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Supplementary Figures

Supplementary Figure 1. CRISPR/Cas9 facilitates de novo L1-ORFeus insertions at the MYC locus 
in HEK293T cells.

Supplementary Figure 2. CRISPR/Cas9 facilitates de novo L1-ORFeus insertions at the RAG1 locus 
in HEK293T cells. 

Supplementary Figure 3. CRISPR/Cas9 facilitates de novo L1-ORFeus insertions at the CCR5 locus 
in HEK293T cells.

Supplementary Figure 4. Development of PolyA-seq to capture genome-wide de novo L1-ORFeus 
insertion events. 

Supplementary Figure 5. RT-dependent de novo L1-ORFeus insertions at CRISPR/Cas9 off-target
sites in HEK293T cells.

Supplementary Figure 6. Detailed characterization of de novo L1-ORFeus insertions at
CRISPR/Cas9 target site in HeLa cells.

Supplementary Figure 7. RT-dependent de novo L1-ORFeus insertions at CRISPR/Cas9 target site
in U2OS cells.

Supplementary Figure 8. RT-dependent de novo L1RP insertions at CRISPR/Cas9 target site in
HEK293T cells.

Supplementary Figure 9. Safety evaluation of prime editing at the MYC (+2-4AAA del) site in
HEK293T cells.

Supplementary Figure 10. Safety evaluation of prime editing at the MYC (+5GtoC) or FANCF
(+5GtoT) site in HEK293T cells. 

Supplementary Figure 11. Characterization of PE3 (MYC +5GtoC) and PE3 (FANCF +5GtoT) 
editing in HEK293T cells. 

Supplementary Figure 12. Characterization of de novo L1-ORFeus insertions in PE3 edited 
HEK293T cells.

Supplementary Figure 13. De novo L1-ORFeus insertions are rare in base editing in HEK293T cells.

