggtgacagcaatcagccaggty:::::cacaggagctgattgctgtcaccggtgacagcaatcagetggectggtitgatactgacctg TAAATCATCC i TGGTTIGGTAGGG TG G 5,3-NHEJ Backbone forward insertion

Cl25-26 GAGATGGGTGGCCAC::::::GGCTGCCTCC agcaatcagccaggt
Clone27 GAGATGGGTGGCCA —gacagcaatcagccagg
Clone28 GAGATGGGTGGCCAC::::::GGCTGCCTCCa-—-gacagcaatcagccaggtg:

cacaggagctgattgctgtcaccggtgacagcaatcagcetggectggtttgatactgacctg TAAATCATC GGTTGGTAGGGTGG 5,3-NHEJ Backbone forward insertion
acaggagctgattgetgtca————————————————————— tcagctggectggtttgatactgacctgTAAATCATCC: i TGGTTGGTAGGGTGG 5,3-NHEJ Backbone forward insertion
:cacaggagctgattgctg———- STGGTTGGTAGGGTGG 5,3-NHEJ Backbone forward insertion

Clone29 GAGATGGGTGGCCAC: cagccaggtg:::::cacaggagctgattgctgtcaccagctgctgatt
gtgacagcaatcagctggcctggtttgatactgacctg TAAATCATCC: GGTTGGTAGGGTGG 5,3-NHEJ Backbone forward insertion
Clone30 GAGATGGGTGGCCAC::::::GGCTGCCTCCagggtgacagcaatcagctcctgtgt::::cacctggctgattgctgtcaccggtgacagcaatcagetggectggtitgatactgacctg TAAATCATCC: i TGGTIGGTAGGG TG G 5,3-NHEJ Backbone reverse insertion

pD-mNeonGreen-sg-HA150-150bp (CTNNB1)



Left homology arm Replaced sequence in left arm Replaced sequence in right arm Right homology arm
Wild type  ACTCTGGTGGATATG::::::GGCTGCCTCCa ggtgacagcaatcagctggcctggtitgatactgacctg TAAATCATCC: i AGGTATATACTTTGA

Left homology arm CTNNB1 with sense mutations GS-mNeonGreen-Wpre-ployA Right homology arm
Expected ACTCTGGTGGATATG::::::GGCTGCCTCCdTAAATCATCC:::::AGGTATATACTTTGA
Clone25  ACTCTGGTGGATATG teatce::

tggttigatactgacctg TAAATCATC!

Clone26  ACTCTGGTGGATATG::::GGCTGCCTCCH e e eSSBS GG TG TCGTGH  CAGCCATGAG aaatcatee::

Clone27 ACTCTGGTGGATATG::::::GGCTGCCTCI

AGGTATATACTTTGA HDR
aggtatatac
:AGGTATATACTTTGA 3-NHEJ 163bp ins

—gtgacagcaatcagctggectggttigatactgacctg TAAATCATCC::::AGGTATATACTTTGA 3-NHEJ 339bp del, 38bp ins
Clone28 ACTCTGGTGGATATG:::::GGCTGCCTCCagcctggaggtggatatg::::::ggctgectcctggcgatagcaatcagetggectggtttgatactgacct
AAATCATCC::::AGGTATATACTTTGA 5-NHEJ 148bp ins
Clone29 ACTCTGGTGGATATG:::::GGCTGCCTCCagctgaaggtggatatg::::::ggctgcctcctggcgatagcaatcagetggectggtttgatactgacctg 2

AGGTATATACTTTGA 5-NHEJ 147bp ins; 3-NHEJ 165bp ins
acaggagctgattgctgtcaccggtgacagcaatcagetggectggttigatactgacctg TAAATCATCC: GGTATATACTTTGA 5,3-NHEJ Backbone forward insertion
acaggagctgattgctgtcaccggtgacagcaatcagetggectggtttgatactgacctgTAAATCATCC GGTATATACTTTGA 5,3-NHEJ Backbone forward insertion
:cacaggagctgattgctgtcaccggtgacagcaatcagcetggectggtitgatactgacctg TAAATCATCC: GGTATATACTTTGA 5,3-NHEJ Backbone forward insertion
acaggagctgattgctgtca———————————— gcaatcagctggcectggtttgatactgacctgTAAATCATCC GGTATATACTTTGA 5,3-NHEJ Backbone forward insertion

ggtgacagcaatcagctggcectggtttgatactgacctg TAAATCATCC
Clone30 ACTCTGGTGGATATG::::::GGCTGCCTCCaggtgacagcaatcagccaggtg::::
Clone31 ACTCTGGTGGATATG
CI32-35 ACTCTGGTGGATATG
Clone36 ACTCTGGTGGATATG

GCTGCCTC—————— cagcaatcagccaggty
GCTGCCTCCagggtgacagcaatcagccagg

pD-mNeonGreen-sg-HA300-300bp (CTNNB1)

Left homology arm Replaced sequence in left arm Replaced sequence in right arm Right homology arm
Wild type  TTGAAGAGGCTAGAA:::::GGCTGCCTCCa ggtgacagcaatcagctggectggtttgatactgacctg TAAATCATCC::::ATAGCAGCCT TTCTC

