Spplementary Materials

Materials and methods

Plasmid construction. Modified pegRNAs or split pegRNAs expression plasmids pPB- PE-
ALL-RNA, pPB-sPE-ALL-RNA, or pPB-SnPE-ALL-RNA for sPEs tPEs or SnPEs were
generated by two steps (Figure S9). First, pPE-pegRNA, psPE-pegRNA, pSnPE- 5’-pRNA,
pSnPE-3’-pRNA, pSnPE-circ-pRNA and pSnPE-sgRNA pPE3-sgRNA were constructed
separately. For pPE-pegRNA, psPE-pegRNA, pSnPE-5’-pRNA, pSnPE-3’- pRNA and pSnPE-
circ-pRNA (Table S1), the oligos were synthesized and annealed with 5> ACCG and 3° AAAA
overhangs and cloned into pLH-AAAA backbone plasmid (Sequence S1). For pSnPE-sgRNA
and pPE3-sgRNA, the oligos were synthesized and annealed with 5> ACCG and 3° AAAC
overhangs and cloned into pLH-sgRNA3 backbone vector (Sequence S1). Second, Golden Gate
assembly was used to clone related RNA expression cassettes into one vector pPDONORS. 1
(sequence S1) and generate pPB-PE-ALL-RNA, pPB-sPE-ALL-RNA, or pPB-SnPE-ALL-RNA
respectively. pPCMV-PE2 (#addgene 132775) was used to generate RBP-PE2 (SpCas9H840A-
MMLYV) expression plasmids. First, T2A-GFP was inserted at the C terminal of pCMV- PE2
resulting in pPCMV-PE2-T2A-GFP. Second, RNA binding proteins for stem loop aptamers
including MCP, tdMCP, PCP, tdPCP, Com, N22p and Csy4H29A (Sequence S2) were
synthesized and cloned to the pCMV-PE2-T2A-GFP using ClonExpress II One Step Cloning Kit
(Vazyme, C112-01), resulting pPCMV-MCP-PE2-T2A-GFP, pCMV- tdMCP-PE2-T2A-GFP,
pCMV-PCP-PE2-T2A-GFP, pCMV-tdPCP-PE2-T2A-GFP, pCMV-Com-PE2-T2A-GFP,
pCMV-N22p-PE2-T2A-GFP and pCMV-Csy4H29A-PE2- T2A-GFP respectively.

Cell culture and transfection and genomic DNA extraction. HEK293FT (Thermo Fisher
Scientific), HeLa (ATCC, CCL-2), and U20S (ATCC, HTB-96) cells were cultured in DMEM
with high glucose in 10% FBS (fetal bovine serum, Thermo Fisher Scientific). All cells were
cultured at 37°C and 5% CO2 in a humidified incubator. Cells were seeded in 12-well plates and
transfected at approximately 60% confluence using Lipofectamine 2000 (Thermo Fisher
Scientific) according to the manufacturer’s protocols. A total of 1.5 pg Prime editor 2 (PE2,
dCas9-MMLYV) or RBP-PE2, and 500 ng PE-all-RNA, sPE-all- RNA, tPE-all-RNA or snPE-all-
RNA expression plasmids were co-transfected into HEK293FT, U20S or HeLa cells. 72 h after



transfection, Prime editors (GFP+) and PE- all-RNA, sPE-all-RNA, tPE-all-RNA or snPE-all-
RNA (BFP+) double-positive cells were collected from flow cytometry (BD FACS Aria III). The
genomic DNA of cells was extracted using QuickExtract DNA Extraction Solution (Lucigen)
according to the manufacturer’s protocols. The isolated DNA was PCR-amplified with Phanta
Max Super-Fidelity DNA Polymerase (Vazyme). Primers used are listed in Table S2.

High-throughput DNA sequencing of genomic DNA samples. Genomic sites of interest were
amplified from genomic DNA using locus-specific primers containing the Truseq adapters.
Equal amounts of PCR products were pooled and gel purified. The purified library was deep
sequenced using a paired-end 150 bp [llumina MiniSeq run. All prime editing experiments were
analyzed as follows. Demultiplexing and base calling were both performed using bcl2fastq
Conversion Software v2.18 (Illumina, Inc.), allowing 0 barcode mismatches with a minimum
trimmed read length of 75. Alignment of sequencing reads to the Amplicon sequence (Table S5)
was performed using CRISPResso2 (Clement et al., 2019) in standard mode using the parameters
*“-q 30’’. For each amplicon, the CRISPResso2 quantification window was positioned to include
the entire sequence between pegRNA- and sgRNA-directed Cas9 cut sites, as well as an
additional 10 bp beyond both cut sites. For PE activity quantifications from deep sequenced data,
editing efficiency was calculated as the percentage of reads with the desired editing without
indels (‘‘-discard indel reads TRUE.”” mode) out of the total number of reads ((number of
desired editing-containing reads)/(number of reference- aligned reads).). For all experiments,
indel frequency was calculated as the number of discarded reads divided by the total number of
reads ((number of indel-containing reads)/(number of reference-aligned reads). EditR (Kluesner

et al., 2018) was used for PE activity quantifications from all sanger sequencing data.

Live cell CRISPR-based DNA imaging. All live-cell imaging was carried out on a DeltaVision
Ultra imaging system (GE Healthcare). The cells were cultured on No. 1.0 glass bottom dishes
(MatTek). The microscope stage incubation chamber was maintained at 37°C and 5% CO2. GFP
was excited at 488 nm and collected using filter at 498/30 nm (wavelength/bandwidth). Imaging
data were acquired by DeltaVision Elite imaging (GE Healthcare Inc.) software. For the
representative images, the raw data were deconvoluted by softWoRx (GE Healthcare Inc.)

software.



Off-target analysis. Potential off-target sites were predicted in the human genome
(GRCh38/hg38) with Cas-OFFinder6 (http://www.rgenome.net/cas-offinder); The region around
the off-target sites was amplified with Phanta Max Super-Fidelity DNA Polymerase (Vazyme),
and subjected to high-throughput sequencing. The amplicons were analyzed with CRIPResso2
(V2.0.43) and the off-target sites are listed in Supplementary Table 3. Primers used are listed in
Supplementary Table 4.

Data availability
The next-generation sequencing data have been deposited in the NCBI Sequence Read Archive
database under the BioProject accession code PRINA785066. All other relevant data are

available from corresponding authors upon reasonable request.
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Figure S1 | Increase of targeting efficiency by adding stem-loop RNA aptamers at
the 3’-terminal of pegRNAs.

(A) Schematic of the live-cell detection system for targeting efficiency. The detection
system consists of Cas9 nickase, PCP-GFP, sgRNA-1XPP7 targeting C3 repeats (~600
copies of target sites on chromosome 3). The expression of Cas9H840A, Cas9H840A-
MMLV (PEZ2) or tdMCP-PE2 was driven by CMV promoter. The expression of sgRNA,
pegRNA or pegRNA-MS2 was driven by human U6 (hU6) promoter. (B) U20S cells
were co-transfected PCP-GFP along with expression plasmids as indicated for GE, PE,
sPE-MS2, or tPE-MS2. After 48 hours, cells were imaged by collecting z-stack images
to capture all foci in each nucleus examined. Representative images show the 2D
projection of 3D imaging. (C) Histograms showing the number of C3 foci per cell counts
by CRISPR-based labeling, n=50 transfected cells of GE, PE, sPE-MS2 or tPE-MS2.
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Figure S2 | sPEs and tPEs increase PE efficiency at various loci in different cell
lines.

Efficiency of PE, sPE-MS2 and tPEb-MS2 mediated point mutation of SRD5A3 +2 C-G
to A'T, DYRK1A_+1 C-Gto G-C, HDAC1_+1 C-Gto G-C, BCL11A_+1C-Gto AT,
GFAP_+1A-T to T-A and RUNX1_+5 G-C to T-A using PE3 in U20S cells (A), Hela
cells (C). Efficiency of PE, sPE-MS2 and tPE-MS2 mediated point mutation of DMD_+1
T-Ato C-G, EED +1 A TtoT-A, JAK2 _+1C-Gto T-Aand SRD5A1_+1 C-Gto AT
using PE3 in U20S cells (B), Hela cells (D). Data and error bars in (A-D) indicate the
mean and standard deviation of three independent biological replicates.
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tPE-MS2 at different loci shown in Figure 1 and Figure S2.

Fold-change in the observed edit:indel ratio of PE, sPE-MS2 and tPE-MS2 mediated
point mutation for SRD5A3 +2 C-G to A-T, DYRK1A_+1 C-Gto G-C, HDAC1_+1C-G



to G-C, BCL11A_+1C-Gto A'T, GFAP_+1A-Tto T'-Aand RUNX71_+5G-Cto T-Aiin
HEK293FT cells (A) U20S cells (C) and HelLa cells (E). Fold-change in the observed
edit:indel ratio of PE, sPE-MS2 and tPEb-MS2 mediated point mutation of DMD_+1 T-A
to C-G, EED +1 A-Tto T-A, JAK2 +1 C-Gto T-A and SRD5A1 +1 C-Gto A-Tin
HEK293FT cells (B) U20S cells (D) and HelLa cells (F). Values were calculated from
the data presented in Figure 1 and Figure S2. Data and error bars indicate the mean
and standard deviation of three in dependent biological replicates.
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Figure S4 | Fold change in correct editing and edit:indel ratio for sPEs and tPEs
shown in Figure 1.