Supplementary Figure 14. Endogenous L1 sequences found at CRISPR/Cas9 target sites in 
HEK293T cells.
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Supplementary Figure 1. CRISPR/Cas9 facilitates de novo L1-ORFeus insertions at the MYC locus in
HEK293T cells. a, Schematic representation of pCEP4 GFP control, L1-ORFeus, L1-ENm and L1-RTm
plasmids used in our study. CMV=CMV promoter; ORF=open reading frame; Intron=human gamma globin
intron. b, Percentage of GFP-positive cells in HEK293T or HeLa cells at the indicated days after transfection
of the L1-ORFeus reporter plasmid. Puromycin selection was performed 2 days post-transfection, and GFP-
positive cells were analyzed by flow cytometry. c-g, Experiments were performed as shown in Fig. 1b, then
GFP-positive HEK293T cells were analyzed at day 11 (c) or at day 6 or day 11 (d). Data are Mean±SD, n=3
independent experiments. The PCR assay across the intron of the GFP reporter gene (Intron assay) was
performed at day 11. Splicing of the artificial intron from GFP results in a shorter PCR product (from 1192 bp
to 292 bp) (e, bottom); blue and red arrows indicate the forward or reverse primer, respectively (e, top). RT-
PCR was performed to analyze the RNA levels of ORF1 and ORF2 at day 2 (f). Western Blot was performed to
detect L1 ORF1p protein (along with other indicated cell lines) (g); the relative expression of the ORF1p
protein was measured by densitometry using Image J. h, Editing efficiency of CRISPR/Cas9 at the MYC target
site in HEK293T cells. Data are Mean±SD, n=4 independent experiments. i, Top: Schematic design of
improved amplicon sequencing at MYC locus. Bottom: to reduce background from uncut or small indels (i.e.
the strong PCR band), we enrich the insertion events by gel excision between 300 bp to 1 kb. j, Numbers of
insertions mapped to the human genome (j, left) or lentiCRISPR v2 plasmid (j, right) obtained by amplicon
sequencing at the MYC locus targeted by MYC CRISPR/Cas9 in HEK293T cells expressing L1-ORFeus, L1-
ENm, L1-RTm or GFP control. k,l, Numbers and fragment lengths of lentiCRISPR v2 plasmid insertions (k) or
chromosome 8 insertions (l) obtained by amplicon sequencing at the MYC locus in HEK293T cells targeted
by MYC CRISPR/Cas9 expressing L1-ORFeus, L1-ENm, L1-RTm or GFP control. Source data are provided as a
Source Data file.
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Supplementary Figure 2. CRISPR/Cas9 facilitates de novo L1-ORFeus insertions at the RAG1 locus in
HEK293T cells. a,b, Percentage of GFP-positive HEK293T cells at day 6 or day 11 after L1-ORFeus
transfection and introducing CRISPR/Cas9-mediated DSBs at the RAG1 locus (a) (Data are Mean±SD, n=3
independent experiments). Intron assay was performed to probe the L1-ORFeus retrotransposition events
by genomic DNA-PCR at day 11 (b). c, Editing efficiency of CRISPR/Cas9 at the RAG1 target site in HEK293T
cells expressing L1-ORFeus, L1-ENm, L1-RTm or GFP control. Data are Mean±SD, n=5 independent
experiments. d, Pie charts show the relative abundance of three main types of insertions (i.e., L1-ORFeus,
lentiCRISPR v2 plasmid and genomic fragments) obtained by amplicon sequencing at the RAG1 locus in
HEK293T cells targeted by RAG1 CRISPR/Cas9 expressing L1-ORFeus, L1-ENm, L1-RTm or GFP control. e,
Numbers of insertions mapped to the human genome (e, left) or lentiCRISPR v2 plasmid (e, right) obtained
by amplicon sequencing at the RAG1 locus in HEK293T cells targeted by RAG1 CRISPR/Cas9 expressing L1-
ORFeus, L1-ENm, L1-RTm or GFP control. f-h, Numbers and fragment lengths of L1-ORFeus insertions (f),
lentiCRISPR v2 plasmid insertions (g) or chromosome 11 insertions (h) obtained by amplicon sequencing at
the RAG1 locus in HEK293T cells targeted by RAG1 CRISPR/Cas9 expressing L1-ORFeus, L1-ENm, L1-RTm or
GFP control. Example L1-ORFeus insertions bridging the intron of GFP obtained by amplicon sequencing at
the RAG1 CRISPR/Cas9 target site in HEK293T cells expressing L1-ORFeus are shown in Supplementary
Sequence 7. i, Similar to Fig. 2b, L1-ORFeus junction analysis obtained by amplicon sequencing at the RAG1
locus targeted by RAG1 CRISPR/Cas9 in HEK293T cells expressing L1-ORFeus. Source data are provided as a
Source Data file.
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Supplementary Figure 3. CRISPR/Cas9 facilitates de novo L1-ORFeus insertions at the CCR5 locus in
HEK293T cells. a,b, Percentage of GFP-positive HEK293T cells at day 6 or day 11 after L1-ORFeus
transfection and introducing CRISPR/Cas9-mediated DSBs at the CCR5 locus (a) (Data are Mean±SD, n=3