Left homology arm CTNNB1 with sense mutations GS-mNeonGreen-Wpre-ployA Right homology arm
Expected TTGAAGAGGCTAGAA::::::GGCTGCCTCCdTAAATCATCC:::::ATAGCAGCCTTTCTC
AAATCATCC:::ATAGCAGCCT [ 1C1C HDR
C o 1;atagcagcectcca

—gcaatcagctggectggtttgatactgacctg TAAATCATCC:: :ATAGCAGCCTTTCTC 3-NHEJ 339bp ins

cacaggagctgattgctgtcaccggtgacagcaatcagcetggectggtttgatactgacctg TAAATCATCC::::ATAGCAGCCT TTCTC 5,3-NHEJ Backbone forward insertion
cacaggagctgattgctgtcaccggtgacagcaatcagcetggectggtttgatactgacctgTAAATCATCH ATAGCAGCCTTTCTC 5,3-NHEJ Backbone forward insertion
acaggagctgattgctgtcaccggtgacagceaatcagetggectggttigatactgacctgTAAATCATC TAGCAGCCTTTCTC 5,3-NHEJ Backbone forward insertion
cacaggagctgattgctgtcacctggtgacagcaatcagetggectggtitgatactgacctg TAAATCATCC:::ATAGCAGCCT TTCTC 5,3-NHEJ Backbone forward insertion
1. cacaggagctgattgctgtcaccggtgacagcaatcagcetggectggtttgatactgacctg TAAATCATCC::::ATAGCAGCCT TTCTC 5,3-NHEJ Backbone forward insertion
gccacctggctgattgetgtcaccggtgacagcaatcagetggectggtttgatactgacctg TAAATCATCC: \TAGCAGCCTTTCTC 5,3-NHEJ Backbone reverse insertion
gccacctggctgattgetgtcaccggtgacageaatcagcetggectggtttgatactgacctg TAAATCATC \TAGCAGCCTTTCTC 5,3-NHEJ Backbone reverse insertion
::gccacctggetgattgetgtcaccggtgacageaatcagetggectggtttgatactgacctg TAAATCATC ATAGCAGCCTTTCTC 5,3-NHEJ Backbone reverse insertion

Cl1-33 TTGAAGAGGCTAGAA!
Clone34 TTGAAGAGGCTAGAA::

Clone35 TTGAAGAGGCTAGAA:
Clone36 TTGAAGAGGCTAGAA:
Clone37 TTGAAGAGGCTAGAA!
Clone38 TTGAAGAGGCTAGAA:
Clone39 TTGAAGAGGCTAGAA:
Clone40 TTGAAGAGGCTAGAA:
Clone41 TTGAAGAGGCTAGAA:
Cl42-43 TTGAAGAGGCTAGAA:

:GGCTGCCTCCaggc ccaggtg:
GCTGCCTCCagggtgacagcaatcagctcctg
GCTGCCTCCagaggtgacagcaatcagctcctgt
GCT--——————--ggtgacagcaatcagctcctgtgtg::

Supplementary Figure 3d: Knockin pattern analysis at the CTNNB1 locus. The stop codon is indicated in red. The left
homology arm is highlighted in yellow shadow and right homology arm in blue shadow. Replaced sequences at upstream and
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downstream of DSB are separately indicated in purple and pink lowercase. The inserted sequence is in red lowercase. Sequences in
grey indicate genomic DNA outside of homology arms.



Primer CTNNB1-F1 Left homology arm
N
GTGGCCTGGCACTGAGTAKTTACTTGGCTAAAGAAAGCTGGAGGTTGAAGAGGCTAGAAAGCGTTGTTTTCTGACAAGTTTGCTGCTGAACTTTGGATGCCCTAACCTCAG

308bp (HA300bp) Exonl15

TGTTAACGTCTATGTCTGCTTCTCTCCTCTCTCTTTTGCCTTCCTTCTTGCCTATTTTGTTGACACCCTGACTCTTCTAGATCCTAGCTATCGTTCTTTTCACTCTGGTGGATAT

GGCCAGGATGCCTTGGGTATGGACCCCATGATGGAACAGAGATGGGTGGCCACCCACCCTGGTGCTGACTATCCAGTTGATGGGCTGCCAGATCTGGGGCATGCCCAGG

. Cut site .
Replaced sequence in left arm_ o Right homology arm
~
ACCTCATGGATGGGCTGCCTCCAGGTGACAGCAATCAGCTGGCCTGGTTTGATACTGACCTGTAAATCATCCTTTAGGTAAGAAGTTTTAAAAAGCCAGTTTGGGTAAAATA

