Supplementary Figure 1

Sense and pCMVA with sgRNA A & B

Forward sequencing primer Ds DSB by sgRNA A
—
TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGCGACCGTGACCCAGGACTCCTCCrGCAGGTATGTTAATATGGA
AAGTTCACCCTCGCGCACTACTTGAAGCTCCTGCCGCCGCACCGCTGGCACTGGGTCCTGAGGAGGGRCGTCCATACAATTATACCT
sgRNA A
Intron Sequence with branch site

CTAAAGGAGGCTTTTCTCAGGTCGACTCTAGACGCGTAGGATCCCCCGGGTACCGAGCTCGAATTTTTACTAACAAATGGTATTATT
GATTTCCTCCGAAAAGAGTCCAGCTGAGATCTGCGCATCCTAGGGGGCCCATGGCTCGAGCTTAAAAATGATTGTTTACCATAATAA

DSB by sgRNA B

Red
TATCCACAJGACGGCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC 3’
ATAGGTGTQCTGCCGACGAAGTAGATGTTCCACTTCAAGTAGCCGCACTTGAAGG 5/

sgRNA B ¢
Reverse sequencing primer

BranchA with sgRNA A & B o DSB by szRNA A

N

TTCAAGTGGGAGCGCGTGAfGAACTTCGAGGACGGCGGCGTGGCGACCGTGACCCAGGACTCCTCC GCAGGTATGTTAATATGGA
AAGTTCACCCTCGCGCACTACTTGAAGCTCCTGCCGCCGCACCGCTGGCACTGGGTCCTGAGGAGGGRCGTCCATACAATTATACCT
DSB by sgRNA B sgRNA A
Intron Red
CTAAAGGAGGCTTTTCTCAGGTCGACTCTAGTTATCCACAGEACGGCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC 3
GATTTCCTCCGAAAAGAGTCCAGCTGAGATCAATAGGTGTCETGCCGACGAAGTAGATGTTCCACTTCAAGTAGCCGCACTTGAAGG 5/
sgRNA B <

Sense, BranchA and pCMVA with sgRNAE & J

Forward sequencing primer DSB by sgRNA E
—
CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGAGGGCGAGGGCGAGGGCCGCCCETACGAGGGCCACAA
GAAGTTCCACGCGTACCTCCCGTGGCACTTGCCGGTGCTCAAGCTCTAGCTCCCGCTCCCGCTCCCGGCGEEEATGCTCCCGGTGTT
sgRNA E

CACCGTGAAGCTGAAGGTGACCAAGGGCGGCCCCCTGCCCTTCGCCTGGGACATCCTGTCCCCCCAGTTCCAGTACGGCTCCAAGGT
GTGGCACTTCGACTTCCACTGGTTCCCGCCGGGGGACGGGAAGCGGACCCTGTAGGACAGGGGGGTCAAGGTCATGCCGAGGTTCCA

DSB by sgRNA J

GTACGTGAAGCACCCCGCCHACATCCCCGACTACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGAT 3’
CATGCACTTCGTGGGGCGGIGTAGGGGCTGATGTTCTTCGACAGGAAGGGGCTCCCGAAGTTCACCCTCGCGCACTA 5/
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Reverse sequencing primer
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Antisense with sgRNA C & D
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Supplementary Figure 1 | DNA sequence of the DsRed loci of the sense and antisense constructs.

Blue sequence, exons of the DsRed gene; green sequence, intron; underlined green sequence, canonical
GT- and -AG splice sites of the intron; underlined dark green sequence, intron sequence containing the
branch site (Sense and pCMVA) or the 5'-splice site (Antisense). Black arrows, sequencing primers;
yellow highlighted sequence, PAM site; orange highlighted sequence, sequence of sgRNA A, C or C’;
purple highlighted sequence, sequence of sgRNA B or D; brown highlighted sequence, sequence of
sgRNA E; blue highlighted sequence, sequence of sgRNA J. Vertical black bar, site of DSB by sgRNA.
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Supplementary Figure 2 | The RNA transcribed from the BranchA and the 5’-SplicingA
constructs has no intron splicing, and the one transcribed from the pCMVA is in low amount.

a, Table of RNA-sequencing results of DsRed transcripts from the Sense, BranchA, and pCMVA, as
well as the Antisense and the 5'-SplicingA constructs in HEK293T cells. RNA-sequencing reads for
each transcript of the different constructs were categorized after alignment to the corresponding DNA
sequence (details in Methods). Spliced transcript, a transcript in which the intron was spliced out from
the canonical GT---AG-splice sites (see Supplementary Figure 1); alt-spliced transcript, a transcript
in which splicing happened at alternative GT---AG sites; non-canonical alternative splicing, a transcript
sequence that had splicing at sites different from the GT---AG sites. Splicing frequencies were
calculated by dividing the number of the spliced-transcript reads by the total number of reads within
each RNA-sequencing library, N=1. b, Results of RT-qPCR of the DsRed transcripts generated from
the sense and antisense constructs. Shown on the left is the relative amount of the DsRed transcripts
from the BranchA (green bar) and the pPCMVA (yellow bar) constructs compared to the amount of the
Sense (red bar) transcripts. Shown on the right is the relative amount of the DsRed transcripts from the
5'-SplicingA construct (green bar) compared to the amount of the Antisense construct (red bar). (Left)
Plotted data are the mean fold change + s.d. of the 4 biological replicates with the individual values
shown as dots; N=4. The mean value is shown above each bar. (Right) N=1. ¢, Table of RNA-
sequencing results of DsRed transcripts from the Sense and BranchA constructs in HEK293 cells, N=1.
Source data are provided as a Source Data file.
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Supplementary Figure 3 | Constructs with splicing have similar cleavage efficiency by Cas9 to those
without splicing.

Scheme of PCR fragments for a, b, the Sense or pPCM VA construct, and ¢, the Antisense construct used for
the in vitro-cleavage assay. Cas9 cleavage was done using sgRNA A, B, A and B, E, J and E and J for the
sense (Sense/pCMVA and BranchA) constructs, and by using sgRNA C/C’, D or C/C’ and D for the
antisense (Antisense and 5’-SplicingA) constructs. The formulas used to calculate the DSB efficiencies from
the molarity of each DNA fragment detected by the Bioanalyzer following cleavage by Cas9 with sgRNA
A, B, or A and B for the sense constructs (a), sgRNA E, J or E and J for the sense constructs (b) or sgRNA
C/C’, D, or C/C’ and D for the antisense constructs (c) are shown. The bp sizes in the formulas are those
for the Sense/pCMVA and BranchA (in parenthesis when different) in (a, b), and those for the Antisense
and 5'-SplicingA (in parenthesis when different) in (c). Results of the in vitro-cleavage assay for the sense
constructs (a, b), and the antisense constructs (c) are shown in the tables underneath the construct schemes.
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Supplementary Figure 4 | Characterization of RNase H2A KO in HEK-293T cells.

a, Mutated sequences of the RNASEH2A alleles from the RNase H2A KO HEK-293T cells. b, Result of
Western blot for RNase H2A in HEK-293T RNase H2A wild-type and KO cells. ¢, Double-stranded Cy5-
labeled 25-mers oligos were used in the in vitro cleavage assay to evaluate RNase H2 activity in protein
extracts from HEK-293T RNase H2A wild-type and KO cells, schemes shown on the top of each gel image.
L, ladder for 25-mers oligonucleotide; N, negative control with the double-stranded oligonucleotide treated
by water; HII, Escherichia coli RNase HII was used as a positive control cleaving 5' of the rtGMP embedded
in the double-stranded DNA oligonucleotides; WT, protein extract from HEK-293T RNase H2A wild-type
cells; KO, protein extract from HEK-293T RNase H2A KO cells. The cleavage % is shown underneath the
image. Source data are provided as a Source Data file.
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Supplementary Figure S | In/dels are sequence variations specific to DSB repair by NHEJ.
Variation-position histograms showing the distribution of sequence variations in the 20-bp DSB-sequence
windows categorized by the position of the variations and the number of variations. The histograms are
arranged in a grid: rows specify the sgRNA(s) used to induce the DSB(s), including the controls (No-DSB
and DSB-sequence windows 30 bp downstream from the DSB); columns specify the construct and the type
of variation (insertion in orange, deletion in blue, or substitution in gray). The x-axis indicates the position
of the variations relative to the DSB site on the reference sequence. Figures with reverse-strand data have
their x-axis coordinates reversed so that they correspond to forward-strand coordinates. The y-axis indicates
the total number of variations in the DSB-sequence windows. The z-axis indicates the total sum of
frequencies (log-scale) of DSB-sequence windows with y variations including position x. If a DSB-
sequence window has more than one variation (say k) at the same position (which can only happen if the
DSB-sequence window contains insertions), this window contributes 4-fold to the corresponding z-value.
The x, y, z axes have been limited to the ranges [—10, 10], [0, 20], and [1075, 1], respectively, and values
outside these ranges have been cropped. a, Variation-position histograms for experiments conducted in the
wild-type cells, and b, in the RNase H2A KO cells.
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Supplementary Figure 6 | Transcript RNA affects the repair of a DSB in a sequence-dependent
manner via NHEJ and MMEJ

Pie charts showing frequencies of sequencing reads in the categories Error-free NHEJ/uncut sequence
(green), NHEJ with in/dels (red), or MMEJ exon-exon (blue) following a DSB by the sgRNA A, B or E in
the Sense, BranchA, and pCMVA constructs of wild-type (a, ¢) and RNase H2A KO (b) cells. Percentages
of the exon-intron MMEJ were 0.07% (wild type, sgRNA A, Sense, + 0.003%), 0.12% (wild type, sgRNA
A, BranchA, £ 0.006), 0.07% (wild type, sgRNA A, pCMVA, + 0.013%), 0.03% (wild type, sgRNA B,
Sense, + 0.003%), 0.07% (wild type, sgRNA B, BranchA, + 0.020%), 0.02% (wild type, sgRNA B,
pCMVA, + 0.004%), 0.03% (RNase H2A KO, sgRNA A, Sense, + 0.002%), 0.06% (RNase H2A KO,
sgRNA A, BranchA, + 0.008%), 0.03% (RNase H2A KO, sgRNA A, pCMVA, + 0.004%), 0.02% (RNase
H2A KO, sgRNA B, Sense, £ 0.002%), 0.03% (RNase H2A KO, sgRNA B, BranchA, + 0.002%), 0.0009%
(RNase H2A KO, sgRNA B, pCMVA, + 0.004%). Percentages represent the average of 4 repeats with
standard deviations in parenthesis; N=4. *, P =0.029 comparing frequencies of the BranchA or the pPCMVA
with those of the Sense construct via the two-tailed Mann-Whitney U test. The frequencies have been
normalized to only consider sequencing reads classified in one of the three categories (see Methods for an
analysis of the unclassified reads). d, e, f, g, Pie charts showing frequencies of sequencing reads in each
category for No DSB controls without Cas9 expression (see Method) in HEK293T cells with sgRNA E
(d), sgRNA A (e, right) or sgRNA E and J (f) or in HEK293 cells with sgRNA A (e, left) or sgRNA A and
B (g), N=1. Source data are provided as a Source Data file.
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Supplementary Figure 7 | Variation-distance graph key.