independent experiments), Intron assay was performed by genomic DNA-PCR at day 11 (b). c, Editing
efficiency of CRISPR/Cas9 at the CCR5 target site in HEK293T cells expressing L1-ORFeus or L1-RTm. Data
are Mean±SD, n=4 independent experiments. d, Pie charts show the relative abundance of three main types
of insertions (i.e., L1-ORFeus, lentiCRISPR v2 plasmid and genomic fragments) obtained by amplicon
sequencing at the CCR5 locus in HEK293T cells targeted by CCR5 CRISPR/Cas9 expressing L1-ORFeus or L1-
RTm. e,f, Numbers of insertions mapped to LINE-1 (ORFeus) (e), the human genome (f, left) or lentiCRISPR
v2 plasmid (f, right) obtained by amplicon sequencing at the CCR5 locus in HEK293T cells targeted by CCR5
CRISPR/Cas9 expressing L1-ORFeus or L1-RTm. g,h, Numbers and fragment lengths of L1-ORFeus insertions
(g) or lentiCRISPR v2 plasmid insertions (h) obtained by amplicon sequencing at the CCR5 locus in HEK293T
cells targeted by CCR5 CRISPR/Cas9 expressing L1-ORFeus or L1-RTm. Example L1-ORFeus insertion
bridging the intron of GFP obtained by amplicon sequencing at the CCR5 CRISPR/Cas9 target site in
HEK293T cells expressing L1-ORFeus are shown in Supplementary Sequence 8. The only L1-ORFeus
insertional sequence obtained by amplicon sequencing at the CCR5 CRISPR/Cas9 target site in HEK293T cells
expressing L1-RTm is shown in Supplementary Sequence 10. The orientation of insertions is shown in
orange when the fragment is oriented 5’ to 3’ (+) or blue when 3’ to 5’ (-). Source data are provided as a
Source Data file.
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Supplementary Figure 4. Development of PolyA-seq to capture genome-wide de novo L1-ORFeus
insertion events. a, Schematic representation of PolyA-seq by one-sided, nested amplification approach.
The two-round forward primers were designed at the end of L1 GFP cassette (a, top), thus enable us to map
the L1 retrotransposition sites genome-wide with the help of reverse linker primer (a, bottom). b, Detailed
view of primers designed for PolyA-seq. PolyA-seq originates from SV40 PolyA and imposes a requirement
for L1 insertions to have a minimal 15 bp Poly(A) tail (7A are imposed to primer directly and 8A are added
during the sequence analysis). c, Numbers of total L1-ORFeus insertions mapped to the human genome
obtained by PolyA-seq in HEK293T cells targeted by MYC CRISPR/Cas9 (c, left) or RAG1 CRISPR/Cas9 (c,
right) expressing L1-ORFeus, L1-ENm, L1-RTm or GFP control. Example sequences of PolyA-seq from MYC
CRISPR editing in HEK293T cells expressing L1-ORFeus are shown in Supplementary Sequence 11. d,
Sequence logo representing the consensus motif detected at L1 pre-integration sites obtained by PolyA-seq
in HEK293T cells targeted by MYC CRISPR/Cas9 (d, left) or RAG1 CRISPR/Cas9 (d, right) expressing L1-
ORFeus. e, Distribution of 3’ Poly(A) tract lengths of L1 insertions obtained by PolyA-seq in HEK293T cells
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surrounding MYC CRISPR/Cas9 target site obtained by PolyA-seq in HEK293T cells targeted by MYC
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Supplementary Figure 5. RT-dependent de novo L1-ORFeus insertions at CRISPR/Cas9 off-target sites
in HEK293T cells. a, Pie charts show the relative abundance of indicated three main types of insertions (i.e.,
L1-ORFeus, lentiCRISPR v2 plasmid and genomic fragments) obtained by amplicon sequencing at the MYC
OT1 locus in HEK293T cells targeted by MYC CRISPR/Cas9 expressing GFP control or L1-ENm. b, Numbers of
insertions mapped to the human genome (b, left) or lentiCRISPR v2 plasmid (b, right) obtained by amplicon
sequencing at the MYC OT1 locus in HEK293T cells targeted by MYC CRISPR/Cas9 expressing L1-ORFeus, L1-
ENm, L1-RTm or GFP control. c,d, Numbers and fragment lengths of L1-ORFeus insertions (c) or lentiCRISPR
v2 plasmid insertions (d) obtained by amplicon sequencing at the MYC OT1 locus in HEK293T cells targeted
by MYC CRISPR/Cas9 expressing L1-ORFeus or L1-RTm. The orientation of insertions is shown in orange
when the fragment is oriented 5’ to 3’ (+) or blue when 3’ to 5’ (-).
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Supplementary Figure 6. Detailed characterization of de novo L1-ORFeus insertions at CRISPR/Cas9
target site in HeLa cells. a,b, Percentage of GFP-positive HeLa cells at day 11 after L1-ORFeus transfection
and introducing CRISPR/Cas9-mediated DSBs at the MYC locus (a) (Data are Mean±SD, n=3 independent
experiments); Intron assay was then performed to probe the L1-ORFeus retrotransposition events by