(A) Fold-change in the observed edit:indel ratio of PE, sPE-MS2, tPE-MS2, ePE-Mpknot
and ePE-EvopreQ1 mediated with point mutation for RUNX7_+5 G-C to T-Ain
HEK293FT cells. (B) Fold-change in the observed edit:indel ratio of PE, tPE-MS2, tPE-
PP7, tPE-Csy4 and tPE-BoxB mediated with insertion for RUNX7_+1 ATG in
HEK293FT cells. (C) Fold-change in the observed edit:indel ratio of PE, tPE-MS2, tPE-
PP7, tPE-Csy4 and tPE-BoxB mediated with deletion for RUNX7_+1 CGA in HEK293FT
cells. (D) Fold-change in the observed correct editing of PE, sPE-MS2, tPE-MS2, ePE-
Mpknot and ePE-EvopreQ1 mediated with point mutation for RUNX71_+5 G-Cto T-Ain



HEK293FT cells. (E) Fold-change in the observed correct editing of PE, tPE-MS2, tPE-
PP7, tPE-Csy4 and tPE-BoxB mediated with insertion for RUNX7_+1 ATG in
HEK293FT cells. (F) Fold-change in the observed correct editing of PE, tPE-MS2, tPE-
PP7, tPE-Csy4 and tPE-BoxB mediated with deletion for RUNX7_+1 CGA in HEK293FT
cells. Values were calculated from the data presented in Figure 1. Data and error bars
indicate the mean and standard deviation of three in dependent biological replicates.
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Figure S5 | Insertion and deletion efficiency for DNMT1 loci and fold change in

correct editing and edit:indel ratio.



(A) The efficiency of PE and tPE-MS2 mediated insertion of DNMT1_+4 A, +4 AC, +4
ACT using PE3 in 293FT cells. (B) The efficiency of PE and tPE-MS2 mediated deletion
of DNMT1_+4 G, +4 GG, +4 GGG using PE3 in HEK293FT cells. (C) Fold-change in
the observed correct editing ratio of PE, tPE-MS2 mediated with insertion for
DNMT1_+4 A, DNMT1_+4 AC, DNMT1_+4ACT in HEK293FT cells. (D) Fold-change in
the observed correct editing ratio of PE, tPE-MS2 mediated with deletion for DNMT1_+4
G, DNMT1_+4 GG, DNMT1_+4GGG in HEK293FT cells. (E) Fold-change in the
observed edit:indel ratio of PE, tPE-MS2 mediated with insertion for DNMT1_+4 A,
DNMT1_+4 AC, DNMT1_+4ACT in HEK293FT cells. (F) Fold-change in the observed
edit:indel ratio of PE, tPE-MS2 mediated with deletion for DNMT1_+4 G, DNMT1_+4
GG, DNMT1_+4GGG in HEK293FT cells. Values were calculated from the data
presented in Figure S5A and Figure S5B. Data and error bars indicate the mean and
standard deviation of three in dependent biological replicates.
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Figure S6 | Comparison of off-target activity between canonical PE, sPE-MS2 and
tPE-MS2. on-target and off-target activities of PE, sPE-MS2 and tPE-MS2 at DYRK1A,
RUNX1, BCL11A, SRD5A3 and JAK2 were detected. PE, sPE and tPE editing is shown

as % prime editing alongside % indels (in parentheses).
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Figure S7 | Circular prime RNA generated by the Tornado expression system

used in Figure 2.

Construct design for generating autocatalytically processed circular prime RNA (cpRNA)
by the Tornado expression system. The circular prime RNA in the Tornado cassette is
driven by U6 promoter. The circular pRNA consists of MS2 or PP7 (orange), RTT
(reddish-purple) and PBS (bluish-green). The circular pRNA is flanked by the 5'- and 3'-
stem-forming sequences (yellow), each of which is flanked by the 5'- and 3'-self-
cleaving ribozymes (sky blue and blue, respectively). The stem-forming by 5'- and 3’-
ligation sequences facilitates the circularization of pRNA into circular prime RNA
(cpRNA).
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Figure S8 | Fold change in correct editing and edit:indel ratio for SnPEs shown in
Figure 2.

Fold-change in the observed correct editing for RUNX1_+5 G-C to T-A transversion of
SnPE-5-MS2 or PP7, SnPE-3’-MS2 or PP7, SnPE-c-MS2 or PP7, compared to
canonical PE (dashed line) in U20S cells (A), HEK293FT cells (B), and HelLa cells (C).
Fold-change in the observed edit:indel ratio for RUNX71_+5 G-C to T-A of SnPE-5-MS2
or PP7, SnPE-3’-MS2 or PP7, SnPE-c-MS2 or PP7, compared to canonical PE (dashed
line) in U20S cells (D), HEK293FT cells (E), and HelLa cells (F). (G) Fold-change in the
observed correct edting for SnPE-5-MS2, SnPE-5'-PP7, SnPE-5'-Csy4 and SnPE-5'-
boxB mediated with RUNX7_+5 G-C to T-A in HEK293FT cells. (H) Fold-change in the
observed correct editing of PE, tPE-MS2, tPE-PP7, tPE-Csy4 and tPE-BoxB mediated
with insertion for RUNX1_+1 ATG in HEK293FT cells. (1) Fold-change in the observed
correct editing of PE, tPE-MS2, tPE-PP7, tPE-Csy4 and tPE-BoxB mediated with
deletion for RUNX1_+1 CGA in HEK293FT cells. (J) Fold-change in the observed
edit:indel ratio for SnPE-5-MS2, SnPE-5-PP7, SnPE-5-Csy4 and SnPE-5-boxB
mediated with RUNX71_+5 G-C to T-A in HEK293FT cells. (K) Fold-change in the
observed edit:indel ratio of PE, tPE-MS2, tPE-PP7, tPE-Csy4 and tPE-BoxB mediated
with insertion for RUNX1_+1 ATG in HEK293FT cells. (L) Fold-change in the observed
edit:indel ratio of PE, tPE-MS2, tPE-PP7, tPE-Csy4 and tPE-BoxB mediated with
deletion for RUNX1_+1 CGA in HEK293FT cells. Values were calculated from the data
presented in Figure 2. Data and error bars reflect the mean and standard deviation of

three independent biological replicates.
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Figure S9 | Cloning strategy for single construct containing all RNA expression
components for modified or split pegRNA prime editors.

Construction of pPB-PE-ALL-RNA for canonical PE, pPB-sPE-ALL-RNA plasmids for
sPEs and tPEs, and pPB-SnPE-ALL-RNA for SnPEs. (A) pPB-PE-ALL-RNA was
reconstituted from pPE-pegRNA, pPE3-sgRNA and pDONORS.1 by golden gate
assembly, pPE-pegRNA consists of sgRNA (blue), RTT (gold) and PBS (Magenta),
pPE3-sgRNA contains sgRNAnick (orange), pPDONORS.1 consists of CcdB gene
(green), Puromycin (yellow), P2A (purple) and TagBFP2 (Cyan). (B) pPB-sPE-ALL-RNA
was reconstituted from psPE-pegRNA, which contains sgRNA (blue), RTT (gold), PBS
(Magenta) and stem-loop RNA aptamer (dark green), pPE3-sgRNA and pDONORS.1
were the same in (A). (C) pPB-SnPE-ALL-RNA contains three types of pRNA: pSnPE-
5-pRNA, pSnPE-3’-pRNA and pSnPE-circ-pRNA. pSnPE-5-pRNA consists of stem
loop at 5’-terminal (dark green), RTT (gold) and PBS (Magenta). pSnPE-3’-pRNA
contains stem-loop at 3’-terminal (dark green), RTT (gold) and PBS (Magenta). pSnPE-
circ-pRNA contains circular sequence located at both terminals (purple), stem loop
(dark green), RTT (gold) and PBS (Magenta). pSnPE-sgRNA was pSnPE-pRNAs,
sgRNA (blue), pPE3-sgRNA and pDONORS.1 that were used in (A) and (B).