Variation-distance graph key showing the placement of the vertices representing the analyzed DSB-
sequence windows. Vertex placement depends on both the type of variation (insertion or deletion) and the
number of variations of the corresponding DSB-sequence window compared to the reference sequence.
Insertion vertices are placed above the reference vertex (center), while deletion vertices are placed below
it. For insertions, the alphabetical order of the inserted sequence, from A on the left to T on the right, are
indicated by the x-coordinate. Each insertion box is labeled with the inserted nucleotides of the DSB-
sequence window placed in that location. Insertions of size 3 or more have vertices on multiple lines,
staggered vertically to reduce overlap. The x-coordinate of deletions indicates the position of the first
deleted nucleotide in the given DSB-sequence window, from the most upstream (left-most) to the most
downstream (right-most). Each deletion box is labeled with the range of the deleted nucleotide sequence,
relative to the DSB site, of the DSB-sequence window placed in that location. The y-coordinate indicates
the number of variations in the DSB-sequence windows, with higher variations placed further from the
reference.
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Supplementary Figure 8 | Transcript RNA enhances DSB repair by NHEJ in a sequence dependent
manner — all data for the sense constructs.

a, Individual variation-distance graphs illustrating sequence variations within DSB-sequence windows
observed after DSB induction by sgRNA A (top) or sgRNA B (bottom) in the Sense, BranchA, and pPCMVA
constructs of wild-type cells. An edge between two vertices indicates that the two corresponding DSB-
sequence windows differ by a single nucleotide insertion or deletion (in/del). Insertion vertices (orange
circles) are placed above the reference vertex (white circle with a green outline), while deletion vertices
(blue circles) are placed below it. The vertex size shows the log of the mean frequency of the corresponding
DSB-sequence window in the four repeats of the considered experiment. For insertions, the alphabetical
order of the inserted sequences, from A on the left to T on the right, are indicated by the x-coordinate.
Insertions of size 3 or more have vertices on multiple lines, staggered vertically to reduce overlap. The x-
coordinate of deletions indicates the position of the first deleted nucleotide, from the most upstream (left-
most) to the most downstream (right-most). The y-coordinate indicates the number of variations in the DSB-
sequence windows, with higher variations placed further from the reference. See Supplementary Fig. 7
for the variation-distance graph key. b, Comparison variation-distance graphs of the DSB-sequence
windows obtained after DSB induction by sgRNA A (top) or sgRNA B (bottom) for the Sense vs. the
BranchA construct (left) or for the Sense vs. the pCMVA construct (right) of wild-type cells. The vertices
represent the same DSB-sequence windows as for the individual graphs while the vertex colors specify the
relative frequency in the Sense (red) vs. the BranchA (green) construct or in the Sense (red) vs. the pPCMVA
(yellow) construct; the vertex sizes show the log of the maximum of the two mean frequencies of the
corresponding DSB-sequence windows in the two analyzed constructs. ¢, Individual variation-distance
graphs illustrating sequence variations within DSB-sequence windows observed after DSB induction by
sgRNA A (top) or sgRNA B (bottom) in the Sense, BranchA, and pCMVA constructs of RNase H2A KO
cells. d, Comparison variation-distance graphs of the DSB-sequence windows obtained after DSB induction
by sgRNA A (top) or sgRNA B (bottom) for the Sense vs. the BranchA construct (left) or for the Sense vs.
the pPCMVA construct (right) of RNase H2A KO cells.
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TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGCGACCGTGACCCAGGACTCCTCCC)
TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGCGACCGTGACCCAGGACTCCTCCC)
TTCAAGTGGGAGCGCGTGATGAACTTCG CGGCGGCGTGGCGACCGTGACCCAGGACTCCTCCCH
TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGCGACCGTGACCCAGGACTCCTCCC
TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCETGGCGACCEGTGACCCAGGACTCCTCCC
TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGC CGACCGTGACCCAGGACTCCTCCC
TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGCGACCGTGACCCAGGACTCCTCCCC
TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGC GTGACCCAGGACTCCTCCC]
TTCARGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGCGACC CCAGGACTCCTCCC
TTC]\AGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGCGACCGT CAGGACTCCTCCC]
TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGCGACCGTGACCC CTCCTCCC|
TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGCGACCGTGACCCAG] ccrccc
TTCAAGTGGGAGCGCGTGRTGA
TTCI\AGTGGGAGCGCGTGATGA
TTCI\AGTGGGAGCGCGTGATGAA GAGGACGGCGGCGTGGCGACCGTGACCCAGGACTCCTCCC]
TTCI\AGTGGGAGCGCGTGATGAAC AGGACGGCGGCGTGGCGACCGTGACCCAGGACTCCTCCC]
TTCAAGTGGGAGCGCGTGATGAACT GACGGCGGCGTGGCGACCGTGACCCAGGACTCCTCCC|
TTCAAGTGGGAGCGCGTGATGAACTTC
TTCAAGTGGGAGCGCGTGATGAACTTCG
TTCAAGTGGGAGCGCGTGATGLBCTTCG

TCGAGGACGGCGGCGTGGCGACCGTGACCCAGGACTCCTCCC
TCGAGGACGGCGGCGTGGCGACCGTGACCCAGGACTCCTCCC

ACGGCGGCGTGGCGACCGTGACCCAGGACTCCTCCC
CGGCGGCGTGGCGACCGTGACCCAGGACTCCTCCC
GGCGGCGTGGCGACCGTGACCCAGGACTCCTCCC
TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGCGACCGTGACCCAGGACTCCTCCC)
TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGCGACCGTGACCCAGGACTCCTCCC
TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGCGACCGTGACCCAGGACTCCTCCC
TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGC TGGCGACCGTGACCCAGGACTCCTCCC]
TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGE;:EiACCGTGACCCAGGACTCCTCCC

TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGCGACCGTGACCCAGGACTCCTCCC

TGCAGGTM!G'.rTAATATGGACTAAAGGAGGCT:rT:rc:rcAGGl‘cGAc:rc:rAGAcGcGTAGGATCccccGGG':ACcGAGc'.rcGAAl'rl'.rlAc'rAAcAAAlGGTATlAlTnmccAcAGGACGGCTGCTTCATCTACAAGGGTTCATCGGCGTGAACTTCC
TGCAGGTATG'.rTAATATGGACN\M\GGAGGCT:rT:rc:rcAGGrcGAc:rc:rAGACGcGTAGGATCccccGGGTACcGAGcTcGAAT!'1'1'TAcTAAcAAATGGTATTATTTATCCACAGGACGGCTATcTACAAGGTGAAGTTCATCGGCGTGAACTTCC
TGCAGGTATGTTAATATGGACTAAAGGAGGCTTTTCTCAGGTCGACTCTAGACGCGTAGGATCCCCCGGGTACCGAGCTCGAATTTTTACTAACAAATGGTATTATTTATCCACAGGACGGCTGCTTCATCTAC@TGAAGT’ECATCGGCGTGAACTTCC
TGCAGGTATGTTAATATGGACTAAAGGAGGCTTTTCTCAGGTCGACTCTAGACGCGTAGGATCCCCCGGGTACCGAGCTCGAATTTTTACTAACAAATGGTATTATTITATCCACAGGACGGCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC
TGCAGGTATGTTAATATGGACTAAAGGAGGCTTTTCTCAGGTCGACTCTAGACGCGTAGGATCCCCCGGGTACCGAGCTCGAATTTTTACTAACAAATGGTATTATTTATCCACAGGACGGCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC
ITGCAGGTATGTTAATATGGACTAAAGGAGGCTTTTCTCAGGTCGACTCTAGACGCGTAGGATCCCCCGGGTACCGAGCTCGAATTTTTACTAACAAATGGTATTATTTATCCACAGGACGGCTGCTTCATCTACAA AAGTTCATCGGCGTGAACTTCC
TGCAGGTATGTTAATATGGACTAAAGGAGGCTTTTCTCAGGTCGACTCTAGACGCGTAGGATCCCCCGGGTACCGAGCTCGAATTTTTACTAACAAATGGTATTATTTATCCACAGGACGGCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC
TGCAGGTATGTTAATATGGACTAAAGGAGGCTTTTCTCAGGTCGACTCTAGACGCGTAGGATCCCCCGGGTACCGAGCTCGAATTTTTACTAACAAATGGTATTATTTATCCACAGGACGGCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC
TGCAGGTATGTTAATATGGACTAARAGGAGGCTTTTCTCAGGTCGACTCTAGACGCGTAGGATCCCCCGGGTACCGAGCTCGAATTTTTACTAACAAATGGTATTATTTATCCACAGGACGGCTGCTTCATCTACAA AGTTCATCGGCGTGAACTTCC
TGCAGGTATGTTAATATGGACTAAAGGAGGCT'l"1"1'C'l'CAGGTCGACTCTAGACGCGTAGGATCCCCCGGGTACCGAGCTCGAATTT'l'TACTAACAAATGGTATTATTI'ATCCACA GCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC
TGCAGGTATGTTAATATGGACTAAAGGAGGCTTTTCTCAGGTCGACTCTAGACGCGTAGGATCCCCCGGGTACCGAGCTCGAATTTTTACTAACAAATGGTATTATTTATCCACAGGACGGCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC
TGCLGGTATGTTAATATGGACTAAAGGAGGCTTTTC'l'CAGGTCGACTCTAGACGCGTAGGATCCCCCGGGTACCGAGCTCGAATTT'l'TACTAACAAATGGTATTATTTATCCRCA GCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC
ITGCAGGTATGTTAATATG AAGGAGGCTTTTCTCAGGTCGACTCTAGACGCGTAGGATCCCCCGGGTACCGAGCTCGAATTTTTACTAACAAATGGTATTATTTATCCACAGGACGGCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC
TGcAGGTATGTTAATATGGACTAAAGGAGGCTTT'rc'x'cAsGTcGE'CTAGACGcGTAGGATCCCCCGGGTACCGAGCTcGAA'M'MTAcTAA::AAATGGTATTATTTATccAcAGs;\cGscTGcTTcATcTACM\GGTGM\GTT(:ATCGGCGTGAACTTCC
TGCAGGTATGTTAATATGGACTAAAGGAGGCTI/TTCTCAGGTCGACTCTAGACGCGTAGGATCCCCCGGGTACCGAGCTCGAATTTTTACTAACAAATGGTATTATTTATCCACAGGACGGCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC
TGCAGGTATGTTAATATGGACTAAAGGAGGCTITTC/TCAGGTCGACTCTAGACGCGTAGGATCCCCCGGGTACCGAGCTCGAATTTTTACTAACAAATGGTATTATTTATCCACAGGACGGCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC
TGCAGGTATGTTAATATGGACTAAAGGAGGCTTTTCTCAG CTCTAGACGCGTAGGATCCCCCGGGTACCGAGCTCGAATTTTTACTAACAAATGGTATTATTTATCCACAGGACGGCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC
TGCAGGTATGTTAATATGGACTAAAG TTTTCTCAGGTCGACTCTAGACGCGTAGGATCCCCCGGGTACCGAGCTCGAATTTTTACTAACAAATGGTATTATTTATCCACAGGACGGCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC
TGCAGGTATGTTAATATGGACTAAAGGAGGCTTTTCTC TCGACTCTAGACGCGTAGGATCCCCCGGGTACCGAGCTCGAATTTTTACTAACAAATGGTATTATTTATCCACAGGACGGCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC
TGCAGGTATGTTAATATGGACTA GCTTTTCTCAGGTCGACTCTAGACGCGTAGGATCCCCCGGGTACCGAGCTCGAATTTTTACTAACAAATGGTATTATTTATCCACAGGACGGCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC
TGCAGGTATGTTAATAT TAAAGGAGGCTTTTCTCAGGTCGACTCTAGACGCGTAGGATCCCCCGGGTACCGAGCTCGAATTTTTACTAACAAATGGTATTATTTATCCACAGGACGGCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC
TGCAGGTATGTTAATATGGACTAAAGGAGGCTTTTCTCAGGTCCTAGACGCGTAGGATCCCCCGGGTACCGAGCTCGAATTTTTACTAACAAATGGTATTATTTATCCACAGGACGGCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC
TGCAGGTATGTTAATATGGACTAAAGGAGGC/TTTTCTCAGGTCGACTCTAGACGCGTAGGATCCCCCGGGTACCGAGCTCGAATTTTTACTAACAAATGGTATTATTTATCCACAGGACGGCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC
TGCAGGTATGTTAATATGGACTAAAGGAGGC|TTTTCTCAGGTCGACTCTAGACGCGTAGGATCCCCCGGGTACCGAGCTCGAATTTTTACTAACAAATGGTATTATTTATCCACAGGACGGCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC
TGCAGGTATGTTAAT CTAAAGGAGGCTTTTCTCAGGTCGACTCTAGACGCGTAGGATCCCCCGGGTACCGAGCTCGAATTTTTACTAACAAATGGTATTATTTATCCACAGGACGGCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC
TGCAGGTATGTTAATATGGACTARAGGAGGC/TTTTCTCAGGTCGACTCTAGACGCGTAGGATCCCCCGGGTACCGAGCTCGAATTTTTACTAACAAATGGTATTATTTATCCACAGGACGGCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC

TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGG GTGACCCAGGACTCCTCCC]
TTCARGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGCGACCGT CAGGACTCCTCCC|
TTCARGTGGGRGCGCGTGATGAACTTCGAGGACGGCGGCGTGGCGACCGT CAGGACTCCTCCC|
TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGCGACCGTGACCCAGGACTCCTCCC
TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGCGACCGTGACCCAGGACTCCTCCC]
TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGCGACCGTGACCCAGGACTCCTCCC]
TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGCGACCGTGACCCARGACT/CCTECC
TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGCGACCGTGACCCAGGACTCETECE
TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGCGACCGTGACCCAGGACTCeTC K]
TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGCGACCGTGACCCAGGACTCLTC/CC
TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGCGACCGTGACCCAGGACTCCTCCC

TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGC%ACEGTGACCCAGGACTCCTCCC

TGCAGGTATGTTAATATGTAAAGGAGGCTTTTCTCAGGTCGACTCTAGACGCGTAGGATCCCCCGGGTACCGAGCTCGAATTTTTACTAACAAATGGTATTATTTATCCACAGGACGGCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC
TGCAGGTATGTTAATATGGACTAAAGGAGGCTTTTCTCAGGTCTAGACGCGTAGGATCCCCCGGGTACCGAGCTCGAATTTTTACTAACAAATGGTATTATTTATCCACAGGACGGCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC
TGCAGGTATGTTAATATGTAAAGGAGGCTTTTCTCAGGTCGACTCTAGACGCGTAGGATCCCCCGGGTACCGAGCTCGAATTTTTACTAACAAATGGTATTATTTATCCACAGGACGGCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC
TGCAGGTATG:rTAATATGGACTAAAGGAGGCTTTTCTCAGGTCCTAGACGcGTAGGATCccccGGGTACCGAGCTCGAATTTTTAcTAA:AAATGGTATTATTTATccAanGACGGcTGcTTcATcTACAAGGTGAAGTTCATCGGCGTGAACTTCC
TGCAGGTATGTTAATATGGACTAAAGTTT'rC'rCAGGTCGAcTcTAGACGcGTAGGATCccccGGGTACCGAGCTCGAATTTTTncTAA:AAATGGTATTATTTATccAanGACGGcTGcTTCATc'J:ACAAGGTGAAGTTCATCGGCGTGAACTTCC
TGCAGGTATGTTAATATGGACTAAAGGAGGCTTTTCTTCGACTCTAGACGCGTAGGATCCCCCGGGTACCGAGCTCGAATTTTTACTAACAAATGGTATTRTTTRTCCRCAGGACGGCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC
TGCAGGTATGTTAATATGGACTAGCTTTTCTCAGGTCGAC’1'CTAGACGCGTAGGATCCCCCGGGTACCGAGCTCGAATTTTTACTAACAAATGGTATTRTTTATCCACAGGACGGCTGC’I‘TCA’I‘C’I'ACAAGGTGAAGTTCATCGGCGTGAACTTCC
TGCAGGTATGTTAATATAAGGAGGCTTTTCTCAGGTCGAC’1'CTAGACGCGTAGGATCCCCCGGGTACCGAGCTCGAATT’I'T’I'ACTAACAAATGGTATTATTTATCCACAGGACGGCTGC’I'TCA’I‘C’I'ACAAGGTGAAGTTCATCGGCGTGAACTTCC
TGCAGGTATGTTAATATGGACTAAAGGAGGCTTTTGGTCGACTCTAGACGCGTAGGATCCCCCGGGTACCGAGCTCGAATT’I'T’I'ACTAACAAATGGTATTATTTATCCACAGGACGGCTGC’I'TCA’I‘C’I'ACAAGGTGAAGTTCATCGGCGTGAACTTCC
TGCAGGTATGTTAATATGGACTAAAGGAGGCTTTTCTCAGGTCAGACGCGTAGGATCCCCCGGGTACCGAGCTCGAATTTTTACTAACAAATGGTATTATTTATCCACAGGACGGCTGC’I'TCA’I‘C’I'ACAAGGTGAAGTTCATCGGCGTGAACTTCC
TGCAGGTATGTTAATATGGACTAAAGGAGGCTTTTGsrcGACTcTAGACGcGTAGGATCccccGGGTACCGAGCTCGAATTTTTncTAACAAATGGTATTATTTATccncncsaccscTcc'x-Tcwx-c'x-nczuu;cTGAAGTTCATCGGCGTGAACTTCC

TC/TAGACGCGTAGGATCCCCCGGGTACCGAGCTCGAATTTTTACTAACAAATGGTATTAT T TATCCACAGGACGGCTGCTTCATCTACAAGGTGAAGT TCATCGGCGTGAACTTCC

Microhomology scheme: Sense/pCMVA,

TGCAGGTATGTTAATATGGACTAAAGGAGGCTTTTCTCAGGTCG

sgRNA B, reverse strand

Primer Exon2 Intron

T T T T T T T T T T T T T T T T T
100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 205 210 215 220 225

Intron (branch site) Intron Exonl Primer

GGAAG'!‘TCACGCCGATGIU\C@CCTTGI‘AGAI‘GAAGCAGCCGTCCTGTGGATAAATAATACCATT
GGAAGTTCACGCCGATGAACTTCACCTTGTAGATAGCCGTCCTGTGGATAAATAATACCATT
GGAAGTTCACGCCGATGIU\CTTCA@I‘GTAGATGAAGCAGCCGTCCTGTGGATAAATAATACCATT
GGAAGTTCACGCCGATGAACTTCACCTTGTAGATGAAGCAGCCGTC/ICTGTGGATAAATAATACCATT
GGAAGTTCACGCCGATGAACTTCACCTTGTAGATGAAGCA CCTGTGGATAAATAATACCATT
GGAAGTTCACGCCGATGM\CTTTTGTAGATGAAGCAGCCGTCcTGTGGATAAAl'AATAccATT
GGAAGTTCACGCCGATGAACTTCACCTTGTAGATGAAGCA TCCTGTGGATAAATAATACCATT
GGAAGTTCACGCCGATGAACTTCACCTTGTAGATGAAGCAGCCGTC/ICTGTGGATAAATAATACCATT
GGAAGTTCACGCCGATGAACT TTGTAGATGAAGCAGCCGTC/CTGTGGATAAATAATACCATT
GGAAGTTCACGCCGATGAACTTCACCTTGTAGATGAAGCAGCCGTC/ICTGTGGATAAATAATACCATT
GGM\GTTcAcGccGATGAA&:TTCAE'JGTAGATGAAGCAGCCGchTGTGGATAAATAATAccATT
GGAAGTTCACGCCGATGAACTTCACCTTGTAGATGAAGCAGCCGTC/ICTGTGGATAAATAATACCATT
GGAAGTTCACGCCGATGAACTTCACCTTGTAGATGAA CGTCICTGTGGATAAATAATACCATT
GGAAGTTCACGCCGATGAACTTCACCTTGTAGATGAAGCAGCCGTC/ICTGTGGATAAATAATACCATT
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TGTTAGTAAAAATTCGAGCTCGGTACCCGGGGGATCCTACGCGTCTAGAGTCGACCTGAGAAAAGCCTCCTTTAGTCCATATTAACATACCTGCAGGGAGGAGTCCTGGGTCACGGTCGCCACGCCGCCGTCCTCGAAGTTC
TGTTAGTAAAAATTCGAGCTCGGTACCCGGGGGATCCTACGCGTCTAGAGTCGACCTGAGAAAAGCCTCCTTTAGTCCATATTAACATACCTGCAGGGAGGAGTCCTGGGTCACGGTCGCCACGCCGCCGTCCT
TGTTAGTAAAAATTCGAGCTCGGTACCCGGGGGATCCTACGCGTCTAGAGTCGACCTGAGAAAAGCCTCCTTTAGTCCATATTAACATACCTGCAGGGAGGAGTCCTGGGTCACGGTCGCCACGCCGCCG
TGTTAGTAAARAATTCGAGCTCGGTACCCGGGGGATCCTACGCGTCTAGAGTCGACCTGAGAAAAGCCTCCTTTAGTCCATATTAACATACCTGCAGGGAGGAGTCCTGGGTCACGGTCGCCACGC
TGTTAGTAAAAATTCGAGCTCGGTACCCGGGGGATCCTACGCGTCTAGAGTCGACCTGAGAAAAGCCTCCTTTAGTCCATATTAACATACCTGCAGGGAGGAGTCCTGGGTCACGGTCGCCACGCCGCCGTCCTCGAAGTTCATCACGCGCTCCCACTTGAA
TGTTAGTAAAAATTCGAGCTCGGTACCCGGGGGATCCTACGCGTCTAGAGTCGACCTGAGAAAAGCCTCCTTTAGTCCATATTAACATACCTGCAGGGAGGAGTCCTGGGTCACGGTCGC CCGCCGTCCTCGAAGTTCATCACGCGCTCCCACTTGAA
TGTTAGTAAAAATTCGAGCTCGGTACCCGGGGGATCCTACGCGTCTAGAGTCGACCTGAGAAAAGCCTCCTTTAGTCCATATTAACATACCTGCAGGGAGGAGTCCTGGGTCACGGTC CGCCGCCGTCCTCGAAGTTCATCACGCGCTCCCACTTGAA
TGTTAGTAAAAATTCGAGCTCGGTACCCGGGGGATCCTACGCGTCTAGAGTCGACCTGAGAAAAGCCTCCTTTAGTCCATATTAACATACCTGCAGGGAGGAGTCCTGGGTCACG CCACGCCGCCGTCCTCGAAGTTCATCACGCGCTCCCACTTGAA
TGTTAGTAAAAATTCGAGCTCGGTACCCGGGGGATCCTACGCGTCTAGAGTCGACCTGAGAAAAGCCTCCTTTAGTCCATATTAACATACCTGCAGGGAGGAGTCCTGGGTCACGGTCGCCACGCCGCCGTCCTCGAAGTTCATCACGCGCTCCCACTTGAA
TGTTAGTAAAAATTCGAGCTCGGTACCCGGGGGATCCTACGCGTCTAGAGTCGACCTGAGAAAAGCCTCCTTTAGTCCATATTAACATACCTGCAGGGAGGAGTCCTGGGTCACGGTCGCCACGCCGCCGTCCTCGAAGTTCATCACGCGCTCCCACTTGAA
TGTTAGTAAAAATTCGAGCTCGGTACCCGGGGGATCCTACGCGTCTAGAGTCGACCTGAGAAAAGCCTCCTTTAGTCCATATTAACATACCTGCAGGGAGGAGTCCTGGGTCACGGTCGCCACGCCGCCGTCCTCGAAGTTCATCACGCGCTCCCACTTGAA
TGTTAGTAAAAATTCGAGCTCGGTACCCGGGGGATCCTACGCGTCTAGAGTCGACCTGAGAAAAGCCTCCTTTAGTCCATATTAACATACCTGCAGGGAGGAGTCCTGGGTCACGGTCGCCACGCCGCCGTCCTCGAAGTTCATCACGCGCTCCCACTTGAA
TGTTAGTAAAAATTcGAGCTcGsm\cccGGGGGA'rccm\cecsmcTAGAGTcGAcc'rGAGAAAAGCCTcc'rTTAGTCcnmnwwancnwncc@GGAGGAGTCc1'GGG1'cAcGGTcGccAcGccGccGTccTcGAAGTTcATcAchGcchcAcTTGAA
TGTTAGTAAAAATTCGAGCTCGGTACCCGGGGGATCCTACGCGTCTAGAGTCGACCTGAGAAAAGCCTCCTTTAGTC/CATATTAACATACCTGCAGGGAGGAGTCCTGGGTCACGGTCGCCACGCCGCCGTCCTCGAAGTTCATCACGCGCTCCCACTTGAA
TGTTAGTAAAAATTCGAGCTCGGTACCCGGGGGATCCTACGCGTCTAGAGTCGACCTGAGAAAAGCCTCCT TCCATATTAACATACCTGCAGGGAGGAGTCCTGGGTCACGGTCGCCACGCCGCCGTCCTCGAAGTTCATCACGCGCTCCCACTTGAA
TGTTAGTAAAAATTCGAGCTCGGTACCCGGGGGATCCTACGCGTCTAGAGTCGACCTGAGAAAAGCC TAGTCCATATTAACATACCTGCAGGGAGGAGTCCTGGGTCACGGTCGCCACGCCGCCGTCCTCGAAGTTCATCACGCGCTCCCACTTGAA
TGTTAGTAAAAATTCGAGCTCGGTACCCGGGGGATCCTACGCGTCTAGAGTCGACCTGAGAAAAGCCTICCTTTAGTCCATATTAACATACCTGCAGGGAGGAGTCCTGGGTCACGGTCGCCACGCCGCCGTCCTCGAAGTTCATCACGCGCTCCCACTTGAA
TGTTAGTAAAAATTCGAGCTCGGTACCCGGGGGATCCTACGCGTCTAGAGTCGACCTGAGAA. TCCTTTAGTCCATATTAACATACCTGCAGGGAGGAGTCCTGGGTCACGGTCGCCACGCCGCCGTCCTCGAAGTTCATCACGCGCTCCCACTTGAA
TGTTAGTAAAAATTCGAGCTCGGTACCCGGGGGATCCTACGCGTCTAGAGTCGACCTGAGA
TGTTAGTAAAAATTCGAGCTCGGTACCCGGGGGATCCTACGCGTCTAGAGTCGACCTG
TGTTAGTAAAAATTCGAGCTCGGTACCCGGGGGATCCTACGCGTCTAGAGTCGACCTG