PAM Recognition site of sgCTNNB1 Stop Codon

CTTTTACTCTGCCTACAGAACTTCAGAAAGACTTGGTTGGTAGGGTGGGAGTGGTTTAGGCTATTTGTAAATCTGCCACAAAAACAGGTATATACTTTGAAAGGAGATGTCTT

GGAACATTGGAATGTTCTCAGATTTCTGGTTGTTATGTGATCATGTGTGGAAGTTATTAACTTTAATGTTTTTTGCCACAGCTTTTGCAACTTAATACTCAAATGAGTAACATTT

N _Primer CTNNB1-R1
GCTGTTTTAAACATTAATAGCAGCCT ITCTCTCTTTATACAGCTGTATTGTCTGAACTTGCATTGTGATTGGCCTGTAGAGTTGCTGAG

343bp (HA300bp)

Supplementary Figure 4a: Improved design of genome editing at human CTNNB1 exon15 (pD-mNeonGreen-sg-HA300-
300bp-RR1-0bp). The exon sequence of CTNNBL is in gray shadow. The stop codon is indicated in red. The recognition site of
sgCTNNBL1 is in bold and underlined by a green line. The PAM is indicated in bold and the expected cut site is indicated by a green
triangle. The left homology arm is indicated with an orange line and the right arm with a blue line. The precise length of homology
arm is indicated under a thick arrow. Replaced sequence at upstream of DSB is indicated in purple. Sequences in grey indicate
genomic DNA outside of homology arms. The primers used for knockin pattern analysis are indicated by black arrows.

14



Supplementary Figure 4b: Precisely edited CTNNB1 locus with pD-mNeonGreen-sg-HA300-
300bp-RR1-0bp

Primer CTNNB1-F1. _ Left homology arm
GTGGCCTGGCACTGAGTAATTACTTGGCTAAAGAAAGCTGGAGGTTGAAGAGGCTAGAAAGCGTTGTTTTCTGACAAGTTTGCTGCTGAACTTTGGATGCCCTAACCTCAG
308bp (HA300bp) Exonl5

TGTTAACGTCTATGTCTGCTTCTCTCCTCTCTCTTTTGCCTTCCTTCTTGCCTATTTTGTTGACACCCTGACTCTTCTAGATCCTAGCTATCGTTCTTTTCACTCTGGTGGATAT

GGCCAGGATGCCTTGGGTATGGACCCCATGATGGAACAGAGATGGGTGGCCACCCACCCTGGTGCTGACTATCCAGTTGATGGGCTGCCAGATCTGGGGCATGCCCAGG

CTNNB1 with sense mutations

~ N
ACCTCATGGATGGGCTGCCTCCIGGCGAIAGCAATCAGCTGGCCTGGTTTGATACTGACCTG
PAM Destroyed recognition site of sgCTNNB1
P mNeonGreen
ATGGTGAGCAAGGGCGAGGAGGATAACATGGCCTCTCTCCCAGCGACACATGAGTTACACATCTTTGGCTCCATCAACGGTGTGGACTTTGACATGGT

GGGTCAGGGCACCGGCAATCCAAATGATGGTTATGAGGAGTTAAACCTGAAGTCCACCAAGGGTGACCTCCAGTTCTCCCCCTGGATTCTGGTCCCTCATATCGGGTATG

GCTTCCATCAGTACCTGCCCTACCCTGACGGGATGTCGCCTTTCCAGGCCGCCATGGTAGATGGCTCCGGATACCAAGTCCATCGCACAATGCAGTTTGAAGATGGTGCC

TCCCTTACTGTTAACTACCGCTACACCTACGAGGGAAGCCACATCAAAGGAGAGGCCCAGGTGAAGGGGACTGGTTTCCCTGCTGACGGTCCTGTGATGACCAACTCGCT

GACCGCTGCGGACTGGTGCAGGTCGAAGAAGACTTACCCCAACGACAAAACCATCATCAGTACCTTTAAGTGGAGTTACACCACTGGAAATGGCAAGCGCTACCGGAGCA
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CTGCGCGGACCACCTACACCTTTGCCAAGCCAATGGCGGCTAACTATCTGAAGAACCAGCCGATGTACGTGTTCCGTAAGACGGAGCTCAAGCACTCCAAGACCGAGCTC

Wopre
N7
AACTTCAAGGAGTGGCAAAAGGCCTTTACCGATGTGATGGGCATGGACGAG CTGTACAAGTAA’@TTTAAACGCGTCGACAATCAACCTCTGGATTACAAAATTTGTGAAAGA

TTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTATA

AATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCACC

ACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCAC

TGACAATTCCGTGGTGTTGTCGGGGAAGCTGACGTCCTTTCCATGGCTGCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCC

s < PIOYA

TCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCGACGAGTCGGATCTCCCTTTGGGCGGATCCAGACA

TGATAAGATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTGAAAAAAATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGCTGCA

ATAAACAAGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTTTTTAAAGCAAGTAAAACCTCTACAAATGTGGTATGGCTGATTAT

GATCCGGCTGCCTCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGC

Right homology arm

TGACAGCAATCAGCTGGCCTGGTTTGATACTGACCTGTAAATCATCCTTTAGGTAAGAA
Stop Codon

<
G

~
CCGTCAGGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCGCAGCCATGAGG
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GTTTTAAAAAGCCAGTTTGGGTAAAATACTTTTACTCTGCCTACAGAACTTCAGAAAGACTTGGTTGGTAGGGTGGGAGTGGTTTAGGCTATTTGTAAATCTGCCACAAAAAC