Supplementary Table 1 | Sequences of primers used for pegRNA cloning

pPE-pegRNA Forward Reverse

JAK2 ataattgaagacATaccgACCTGTGACTCATGAAAC ataattgaagacGCaaaaCTGTGACTCATGAAATACAGG
ACgtttgagagctagaaatagcaagttcaaataaggc AAGAATGTgcaccgactcggtgcc

HDAC1 ataattgaagacATaccgGCACCATGCAAAGAAGTC | ataattgaagacGCaaaaTGCAAAGAAGTGCGAGGCATC
CGgtttgagagctagaaatagcaagttcaaataaggc TGGCTgcaccgactcggtgec

EED ataattgaagacATaccgCCGGTTGTTGCAATCTTA ataattgaagacGCaaaaGTTGTTGCAATCTTTCGTGGAT
CGgtttgagagctagaaatagcaagttcaaataaggc GCTGATgcaccgactcggtgee

BCL11A ataattgaagacATaccgtcacagATAAACTTCTGCAC ataattgaagacGCaaaaCACAGATAAACTTCTGAACTGG
gtttgagagctagaaatagcaagttcaaataaggc AGGGGCCgcaccgactcggtgec

SRD5A3 ataattgaagacATaccgCCTTACTCAATCTCTGTTC | ataattgaagacGCaaaaTTACTCAATCTCTGTTACTGGG
Cgtttgagagctagaaatagcaagttcaaataaggc AGCACCTTTTCgcaccgactcggtgec

SRD5A1 ataattgaagacATaccgTCCATTCAGATCATATCCT | ataattgaagacGCaaaaCATTCAGATCATATCATAAGGA
Agtttgagagctagaaatagcaagttcaaataaggc ATCTCAGAAAgcaccgactcggtgcc

DYRK1A ataattgaagacATaccgagcacatcaaggacattctagtitgag | ataattgaagacGCaaaacaaggacattgtaaggatgatgcaccgact
agctagaaatagcaagttcaaataaggc cggtgcc

DMD ataattgaagacATaccgCTACCTCTGTGATACTCTT | ataattgaagacGCaaaaACCTCTGTGATACTCCTCAGGT
Cgtttgagagctagaaatagcaagttcaaataaggc GCACCTgcaccgactcggtgcc

RUNX1 ataattgaagacATaccggcattttcaggaggaagcgagtttgag | ataattgaagacGCaaaaattttcaggaggaagcgattgcttcagacag
agctagaaatagcaagttcaaataaggc caccgactcggtgcc

GFAP ataattgaagacATaccgagcctgtgtccatataaagggttttaga | ataattgaagacGCaaaaTGTGTCCATATAATGGAGGAG

gctagaaatagcaagttaaaataaggctagtc

TTGGAAgcaccgactcggtgee

psPE-pegRNA

Forward

Reverse

JAK2-MS2 ataattgaagacATaccgACCTGTGACTCATGAAAC ataattgaagacGCaaaaacatgggtgatcctcatgtCTGTGACTC
ACgtttgagagctagaaatagcaagttcaaataaggc ATGAAATACAGGAAGAATGTgcaccgactcggtgcc

HDAC1-MS2 ataattgaagacATaccgGCACCATGCAAAGAAGTC | ataattgaagacGCaaaaacatgggtgatcctcatgtTGCAAAGAA
CGgtttgagagctagaaatagcaagttcaaataaggc GTGCGAGGCATCTGGCTgcaccgactcggtgec

EED-MS2 ataattgaagacATaccgCCGGTTGTTGCAATCTTA ataattgaagacGCaaaaacatgggtgatcctcatgtGTTGTTGCA
CGgtttgagagctagaaatagcaagttcaaataaggc ATCTTTCGTGGATGCTGATgcaccgactcggtgcc

BCL11A-MS2 ataattgaagacATaccgtcacagATAAACTTCTGCAC ataattgaagacGCaaaaacatgggtgatcctcatgtCACAGATAA
gtttgagagctagaaatagcaagttcaaataaggc ACTTCTGAACTGGAGGGGCCgcaccgactcggtgee

SRD5A3-MS2 ataattgaagacATaccgCCTTACTCAATCTCTGTTC | ataattgaagacGCaaaaacatgggtgatcctcatgtTTACTCAAT
Cgtttgagagctagaaatagcaagttcaaataaggc CTCTGTTACTGGGAGCACCTTTTCgcaccgactcggtgcc

SRD5A1-MS2 ataattgaagacATaccgTCCATTCAGATCATATCCT | ataattgaagacGCaaaaacatgggtgatcctcatgtCATTCAGAT
Agtttgagagctagaaatagcaagttcaaataaggc CATATCATAAGGAATCTCAGAAAgcaccgactcggtgec

PCSK9-MS2 ataattgaagacATaccgcccgcacCTTGGCGCAGCG ataattgaagacGCaaaaacatgggtgatcctcatgtTGGCGCAG
Ggtttgagagctagaaatagcaagttcaaataaggc AGGTGGAAGGTGGCgcaccgactcggtgee

DYRK1A-MS2 ataattgaagacATaccgagcacatcaaggacattctagtitgag | ataattgaagacGCaaaaacatgggtgatcctcatgtcaaggacattgta
agctagaaatagcaagttcaaataaggc aggatgatgcaccgactcggtgcec

DMD-MS2 ataattgaagacATaccgCTACCTCTGTGATACTCTT | ataattgaagacGCaaaaacatgggtgatcctcatgtACCTCTGTG
Cgtttgagagctagaaatagcaagttcaaataaggc ATACTCCTCAGGTGCACCTgcaccgactcggtgec

RUNX1-MS2 ataattgaagacATaccggcattttcaggaggaagcgagtttgag | ataattgaagacGCaaaaacatgggtgatcctcatgtattttcaggagga
agctagaaatagcaagttcaaataaggc agcgattgcttcagacagcaccgactcggtgec

DNMT1-MS2 ataattgaagacATaccgGATTCCTGGTGCCAGAAA | ataattgaagacGCaaaaacatgggtgatcctcatgtCCTGGTGCC
CAgtttgagagctagaaatagcaagticaaataaggc AGAAACAAGGGTGACgcaccgactcggtgec

GFAP-MS2 ataattgaagacATaccgagcctgtgtccatataaagggttttaga | ataattgaagacGCaaaaacatgggtgatcctcatgtTGTGTCCAT
gctagaaatagcaagttaaaataaggctagtc ATAATGGAGGAGTTGGAAgcaccgactcggtgcc

RUNX1-com ataattgaagacATaccggcattttcaggaggaagcgagtttgag | ataattgaagacGCaaaaGATGCTCGCAGGCATTCAGatttt
agctagaaatagcaagttcaaataaggc caggaggaagcgattgcttcagacagcaccgactcggtgec

RUNX1-pp7 ataattgaagacATaccggcattttcaggaggaagcgagtttgag | ataattgaagacGCaaaaggagcgacgccatatcgtctgctccattttca
agctagaaatagcaagttcaaataaggc ggaggaagcgattgcttcagacagcaccgactcggtgec

RUNX1-csy4 ataattgaagacATaccggcattttcaggaggaagcgagtitgag | ataattgaagacGCaaaaCTGCCTATACGGCAGTGAACatt
agctagaaatagcaagttcaaataaggc ttcaggaggaagcgattgcttcagacagcaccgactcggtgec

RUNX1-boxB ataattgaagacATaccggcattttcaggaggaagcgagtttgag | ataattgaagacGCaaaaggcccticttcagggccattttcaggaggaag
agctagaaatagcaagttcaaataaggc cgattgcttcagacagcaccgactcggtgec

pPE3-sgRNA Forward Reverse

JAK2 accgTGGGGTTTGATCGTTTTCTT aaacAAGAAAACGATCAAACCCCA

HDAC1 accgATACTTTAGCAGTTCCAGGA 2aacTCCTGGAACTGCTAAAGTAT

EED accgTGATTAATTTATAAAAGTTT aaacAAACTTTTATAAATTAATCA

BCL11A accgCTGCACTCATCCCAGGCGTG 2aacCACGCCTGGGATGAGTGCAG

SRD5A3 accgCCAGTAACAGAGATTGAGTA aaacTACTCAATCTCTGTTACTGG

SRD5A1 accgTCCTTATGATATGATCTGAA aaacTTCAGATCATATCATAAGGA

DYRK1A accgAAGAGTGAGGAGAAGGCAGG aaacCCTGCCTTCTCCTCACTCTT

DMD accgGTCAATGCTCTCCTTTTCAC 2aacGTGAAAAGGAGAGCATTGAC

RUNX1 accgCATGTACTCACCTCTCATGA 2aacTCATGAGAGGTGAGTACATG

GFAP accgCCAGAATCCAATCTCCCTCA aaactgagggagattggattctgg

pSnPE-sgRNA

Forward

Reverse




RUNX1

accggcattttcaggaggaagcga

aaactcgcttcctcctgaaaatge

pSnPE-5'(3’)- Forward Reverse

pRNA

RUNX1 accgtgtctgaagcaatcgcttcctcctgaaaat aaacattttcaggaggaagcgattgcticagaca

RUNX1-MS2 accgtgtctgaagcaatcgcttcctcctgaaaatacatgaggatca | aaacacatgggtgatcctcatgtattttcaggaggaagcgattgcttcagac
cccatgt a

MS2-RUNX1 accgacatgaggatcacccatgttgtctgaagcaatcgcttcctect | aaactgtctgaagcaatcgcttcctcctgaaaatacatgaggatcacccat
gaaaat gt

RUNX1-PP7 accgtgtctgaagcaatcgcttcctcctgaaaatggagcagacga | aaacacatgggtgatcctcatgtattttcaggaggaagcgattgcttcagac
tatggcgtcgctcc a

PP7-RUNX1 accgggagcagacgatatggcegtcgcetcctgtctgaagcaatcge | aaactgtctgaagcaatcgcttcctcctgaaaatacatgaggatcacccat
ttcctcctgaaaat gt

COM-RUNX1 accgcTGAATGCCTGCGAGCATCtgtctgaagccatc | aaacattttcaggaggaagggatggcttcagacaGATGCTCGCAG
ccttcctectgaaaat GCATTCAg

Csy4-RUNX1 accgactgccgtataggcagctaagaaatgtctgaagcaatcget | aaacattttcaggaggaagcgattgctticagacatttcttagetgectatacg
tcctectgaaaat gcagt