genomic DNA-PCR (b). c, Editing efficiency of CRISPR/Cas9 at the MYC target site in HeLa cells expressing
L1-ORFeus or L1-RTm. Data are Mean±SD, n=6 independent experiments. d, Numbers of insertions mapped
to LINE-1 (ORFeus) (d, left), lentiCRISPR v2 plasmid (d, middle) or the human genome (d, right) obtained by
amplicon sequencing at the MYC locus in HeLa cells targeted by MYC CRISPR/Cas9 expressing L1-ORFeus or
L1-RTm. e-g, Numbers and fragment lengths of L1-ORFeus insertions (e), lentiCRISPR v2 plasmid insertions
(f) or chromosome 8 genomic insertions (g) obtained by amplicon sequencing at the MYC locus in HeLa cells
targeted by MYC CRISPR/Cas9 expressing L1-ORFeus or L1-RTm. Example L1-ORFeus insertions bridging
the intron of GFP obtained by amplicon sequencing at the MYC CRISPR/Cas9 target site in HeLa cells
expressing L1-ORFeus are shown in Supplementary Sequence 9. h, L1-ORFeus junction analysis obtained
by amplicon sequencing at the MYC locus targeted by MYC CRISPR/Cas9 in HeLa cells expressing L1-ORFeus.
The sequence alignment was centered on the left end of CRISPR-Cas9-mediated DSBs. Other sources include
genomic fragments or plasmid insertions. i, Histogram plots of microhomology lengths in junctions (data
from h) joining L1-ORFeus to the left or right end of the CRISPR/Cas9-mediated DSB in HeLa cells expressing
L1-ORFeus. j, Numbers of total L1-ORFeus insertions mapped to the human genome obtained by PolyA-seq
in HeLa cells targeted by MYC CRISPR/Cas9 expressing L1-ORFeus or L1-RTm. k, Distribution of 3’ Poly(A)
tract lengths of L1-ORFeus insertions obtained by PolyA-seq in HeLa cells expressing L1-ORFeus and
targeted byMYC CRISPR/Cas9. Source data are provided as a Source Data file.
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Supplementary Figure 7. RT-dependent de novo L1-ORFeus insertions at CRISPR/Cas9 target site in
U2OS cells. a, Percentage of GFP-positive U2OS cells at day 11 after L1-ORFeus transfection and
CRISPR/Cas9-mediated DSBs at the MYC locus. Data are Mean±SD, n=3 independent experiments. b, Intron
assay was then performed. c, Editing efficiency of CRISPR/Cas9 at the MYC target site in U2OS cells
expressing L1-ORFeus or L1-RTm. Data are Mean±SD, n=3 independent experiments. d, Total L1-ORFeus
insertions mapped to the human genome obtained by PolyA-seq in U2OS cells targeted by MYC CRISPR/Cas9
and expressing L1-ORFeus or L1-RTm. e, Distribution of 3’ Poly(A) tract lengths of L1-ORFeus insertions
obtained by PolyA-seq in U2OS cells targeted by MYC CRISPR/Cas9 and expressing L1-ORFeus. f, Numbers of
L1-ORFeus insertions at the MYC locus obtained by PolyA-seq targeted by MYC CRISPR/Cas9 in U2OS cells
that express L1-ORFeus or L1-RTm. g, Detailed view of the distribution of L1-ORFeus insertions at the MYC
locus obtained by PolyA-seq in U2OS cells targeted by MYC CRISPR/Cas9 and expressing L1-ORFeus or L1-
RTm. h, Sequence logos representing the consensus motif detected at L1-ORFeus pre-integration sites in
indicated regions proximal or distant to the MYC CRISPR/Cas9 DSB in chromosome 8. The canonical
consensus motif in chromosome 1 served as a control. Source data are provided as a Source Data file.
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Supplementary Figure 9. Safety evaluation of prime editing at theMYC (+2-4AAA del) site in HEK293T
cells. a, Similar to Fig. 1b, schematic of the experimental strategy employed to examine de novo L1-ORFeus
retrotransposition events at the MYC prime editing site in HEK293T cells. b,c, Percentage of GFP-positive
HEK293T cells at day 11 after L1-ORFeus transfection and introducing PE2 (MYC +2-4AAA del), PE3 (MYC
+2-4AAA del) or nick only for PE3 (b) (Data are Mean±SD, n=3 independent experiments), Intron assay was
then performed to probe the L1-ORFeus retrotransposition events by genomic DNA-PCR (c). d, Prime editing
efficiency of PE2 (MYC +2-4AAA del), PE3 (MYC +2-4AAA del) or nick only for PE3 at the MYC locus in
HEK293T cells expressing L1-ORFeus or L1-RTm. Data are Mean±SD, n=3 independent experiments. e,
Numbers of insertions mapped to pCMV-PE2 plasmid (e, top), the human genome (e, middle) or pU6-
pegRNA (e, bottom) obtained by amplicon sequencing at the MYC locus in HEK293T cells targeted by PE2
(MYC +2-4AAA del), PE3 (MYC +2-4AAA del) or nick only for PE3 expressing L1-ORFeus, L1-ENm, L1-RTm or
GFP control. f-i, Numbers and fragment lengths of L1-ORFeus insertions (f), pCMV-PE2 plasmid insertions
(g), pU6-pegRNA insertions (h) or chromosome 8 insertions (i) obtained by amplicon sequencing at the MYC
locus in HEK293T cells targeted by PE3 (MYC +2-4AAA del) expressing L1-ORFeus, L1-ENm, L1-RTm or GFP