AGGTATATACTTTGAAAGGAGATGTCTTGGAACATTGGAATGTTCTCAGATTTCTGGTTGTTATGTGATCATGTGTGGAAGTTATTAACTTTAATGTTTTTTGCCACAGCTTTT

_ Primer CTNNB1-R1
GCAACTTAATACTCAAATGAGTAACATTTGCTGTTTTAAACATTAATAGCAGCCT I TCTCTCTTTATACAGCTGTATTGTCTGAACTTGCATTGTGATTGGCCTGTAGAGTTGC

343bp (HA300bp)

TGAG

Supplementary Figure 4b: Precisely edited CTNNBL1 locus with pD-mNeonGreen-sg-HA300-300bp-RR1-0bp. The exon
sequence of CTNNBL is in gray shadow. The stop codon is indicated in red. Silent mutations (indicated in lowercase) were
introduced to destroy the recognition site of sgCTNNB1, which is in bold and underlined by a green line. The PAM is indicated in
bold. The left homology arm is indicated with an orange line and right homology arm with a blue line. The precise lengths of
homology arm are indicated under thick arrows. The GS linker sequence is in yellow and mNeonGreen-Wpre-ployA sequence in green
color. Sequences in grey indicate genomic DNA outside of homology arms. The primers used for knockin pattern analysis are indicated
by black arrows.
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pD-mNeonGreen-sg-HA300-300bp-RR1-0bp (CTNNB1)

Left homology arm Replaced sequence in left arm Right homology arm
wild type  TTGAAGAGGCTAGAA::::::GGCTGCCTCCa
GGTGACAGCAATCAGCTGGCCTGGTTTGATACTGACCTGTAAATCATCC:::.:ATAGCAGCCTTTCTC

Left homology arm CTNNB1 with sense mutations GS-mNeonGreen-Wpre-ployA Right homology arm
Expected TTGAAGAGGCTAGAA::::::GGCTGCCTCCdGGTGACAGCAATCAGCTGGCCTGGT'I‘I'GATACTGACCTGTAAATCATCC:::::ATAGCAGCCTTTCTC

Cl1-37 TTGAAGAGGCTAGAA:::::GGCTGCCTCO NN ONOACOICEOICEEANACNEABEIE GG 1 GG TGGTG::::CAGCCATGAGGGTGACAGCAATCAGCTGGCCTGGTTTGATACTGACCTGTAAATCATCC:::::ATAGCAGCCT T TCTC
HDR
Clone38 TTGAAGAGGCTAGAA::::::GGCTGCCTCCagtggaggctagaa:::::ggctgectcc
%_GGTGACAGCAATCAGCTGGCCTGG'I'I'TGATACTGACCTGTAAATCATCC:::::ATAGCAGCCTTTCTC

3-NHEJ 312bp ins

Clone39 TTGAAGAGGCTAGAA -~ tggaggctagaa::::::;ggctgectce
GGTGGTGGTG:::::CAGCCATGAGGGTGACAGCAATCAGCTGGCCTGGTTTGATACTGACCTGTAAATCATCC::::ATAGCAGCCT 1 1CTC
3-NHEJ 13bp del, 310bp ins
Clone40 TTGAAGAGGCTAGAA:::::: 388383

GGTGACAGCAATCAGCTGGCCTGGTTTGATACTGACCTGTAAATCATCC::::ATAGCAGCCTTTCTC
3-NHEJ 176bp del

5,3-NHEJ Backbone reverse insertion

Clone42 TTGAAGAGGCTAGAA::::::GGCTGCCTCCag
acacaggagctgattgctgtcaccCGGTGACAGCAATCAGCTGGCCTGGTTTGATACTGACCTGTAAATCATCC: ::ATAGCAGCCTTTCTC

5,3-NHEJ Backbone reverse insertion

Supplementary Figure 4c: Knockin pattern analysis at the CTNNBL1 locus edited by pD-mNeonGreen-sg-HA300-300bp-
RR1-0bp (CTNNB1). The stop codon is indicated in red. The left homology arm is indicated in yellow shadow and right homology
arm in blue shadow. Replaced sequence in the left arm is indicated in purple lowercase. The inserted sequence is in red lowercase.
Sequences in grey indicate genomic DNA outside of homology arms.
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Supplementary Figure 5: The effects of replaced sequence length adjacent to DSB site (sgRNA1
cleavage site) on HDR efficiency. (a) Schematic outline of the HDR reporter systems. 293T cells transduced
with lentiviral vectors harboring different lengths of replaced sequences in (b) and (c) were used as reporter cell
lines. (b-c) The HDR-mediated knockin efficiency was determined by FACS at day 7 after co-transfection with
Cas9/sgRNA1 and the donor plasmid pD-mCherry-sg-HA300-300bp. Significance was calculated using
Student’s paired t-test: **P<0.01; ***P<0.001.