Boxb-RUNX1 accgggccctgaagaagggcctgtctgaagcecatceccttectect aaacattttcaggaggaagggatggcttcagacaggcccttcticagggcc

gaaaat

Supplementary Table 2 | Primers used for cell genomic DNA amplification and targeted deep

sequencing.
gene Forward primer Reverse primer Length
of
amplic
on (nt)
JAK2 ctacacgacgctcttccgatctgTGGCGGCATGATTTT agacgtgtgctcttccgatctccaagcattttagataaggagtacttaact | 290
GTGCACG agtat
HDAC1 ctacacgacgctcttccgatcttcatgcccagCAAGTGCTG agacgtgtgctcttccgatctgacactcaccgagcacatcctagee 290
TGAAAC
EED ctacacgacgctcttccgatctagttggagagagtatgtttictatac | agacgtgtgctcticcgatctaactagatacaggattctctigggtgatag | 290
ttgagatga tg
BCL11A ctacacgacgctcttccgatcttatittaatggaattgaaatgtgata | agacgtgtgctcticcgatctccttcagtacttaaaaagtaagggcaattt | 290
tcetgtggtttatgatg ccagaaa
SRD5A3 ctacacgacgctcttccgatcttgectegctigttticettitgcagAT | agacgtgtgctcticcgatctgecctictgaggaggtgecg 290
SRD5A1 ctacacgacgctcttccgatctgaaattttacggtttattagccataa | agacgtgtgctcticcgatctgatgacttacactgaaaacttgtagctaat | 290
tcatcttgcaa aactactacg
DYRK1A ctacacgacgctcttccgatctcttgtcacacacaatgaaactitge | agacgtgtgctcticcgatctagtagctaacatttttcagtacttaactatat | 290
tgttcact gccagctat
DMD ctacacgacgctcttccgatctAAGCATTAAATCTTAAG | agacgtgtgctcttccgatctGACAGAGAAGGGTGTAAAA 290
ACTACAAGACATTACTTGAAGG GCTTCTAGC
RUNX1 ctacacgacgctcttccgatcttggtittcgctccgaagGTAAAA | agacgtgtgctcticcgatctatatgectcagtttgaattcctctcacaaac | 290
GAA aag
GFAP ctacacgacgctcttccgatcttactggggaaagcagtgcagga | agacgtgtgctcticcgatctaccaccgcttcacagcetgtge 290
gca

Table S3 Sequence of amplicon for deep sequencing analysis

Gene

Sequence

JAK2

gTGGCGGCATGATTTTGTGCACGGATGGATAAAAGTACCTGTGACTCATGAAACACAGGAAGAATGTCTTGGG
ATGGCAGTGTTAGATATGATGAGAATAGCCAAAGAAAACGATCAAACCCCACTGGCCATCTATAACTCTATCAG
gtaattttcttttgcaaatccttacacataagtgtgagtagagattttatataattcgtatatattttctgtgtttacccatgecttttgattttgtaatac
tagttaagtactccttatctaaaatgcttgg

HDAC1

tcatgcccagCAAGTGCTGTGAAACTTAATAAGCAGCAGACGGACATCGCTGTGAATTGGGCTGGGGGCCTGCAC
CATGCAAAGAAGTCCGAGGCATCTGGCTTCTGTTACGTCAATGATATCGTCTTGGCCATCCTGGAACTGCTAAA
gtatgcctgectggecttgtcetettggaagageaccttaggecaggtteccatttecctettecectgggettgectecctagtttgettttectaccgat

gtgctggctaggatgtgcteggtgagtgtc

EED

agttggagagagtatgttttctatacttgagatgaaatttactgtatttttattttcattagGTTACCTTGTATGAATGTCATTCACAAGG
AGAAATCCGGTTGTTGCAATCTTACGTGGATGCTGATgtatcctttcctgggtttttaatatctttagtcaaaggaatttattttcaat
aagtgcaccaaaacttttataaattaatcatttccctaaagttattgttctttcttaaccgatttcttcactatcacccaagagaatcctgtatctagtt

BCL11A

tattttaatggaattgaaatgtgatatcctgtggtttatgatgeacgttgtttgtagetgtagtgcettgattttgggtttctttcacagATAAACTTC
TGCACTGGAGGGGCCTCTCCTCCCCTCGTTCTGCACATGGAGCTCTAATCCCCACGCCTGGGATGAGTGCAGAA
TATGCCCCGCAGGGTATTTgtaagttgagccttatttcttctacaaatgtccatgtgtatagagatgagaatttctggaaattgeccttacttt
ttaagtactgaagg




SRD5A3 | tgcctegcttgttttecttttgcagATATTTTTCCCACTTTTATATCATCTCAGTGCTGTGGAATGGCTTCCTGCTTTGGTGC
CTTACTCAATCTCTGTTCCTGGGAGCACCTTTTCCAAGCTGGCTTCATGGTTTGCTCAGAATTCTCGGGGCGGCA
CAGTTCCAGGgtaaggactccctgggcttatgacaacgctgeatcccgtttctgttgttectgtctgcaagggagceagtttttggeattttgtcte
ctctctcggeacctcctcagaaggge

SRD5A1 | gaaattttacggtttattagccataatcatcttgcaatttttttcctttagGTTTTGGCTTGTGGTTAACGGGCATGTTGATAAACAT
CCATTCAGATCATATCCTAAGGAATCTCAGAAAACCAGGAGATACTGGATACAAAATACCAAGGGgtacgtacaga
aagtgaagaatttctgtgaaagttgcttgecatggttcctggetattttagtgttgeccagetctaagaagtagtagegtagtagttattagectacaag
ttttcagtgtaagtcatc

DYRK1 | cttgtcacacacaatgaaactttgctgttcactgtcagttataacttacatgaggtgacccatttccattcaagggttttagaagcacatcaaggaca
ttctaaggatgattgacttacacaatgatctctgaacatgectectgecttctectcactcttgagtatttgettaggggagcagaaaaaatactggt
agcattactgtaacattttaattctgctttatttaaaaaagacatagctggcatatagttaagtactgaaaaatgttagctact

DMD AAGCATTAAATCTTAAGACTACAAGACATTACTTGAAGGTCAATGCTCTCCTTTTCACAGGCTACTCAAAAAGAG
ATTGAGAAACAGAAGGTGCACCTGAAGAGTATCACAGAGGTAGGAGAGGCCTTGAAAACAGTTTTGGGCAAG
AAGGAGACGTTGGTGGAAGATAAACTCAGTCTTCTGAATAGTAACTGGATAGCTGTCACCTCCCGAGCAGAAG
AGTGGTTAAATCTTTTGTTGGTAAGAGAAAAGGCTAGAAGCTTTTACACCCTTCTCTGTC

RUNX1T | tggttttcgctccgaagGTAAAAGAAATCATTGAGTCCCCCGCCTTCAGAAGAGGGTGCATTTTCAGGAGGAAGCGA
TGGCTTCAGACAGCATATTTGAGTCATTTCCTTCGTACCCACAGTGCTTCATGAGAGgtgagtacatgctggtcttgtaat
atctacttttgctcagctttgectgtaatgaaatggeagcettgtttcacctcggtgecagagatgecteggtgectgecagttecctgtettgtttgtgag
aggaattcaaactgaggcatat

GFAP tactggggaaagcagtgcaggagcageggggececctgtgtttcattcatggetgggctttgtgactgtgggeagegagetcacctattetgagectg
tgtccatataaaggaggagttggaageggagaaggtigatgtccatgagggagattggattctggggtgaagaaagtgagggaaagageaggce
aggtctgggcgcaaagcacaggtgactgectgecaccagettgtgacccccatcaagttactttgacttgcacagetgtgaageggtggt

Supplementary Sequences S1. Sequence of backbone plasmid used for pegRNA and nicking