ATCACGCGCTCCCACTTGAA
GTTCATCACGCGCTCCCACTTGAA
ICCTCGAAGTTCATCACGCGCTCCCACTTGAR

CTCGAAGTTCATCACGCGCTCCCACTTGAA

ClCTCCTTTAGTCCATATTAACATACCTGCAGGGAGGAGTCCTGGGTCACGGTCGCCACGCCGCCGTCCTCGAAGTTCATCACGCGCTCCCACTTGAA
AAGCCTCCTTTAGTCCATATTAACATACCTGCAGGGAGGAGTCCTGGGTCACGGTCGCCACGCCGCCGTCCTCGAAGTTCATCACGCGCTCCCACTTGAA
AGAAAAGCCTCCTTTAGTCCATATTAACATACCTGCAGGGAGGAGTCCTGGGTCACGGTCGCCACGCCGCCGTCCTCGARGTTCATCACGCGCTCCCACTTGAA
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GGAAGTTCACGCCGATGAACTTC@GTBGATGAAGCAGCCGTCCTGTGGATAAATAATACCATT
GGAAGTTCACGCCGATGAACTTCACCTTGTAGATGAAGCAGCCGTC/ICTGTGGATAAATAATACCATT
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TGTTAGTAAAAATTCGAGCTCGGTACCCGGGGGATCCTACGCGTCTAGAGTCGAC
TGTTAGTAAAAATTCGAGCTCGGTACCCGGGGGATCCTACGCGTCTAGAGTC

GAAAAGCCTCCTTTAGTCCATATTAACATACCTGCAGGGAGGAGTCCTGGGTCACGGTCGCCACGCCGCCGTCCTCGAAGTTCATCACGCGCTCCCACTTGAA
GAGAAAAGCCTCCTTTAGTCCATATTAACATACCTGCAGGGAGGAGTCCTGGGTCACGGTCGCCACGCCGCCGTCCTCGAAGTTCATCACGCGCTCCCACTTGAA
TGTTAGTAAAAATTCGAGCTCGGTACCCGGGGGATCCTACGCGTCTAGAGTCGACCTGAGAAAAGCCTCCTTTAGTCCATATTAACATACCTGCAGGGAGGAGTCCTGGGTCACGGTCGCCACGCCGCCGTCCTCGAAGTTCATCACGCGCTCCCACTTGAA
TGTTAGTAAAAATTCGAGCTCGGTACCCGGGGGATCCTACGCGTC/TAGAGTCGACCTGAGAAAAGCCTCCTTTAGTCCATATTAACATACCTGCAGGGAGGAGTCCTGGGTCACGGTCGCCACGCCGCCGTCCTCGAAGTTCATCACGCGCTCCCACTTGAA
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pr— g £ B s - onnooroncon s couceoooor o R oo R COToR SEOA T AT EC R AT CORETT COACT AR CRCTAA S ST T AT aA RS CAC oS CRCCARTAT CCCCeACTACARG ARG OT STCOT I CCCeRRaoeTTCARe TRROAGEETaTaRT
CTTCARGGTGEGCATOGACGRCACCETOR Toeacar ok ncacceronnce cea aca rrccacra acereANGeAcd CATCCCCGACTACARGARGCTGTCCTTCCCCGAGEGCTTCAAGTGGOAGCECGTGAT
CTTCAAGGTGCGCAT TTCGAGA' TGAAGCTGAAGGTGACCA ACA AGTA! AGGTG c J CATCCCCGACTACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGAT
CTTCAAGGTGCGCAT ccerea A TGAAGCT A ACA AG CATCCCCGACTACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGAT
CTTCAAGGTGCGCATGGA ccomea aca TGAAGCT A ACA TTCCAG AGGTGTACGTGAAGCACCCCGCCGACATC (ACTACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGAT
crreancerocGCATaGA o Teaasar seacceraRnse cen o TrcoacTa wcereTAceTeRRs TecceoacTACARTAA geed Acroco s
crreansazacccas cehzd = zennces 5 = e e CazEanaan oo CuCoOnCAT CCCEAC TACARGARGOT G C0TTCCCCORGRGCTTOARGTEEOAGEGCOTART
crrcancaracecar NSRS ACCGTOARGCEGARGGTGACCAAGGGCE0CCCCCTqCCCTTCaCCTGROACATCCTGTCCCCCCAGTTCCAGTACGG0TCEARGGTOTACGTOARGCACCCCOCCOACATCCCCOACTACAAGAAGCTGTCCTTCCCCGAGOOCTTCARGTOO0AGEGCOTGAT
CTTCARGGTOCGCATOGAGESRACETOR rcancar ACRCCo TGRS CTGARGGTGACCARGE0CaGC0CCETo0CCTTCOCCTOOGACATCCTOTCCCCCOAGTECCAGTACGECTCCARGOTGTACOTGARGCACCCCGCCoACATCCCCaACTACAAGARGEFGTCCTTCCCCOAGECTTCARGTGGEAGCGEOTOAT
CTTCANGGTOCGCAT 0AAGERCACTRER Frceac B EREEERERAG oo o oA coARG GG Cat000COTo0CCTTO0CTO00ACATOCTETCC000AGTEOCAGTACGECTCOARGETGTACOTGARGOACEOC0CEoACATC000GACTACARGARGEEGTCOTTCCCCOAGGECTTCARGTGGEAGOGEETOAT
crreancazaceca] Fazes ccene Necezeanees s Foen R Be=ance CATCCCCGACTACAAGARGCTGTCCTTCCCCOAGGGCTTCARGTGGGAGCGETOAT
RN accaroancer R aca rrceas G016 TACORGRAGCACECCqCEEACATECEEGACTAGRAGA NG TG TCCTTCCCCOAGGGCTTCAAGTGGOAGCGEOTOAT
CTTCANGGTOCGCATOOAGEECACCETORACE rcancar A A OACCOTGAAGCTGANGGTGACCARGE0CaE00C0ETO0CCTTCOCTG0GACATCOTOTCCCCCCAGTTCCAGTACGGCTCCARGETGTACOTGARGCACCCCGCCoACATOCCCOACTACARGARGEFGTCCTTCCCCOAGEECTTCARGTGGEAGCGEETOAT
CTTCAAGGTGCGCATGGAGGGCACCGTGAH TTCGAGA' GGGCCACAACACCGTGAAGCTGAAGGTGACCAAGGGCGGCCCCCTGCCCTTCGCCTGGGACATCCTGTCCCCCCAGTTCCAGTACGGCTCCAAGGTGTACGTGAAGCACCCCGCCGACATCCCCGACTACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGAT
crreansaracecaroanc PR SeStECEaen s FeR 5 Senacs CATCCCCGACTACAAGARGCTGTCCTECCCCOAGGGCTTCAAGTGGGAGCGEOTOAT
CTTCARGGETOCGCATOGAGSOCACCOTGARC aCk acaccoraaacerea ArGGs ol CTGGGACATCCTGTCCCCCCAGTTCEAGTACGS0TCEAAGGTOTACETOARGEACCCCOCCGACATCCCCOACTACAAGAAGCTGTCOTTCCCCGAGOOCTTCANGTOOOAGEGCOTGAT
CTTCARGGTOCGCATGOAGEECACCETCAREEECE Teonsar F serccoTaRase cen aca R EEAGH R CE0 g COAA GG TG ACGTOANGEACCCCECOOACATCCCCOACTACARGAAGCTGTCOTTCCCCGAGE0CTTCANGTEO0AGEECOTGAT
crreanceraccenr ccareanchochREGNERscGicE zeaacoreancazances xex xars weeza ceceane decdrreancrocan :
crreansaracacaroanss R accaroancer N CTGGGACATCCTGTCCCCCCAGTTCCAGTACGS0TCCAAGGTORACGTOARGEACCCCOCCOACATCCCCOACTACARGAAGOTGTCCTTCCCCGAGOOCTTCANGTGOOAGCGCOTGAT
CTTCARGGTOCGCATOGAGESCACEOTGARCTRE) acaccoraanccr R o RCATCCTGTCCCCECAGTTCCAGTACOGCTCCARGGTGTACOTGARGCACCECOCCaACATCECCGACTACARGAAGCTOFCCTTCCCCOAGGGCTTCARGTOGGAGCOCOTOAT
CTTCAAGGTOCGCATOOAGEOOACERTGARCGE Teansar TG ITIY cen G odrGeACATEoTGTCCCCCEAGT TOoAGTACG0CTCoARGGTGTACETCARGCACCTCa0CaACATCCOCOACTACARGAAGCTGECOTTCCCCAGOOCTECARGTGOGAGEGOGTEAS
crreancerocacaroancaoc REBERERR meeren e 5 hen R weeza CATCCCCGACTACAAGARGCTGTCCTTCCCCOAGGCTTCARGTGGGAGCGEOTOAT
CTICARGGTOCGCATOGAGGOCACCOTGAACOOECACOAGT accaroancer ccal CCCTTCaCCTGaGACATCETOTCCCCOCAGTTCCAGTACGOCTCCARGOTGTACGTOAAGCACCCCaCCOACATCCCCOACTACAAGARGCTGTCCITCCCCOAGOOCTTCARGTGO0AGCGCOTGAT
crreanaoracecarasaceec accazanncackerENNNNNNI e ; e Il S ST EENE oo cancoToTACOTaRAGEACEEEOECAACATECCCOACTACARGARGETS TEE FECCCCOAGREETICARGCEOREACERERTART
CTTCAAGGTGCGCATOOAGE00ACCRRGARCEOECABEAGEEOAREAS ReaccoTeARGoTGARGGTGAGEA e G A CEGCTEEAA G TG TACETOARGEACCECG0CEACATCECOOACTACARGAAGCTEECOTTC00CAGOGCTICARGTGOGAGOGOGTEAS
CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGA TGAAGCT A ACA AG fc cal TGTACGTGAAGCACCCCGCCGACATCCCCGACTACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGAT
CTTCARGGTOCGCATOGAGGGCACCOTGAACHGCCACOAGT G50CACAACACCOTGAAGCTGAAGO TGACCARGE0CaGCCCCCTO0CCTTCOCCTG0GACATCCTOTCCCECCAGTECCAGTACGGCTCCARGSTGTACOTGAAGCACECCGCCOACATCCOCGACTACAAGARGEEGTCCTTCCCCOAGGCTTCAAGTGGOAGCGEOTOAT
CTTCARGGTOCGCATGGAGEOCACCOTGAACGGCEACGAGTECGAGAT Ao 0T GAA GO TGAAGGTGACCARGE0CaE00CCETo0CCTTCOCCTO0GACATCCTOTCCCCCCAGTECCAGTACGGCTCCARGETGTACOTGARGCACCCCGCCoACATCCCCaACTACARGARGEFGTCCTTCCCCOAGEECTTCARGTGGEAGCGEETOAT
CTTCARGGTGCGCATGGAGGGCACCOTGAACGGCCACGAGTTCGAGA ACCGTGAAGCTGAAGGTGACCA aca rccacTa AGeTGTACGTGAR CATCCCCGACTACAAGAAGCTGTCCTTCCCCGAGGGCTTCARGTGGGAGCGCGTGAT
crreansazacacarcanasacacs i E ST 5 = I - corcnaccnccccaccoacatoocCaACTACARGARGCTGTCCTTCCCCAAGECTTCARSTEROAGEGCOTART
CTICARGGTOCEEATCGAGEECACEETOA accereancerea R aca rrceas RGGTGTACaE GAAGCACCCCGCCOACATCCOCOACTACAAGARGE TG TCCTFCCCCOAGGECTTCAAGTGGOAGCGEOTOAT
CTTCARGGTOCGCATGGAGEOCACCTTGARCEGCCAEGABTECARGAT F *eaccoTaRnse cen o TrceacTa Tacoroan decRearceccoacta serrcere TTCAAGTGGOAGCECOTGAT
ARG TECECAT OGSO A CC ST OARESECEACAE AT 5 ssaacoseancazances xex e = e T RERRGARG o 07T o0 COOAGGUCTTCARGTGGEAGCGCETOAT
CTTCAAGGTGCGCATCGAGGGCACCGTOAR oA CGAGGGCCACAACACCGTGAAGCTGAAGGTGACCARGGGCGGCCCCCTGOCCTTCOCCTGGOACATCCTOTCCCCCCAGTTCCAGTACGGCTCCARGGTGTACGTGAAGEACCCCGCCOACATCCCCOACTACARGARGCTGECORTCCCCOAGGGCTTCARGTGOGAGCGCGTOAT
CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCA L Aca TGAAGCT A ACA TTCCAG AGGTGTACGTGAAGCACCCCGCCGACATCCCCGACTACAAGAAGCTGTCCTTCC GGCTTCAAGTGGGAGCGCGTGAT
CTTCAAGGTGCGCATOOAGEOOACCOTCAACGOCCACORGTHIGURBAT F seaccereRnse cen o TrcEAcTn RGGTOTACOTGAAGCACCCCOCCEACATOC0CGACTACAAGARGETGTCCTTCCCTEAGGECTTCARGTGGGAGCGEETOAT
crreanserscacaroeassseacesrcaneasecacahezzc il zeances : xex R AGENCEE e A c a6 076 TACOTEANGEACOCCRE0aACATCOCCaACTACARARGOTGTC0TTCC00OAGEOCTTEANGTEE0AGEEEOTART
crrcansaracacaroanssocactsrans MM accazoancer R aca Trceas acoro CGCCeACTACARGAAGOTGTCUT TACCCGAGTOCTTCANGTGOOAGCGCOTGAT
CTTCAAGGTGCGCATOGACGGCACCOTCANCEGCCACOAGTECAAGAD acaccoraancer R F7CGCCTGGEACATCCTOTCCCOCCAGTTCCAGTACGGCTCOARGGTGTACGTOARGCACCCCaCCOACATCCCCOACTACANGAAGCTGTCCTTCCCCOAGEOCTTCANGTGOOAGEGCOTGAT
CTTCANGGTOCGCATGOAGEGOACEETGARCEBECACEA T ReRccoTGRRGOTGARGSTTATEA o srceacTA AcszaTacoTGAs o aH AT CCaEEACTACA A GAAGOTGTCOTTC0CGAGE00TTOAAGTEOOAGEGOOTGAT
crreanseracacaroanssacaccaranacs CNEE zemnces 5 = e Resza ACAAGARGCEGRCCTTCCCCOAGGGCTTCARGTGGGAGCGEOTOAT

CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGA

GCCACAACACCGTGAAGCTGAAGGTGACCAAGGGCGGCCCCCTGCCCTTCGCCTGGGACATCCTGTCCCCCCAGTTCCAGTACGGCTCCAAGGTGTACGTGAAGCACCCCGCCGACATCCCCGACTACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGAT

crTcAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGLT

CTTCAAGGTGCGCATGGAGGGCACCGTOARCGGCCACGAGTTCGAGAR

CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGAT
CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAG

CTTCARGGTGCGCATGGAGGGCACCGTGARCGGCCACGAGTTCGAGAR

CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTT

CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGA

CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGAT

CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGA

CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGAT

Aeaccraances cen Aca srccacTa aceTonn EE AT A AN AN GE A GTCEFEEEdCAdeGCTTCARGT GGOAGCGEOTAAT
Aca TGAAGCTGAAGGTGACCA ACA TCCAGTA AGGTGTACGTGAAGC. TCCCCGACTACAAGA TGTCCTT AGGGCTTCAAGTGGGAGCGCGTGAT

AccoTGARGET A AcaTc AGTTCCAGTACGGCTCCARGGTGTACGTGARGCACCECGCCGACATCCCCGACTACAAGAAGETGTCCTTCCCCGAGGGCTTCARGTGGGAGCGCGTGAT

T AccoTcanceTan x Aca srceac GGG TG TGRS EACEEEEEEGAGATACCCGACTACAN GANGCTGTCCTTCCCCOAGEGCTICARGTGGOAGEGCOTGAT
o e AeaccaTaARGET cen Hrcol ACATCCTGTCCCCCCAGTTCCAGTACGGCTCCARGGTGTACGTGARGEAC carccccaacta cerarecrs TTCARGTGOGAGCGCGTOAT
ccal TGAAGCTGAAGGTGACCA ACA AGTA TG ccen CCCCGACTACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGAT
e e Accercancer Aca ac e TACAAGAAGC TG T CCTTCCCCOAGEGCTTCARGTGEGAGEGCGTOAT
CGAGGE L ACA TGAAGCTGAAGGTGACCAAGGGCGGCCCCCTGCCCTTCGCCTGGGACATCCTGTCCCCCCAGTTCCAGTACGGCTCCAAGGTGTACGTGAAGCACCCCGCCGACATCCCCGACTACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGAT
hoce & AeAcEaTaARGE cen Aca rrccacTa R GgTGTACETGARGCACCCCOCCOACATCCECGACTACAAGARGCTGTCCTTCCCCGAGGECTTCAAGTSGEAGEGCETGAT
TGAAGCT A I ca AGTTCCAGTACGGCTCCAAGGTGTACGTGAAGCACCCCGCCGACATCCCCGACTACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGAT

CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGAT,

i

ACAACACCGTGAAGCTGAAGGTGACCAAGGGCGGCCCCCTGCCCTTCGCCTGGGACATCCTGTCCCCCCAGTTCCAGTACGGCTCCARGGTGTACGTGAAGCACCCCGCCGACATCCCCGACTACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGAT
Godk

CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATC

TGAAGCT A

focd| CTGGGACATCCTGTCCCCCCAGTTCCAGTACGGCTCCAAGGTGTACGTGAAGCACCCCGCCGACATCCCCGACTACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGAT

CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGA

CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGA

CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGA o

CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGAN

CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGA

CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGAGGGCGAL

CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGAGGGE

CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGAN

heacceTGARGeTGARGGTGACEA aca A G AEG G T AN GGG R ACOT OAAGCACCCCGCCGACATCCCCOACTACAAGAAGCTGTCCTTCCCCGACO0CTTCANGTGO0AGEGCOTGAT
ATCGA TGAAGCT A ACA AGTA AGGTG CCCCGACTACAAGAA: d d AGTGGGA T
accoreancer hoccca CTGGGACATCCTGTCCCCCCAGTTCCAGTACGGCTCCAAGGTGTACG TGAAGCACCCCGCCOACATCCCCGACTACAAGAAGCTGTCCTTCCCCGAGGGCTTCARGTGGAGCGCOTCAT

Eoal Acaccereances cen aca rrceacna raccrean CCCCGACTACARGAAGCTGTCOTTCCCCOAGESCTTCARGEGGGAGEGCGTOAT

c neacceraaRGeTGARGGTGACCA nea Tecaoa GG TG TACeTGARGCACEO06CE0ACATEEREGACTACAAGAAGC TG TCCTTCCCCOAGGCTTCARGTGGGAGEGCOTOAT

Y ACCGTGAAGCTGAAGGTGACCAAGGGCGGCCCCCTGCCCTTCGCCTGGGACATCCTGTCCCCCCAGTTCCAGTACGGCTCCAAGGTGTACGTGAAGCACCCCGCCGACATCCCCGACTACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGAT

ook AccoTanceTan A aca rrccac R GdTGTACETGARGCACCCCOCCOACATCCCCGACTACARGARGCTGTCCTTCCCCGAGGOCTTCAAGTSGGAGCECCTGAT

AGece Acaccorcancer ccn Tcocaca AGTTCCAGTACGGCTCCARGGTGTACGTGARGCAC carccccaacta cerarecrs TTCARGTGOGAGCGCGTOAT

CTTCAAGGTscGcATGGLGGGCACCGTGAACGGccnCGAGTTCGAGATCGAGGGEGAGssccnccaccGccctmnccnGGGCCACAACACCGTGAAGCTGAAGGTGACCAAGGGCGGccccCTGcccTTCGCCTGGGACATcCTGTcccccCAGTTccAGTAcGGcTCCAAGGTGTACGTGAAGCAcccchcGAcAchcCGACTAcnnGAAGCTGTCcTTcccCGAGGGCTTCAAGTGGGAGCGCGTGAT
cea

CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGAGGG!

CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGAGGGCGA

CTTCAAGGTGCGCATGEAGGECACCGTGAACGGCCACEAGTTCOAGATCOAGGEEGA

CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGAGGGCG)
CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGAGGGCGA

CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGAGGGCGA
CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGAGGECGA

CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGAGGGCGA

CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGAGGGCGA

CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGAGGGCGA

CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGAGGGCGA

CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGAGGGCGA

CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGAGGGCGA

CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGAGGGCGA
CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGAGGGCGA

CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGAGGGCGA
CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGAGGGCGA

£ reancer Ged CTGGGACATCCTGTCCCCCOAGTTCCAGTACGECTCCARGOTGTACGTGARGCACCCCGCCOACATCOCCGACTACAAGAAGETGTCCTTCCCCOAGGOCTTCARGTGGGAGCGCOTOAT
AcaccoToaRGeT A aca FECCAGTAC GO CCARGGTGTACGTGARGCACCCCOCTGACATCCCCGACTACAAGAAGCTGTCOTTCCCCGAGGGCTTCARGTGOGAGCGOGTGAT

%k AcaccoToRAGE aca TrcoacTa TaceTeARG cocceacTACARGAR goenccedrrcancrocon .

A TGAAGCT CCTGGGACATCCTGTCCCCCCAGTTCCAGTACGGCTCCAAGGTGTACGTGAAGCACCCCGCCGACATCCCCGACTACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGAT
acccraancer aca rrceas CGRCATCCCCOACTACAAGARGCTGTCCTICCCCGAGGGCTTCARGTGGGAGCGCGTGAT

o acaccoroancer A aca rrccac racoToaa ACAAGARGCTGECCTTCCCCOAGGOCTTCARGTGGOAGCGCOTOAT
Aol T Y O Y T i
AGGH TGAAGCT ACA AGTA GGTGTACGTGAAGCACCCCGCCGACATCCCCGACTACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGAT
LY_L‘ A TGAAGCT A GGaaca AGTTCCAGTACGGCTCCAAGGTGTACGTGAAGCACCCCGCCGACATCCCCGACTACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGAT
hocock AcAccoToARGET Ansaoc CTTCGCCTGOGACATCCTGTCCCCCCAGTTCCAGTACGOCTCCARGGTGTACGTGARGCACTCCGECGACATCCCCEACTACARGAAGETGTCCTTCCCCGAGEGCTTCAAGTGOAGCGCGTGAT
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Wild type, sgRNA E, forward strand
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Supplementary Figure 9 | The spliced transcript facilitates MMEJ between exon-exon
microhomologies, while the non-spliced transcript facilitates MMEJ between exon-intron
microhomologies.

a, Schemes of regions in which microhomology pairs were identified within the sequenced area to
determine the frequency of MMEJ following a DSB by the sgRNA A, B or E. The microhomology pairs
were categorized into two groups for a DSB induced by sgRNA A or B: exon-exon and exon-intron. Light
blue lines indicate examples of microhomologies; the black-parallel lines show the DSB site; the dark green
box shows the region containing the branch site. b, Schemes showing all microhomology pairs 3 bp or
longer between the two primer sequences in the Sense and pCMVA constructs, sgRNA A, forward strand.
The x-axis shows nucleotide positions from the 5'-primer sequence. First row: DsRed gene exons (solid
blue), intron (solid green). Second row: primer sequence (purple outline), Exonl/Exon2 (blue outline),
Intron (green outline), branch site (dark green outline). DSB position is indicated with a red vertical line.
Left margin labels are microhomology IDs (EE, exon-exon; EI, exon-intron); a bold asterisk indicates
MME]J products detected in the sequencing data. Each following row shows the nucleotide sequence of the
construct between primer sequences; region deleted by MMEJ repair (gray highlight); microhomology pair
(light blue highlight); + 10-bp flanking region of microhomology pair used for MMEJ detection in the
sequencing data (light green highlight). ¢, As in (b) for Sense and pCMVA constructs, sgRNA B, reverse
strand. d, As in (b) for Sense, pCMVA, and BranchA constructs, sgRNA E, forward strand. e, MMEJ
frequencies from each microhomology pair detected in the sequencing libraries following a DSB by the
sgRNA A or B in the Sense (red), BranchA (green), and pCMVA (yellow) constructs of wild-type and
RNase H2A KO cells. The ID of the microhomology pair being analyzed is shown on top of each bar graph.
Plotted data are the mean =+ s.d. of the 4 biological replicates with the individual values shown as dots; N=4.
The ‘ns’ on the bar graphs means a non-significant difference (P-value > 0.05, two-tailed Mann-Whitney
U test). f, MME]J frequencies from each microhomology pair detected in the sequencing libraries following
a DSB by the sgRNA E. Plotted data are the mean + s.d. of the 4 biological replicates with the individual
values shown as dots; N=4. The ‘ns’ on the bar graphs means a non-significant difference (P-value > 0.05,
two-tailed Mann-Whitney U test). g, Ratio of MMEJ frequencies for the exon-exon and exon-intron
following a DSB by the sgRNA A or B in the Sense (red), BranchA (green), and pCMVA (yellow) constructs
of wild-type (top) and RNase H2A KO (bottom) cells. The ratio was calculated by dividing the sum of
MME]J frequencies from the exon-exon microhomology pairs by the sum of MME]J frequencies from the
exon-intron microhomology pairs in each sequencing library, N=4. The median of the points is shown as
the middle line of the box. The first and third quartiles are indicated by the box frames and the whiskers
represent the largest point not more than 1.5 interquartile range (IQR) beyond the box frame. All data points
outside the whiskers are classified as outliers and shown as diamond points. *, P =0.029 (two-tailed Mann-
Whitney U test). Source data are provided as a Source Data file.
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Supplementary Figure 10 | Transcript RNA promotes double-strand gap repair in a sequence-
dependent manner via NHEJ — all data for the sense and antisense constructs.

a, Individual variation-distance graphs illustrating sequence variations within DSB-sequence windows
observed after gap induction by sgRNA A and sgRNA B in the Sense, BranchA, and pCMVA constructs of
wild-type cells. Data obtained by sequencing the forward (top) and the reverse (bottom) strands. b,
Comparison variation-distance graphs of the DSB-sequence windows obtained after gap induction by
sgRNA A and sgRNA B for the Sense vs. the BranchA construct (left) or for the Sense vs. the pPCMVA
construct (right) of wild-type cells. The vertices represent the same DSB-sequence windows as for the
individual graphs while the vertex colors specify the relative frequency in the Sense (red) vs. the BranchA
(green) construct, or the Sense (red) vs. the pPCMVA (yellow) construct; the vertex sizes show the log of the
maximum of the two mean frequencies of the corresponding DSB-sequence window in the two compared
constructs. Data obtained by sequencing the forward (top) and the reverse (bottom) strands. ¢, Same as in
(a) for constructs of RNase H2A KO cells. d, Same as in (b) for constructs of RNase H2A KO cells. e,
Individual variation-distance graphs illustrating sequence variations within DSB-sequence windows
observed after gap induction by sgRNA C/C’ and sgRNA D in the Antisense and 5’-SplicingA constructs
of wild-type cells. Data obtained by sequencing the forward (top) and the reverse (bottom) strands. f,
Comparison variation-distance graphs of the DSB-sequence windows obtained after gap induction by
sgRNA C/C’ and sgRNA D for the Antisense vs. the 5'-SplicingA construct of wild-type cells. The vertices
represent the same DSB-sequence windows as for the individual graphs while the vertex colors specify the
relative frequency for the Antisense (red) vs. the 5'-Splicing (green) construct; the vertex sizes show the
log of the maximum of the two mean frequencies of the corresponding DSB-sequence window in the two
compared constructs. Data obtained by sequencing the forward (left) and the reverse (right) strands. Refer
to Supplementary Figure 7 for the description of variation-distance graphs. For graphs showing reverse-
strand data, the sequences are reverse-complemented prior to computing xy-coordinates so that they
correspond to forward-strand sequence coordinates.



Supplementary Figure 11

Exonl-Exon2, sense system
2 DSBs by sgRNA A & B

DSB by DSB by
sgRNA A sgRNA B
pCMVA
Exonl Exon2

DSB by DSB by
sgRNA A sgRNA B

BranchA Ds ’ Intron"

Exonl-Exonl, sense system
2 DSBs by sgRNA E &

DSBby  DSB by
sgRNA E

Sense/
BranchA/ D Ds D

pCMVA Exonl

Exonl-Exon2, antisense system
2 DSBs by sgRNA C(C’) & D

DSB by DSB by
sgRNA D sgRNA C
Antisense 133 n uosyuj '
Exonl Exonz
DSB by DSB by
sgRNA D sgRNA C’

5’-SplicingA 133 n uosu|



Supplementary Figure 11

EE1 *
EE2 *
EE3 *
EE4 *
EE5 *
EE6 *
EE7 *
EE8 *
EE9 *
EE10 *
EE11 *
EE12 *

EEIR *
EE2R *
EE3R *
EE4R *
EESR *

EETR *
EESR *
EE9R *
EE10R *
EE1IR *
EE12R *

Microhomology scheme: Sense/pCMVA, sgRNA A & B, forward strand

T T T T T T T T T T T T T T T T T T T T T T T T T
100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 190 195 200 205 210 215 220

I I . R R 1) (T R B Primer

TTCAAGTGGGAGCGCGTGATGAA| icadeTTCATCGGCGTGAACTTCC
TTCAAGTGGGAGCGCGTGATGAACTTC ICTTJATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC
TTCAAGTGGGAGCGCGTGATGAACTTCGAGG) (AGQTGAAGTTCATCGGCGTGAACTTCC
TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGC) IGACGGCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC
TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGC] CGGOTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC
TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGC! crdaacTTCATCGGCGTGAACTTCC

TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGC) (GGCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC
TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGCGAC IGACGGCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC
TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGCGACC AGTTCATCGGCGTGAACTTCC
TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGCGACCGTGAC IGACGGCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC

TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGCGACCGTGACCC AGGTGAAGTTCATCGGCGTGAACTTCC
TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGCGACCGTGACCCAGGAC [GACGGCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC

Microhomology scheme: Sense/pCMVA, sgRNA A & B, reverse strand

T T T T T T T T T T T T T T T T
130 135 140 145 150 155 175 180 185 190 195 200 205 210 215 220

[ o [ e ] e ] Primer
GGAAGTTCACGCCGATGAAC ATCACGCGCTCCCACTTGAA
GGAAGTTCACGCCGATGAACTTCACCTTGTAGAT TTCATCACGCGCTCCCACTTGAA
CGAAGTTCATCACGCGCTCCCACTTGAA
GGAAGTTCACGCCGATGAACTTCACCTTGTAGATGAAGCA CTCGAAGTTCATCACGCGCTCCCACTTGAA
GGAAGTTCACGCCGATGARCTTCACCTTGTAGATGAAGCA CCGTCCTCGAAGTTCATCACGCGCTCCCACTTGAA
GGAAGTTCACGCCGATGAACTT) CCGCCGTCCTCGAAGTTCATCACGCGCTCCCACTTGAA
GGAAGTTCACGCCGATGAACTTCACCTTGTAGATGAAGCA CGCCGCCGTCCTCGAAGTTCATCACGCGCTCCCACTTGAA
GGAAGTTCACGCCGATGAACTTCACCTTGTAGATGAAGCAGCC
GGAAGTTCACGCCGATGAACTH
GGAAGTTCACGCCGATGAACTTCACCTTGTAGATGAAGCAGCC
GGAAGTTCACGCCGATGAACTTCA]
GGRAGTTCRCGCCGATGAACTTCACCTTGTAGATGAAGCAGCC