20



Supplementary Figure 6a: Design of genome editing at the PRDM14 locus

Primer PRDM14-F1
N
CCAGCCTGCAATCTGCTTTTTTACAAACTGGACCTCCAGATAATCTAGCCATTGAAGAACCACTGTTCTAACATCCAGTGCTTCTCAAAACTAGCCAGAAGGACACATCAGT

Primer PRDM14-F2 Left homology arm

~

GG/—\GTCCTTTCGGATTA/—\GGCTACTGATGATGACC/—\GG/—\GTGCTCTATGG’CCTTA/-\A/-\CCCA/—\GGTTCGTCCATAAGGATGAG CAACAGTGAAATTTACCCCTTAGTTTAAT
322bp (HA300bp)

Exon8
TGGTTGTCCAGCTCGTGGAAGTTGACTTTTTCTTGTGTTCTGTATTTCTGTTCTCTGCAGAGGTTCACAGCCTCCAGCATACTCCGCACACACATCAGGCAGCACTCCGGGG

AGAAGCCCTTCAAATGCAAGTACTGTGGTAAATCTTTTGCATCCCATGCTGCCCATGACAGCCATGTCCGGCGTTCACACAAGGAGGATGATGGCTGCTCATGCAGCATCT
Em—
o Bm"105bp (HA300bp)
148bp (HA150bp) Replaced sequence in left armCUt site
GTGGGAAAATCTTCTCAGATCAAGAAACATTCTACTCCCACATGAAGTTTCATG GGCACAATGACTCACGCCTGTAATCCCAGCACTTTGGGA
' Recognition site of sgPRDM14 PAM
60bp (HA50bp)

GGE.AGAGGTGGGTGGATCACTCAAGTCCAGGAGTTCGAGACCAGCCTGGGCAACATGGTGAAATCCTGTCTCTACCAAAAAAATACAAAAATCAGCTGGGGGTGGTGGCA
46bp (HA50bp) 111bp (HA100bp)

CATGCCTGTGGTTCCAGCCACTCAGGAGGTCGAGGTGGCAGGATGGTTTGAGCACAGGAGACGGAGGTTGCTGTGAGCTGAGATCGCCCCACTGCTTTTCAACCTGGGT

160bp (HA150bp) Right homology arm - ___ Primer PRDM14-R2
GACAGAACCAGACCCTGTCTCAAAACAAAACAAAACAAAAAAAATGAGTAGCCC{I'CAAGAGTGTGGAGACAATGTAAAAACAAG\AGATTCGGATTCTCTCTATTTCCTTTTAT

317bp (HA300bp)

<Primer PRDM14-R1
GGGTTATAGAAGTCCCTGCAGTTGGC
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Supplementary Figure 6a: Design of genome editing at the human PRDM14 exon8. The exon8 of PRDM14 is indicated in gray
shadow. The stop codon is indicated in red. The recognition site of sgPRDM14 is in bold and underlined by a green line. The PAM
is indicated in bold and the cut site is indicated by a red triangle. The left homology arm is indicated with an orange line and right
homology arm with a blue line. The precise length of homology arm is indicated under a thick arrow. Replaced sequence upstream of
DSB is indicated in purple. Sequences in grey indicate genomic DNA outside of homology arms. The two pairs of primers used for
knockin pattern analysis by PCR are indicated by black arrows.
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Supplementary Figure 6b: Precisely edited PRDM14 locus.

Primer PRDM14-F1 R
7
CCAGCCTGCAATCTGCTTTTTTACAAACTGGACCTCCAGATAATCTAGCCATTGAAGAACCACTGTTCTAACATCCAGTGCTTCTCAAAACTAGCCAGAAGGACACATCAGT

Primer PRDM14-F2 P Left homology arm

GGAGTCCTTTCGGATTAAGGCTACTGATGATGACCAGGAGTGCTCTATGGECTTAAAACCCAAGGTTCGTCCATARCGATGAGCAACAGTGAAAIlIACCCCTTAGTTTAAT
——

322bp (HA300bp) Exon8
TGGTTGTCCAGCTCGTGGAAGTTGACTTTTTCTTGTGTTCTGTATTTCTGTTCTCTGCAGAGGTTCACAGCCTCCAGCATACTCCGCACACACATCAGGCAGCACTCCGGGG

AGAAGCCCTTCAAATGCAAGTACTGIGGTAAATCTTTTGCATCCCATGCTGCCCATGACAGCCATGTCCGGCGTTCACACAAGGAGGATGATGGCTGCTCATGCAGCATCT

148bp (HA150bp) 105bp (HA100bp)

GT GGAAAATCTTCTCAGATCAAGAAACATTCTACTCCCACATGAAGTTTCATGAAQAQLAE;
Destroyed recognition site of sgPRDM14
60bp (HA50bp) GFP
pd

TGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAG

GGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTG

CAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAA

CTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCT

GGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGC
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TCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAA

- Wpre

7N
GCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAAGTTTAAACGCGTCGACAATCAACCTCTGGATTAC

AAAATTTGTGAAAGATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTT

TCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTT

GGGGCATTGCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCT

CGGCTGTTGGGCACTGACAATTCCGTGGTGTTGTCGGGGAAGCTGACGTCCTTTCCATGGCTGCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTA

CGTCCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCGACGAGTCGGATCTCCCTTTG

PolyA
><
GGCGGATCCAGACATGATAAGATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTGAAAAAAATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAAC

CATTATAAGCTGCAATAAACAAGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTTTTTAAAGCAAGTAAAACCTCTACAAATGTG

GTATGGCTGATTATGATCCGGCTGCCTCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCG

~ &£

i)
GCOAGCAGACAAGCCCGTCAGGECECGTCAGCGLETETTCECGEETETCECEEELECAGCCATCAGCGCCAGGCACAATGACTCACGCCTGTAATCCCAGCACTTTGGGAG
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G-CAGAGGTGG GTGGATCACTCAAGTCCAGGAGTTCGAGACCAGCCTGGGCAACATGGTGAAATCCTGTCTCTACCAAAAAAATACAAAAATCAGCTGGGGGTGGTGGCAC
46bp (HA50bp) 111bp (HA100bp)

ATGCCTGTGGTTCCAGCCACTCAGGAGGTCGAGGTGGCAGGATGGTTTGAGCACAGGAGACGGAGGTTGCTGTGAGCTGAGATCGCCCCACTGCTTTTCAACCTGGGTG

160bp (HA150b - .
P P) Right homology arm - __Primer PRDM14-R2
ACAGAACCAGACCCTGTCTCAAAACAAAACAAAACAAAACAAAACAAAAAAAATGAGTAGCCCTCAAGAGTGTGGAGACAATGTAAAAACAAEAGATTCGGATTCTCTCTATT

Primer PRDM14-R1 317bp (HA300bp)
TCCTTTTATGGGTTATAGAAGTCCCTGCAGTTGGC

pd

Supplementary Figure 6b: Precisely edited PRDM14 locus. The exon8 of PRDM14 is indicated in gray shadow. The stop codon
is indicated in red. The destroyed recognition site of sgPRDM14 is in bold and underlined by a green line, and PAM is indicated in
bold. The left homology arm is indicated with an orange line and right homology arm with a blue line. The precise lengths of
homology arm are indicated with thick arrows. The ribosome-skipping sequence 2A is in yellow and GFP-Wpre-ployA sequence in
green color. Sequences in grey indicate genomic DNA outside of homology arms. The two pairs of primers used for knockin pattern
analysis by PCR are indicated by black arrows.

25



Supplementary Figure 6¢: Backbone sequence cut off form pD-GFP-sg (PRDM14)

Partial recognition
site of sg PRDM14 Donor plasmid backbone sequence
agggctag tagtcttcEaggtggcacttttcggggaaatgtgcgcggaacccctatttgtttatttttctaaatacattcaaatatgtatccgctcatg agacaataaccctgataaatgcttcaataatattgaaa

aaggaagagtatgagtattcaacatttccgtgtcgcccttattcecttttttgcggcattttgecttectgtttttgctcacccagaaacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtggg

ttacatcgaactggatctcaacagcggtaagatccttgagagttttcgccccgaagaacgttttccaatgatgagceacttttaaagttctgctatgtggcgeggtattatccegtattgacgccgggcaagagca

actcggtcgccgceatacactattctcagaatgacttggttgagtactcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgccataaccatgagtgataacactge

ggccaacttacttctgacaacgatcggaggaccgaaggagctaaccgctittitgcacaacatgggggatcatgtaactcgcecttgatcgttgggaaccggagctgaatgaagccataccaaacgacgag

cgtgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaactattaactggcgaactacttactctagcttcccggcaacaattaatagactggatggaggcggataaagttgcaggaccacttct

gcgctcggcccttccggetggcetggtitattgctgataaatctggagecggtgagegtgggtetcgeggtatcattgcagecactggggecagatggtaageccteccgtatcgtagttatctacacgacgggga

gtcaggcaactatggatgaacgaaatagacagatcgctgagataggtgcctcactgattaagcattggtaactgtcagaccaagtttactcatatatactttagattgatttaaaacttcatttitaatttaaaagg

atctaggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagttttcgttccactgagcgtcagaccccgtagaaaagatcaaaggatcticttgagatcctttttttctgcgegtaatctgetgcett

gcaaacaaaaaaaccaccgctaccagcggtggttigtitgccggatcaagagctaccaactcttittccgaaggtaactggcticagcagagcgcagataccaaatactgtcctictagtgtagccgtagtta

ggccaccacttcaagaactctgtagcaccgcctacatacctcgctctgctaatectgttaccagtggctgctgccagtggegataagtegtgtcttaccgggttggactcaagacgatagttaccggataagge

gcagcggtcgggctgaacggggggttcgtgcacacagcccagcettggagcgaacgacctacaccgaactgagatacctacagegtgagctatgagaaagcgccacgcttcccgaagggagaaagg

cggacaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccagggggaaacgcctggtatctttatagtcctgtcgggtttcgecacctctgacttgagegtcgatttttgtgat