sgRNA cloning

pDONOR 5.1
acggatcgggagatctaccggtacgcegttgacgtgtcticggatccggcettactaaaagccagataacagtatgcgtatttgegegctgattttigcggtataagaatatatactgatatgtatac
ccgaagtatgtcaaaaagaggtatgctatgaagcagcgtattacagtgacagttgacagcgacagctatcagttgctcaaggcatatatgatgtcaatatctccggtctggtaagcacaacc
atgcagaatgaagcccgtcgtctgcgtgccgaacgctggaaagcggaaaatcaggaagggatggetgaggtecgecceggtttattgaaatgaacggctcttttgctgacgagaacagggg
ctggtgaaatgcagtttaaggtttacacctataaaagagagagccgttatcgtctgtttgtggatgtacagagtgatattattgacacgcccgggcgacggatggtgatcccectggecagtge
acgtctgctgtcagataaagtctcccgtgaactttacccggtggtgcatatcggggatgaaagcetggegeatgatgaccaccgatatggecagtgtgecggtcetecgttatcggggaagaag
tggctgatctcagccaccgcgaaaatgacatcaaaaacgcecattaacctgatgtictggggaatataaatgtcaggctcccttatacacagccagtctgcaggtcgacgaagacccactcg
cggccgcttggggttgegcecttttccaaggcagecctgggtttgcgcagggacgeggcetgetetgggegtggticcgggaaacgcageggegecgaccctgggtctcgeacattettcacgt
ccgttcgcagcegtcaccecggatcttcgecgcetacecttgtgggeccceceggegacgcttectgetccgeccctaagtcgggaaggttecttgeggttcgeggegtgecggacgtgacaaac
ggaagccgcacgtctcactagtaccctcgcagacggacagcgccagggagcaatggcagegegcecgaccgegatgggetgtggeccaatageggcetgctcagcagggegegecgag
agcagcggcecgggaaggggceggtgegggaggeggggatgtggggeggtagtgtgggecctgttcctgecegegeggtgttcegeattetgcaagectccggagegecacgteggeagteg
gctecctegttgaccgaatcaccgacctcetctccccagggggatccgecaccatgaccgagtacaageccacggtgcgectcgecaccegegacgacgtccccagggecgtacgecacce
ctcgeegecegegttcgecgactaccccgecacgegecacaccgtcgatccggaccgecacatcgagegggtcaccgagetgcaagaactcttcctcacgegegtcgggcetcgacateg
gcaaggtgtgggtcgcggacgacggegecgeggtggeggtctggaccacgecggagagegtcgaagegggggeggtgttcgeccgagatcggececgegeatggecgagttgagegg
ttcccggcetggecgegcagcaacagatggaaggcecteetggegecgcaccggeccaaggagceccgegtggttcctggecaccgtecggegtetcgeccgaccaccagggcaagggtcet
gggcagcgcecgtegtgcetcceecggagtggaggeggecgagegegecggggtgeccgcecttcctggagacctececgegecccgcaaccteeccttctacgageggceteggcettcaccgte
accgccgacgtcgaggtgcccgaaggaccgcgcacctggtgcatgacccgcaageccggtgecgetageggtgctactaacttcagectgctgaagcaggetggagacgtggagga
gaaccctggacctggtagtggaacgcgtatggtgtctaagggcgaagagctgattaaggagaacatgcacatgaagctgtacatggagggcaccgtggacaaccatcacttcaagtge
acatccgagggcgaaggcaagcecctacgagggcacccagaccatgagaatcaaggtggtcgagggceggcecctetececcttcgecttcgacatectggcetactagettectctacggcag
caagaccttcatcaaccacacccagggcatccccgacttcttcaagcagtcecttccctgagggcttcacatgggagagagtcaccacatacgaagatgggggcegtgetgaccgcetacce
aggacaccagcctccaggacggctgcectcatctacaacgtcaagatcagaggggtgaacttcacatccaacggcecctgtgatgcagaagaaaacactcggcetgggaggcecttcaceg
agacgctgtaccccgcetgacggcggcectggaaggcagaaacgacatggecctgaagcetcgtgggecgggagcecatctgatcgcaaacgccaagaccacatatagatccaagaaacc
cgctaagaacctcaagatgcctggcatctactatgtggactacagactggaaagaatcaaggaggccaacaacgaaacctacgtcgagcagcacgaggtggcagtggccagatactg
cgacctccctagcaaactggggcacaagcttaatccaaagaaaaagcggaaagtgtgagtcgacctcgagggggggceccggtacctttaagaccaatgacttacaaggcagcetgtag
atcttagccacatgtcatcttattattcagtatttataacttgcaaagaaatgaatatcagagagtgagaggaacttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaattt
cacaaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttatcatgtctggaattcacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaag
gccgegttgetggcegtttttccataggcetccgeccecctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggegtttcecect
ggaagctccctecgtgegcetcetectgttccgaccctgecgcttaccggatacctgteegectttctcecttcgggaagegtggcegctttctcatagetcacgetgtaggtatctcagttcggtgtaggt
cgttcgctccaagcetgggetgtgtgcacgaaccccccgtticageccgaccgetgegecttatccggtaactategtettgagtccaaccecggtaagacacgacttatcgccactggcageag
ccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaactacggctacactagaagaacagtatttggtatctgegctctgctgaageca
gttaccttcggaaaaagagttggtagctcttgatccggcaaacaaaccaccgcetggtageggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttg
atcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatct
aaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatctgtctatttcgttcatccatagttgectgactcececegtegtgtagataactacgata
cgggagggcttaccatctggccccagtgcetgcaatgataccgcgagaaccacgctcaccggctccagatttatcagcaataaaccagccageccggaagggecgagegcagaagtggt
cctgcaactttatccgectccatccagtctattaattgtigccgggaagcetagagtaagtagttcgeccagttaatagtttgcgcaacgttgttgecattgctacaggeategtggtgtcacgctegte
gtttggtatggcttcattcagctccggticccaacgatcaaggecgagttacatgatcceccatgttgtgcaaaaaagceggttagcetecttcggtectcecgategttgtcagaagtaagttggecge
agtgttatcactcatggttatggcagcactgcataattctcttactgtcatgccatccgtaagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccga



gttgctcttgcccggegtcaatacgggataataccgegcecacatagcagaactttaaaagtgctcatcatiggaaaacgttcttcggggcgaaaactctcaaggatcttaccgetgttgagat
ccagttcgatgtaacccactcgtgcacccaactgatcttcagcatcttttactttcaccagegtttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcga
cacggaaatgttgaatactcatactcttcctttttcaatattatigaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgcgca
catttccccgaaaagtgccacctgacgtc