GCCACGCCGCCGTCCTCGAAGTTCATCACGCGCTCCCACTTGAA
TCAC/GGTCGCCACGCCGCCGTCCTCGAAGTTCATCACGCGCTCCCACTTGAA
CGGTCGCCACGCCGCCGTCCTCGAAGTTCATCACGCGCTCCCACTTGAA
GGGTCACGGTCGCCACGCCGCCGTCCTCGAAGTTCATCACGCGCTCCCACTTGAA
GTCCTGGGTCACGGTCGCCACGCCGCCGTCCTCGAAGTTCATCACGCGCTCCCACTTGAA
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Microhomology scheme: Sense/pCMVA/BranchA, sgRNA E & J, forward strand

T T T T T T T T T T T T T T T T T T T ™—
100 105 110 115 120 140 145 150 200 205 210 215 220 225 230 235 240 245 250

Primer Primer

CTTCAAGGTGCGCATGGAGGGCA)
CTTCAAGGTGCGCATGGAGGGCALCG!
CTTCARGGTGCGCATGGAGGGCACCGTOAA)
CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGC)
CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGA
CTTCARGGTGCGCATGGAGGGCACCGTGAACGGCCA)
CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTC)
CTTCAAGGTGCGCATGGAGGGCACCGTGARCGGCCACGAGTTRGA
CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGAGGGCGAGGGEEAGGGCCGECC)
CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGA!
CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGAGGGCGAGGGEGAGGGCCGECC)
CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATICGA)
CTTCARGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATEGAGGGT]
CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGAGGGCGAGEEEGAGEGEECEECT
CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGAGGGICGAGGGC)
CETCAAGGTGCGCATGOAGGGCACCGTGAACGGCCACGAGTTCGAGATCGAGGGCGAGGORGA
CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGAGGGCGAGGGCGAGGGC)
CTTCARGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGAGGGCGAGGGCGAGGGECT)
CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGAGGGCGAGGGCGAGGGCCG)
CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGAGGGCGAGGGCGAGGGCCGECC
CTTCARGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGAGGGCGAGGGCGAGGGCCGCCCTACGAGEGCCACAACACCGTGAAGCTGAAGGTGACCAAGGGCGGCCCCCTGECCCTTCECCTGEGACATCCTGTCCCCCCAGTTCCAGTACGGCTCCAAGGTGTACGTGAAGCACCCCGCCEACAT
CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGAGGGCGAGGGCGAGGGCCGECC

CTTCAAGGTGCGCATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATCGAGGGCGAGGGCGAGGGCCGECC)

CCGACTACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGAT
CCGAGGGCTTCAAGTGGGAGCGCGTGAT

Ganc ccea AnGT AT
IACATCCCCGACTACAA (GGJTTCAAGTGGGAGCGCGTGAT
CGACTACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGAT
CGAGGGCTTCAAGTGGGAGCGCGTGAT
CCGAGGGCTTCAAGTGGGAGCGCGTGAT
CGACTACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGAT
(CGAGGGCTTCAAGTGGGAGCGCGTGAT
AGAA TTCCCCGA TTCAAGTGGGA TGAT
ACATCCCCGACTACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGAT
CGACTACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGAT
CGAGGGQTTCAAGTGGGAGCGCGTGAT
CGACTACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGAT
CGAGGGQTTCAAGTGGGAGCGCGTGAT
CGACTACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGAT
(CGAGGGQTTCAAGTGGGAGCGCGTGAT
(CCGACTACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGAT
CCEAGGGCTTCAAGTGGGAGCGCGTGAT
CCCCGACTACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGAT
CCCGACTACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGAT
(CCCGAGGGCTTCAAGTGGGAGCGCGTGAT
ICCJGAGGGCTTCAAGTGGGAGCGCGTGAT

Microhomology scheme: Sense/pCMVA/BranchA, sgRNA E & J, reverse strand

T T T T T T T T T T T T T T T T T T T T T T T T T
105 115 120 125 135 140 145 155 160 165 170 175 215 220 225 230 235 240 245

primer . Primer
ATCACGCGCTCCCACTTGAAGCCCTCGGGGAAGGACAGCTTCTTGTAGTCGE)
ATCACGCGCTCCCACTTGAAGCCCT|
ATCACGCGCTCCCACTTGAAGCCCTCGGGGAAGGACAGCHTC]
ATCACGCGCTCCCACTTGAAGCCH
ATCACGCGCTCCCACTTGAAGCCCTCGGGGAAGGACAGCTTCTTGTAGTCG)
ATCACGCGCTCCCACTTGAAGCCCTCG
ATCACGCGCTCCCACTTGAAGCCCTCGGG
ATCACGCGCTCCCACTTGAAGCCCTCGGGGAAGGACAGCTTCTTGTAGTCG)
ATCACGCGCTCCCACTTGAAGCCETCG)
ATCACGCGCTCCCACTTGAAGCCCTCGGGGAAGGACAGCT/ICT)
ATCACGCGCTCCCACTTGAAGCCCTCGGGGAAGGACAGCTTCTTGTAGTCGGGGAT)
ATCACGCGCTCCCACTTGAAGCCCTCGGGGAAGGACAGCTTCTTGTAGTCG) G|
ATCACGCGCTCCCACTTGAA)
ATCACGCGCTCCCACTTGAAGCCCTCGGGGAAGGACAGCTTCTTGTAGTCG)
ATCACGCGCTCCCACTTGAA
ATCACGCGCTCCCACTTGAAGCCCTCGGGGAAGGACAGCTTCTTGTAGTCG)
ATCACGCGCTCCCACTTGAA

(CGGTGCCCTCCATGCGCACCTTGAAG
(CGETGCCCTCCATGCGCACCTTGAAG
CGGTGCCCTCCATGCGCACCTTGAAG
GTTCACGGTGCCCTCCATGCGCACCTTGAAG
TCGTGGCCGTTCACGGTGCCCTCCATGCGCACCTTGAAG
(CTCGTGGCCGTTCACGGTGCCCTCCATGCGCACCTTGAAG
666 CEECCCTCGCCCTCECCCTCGATCTCGANCTCGTGGCCGTTCACGETGCCCTCCATGCGCACCTTGAAG
Tcgan GTTCACGGT TCCATGCGCACCTTGAAG
IG66CEEECCTEaCCeTCaEeETCaATCTCaAACTCGTGOCCGTTCACGETGCCCTCCATGCGCACCTTGARS
TCTCGAA, GTTCA ATGCGCACCTTGAAG
GATCTCGAACTCGTGGCCGTTCACGETGCCCTCCATGCGCACCTTGARG
666 CEECCCTCGECCTCEECETCGATCTCGAACTCGTGGCCGTTCACGGTGCCCTCCATGCGCACCTTGAAG
TCTCGAACTCGTGGCCGTTCACGGTGCCCTCCATGCGCACCTTGAAG
l666C60CCETCaEEdTCaCcCTCOATCTCOARCTCGTGOCCGTTCACGETGECCTCCATGCGCACCTTGARG
GCCCTCGCCCTCGATCTCGAACTCGTGGCCGTTCACGGTGCCCTCCATGCGCACCTTGAAG
TCQCCCTCGCCCTCGATCTCOARCTCGTGGCCGTTCACGGTGCCCTCCATGCGCACCTTGARG
GCCCTCGCCCTCGATCTCGAACTCGTGGCCGTTCACGGTGCCCTCCATGCGCACCTTGAAG
ATCACGCGCTCCCACTTGAAGCCCTCGGGGAAGGACAGCTTCTTGTAGTCGG) CGGCCCTCGCCCTCGCCCTCGATCTCGAACTCGTGGCCGTTCACGGTGCCCTCCATGCGCACCTTGAAG
ATcACGCGCTCCCACTTGAAGCCCTEGT) 666 CGgCCCTCaCCeTCaCCCTCOATCTCOARCTCGTGGCCGTTCACGETGECCTCCATGCGCACCTTGARG
ATCACGCGCTCCCACTTGAAGCCCTCGGGGAAGGACAGCTTCTTGTAGTCGGGG) GGGCGGCCCTCGCCCTCGCCCTCGATCTCGAACTCGTGGCCGTTCACGGTGCCCTCCATGCGCACCTTGAAG
ATCACGCGCTCCCACTTGARGCCCTCGGGGAAGGACAGCTTCTTGTAGTCRGS) 6G6CGGCCETCaCCCTCoCCCTCOATCTCEAACTCOTGECCGTTCACGETGCCCTCCATGCGCACCTTGARG
ATCACGCGCTCCCACTTGAAGCCCTCGGGE) GGGcGGeccTCGCCCTCGCCCTCGATCTCGAACTCGTGGCCGTTCACGGTGCCCTCCATGCGCACCTTGAAG
ATCACGCGCTCCCACTTGAAGCCCTCEGE GGGceGeecTCGCCCTCGCCCTCGATCTCGAACTCGTGGCCGTTCACGGTGCCCTCCATGCGCACCTTGAAG
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Microhomology scheme: Antisense, sgRNA C & D, forward strand
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TTCAAGTGGGAGCGCGTGATGAR c24

CTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC

[GGACGGOTGCTTCATCTACAAGGTGARGTTCATCGGCGTGAACTTCC
CGGETGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC

GGCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC
GACGGCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC

GACGGCTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACTTCC
(AGQTGAAGTTCATCGGCGTGAACTTCC
[6GACGGCTGCTTCATCTACAAGGTGARGTTCATCGGCGTGAACTTCC

TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGCGACCGTGACCCAGH)
TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGCGACCGTGACCCAGGACH

Microhomology scheme: Antisense, sgRNA C & D, reverse strand

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 195 200 205 210 215 220 225 230 235 240 245 250

[ e [ e [ e e [ em T wme ]

GGAAGTTCACGCCGATGAAC ATCACGCGCTCCCACTTGAA
GGAAGTTCACGCCGATGAACTTCACCTTGTAGATGAAG)

GGAAGTTCACGCCGATGAACTTCACCTTGTAGATGAAGCAGCCGTCC isceeTcd
GGAAGTTCACGCCGATGAACTTCACCTTGTAGATGAAGCA|
GGAAGTTCACGCCGATGAACTT,
GGAAGTTCACGCCGATGAACTTCACCTTGTAGATGAAGCAGCC)
GGAAGTTCACGCCGATGAACTTCACCTTGTAGATGAAGCAGCCGTC

TCGAAGTTCATCACGCGCTCCCACTTGAA
GAAGTTCATCA TCCCACTTGAA
GCCGCCGTCCTCGAAGTTCATCACGCGCTCCCACTTGAA

GTCACGGTCGCCACGCCGCCGTCCTCGAAGTTCATCACGCGCTCCCACTTGAR
GGGTCACGGTCGCCACGCCGCCGTCCTCGAAGTTCATCACGCGCTCCCACTTGAR

GGAAGTTCACGCCGATGAACTTCACCTTGTAGATGAAGCAGCCGTCC a acgee TCGAAGTTCATCACGCGCTCCCACTTGAA




Supplementary Figure 11

e

Wild type, sgRNA A and B (2 DSBs), forward strand
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Supplementary Figure 11 | Transcript RNA promotes double-strand gap repair in a sequence-
dependent manner via MMEJ — all data for the sense and antisense constructs.