gctcgtcaggggggcggagcctatggaaaaacgccagcaacgcggcctttttacggttcctggccttitgctggcctitigetcacatgttctttcctgcgttatccectgatictgtggataaccgtattaccgcecttt

gagtgagctgataccgctcgcecgcagecgaacgaccgagegcagegagtcagtgagcgaggaagcggaagagcegceccaatacgcaaaccgcectctcceegegegttggecgattcattaatgcage

tggcacgacaggtttcccgactggaaagcgggcagtgagcgcaacgcaattaatgtgagttagctcactcattaggcaccccaggctttacactttatgcttccggcetcgtatgttgtgtggaattgtgagegg

ataacaatttcacac'aq aagactactagccct
Partial recognition

site of sgPRDM14

26



Supplementary Figure 6¢c: Backbone sequence cut off from pD-mNeonGreen-sg (PRDM14). The sequence of donor plasmid
backbone is in lowercase and indicated by a red line. The residual partial sgPRDM14 recognition sequence after plasmid linearization

by CRISPR is in bold and indicated by green lines.
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Supplementary Figure 6d: Knockin pattern analysis at the PRDM14 locus.

pD-GFP-sg-HA50-50bp (PRDM14)

Left homology arm  Replaced sequence in left arm Right homology arm

Wild type  TCTGTGGGAAAATCT::::::-TGAAGACTACtagccct GCCAGGCACAA::::: TTTGGGAGGCAGAGG
Left homology arm 2A-GFP-Wpre-ployA Right homology arm

Cl1-38 TCTGTGGGAAAATCT HDR

Clone39 TCTGTGGGAAAATCT: HDR with 1bp mutation

Clone40 TCTGTGGGAAAATCT: HDR with 2bp mutation

Clone41 TCTGTGGGAAAATCT:

3-NHEJ: 48bp ins; 290bp del
Clone42 TCTGTGGGAAAATCT::::: TGAAGACTACtagccctcttgccgggaaaat 5-NHEJ: 73bp ins

Clone43  TCTGTGGGAAAATCT:::: TGAAGACTACtagccctigecgggaaaatct: 5-NHEJ: 71bp ins

Clone44 TCTGTGGGAAAATCT::::: TGAAGACTACtagccccagatittcagttt———:: 1t it AGAGG 5-NHEJ: 20bp ins; 531bp del

Clone45 TCTGTGGGAAAATCT::::: TGAAGACTACtagccctcttgccgggaaaat
5, 3-NHEJ: left 73bp ins, right 52bp ins
Clone46 TCTGTGGGAAAATCT:::::: TGAAGACTACtagccctagaaacatic:

5, 3-NHEJ: left 67bp ins, right 53bp ins

Clone47 TCTGTGGGAAAATCT::::::TGAAGACTAC --ctagtagtcttcctgt: gccacctggaagactactagcec 5,3-NHEJ: Backbone reverse insertion
Clone4s TCTGTGGGAAAATCT:::::: TGAAGA-—---—- ---att jaagttt: gccacctggaagactactagc 5,3-NHEJ: Backbone reverse insertion
Clone49 TCTGTGGGAAAATCT::::: TGAAGACTACtagccctagggctagtagtct acaaataggggttccgegeac 5,3-NHEJ: Backbone reverse insertion

pD-GFP-sg-HA100-100bp (PRDM14)

Left homology arm  Replaced sequence in left arm Right homology arm
wild type  ATGTCCGGCGTTCAC:::: TGAAGACTACtagccct GCCAGGCACA:::::TGAAATCCTG | (|
Left homology arm 2A-GFP-Wpre-ployA i
Expected ATGTCCGGCGTTCA( GAAGACTAC|
Clo1-37 ATGTCCGGCGTTCA GAAGACTAC
Clone38  ATGTCCGGCGTTCAC::::TGAAGACTAC

3-NHEJ: 252bp del
TCTCT

Clone39 ATGTCCGGCGTTCA(
Clone40 ATGTCCGGCGTTCA
Clone41 ATGTCCGGCGTTCA!
Clone42 ATGTCCGGCGTTCA
Cl43-44 ATGTCCGGCGTTCA!

:TGAAGACTACtagccct:
:TGAAGACTACtagcc :
GAAGACT caca B
GAAGACTACtagccctgcttccaggtggeac:

ggaagactactagccctc

5,3-NHEJ: Backbone forward insertion

5-NHEJ: 7bp ins, 656bp del
5-NHEJ: 5bp ins, 553bp del
TCTCT  5-NHEJ: 4bp ins, 834bp del

TGAAG gtcagaccccgta caggaagactactagccctg CTCT 5,3-NHEJ: Backbone forward insertion
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pD-GFP-sg-HA150-150bp (PRDM14)

Left homology arm  Replaced sequence in left arm Right homology arm

Wild type  TACTGTGGTAAATCT:::::-TGAAGACTACtagccct GCCAGGCACA::::GCACATGCCT 1
Left homology arm 2A-GFP-Wpre-ployA Right homology arm