pLH-AAAA
ttggggttgcgcecttttccaaggcagcecctgggtttgcgcagggacgceggcetgctetgggegtggttccgggaaacgcageggegecgaccctgggtctegeacattettcacgteegttcge
agcgtcacccggatcttcgecgctacccttgtgggeccccecggegacgcttectgetececgecectaagtcgggaaggttecttgeggtticgecggegtgecggacgtgacaaacggaagec
gcacgtctcactagtaccctcgcagacggacagcgccagggagcaatggcagcgcegecgaccgcegatgggetgtggeccaatageggcetgetcagcagggegegecgagagcageg
gccgggaaggggceggtgcgggaggeggggtgtggggeggtagtgtgggecctgttcctgececgegeggtgticecgceattctgcaagectccggagegeacgtecggceagteggcetcececte
gttgaccgaatcaccgacctctctccccagggggatccaccggatcaagcettgeccagetggggegcecctetggtaaggttgggaagecctgcagatctgatcccggggggcaatgagat
atgaaaaagcctgaactcaccgcgacgtctgtcgagaagttictgatcgaaaagttcgacagcegtctccgacctgatgcagctctcggagggcgaagaatctegtgctttcagettcgatgt
aggagggcgtggatatgtcctgcgggtaaatagctgcgecgatggtttctacaaagatcgttatgtttatcggcactttgcatcggecgegcetcccgattccggaagtgcettgacattggggaa
tttagcgagagcctgacctattgcatctcccgecgtgcacagggtgtcacgttgcaagatctgectgaaaccgaactgcccegcetgttctgcagecggtcgecggaggecatggatgegatege
tgcggecgatcttagccagacgagegggttcggeccattcggaccgcaaggaatcggtcaatacactacatggegtgatttcatatgecgegattgetgatceccatgtgtatcactggcaaa
ctgtgatggacgacaccgtcagtgcgtccgtcgcgcaggctctcgatgagcetgatgcetttgggeccgaggactgecccecgaagtececggeacctegtgcacgeggatttcggcetccaacaatgt
cctgacggacaatggccgcataacagceggtcattgactggagcgaggcegatgttcggggattcccaatacgaggtcgecaacatcttcttctggaggecgtggttggettgtatggageag
cagacgcgctacttcgagcggaggcatccggagcttgcaggatcgecgeggeteccgggegtatatgetcegeattggtettgaccaactctatcagagcttggttgacggcaatttcgatgat
gcagcttgggcgcagggtcgatgcgacgcaatcgtccgatccggagecgggactgtcgggegtacacaaatcgecccgcagaagegeggcecgtetggaccgatggetgtgtagaagta
ctcgccgatagtggaaaccgacgcecccagcactcgtccgagggcaaaggaatagagtagatgeccgaccgggatctatcgatacecgtcgacctcgagggggggceccggtacctttaag
accaatgacttacaaggcagctgtagatcttagccactttttaaaagaaaaggggggactggaagggctaattcactcccaacgaagaaaagatctgctttttgettgtactgggtctctctgg
ttagaccagatctgagcctgggagctctctggctaactagggaacccactgcttaagectcaataaagcttgecttgagtgcttcaagtagtgtgtgeccgtetgttgtgtgactctggtaactag
agatccctcagacccttttagtcagtgtggaaaatctctagcagtagtagttcatgtcatcttattaticagtatttataactigcaaagaaatgaatatcagagagtgagaggaacttgtttattge
agcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttatcatgtctggcetctagctatce
cgcccctaactccgeccatceegeccctaactccgeccagttccgeccattctccgecccatggcetgactaattttttttatttatgcagaggecgaggcecgectcggectctgagctattccag
aagtagtgaggaggcttttttggaggcctagggacgtacccaattcgccctatagtgagtcgtattacgcgegctcactggecgtegttttacaacgtcgtgactgggaaaaccctggegttac
ccaacttaatcgccttgcagcacatcccecctttcgccagetggegtaatagcgaagaggeccgcaccgatcgeccttcccaacagttgcgcagectgaatggecgaatgggacgegcecctg
tagcggcegcattaagcgeggegggtgtggtggttacgegcagegtgaccgctacacttgccagegecctagegeccgctectttegcetttcttcecttectttctcgecacgttcgecggcetttce
ccgtcaagctctaaatcgggggctccctttagggttccgatttagtgctttacggcacctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggcecatcgecctgatagacggttt
ttcgccctttgacgttggagtccacgttctttaatagtggactcttgticcaaactggaacaacactcaaccctatctcggtctattcttttgatttataagggattttgecgatttcggectattggttaa
aaaatgagctgatttaacaaaaatttaacgcgaattttaacaaaatattaacgcttacaatttaggtggcacttttcggggaaatgtgcgcggaacccctatttgtttatttttctaaatacattcaa
atatgtatccgctcatgagacaataaccctgataaatgcttcaataatattgaaaaaggaagagtatgagtattcaacatttccgtgtcgeccttattcectttttigcggceattttgecttectgttttt
gctcacccagaaacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggttacatcgaactggatctcaacagcggtaagatccttgagagttttcgccccgaagaa
cgttttccaatgatgagcacttttaaagttctgctatgtggcgcggtattatccegtattgacgccgggcaagagcaactcggtcgecgceatacactattctcagaatgacttggttgagtactca
ccagtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgccataaccatgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaa
ggagctaaccgcttttttgcacaacatgggggatcatgtaactcgcecttgatcgttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgcctgtagcaat
ggcaacaacgttgcgcaaactattaactggcgaactacttactctagcttcccggcaacaattaatagactggatggaggcggataaagttgcaggaccacttctgcgcetcggeccttccgg
ctggctggtttattgctgataaatctggagccggtgagegtgggtctcgeggtatcattgcagcactggggeccagatggtaageccteecgtatcgtagttatctacacgacggggagtcagg
caactatggatgaacgaaatagacagatcgctgagataggtgcctcactgattaagcattggtaactgtcagaccaagtttactcatatatactttagattgatttaaaacttcatttttaatttaaa
aggatctaggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagttttcgtticcactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcectttttttctgeg
cgtaatctgctgcttgcaaacaaaaaaaccaccgctaccageggtggtttgtttgccggatcaagagctaccaactctttttccgaaggtaactggcettcagcagagcgcagataccaaata
ctgttcttctagtgtagecgtagttaggccaccacttcaagaactctgtagcaccgectacatacctcgcetctgctaatectgttaccagtggcetgctgeccagtggegataagtegtgtcttacegg
gttggactcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggggticgtgcacacagceccagcttggagcgaacgacctacaccgaactgagatacctacageg
tgagctatgagaaagcgccacgctticccgaagggagaaaggcggacaggtatccggtaagecggcagggtcggaacaggagagegcacgagggagcttccagggggaaacgcect
ggtatctttatagtcctgtcgggtttcgccacctctgacttgagegtcgattttigtgatgctcgtcaggggggcggagcectatggaaaaacgccagcaacgceggcctttttacggttcctggectt
ttgctggccttttgctcacatgttctttcctgegttatcecectgattctgtggataaccgtattaccgectttgagtgagcetgataccgcetcgeccgcagecgaacgaccgagegcagegagtcagtg
agcgaggaagcggaagagcgcccaatacgcaaaccgcctctcceccgegegttggecgattcattaatgcagetggcacgacaggtttcccgactggaaagecgggcagtgagegeaa
cgcaattaatgtgagttagctcactcattaggcaccccaggctttacactttatgcttccggcetegtatgttgtgtggaattgtgagcggataacaatttcacacaggaaacagctatgaccatga
ttacgccaagcgcgcaattaaccctcactaaagggaacaaaagcetggagcetgcaagcttaatgtagtcttatgcaatactcttgtagtcttgcaacatggtaacgatgagttagcaacatgcec
ttacaaggagagaaaaagcaccgtgcatgccgattggtggaagtaaggtggtacgatcgtgccttattaggaaggcaacagacgggtctgacatggattggacgaaccactgaattgcc
gcattgcagagatattgtatttaagtgcctagctcgatacataaacgggtctctctggttagaccagatctgagectgggagctctctggctaactagggaacccactgcettaagcctcaataa
agcttgccttgagtgcttcaagtagtgtgtgcccegtetgttgtgtgactctggtaactagagatcectcagacccttttagtcagtgtggaaaatctctagcagtggecgeccgaacagggacttga
aagcgaaagggaaaccagaggagctctctcgacgcaggactcggcttgctgaagcgecgcacggcaagaggcgaggggceggegactggtgagtacgccaaaaattttgactagegg
aggctagaaggagagagatgggtgcgagagcgtcagtattaagcgggggagaattagatcgcgatgggaaaaaattcggttaaggccagggggaaagaaaaaatataaattaaaa
catatagtatgggcaagcagggagctagaacgattcgcagttaatcctggcctgttagaaacatcagaaggctgtagacaaatactgggacagctacaaccatcccttcagacaggatc
agaagaacttagatcattatataatacagtagcaaccctctattgtgtgcatcaaaggatagagataaaagacaccaaggaagctttagacaagatagaggaagagcaaaacaaaagt
aagaccaccgcacagcaagcggccgctgatcttcagacctggaggaggagatatgagggacaattggagaagtgaattatataaatataaagtagtaaaaattgaaccattaggagta
gcacccaccaaggcaaagagaagagtggtgcagagagaaaaaagagcagtgggaataggagctttgttccttgggttcttgggagcagcaggaagcactatgggcgcagcegtcaat
gacgctgacggtacaggccagacaattattgtctggtatagtgcagcagcagaacaatttgctgagggctattgaggcgcaacagcatctgttgcaactcacagtctggggcatcaagca
gctccaggcaagaatcctggetgtggaaagatacctaaaggatcaacagctcctggggatttggggttgctctggaaaactcatttgcaccactgcetgtgecttggaatgctagttggagtaa
taaatctctggaacagatttggaatcacacgacctggatggagtgggacagagaaattaacaattacacaagcttaatacactccttaattgaagaatcgcaaaaccagcaagaaaaga
atgaacaagaattattggaattagataaatgggcaagtttgtggaattggtttaacataacaaattggctgtggtatataaaattattcataatgatagtaggaggcttggtaggtttaagaatag
tttttgctgtacttictatagtgaatagagttaggcagggatattcaccattatcgtttcagacccacctcccaaccccgaggggacccgacaggcccgaaggaatagaagaagaaggtgga
gagagagacagagacagatccattcgattagtgaacggatctcgacggtatcgatcacgagactagcctcgagecggcecgceccccttcaccgagggcctatttcccatgattecttcatattt
gcatatacgatacaaggctgttagagagataattggaattaatttgactgtaaacacaaagatattagtacaaaatacgtgacgtagaaagtaataatttcttgggtagtttgcagttttaaaatt
atgttttaaaatggactatcatatgcttaccgtaacttgaaagtatttcgatttcttggctttatatatctigtggaaaggacgaaacaccggtgtcticgaggcttactaaaagccagataacagta
tgcgtatttgcgcgctgatttttgcggtataagaatatatactgatatgtatacccgaagtatgtcaaaaagaggtgtgctatgaagcagcegtattacagtgacagttgacagcgacagctatca
gttgctcaaggcatatatgatgtcaatatctccggtctggtaagcacaaccatgcagaatgaagcccgtegtctgcgtgccgaacgctggaaagcggaaaatcaggaagggatggetga
ggtcgcccggtttattgaaatgaacggctctttigctgacgagaacagggactggtgaaatgcagtttaaggtitacacctataaaagagagagccgttatcgtetgtttgtggatgtacagagt
gatattattgacacgcccgggcgacggatggtgatcccectggecagtgcacgtctgetgtcagataaagtctccegtgaactttacccggtggtgcatatcggggatgaaagetggegeat



gatgaccaccgatatggccagtgtgccggtctccgttatcggggaagaagtggctgatctcagccaccgeg tgacatc gccattaacctgatgttctggggaatataaac
cctgcaggacgaagaccctttttttgaattctcgacctcgagacaaatggcagtattcatccacaattttaaaagaaaaggggggattggggggtacagtgcaggggaaagaatagtaga
cataatagcaacagacatacaaactaaagaattacaaaaacaaattacaaaaattcaaaattttcgggtttattacagggacagcagagatccactttggccgcggetcgaggggg