a, Schemes of regions in which Exonl-Exon2 microhomology pairs were identified within the sequenced
area to determine the frequency of MMEJ following a gap by the sgRNAs A and B in the sense constructs
(left), or by the sgRNAs C/C’ and D in the antisense constructs (right), or Exonl-Exonl microhomology
pairs identified following a gap by the sgRNAs E and J in the sense constructs (bottom). Light blue lines
indicate examples of microhomologies; the black, parallel lines show the DSB sites; the dark, green box
shows the region containing the branch site for the Sense and pPCMVA constructs, and the region with the
5'-splice site for the Antisense construct. b, Schemes showing all microhomology pairs 3 bp or longer
between the two primer sequences in the Sense and pCMVA constructs, sgRNAs A and B, forward strand
(top), reverse strand (bottom). The x-axis shows nucleotide positions from the 5'-primer sequence. First
row: DsRed gene exons (solid blue), Intron (solid green). Second row: primer sequence (purple outline),
Exonl/Exon2 (blue outline), intron (green outline), branch site (dark green outline). DSB positions are
indicated with two red vertical lines. Left margin labels are microhomology IDs (EE, exon-exon);
bold/asterisk indicates MMEJ products detected in the sequencing data. Each following row shows the
nucleotide sequence of the construct between primer sequences; region deleted by MMEJ repair (gray
highlight); microhomology pair (light blue highlight); = 10-bp flanking region of microhomology pair used
for MMEJ detection in the sequencing data (light green highlight). ¢, As in (b) for sense constructs Sense,
pCMVA, and BranchA, sgRNAs E and J, forward strand (top), reverse strand (bottom). d, As in (b) for
Antisense construct, sgRNAs C and D, forward strand (top), reverse strand (bottom). The reversed intron
in the antisense constructs is indicated with an upside-down label; 5’-splice site (dark green outline). e, f,
Mean of frequencies of MMEJ repair from each microhomology pair detected in the sequencing libraries
following a gap by the sgRNAs A and B (e) or sgRNAs E and J (f) in the Sense (red), BranchA (green), and
pCMVA (yellow) constructs of wild-type and RNase H2A KO cells, and g, following a gap by the sgRNAs
C/C’ and D in the Antisense (red) and 5'-SplicingA (green) constructs of wild-type cells. Plotted data are
the mean =+ s.d. of the 4 biological replicates with the individual values shown as dots. The ID of the
microhomology pair being analyzed is on top of each bar graph; N=4. The ‘ns’ on the bar graphs means a
non-significant difference (P-value > 0.05, two-tailed Mann-Whitney U test). *, P = 0.029 (two-tailed
Mann-Whitney U test). Source data are provided as a Source Data file.
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Supplementary Figure 12 | Impact of transcript RNA on MMEJ and flipped intron repair following
overexpression of RNase H1.

a, Mean of frequencies of MMEJ repair from each microhomology pair detected in the sequencing libraries
following a gap by the sgRNAs A and B in the Sense (red) and BranchA (green) constructs of Control and
H1 OX. Plotted data are the mean =+ s.d. of the 4 biological replicates with the individual values shown as
dots. The ID of the microhomology pair being analyzed is on top of each bar graph; N=4. The ‘ns’ on the
bar graphs means a non-significant difference (P-value > 0.05, two-tailed Mann-Whitney U test). *, P =
0.029 (two-tailed Mann-Whitney U test). b, Frequency of intron flipping caused by re-capture of the intron
via NHEJ following a gap by the sgRNAs A and B in the Sense (red) and BranchA (green) constructs of
Control and H1 OX. Plotted data are the mean =+ s.d. of the 4 biological replicates with the individual values
shown as dots; N=4. *, P =0.029 (two-tailed Mann-Whitney U test). Source data are provided as a Source
Data file.
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Supplementary Figure 13 | RNA-mediated DNA double-strand break/gap repair by MMEJ is
independent of DNA replication.

MME]J frequencies from each microhomology pair detected in the sequencing libraries following a DSB
by the sgRNA A or double-strand gap by the sgRNAs A and B in the Sense (red) and BranchA (green)
constructs of HEK293 and HEK293T cells. The ID of the microhomology pair being analyzed is shown
on top of each bar graph. Plotted data are the mean + s.d. of the 4 biological replicates with the individual
values shown as dots; N=4. The ‘ns’ on the bar graphs means a non-significant difference (P-value >
0.05, two-tailed Mann-Whitney U test). Source data are provided as a Source Data file.



Supplementary Figure 14

Antisense
Forward sequencing primer DSB by sgRNA C

GCCTCTTTAAAAGCTTGACCGAGAGCAAT CCCGCAGTCTTCAGT GTGGTGATGGTCGTCTAT GTGTAAGTCACCAATGCACTCAACGAT TAGCGACCAGCCGGAATGCTT
CGGAGAAATTTTCGAACTGGCTCTCGTTAGGGCGT CAGAAGTCACCACACTACCAGCAGATACACATT CAGTGGTTACGTGAGTTGCTAATCGCT GGTCGGCCT FACGAA

€s

Intron
GGGTATGTTAATATGGACTAAAGGAGGCTT TTC TGCAGGTCGACT CTAGAACCACTCTACAAAACCAAAACCAGGGTT TATAAAATTATACTGTTGCGGAAAGCTGAAAC
CCCATACAATTATACCTGATTTCCTCCGAAAAGACGTCCAGCTGAGATCTTGGTGAGATGT TTTGGT TTTGGTCCCAAATAT TTTAATATGACAACGCCTTTCGACTTTG
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Supplementary Figure 14 | DNA sequence of the his3 loci of the yeast constructs.

Blue sequence, exons of the Ais3 gene; green sequence, intron; underlined green sequence, canonical GT-
and -AG splice sites of the intron; underlined dark green sequence, intron sequence containing the branch
site. Black arrows, sequencing primers; yellow highlighted sequence, PAM site; orange highlighted
sequence, sequence of sgRNA C; purple highlighted sequence, sequence of sgRNA D. Vertical black bar,
site of DSB by sgRNA.
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Supplementary Figure 15 | The RNA transcribed from the BranchA yeast construct has no intron
splicing in all genomic backgrounds used in this study.

a, Table of RNA-sequencing results of 4is3 transcripts from the Antisense and BranchA in wild-type, spt3,
spt3 rnhl rnh201 KO cells. RNA-sequencing reads for each transcript of the different constructs were
categorized after alignment to the corresponding DNA sequence (details in Methods). Spliced transcript, a
transcript in which the intron was spliced out from the canonical GT---AG-splice sites; alt-spliced
transcript, a transcript in which splicing happened at alternative GT---AG sites; non-canonical alternative
splicing, a transcript sequence that had splicing at sites different from the GT---AG sites. Splicing
frequencies were calculated by dividing the number of the spliced-transcript reads by the total number of
reads within each RNA-sequencing library, N=1. b, Results of RT-qPCR of the /is3 transcripts generated
from each construct. The bar shows the relative amount of the Ais3 transcripts from the BranchA (green
bar) construct compared to the amount of the Sense (red bar) transcripts. Plotted data are the mean fold
change + s.d. of the 6 biological replicates with the individual values shown as dots; N=6. The mean value
is shown above each bar. ¢, Table of RNA-sequencing results of Ais3 transcripts from the Antisense and
BranchA in wild-type and ku70 KO cells, N=1. Source data are provided as a Source Data file.
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Supplementary Figure 16 | The yeast construct with splicing has similar cleavage efficiency by Cas9
to that without splicing.

Scheme of PCR fragments for the yeast Antisense and BranchA used for the in vitro-cleavage assay. Cas9
cleavage was done using sgRNA C, D or C and D for the Antisense and BranchA constructs. The formulas
used to calculate the DSB efficiencies from the molarity of each DNA fragment detected by the Bioanalyzer
following cleavage by Cas9 with sgRNA C, D, or C and D are shown. The bp sizes in the formulas are
those for the Antisense and BranchA (in parenthesis when different). Results of the in vitro-cleavage assay
are shown in the tables underneath the construct schemes.
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Supplementary Figure 17
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Supplementary Figure 17 | In/dels are sequence variations specific to DSB repair by NHEJ detected
in the yeast constructs.

Variation-position histograms showing the distribution of sequence variations in the 20-bp DSB-sequence
windows categorized by the position of the variations and the number of variations. The histograms are
arranged in a grid: rows specify the sgRNA(s) used to induce the DSB(s), including the No-DSB controls;
columns specify the construct and the type of variation (insertion in orange, deletion in blue, or
substitution in gray). The x-axis indicates the position of the variations relative to the DSB site on the
reference sequence. Figures with reverse-strand data have their x-axis coordinates reversed so that they
correspond to forward-strand coordinates. The y-axis indicates the total number of variations in the DSB-
sequence windows. The z-axis indicates the total sum of frequencies (log-scale) of DSB-sequence
windows with y variations including position x. If a DSB-sequence window has more than one variation
(say k) at the same position (which can only happen if the DSB-sequence window contains insertions),
this window contributes k-fold to the corresponding z-value. The x, y, z axes have been limited to the
ranges [—10, 10], [0, 20], and [1075, 1], respectively, and values outside these ranges have been cropped.
Like in the 2-DSB experiments with sgRNAs C & D, in the No-DSB experiments with sgRNAs C & D
the reads were aligned to the 2-DSB reference sequence, which is the sequence of the construct between
the two sequencing primers with the nucleotides between the two DSB sites deleted. Since the No-DSB
reads had small frequency of gap deletion (i.e. intron pop-out, 0.02% to 1.0%), the reads mostly fail to
align with the reference sequence, which caused variations (especially substitutions) to be nearly
undetectable in many cases. The variations that are detected in the No-DSB controls are likely in reads
with gap removal due to leakiness of the pGAL promoter causing Cas9 to be expressed in the cells. a,
Variation-position histograms for experiments conducted in the wild-type yeast cells, b, in the spt3 KO
cells (wild-type RNase H cells), and ¢, in the rnkl rnh201 spt3 KO cells (rnhl rnh201).
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Supplementary Figure 18 | RNA-mediated DSB repair following a DNA double-strand gap is
promoted in the absence of RNase H function in yeast cells.

a, Pie charts showing frequencies of sequencing reads displaying intron retention or pop-out following a
double-strand gap by the sgRNAs C and D in the Antisense and BranchA constructs of yeast sp¢3 knock-
out (left, WT) and rnhl rnh201 spt3 triple knock-out (right, rnhl rnh201) cells. The fraction of sequences
containing the intron is shown in green, and the fraction without the intron is shown in blue. Within the
blue fraction of sequences without the intron, the red dotted line marks a small fraction of repaired
sequences having an identical sequence with the spliced RNA, which could be the result of either NHEJ or
RNA-templated DSB repair (R-TDR). The frequencies of the repair events having the same sequence as
the spliced RNA are 0.03% for WT, Antisense (£ 0.01%), 0.03% for WT, BranchA (£ 0.04%), 2.29% for
rnhl rnh201, Antisense (£ 1.15%), and 0.02% for rnhl rnh201, BranchA (£ 0.02%). Percentages represent
an average of 4 repeats with standard deviation in parenthesis; N=4. The percentages of sequences with and
without intron are bolded. *, P = 0.029 comparing frequencies of the BranchA with those of the Antisense
construct via the two-tailed Mann-Whitney U test. b, Antisense/BranchA frequency ratios for two types of
repaired sequences, with intron (green) and without intron (blue), detected in the sequencing libraries
following a double-strand gap by the sgRNAs C and D in the spz3 knock-out (WT) and rnhl rnh201 spt3
triple knock-out (rnhl rnh201) cell types. Plotted data are the mean + s.d. of the ratios of the 4 biological
replicates with the individual values shown as dots; N=4. *, P =0.029 (two-tailed Mann-Whitney U test).
¢, Pie charts showing frequencies of sequencing reads displaying intron retention or pop-out for no DSB
controls without Cas9 expression (see Method) in the Antisense and BranchA constructs of yeast WT (left)
and ku70 knock-out (right), N=1. Source data are provided as a Source Data file.