Expected TACTGTGGTAAATC TGAAGACTAC| GCCAGGCACA::::GCACATGCCT 1

Cl1-34 TACTCTGGTAAATC TGAAGACTACI GCCAGGCAC, GCACATGCCTC 1GGT HDR

CI35-36 TACTCTGGTAAATC TGAAGACTAC 8

1iGCACATGCCTC TGGT 3-NHEJ: 479bp del
GCACATGCCTCTGGT 5-NHEJ: 326bp ins
GCACATGCCTCTGGT 5-NHEJ: 1191bp del

GCACATGCCTC 1GGT 5,3-NHEJ: Backbone forward insertion

Clone37 TACTCTGGTAAATC
Clone38 TACTCTGGTAAATC
Clone39 TACTCTGGTAAATC

TGAAGACTACt-gce--tggtaaate
TGAAGACTAC 3
TGAAGACTACtagccctagggctagtagtcttccaggtg:

gaagacta

pD-GFP-sg-HA300-300bp (PRDM14)

Left homology arm  Replaced sequence in left arm Right homology arm
Wild type  CCATAAGGATGAGCA:::::: TGAAGACTACtagccct GCCAGGCACA:::GAGTAGCCCT

Left homology arm 2A-GFP-Wpre-ployA Right homology arm
Expected ~ CCATAAGGATGAGCA::::: TGAAGACTAC] GCCAGGCACA::::GAGTAGCCCT
Cl1-45 CCATAAGGATGAGCA:::: TGAAGACTACH GCCAGGCACA::::GAGTAGCCCT HDR

Supplementary Figure 6d: Knockin pattern analysis at the PRDM14 locus. The left homology arm is indicated in yellow
shadow and right HA in blue shadow. The inserted sequence is in red lowercase. Replaced sequence in left arm is indicated in purple.
Sequences in grey indicate genomic DNA outside of homology arms.
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WT
2#
3#
6#
O#
10#
12#

CTCCCACATGAAGTTTCATGAAGACTACTAGCCCT'GCCAGGCACAATGACTCACGCCTGT
CTCCCACATGAAGTTTCATGAAGACTACTAGCCCTtGCCAGGCACAATGACTCACGCCTGT
CTCCCACATGAAGTTTCATGAAGACTACTAGCCCTtGCCAGGCACAATGACTCACGCCTGT
CTCCCACATGAAGTTTCATGAAGACTAC========—-- CTGCCAGGCACAATGACTCACGCCTGT
CTCCCACATGAAGTTTCATGAAGACTACTAGCCE========= AGGCACAATGACTCACGCCTGT
CTCCCACATGAAGTTTCATGAAGACTACTAGCCET'GCCAGGCACAATGACTCACGCCTGT

CTCCCACATGAAGTTTCATGAAG========mmsmsmmamees T*GCCAGGCACAATGACTCACGCCTGT

Supplementary Figure 7: Presence of indels at the non-target allele of all iPSC clones with heterozygous HDR knockin at

the PRDM14 locus. The non-targeted allele was amplified by PCR, followed by Sanger sequencing to identify indels.
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Supplementary Figure 8: The effects of small molecules on HDR in the H1 ES cell line. (a-c) The effects
of small molecules on HDR efficiency at the CTNNB1 locus (a) or PRDM14 locus (b) . The human H1 ES cells
were treated with RS-1 (10uM), Nu7441 (2uM), SCR7 (1uM), Brefeldin A (0.1uM), L755507 (5uM) or

Nocodazole (100ng/ml) at 0-24h after nucleofection and the HDR efficiency was determined by FACS on Day
3.
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Supplementary Fig.9a
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Supplementary Fig.9b
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Supplementary Figure 9: lllustration of cellular location of genes of interest by fusion with a
fluorescent protein after HDR targeting in iPSCs.

(a) Localizaiton of PRDM14 at the nucleus as indicated by a tdTomato reporter. A new donor plasmid was
created to generate a fusion gene of PRDM14 and tdTomato, which are separated by a GS linker The cells
were stained with DAPI and Phalloidin 488 to show the nucleus and plasma membrane. (b) Localizaiton of
CTNNB1 at plasma membrane as indicated by a mNeonGreen reporter. The cells were stained with Hoechst
33258 and CellMask Red to show the nucleus and menbrane. (scale bar = 50 um).
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Supplementary Figure 10: The effects of using one vs. two sgRNAs in the double cut donor system on
HDR efficiency. (a-c) Schematic outline of genome editing at the CTNNB1 locus using double cut HDR
donors, which will be linearized by Cas9 and sgCTNNB1 (a), sgRNA2 (b), or sgRNA3 (c), respectively. The
donors contain a GS-mNeonGreen-Wpre-polyA sequence sandwiched by left homology arm (HA, marked in
yellow shadow) and right homology arm (HA, marked in blue shadow). (d) The HDR efficiency was determined
by FACS at day3 after co-transfection with Cas9/sgRNA and one of the three pD-mNeonGreen-sg donors (a-
c). Statistical significance was calculated using the Student’s paired t-test: ns, not significant.
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