pLH-sgRNA3
ttggggttgcgcecttttccaaggcagcecctgggtttgcgcagggacgceggcetgctetgggegtggttccgggaaacgcageggegecgaccctgggtctcgeacattcttcacgteegttcge
agcgtcacccggatcttcgecgctacccttgtgggecccccggegacgcttectgetcecgecectaagtcgggaaggttecttgeggtticgecggegtgeccggacgtgacaaacggaagec
gcacgtctcactagtaccctcgcagacggacagcgccagggagcaatggcagcgcegecgaccgcegatgggetgtggeccaatageggcetgetcagcagggegegecgagagcageg
gccgggaaggggceggtgcgggaggeggggtgtggggeggtagtgtgggecctgttcctgececgegeggtgticecgeattctgcaagectccggagegeacgtecggceagteggcetcececte
gttgaccgaatcaccgacctctctccccagggggatccaccggatcaagcettgeccagetggggegcecctetggtaaggttgggaagecctgcagatetgatcccggggggcaatgagat
atgaaaaagcctgaactcaccgcgacgtctgtcgagaagtttctgatcgaaaagttcgacagcegtctccgacctgatgcagctctcggagggcgaagaatctegtgctttcagettcgatgt
aggagggcgtggatatgtcctgcgggtaaatagctgcgecgatggtttctacaaagatcgttatgtttatcggcactttgcatcggecgegceteccegattccggaagtgcettgacattggggaa
tttagcgagagcctgacctattgcatctcccgecgtgcacagggtgtcacgttgcaagatctgectgaaaccgaactgcccgcetgttctgcageeggtcgecggaggecatggatgegatege
tgcggecgatcttagccagacgagegggttcggeccattcggaccgcaaggaatcggtcaatacactacatggegtgatttcatatgecgegattgetgatcecccatgtgtatcactggcaaa
ctgtgatggacgacaccgtcagtgcgtccgtcgegcaggctctcgatgagcetgatgcetttgggeccgaggactgecccecgaagtececggeacctegtgcacgeggatttcggcetccaacaatgt
cctgacggacaatggccgcataacagceggtcattgactggagcgaggcegatgttcggggattcccaatacgaggtcgecaacatcttcttctggaggecgtggttggcettgtatggageag
cagacgcgctacttcgagcggaggcatccggagcttgcaggatcgecgeggeteccgggegtatatgetcegeattggtcettgaccaactctatcagagcttggttgacggcaatttcgatgat
gcagcttgggcgcagggtcgatgcgacgcaatcgtccgatccggagecgggactgtcgggegtacacaaatcgecccgcagaagegeggcecgtctggaccgatggetgtgtagaagta
ctcgccgatagtggaaaccgacgcecccagcactcgtccgagggcaaaggaatagagtagatgeccgaccgggatctatcgatacecgtcgacctcgagggggggceccggtacctttaag
accaatgacttacaaggcagctgtagatcttagccactttttaaaagaaaaggggggactggaagggctaattcactcccaacgaagaaaagatctgctttttgettgtactgggtctctctgg
ttagaccagatctgagcctgggagctctctggctaactagggaacccactgcttaagectcaataaagcttgecttgagtgcttcaagtagtgtgtgeccgtetgttgtgtgactctggtaactag
agatccctcagacccttttagtcagtgtggaaaatctctagcagtagtagttcatgtcatcttattaticagtatttataactigcaaagaaatgaatatcagagagtgagaggaacttgtttattge
agcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaagcatttttttcactgcattctagttgtggtitgtccaaactcatcaatgtatcttatcatgtctggcetctagctatce
cgcccctaactccgeccatceegeccctaactccgeccagttccgeccattctccgecccatggetgactaattttttttatttatgcagaggecgaggcecgectcggectctgagctattccag
aagtagtgaggaggcttttttggaggcctagggacgtacccaattcgccctatagtgagtcgtattacgcgegctcactggecgtegttttacaacgtcgtgactgggaaaaccctggegttac
ccaacttaatcgccttgcagcacatcccecctttcgccagetggegtaatagcgaagaggeccgcaccgatcgeccttcccaacagttgcgcagectgaatggecgaatgggacgegcecctg
tagcggcegcattaagcgeggegggtgtggtggttacgegcagegtgaccgctacacttgeccagegecctagegeccgctectttegcetttcttcecttectttctcgecacgttcgecggcetttce
ccgtcaagctctaaatcgggggctccctttagggttccgatttagtgctttacggcacctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggecatcgecctgatagacggttt
ttcgccctttgacgttggagtccacgttctttaatagtggactcttgttccaaactggaacaacactcaaccctatctcggtctattcttttgatttataagggattttgecgatttcggectattggttaa
aaaatgagctgatttaacaaaaatttaacgcgaattttaacaaaatattaacgcttacaatttaggtggcacttttcggggaaatgtgcgcggaacccctatttgtttatttttctaaatacattcaa
atatgtatccgctcatgagacaataaccctgataaatgcttcaataatattgaaaaaggaagagtatgagtattcaacatttccgtgtcgeccttattcectttttigcggceattttgecttectgttttt
gctcacccagaaacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggttacatcgaactggatctcaacagcggtaagatccttgagagttttcgccccgaagaa
cgttttccaatgatgagcacttttaaagttctgctatgtggcgcggtattatccegtattgacgccgggcaagagcaactcggtcgecgceatacactattctcagaatgacttggttgagtactca
ccagtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgccataaccatgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaa
ggagctaaccgcttttttgcacaacatgggggatcatgtaactcgcecttgatcgttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgcctgtagcaat
ggcaacaacgttgcgcaaactattaactggcgaactacttactctagcttcccggcaacaattaatagactggatggaggcggataaagttgcaggaccacttctgegcetcggeccttcegg
ctggctggtttattgctgataaatctggagccggtgagegtgggtcetcgeggtatcattgcagcactggggeccagatggtaageccteecgtatcgtagttatctacacgacggggagtcagg
caactatggatgaacgaaatagacagatcgctgagataggtgcctcactgattaagcattggtaactgtcagaccaagtttactcatatatactttagattgatttaaaacttcatttttaatttaaa
aggatctaggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagttttcgtticcactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcectttttttctgeg
cgtaatctgctgcttgcaaacaaaaaaaccaccgctaccageggtggtttgtttgccggatcaagagctaccaactctttttccgaaggtaactggcttcagcagagcgcagataccaaata
ctgttcttctagtgtagecgtagttaggccaccacttcaagaactctgtagcaccgectacatacctcgcetctgctaatectgttaccagtggcetgctgeccagtggegataagtegtgtcttacegg
gttggactcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggggticgtgcacacagceccagcttggagcgaacgacctacaccgaactgagatacctacageg
tgagctatgagaaagcgccacgcttcccgaagggagaaaggcggacaggtatccggtaagecggcagggtcggaacaggagagegcacgagggagcttccagggggaaacgcect
ggtatctttatagtcctgtcgggtttcgccacctcetgacttgagegtcgattttigtgatgctcgtcaggggggceggagcectatggaaaaacgccagcaacgceggcctttttacggttectggectt
ttgctggccttttgctcacatgttctttcctgegttatcecectgattctgtggataaccgtattaccgectttgagtgagcetgataccgcetcgeccgcagecgaacgaccgagcegcagegagtcagtg
agcgaggaagcggaagagcgcccaatacgcaaaccgcctctccccgegegttggecgattcattaatgcagetggcacgacaggtttcccgactggaaagecgggcagtgagegecaa
cgcaattaatgtgagttagctcactcattaggcaccccaggctttacactttatgcttccggcetegtatgttgtgtggaattgtgagcggataacaatttcacacaggaaacagctatgaccatga
ttacgccaagcgcgcaattaaccctcactaaagggaacaaaagcetggagcetgcaagcttaatgtagtcttatgcaatactcttgtagtcttgcaacatggtaacgatgagttagcaacatgec
ttacaaggagagaaaaagcaccgtgcatgccgattggtggaagtaaggtggtacgatcgtgccttattaggaaggcaacagacgggtctgacatggattggacgaaccactgaattgcc
gcattgcagagatattgtatttaagtgcctagctcgatacataaacgggtctctctggttagaccagatctgagectgggagctctctggctaactagggaacccactgcettaagcctcaataa
agcttgccttgagtgcttcaagtagtgtgtgcccegtetgttgtgtgactctggtaactagagatcectcagacccttttagtcagtgtggaaaatctctagcagtggecgecccgaacagggacttga
aagcgaaagggaaaccagaggagctctctcgacgcaggactcggcttgctgaagcgecgcacggcaagaggcgaggggceggegactggtgagtacgccaaaaattttgactagegg
aggctagaaggagagagatgggtgcgagagcgtcagtattaagcgggggagaattagatcgcgatgggaaaaaattcggttaaggccagggggaaagaaaaaatataaattaaaa
catatagtatgggcaagcagggagctagaacgattcgcagttaatcctggcctgttagaaacatcagaaggctgtagacaaatactgggacagctacaaccatcccttcagacaggatc
agaagaacttagatcattatataatacagtagcaaccctctattgtgtgcatcaaaggatagagataaaagacaccaaggaagctttagacaagatagaggaagagcaaaacaaaagt
aagaccaccgcacagcaagcggccgctgatcttcagacctggaggaggagatatgagggacaattggagaagtgaattatataaatataaagtagtaaaaattgaaccattaggagta
gcacccaccaaggcaaagagaagagtggtgcagagagaaaaaagagcagtgggaataggagctttgttccttgggttcttgggagcagcaggaagcactatgggcgcagcegtcaat
gacgctgacggtacaggccagacaattattgtctggtatagtgcagcagcagaacaatttgctgagggctattgaggcgcaacagcatctgttgcaactcacagtctggggcatcaagca
gctccaggcaagaatcctggetgtggaaagatacctaaaggatcaacagctectggggatttggggttgctctggaaaactcatttgcaccactgcetgtgecttggaatgctagttggagtaa
taaatctctggaacagatttggaatcacacgacctggatggagtgggacagagaaattaacaattacacaagcttaatacactccttaattgaagaatcgcaaaaccagcaagaaaaga
atgaacaagaattattggaattagataaatgggcaagtttgtggaattggtttaacataacaaattggctgtggtatataaaattattcataatgatagtaggaggcttggtaggtttaagaatag
tttttgctgtacttictatagtgaatagagttaggcagggatattcaccattatcgtttcagacccacctcccaaccccgaggggacccgacaggcccgaaggaatagaagaagaaggtgga
gagagagacagagacagatccattcgattagtgaacggatctcgacggtatcgatcacgagactagcctcgagecggcecgceccccttcaccgagggcctatttcccatgattecttcatattt
gcatatacgatacaaggctgttagagagataattggaattaatttgactgtaaacacaaagatattagtacaaaatacgtgacgtagaaagtaataatttcttgggtagtttgcagttttaaaatt
atgttttaaaatggactatcatatgcttaccgtaacttgaaagtatttcgatttcttggctttatatatctigtggaaaggacgaaacaccggtgtcticgaggcttactaaaagccagataacagta
tgcgtatttgcgcgctgatttttgcggtataagaatatatactgatatgtatacccgaagtatgtcaaaaagaggtgtgctatgaagcagcegtattacagtgacagttgacagcgacagctatca
gttgctcaaggcatatatgatgtcaatatctccggtctggtaagcacaaccatgcagaatgaagcccgtegtctgcgtgccgaacgctggaaagcggaaaatcaggaagggatggetga
ggtcgcccggtttattgaaatgaacggctctttigctgacgagaacagggactggtgaaatgcagtttaaggtitacacctataaaagagagagccgttatcgtetgtttgtggatgtacagagt
gatattattgacacgcccgggcgacggatggtgatcccectggecagtgcacgtctgetgtcagataaagtctccegtgaactttacccggtggtgcatatcggggatgaaagetggegeat
gatgaccaccgatatggccagtgtgccggtctccgttatcggggaagaagtggctgatctcagccaccgeg tgacatc gccattaacctgatgttctggggaatataaac




cetgcaggacgaagaceciiiiiautEuaaaIEIsaaa s GetIoo Ao Aap I E A aIUHOOABIBBOIaR 1 ttgaattctcgacctegagacaaa

tggcagtattcatccacaattttaaaagaaaaggggggattggggggtacagtgcaggggaaagaatagtagacataatagcaacagacatacaaactaaagaattacaaaaacaaa
ttacaaaaattcaaaattttcgggtttattacagggacagcagagatccactttggccgeggcetcgaggggg

Yellow is U6 promoter
Cyan is ccdb
‘ sgRNA backbone

Supplementary Sequences S2. Sequences of prime editors (MCP, tdMCP, PCP, COM, N22p,
Csy4H29A and PYL1-P2A-ABI)

MCP
Atggcttctaactttactcagttcgttctcgtcgacaatggcggaactggcgacgtgactgtcgccccaagcaacttcgctaacgggatcgetgaatggatcagctctaactcgegttcacagg
cttacaaagtaacctgtagcgttcgtcagagctctgcgcagaatcgcaaatacaccatcaaagtcgaggtgcctaaaggegcectggegttcgtacttaaatatggaactaaccattccaattt
tcgccacgaattccgactgcgagcttattgttaaggcaatgcaaggtctcctaaaagatggaaacccgattccctcagcaatcgcagcaaactccggceatctac

tdMCP
gcttctaactttactcagttcgttctcgtcgacaatggecggaactggecgacgtgactgtcgecccaagcaacttcgctaacgggatcgetgaatggatcagcetctaactcgegttcacaggcett
acaaagtaacctgtagcgttcgtcagagctctgcgcagaatcgcaaatacaccatcaaagtcgaggtgcctaaaggegcectggegttcgtacttaaatatggaactaaccattccaattttc
gccacgaattccgactgcgagcttattgttaaggcaatgcaaggtctcctaaaagatggaaacccgattccctcagcaatcgcagcaaactccggceatctacgccatggccagcaacttc
acccagttcgtgctggtggacaacggcggcaccggcgacgtgaccgtggeccccagcaacttcgccaacggcatcgeccgagtggatcagcagcaacagcagaageccaggcectaca
aggtgacctgcagcgtgagacagagcagcgcccagaacagaaagtacaccatcaaggtggaggtgcccaagggegcectggagaagctacctgaacatggagcetgaccatceecat
cttcgccaccaacagcgactgcgagctgatcgtgaaggcecatgcagggectgctgaaggacggcaaccccatccccagegcecatcgeccgeccaacageggeatctacgec

PCP
Atgggttccaaaaccatcgttctticggtcggcgaggcetactcgcactctgactgagatccagtccaccgcagaccgtcagatcttcgaagagaaggtcgggectetggtgggteggetgeg
cctcacggcttcgcteccgtcaaaacggagccaagaccgcegtatcgegtcaacctaaaactggatcaggeggacgtegttgaticcggacttccgaaagtgcgcetacactcaggtatggte
gcacgacgtgacaatcgttgcgaatagcaccgaggcctcgcgcaaatcgttgtacgatttgaccaagtccctcgtcgecgacctcgcaggtcgaagatcttgtegtcaaccttgtgecgetgg
gcegt

tdPCP
tccaaaactatcgttctgagcgtaggtgaagcgaccagaacgttaactgaaattcaatctacagcagacaggcaaatatttgaagagaaagtcggtccattagtagggaggttaagattga
cagctagcttaagacaaaatggagctaaaactgcatacagggtcaatttaaaattggatcaagcagatgtcgttgatagcggtctacctaaggttagatacacgcaagtgtggtcacacga
tgtcactattgtcgcgaattctaccgaagctagtagaaaatcattgtatgatttaacaaaatccttggtggctacctctcaggtggaagatcttgttgtgaatttagttccattaggtagggcggacc
cgctagcctccaaaaccatcgttctttcggtcggecgaggctactcgeactctgactgagatccagtccaccgcagaccgtcagatcttcgaagagaaggtcgggectctggtgggteggcetg
cgcctcacggcttcgcetccgtcaaaacggageccaagaccgcegtatcgegtcaacctaaaactggatcaggeggacgtcegttgattccggacttccgaaagtgegctacactcaggtatgg
tcgcacgacgtgacaatcgttgcgaatagcaccgaggcctcgecgcaaatcgttgtacgattigaccaagtccctcgtcgecgacctcgcaggtcgaagatcttgtcgtcaaccttgtgecgetg
ggecgt

COM
ggtagtatgaaatcaattcgctgtaaaaactgcaacaaactgttatttaaggcggatagttttgatcacattgaaatcaggtgtccgegttgcaaacgtcacatcataatgctgaatgectgcga
gcatcccacggagaaacattgtgggaaaagagaaaaaatcacgcattctgacgaaaccgtgegttatggctccactagtgggcacaagcttaatggecggtggcggagggatggatget
aagtcactaactgcctggtcc

N22p
ggtaatgctcggacccggcgaagagagaggcgggcetgagaagcaggcacagtggaaggcetgcaaac

Csy4H29A
Atggaccactacctcgacattcgcttgcgaccggacccggaatttcccccggegcaactcatgagegtgctcticggcaagetcgeccaggecctggtggcacagggeggggacaggat
cggcgtgagcttccccgacctcgacgaaagcecgctcececggetgggegagcegcectgegceattcatgectcggeggacgaccttecgtgecctgetecgeccggecectggetggaagggttge
gggaccatctgcaattcggagaaccggcagtcgtgcctcaccccacaccgtaccgtcaggtcagtcgggttcaggcgaaaagcaatccggaacgectgeggeggeggcetcatgegece
ggcacgatctgagtgaggaggaggctcggaaacgcattcccgatacggtcgecgagagcecttggacctgeccttcgtcacgctacgcageccagagcaccggacagcacttcegtetcttc
atccgccacgggcecgttgcaggtgacggcagaggaaggaggattcacctgttacgggttgagcaaaggaggtttcgttcectggttc

PYL1-P2A-ABI
ggtgggggcgcgccaactcaagacgaattcacccaactctcccaatcaatcgecgagttccacacgtaccaactcggtaacggecgttgctcatcetctecctagetcagecgaatccacgeg
ccgccggaaacagtatggtececgtggtgagacgtticgataggccacagatttacaaacacttcatcaaaagctgtaacgtgagtgaagatttcgagatgcgagtgggatgcacgegegac
gtgaacgtgataagtggattaccggcgaatacgtctcgagagagattagatctgttggacgatgatcggagagtgactgggtttagtataaccggtggtgaacataggctgaggaattataa
atcggttacgacggttcatagatttgagaaagaagaagaagaagaaaggatctggaccgttgttttggaatcttatgttgttgatgtaccggaaggtaattcggaggaagatacgagattgttt
gctgatacggttattagattgaatcttcagaaacttgcttcgatcactgaagctatgaacggaggcagtgctactaacttcagcectgctgaagcaggctggagacgtggaggagaaccctgg
acctgggggttccacgcgtgtgcectttgtatggttttacttcgatttgtggaagaagacctgagatggaagcetgctgtticgactataccaagattccttcaatcttcctctggttcgatgttagatggt
cggtttgatcctcaatccgecgcteatttcttcggtgtttacgacggecatggeggttctcaggtagcgaactattgtagagagaggatgcatttggctttggcggaggagatagctaaggaga
aaccgatgctctgcgatggtgatacgtggctggagaagtggaagaaagctcttticaactcgttcctgagagttgactcggagattgagtcagttgcgccggagacggttgggtcaacgteg
gtggttgccgttgttttccegtetcacatcettcgtecgetaactgeggtgactctagagecgttetttgccgecggcaaaactgcacttccattatcegttgaccataaaccggatagagaagatgaa
gctgcgaggattgaagccgcaggagggaaagtgattcagtggaatggagctegtgttttcggtgtictcgecatgtcgagatccattggcgatagatacttgaaaccatccatcattcctgate
cggaagtgacggctgtgaagagagtaaaagaagatgattgtctgattttggcgagtgacggggtttgggatgtaatgacggatgaagaagcegtgtgagatggcaaggaagceggattctct
tgtggcacaagaaaaacgcggtggctggggatgcatcgttgctcgcggatgagcggagaaaggaagggaaagatcctgecggegatgtccgeggcetgagtattigtcaaagetggegat
acagagaggaagcaaagacaacataagtgtggtggtggttgatttgaag