control. The orientation of insertions is shown in orange when the fragment is oriented 5’ to 3’ (+) or blue
when 3’ to 5’ (-). Source data are provided as a Source Data file.
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Supplementary Figure 10. Safety evaluation of prime editing at the MYC (+5GtoC) or FANCF (+5GtoT)
site in HEK293T cells. a, Percentage of GFP-positive HEK293T cells at day 11 after L1-ORFeus transfection
and introducing PE2 (MYC +5GtoC), PE3 (MYC +5GtoC), PE3b (MYC +5GtoC) or nick only for PE3/PE3b (a,
top). Data are Mean±SD, n=3 independent experiments. Intron assay was performed to probe the L1-ORFeus
retrotransposition events by genomic DNA-PCR at day 11 (a, bottom). b, Percentage of GFP-positive
HEK293T cells at day 11 after L1-ORFeus transfection and introducing PE2 (FANCF +5GtoT), PE3 (FANCF
+5GtoT), PE3b (FANCF +5GtoT) or nick only for PE3/PE3b (b, top). Data are Mean±SD, n=3 independent
experiments. Intron assay was then performed (b, bottom). c,d, Precise prime editing efficiency of the
indicated prime editors at the MYC +5GtoC (c) or FANCF +5GtoT (d) site in HEK293T cells expressing L1-
ORFeus or L1-RTm. Data are Mean±SD, n=3 independent experiments. e,f, Numbers of insertions mapped to
LINE-1 (ORFeus), pCMV-PE2 plasmid, the human genome or pU6-pegRNA in HEK293T cells expressing L1-
ORFeus or L1-RTm. Amplicon sequencing was analyzed at the MYC locus targeted by PE2 (MYC +5GtoC), PE3
(MYC +5GtoC), PE3b (MYC +5GtoC) or nick only for PE3/PE3b (e) or at the FANCF locus targeted by PE2
(FANCF +5GtoT), PE3 (FANCF +5GtoT), PE3b (FANCF +5GtoT) or nick only for PE3/PE3b (f). Source data are
provided as a Source Data file.
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Supplementary Figure 11. Characterization of PE3 (MYC +5GtoC) and PE3 (FANCF +5GtoT) editing in
HEK293T cells. a,b, Pie charts show the relative abundance of four main types of insertions (i.e., L1-ORFeus,
pCMV-PE2 plasmid, pU6-pegRNA or genomic fragments) obtained by amplicon sequencing at the MYC locus
targeted by PE3 (MYC +5GtoC) (a) or at the FANCF locus targeted by PE3 (FANCF +5GtoT) (b) in HEK293T
cells expressing L1-ORFeus or L1-RTm. c-h, Numbers and fragment lengths of L1-ORFeus insertions (c,d),
pCMV-PE2 plasmid insertions (e,f) or pU6-pegRNA insertions (g,h) obtained by amplicon sequencing at the
MYC locus targeted by PE3 (MYC +5GtoC) (c,e,g) or PE3 (FANCF +5GtoT) (d,f,h) in HEK293T cells expressing
L1-ORFeus or L1-RTm. The orientation of insertions is shown in orange when the fragment is oriented 5’ to
3’ (+) or blue when 3’ to 5’ (-).
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Supplementary Figure 12. Characterization of de novo L1-ORFeus insertions in PE3 edited HEK293T
cells. a-c, Prime editing efficiency in sequences with four indicated types of insertions compared to the bulk
sequences. Amplicon sequencing was analyzed in HEK293T cells expressing L1-ORFeus at the MYC locus
targeted by PE3 (MYC +2-4AAA del) (a) or PE3 (MYC +5GtoC) (b), or at the FANCF locus targeted by PE3
(FANCF +5GtoT) (c). Data are Mean±SD, n=3 independent experiments. * p <0.05, ** p <0.005, *** p <0.0005.
d, Prime editing efficiency was independent of the L1-ORFeus insertion orientation. e-g, L1-ORFeus junction
analysis obtained by amplicon sequencing at the MYC locus targeted by PE3 (MYC +2-4AAA del) (e) or PE3
(MYC +5GtoC) (f), or at the FANCF locus targeted by PE3 (FANCF +5GtoT) (g) in HEK293T cells expressing
L1-ORFeus. The sequence alignment was centered on the pegRNA-mediated nick site. Other sources include
genomic fragments or plasmid insertions. Edited sequences: sequences containing the pegRNA-edited site;
non-edited sequences: sequences containing wild type MYC; sequences with deletion of the editing site:
sequences in which the editing site was deleted during L1-ORFeus insertion. h, Histogram plots of
microhomology lengths in junctions (pooled from e-g) joining L1-ORFeus to pegRNA-mediated nicking site
(on the edited strand) or sgRNA-mediated nicking site (on the non-edited strand) in HEK293T cells
expressing L1-ORFeus. i, Numbers of total L1-ORFeus insertions mapped to the human genome obtained by
PolyA-seq in cells targeted by PE3 (MYC +2-4AAA del), PE3 (MYC +5GtoC) or PE3b (MYC +5GtoC) expressing
L1-ORFeus or L1-RTm. Source data are provided as a Source Data file.
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Supplementary Figure 13. De novo L1-ORFeus insertions are rare in base editing in HEK293T cells.
a,b, Percentage of GFP-positive HEK293T cells at day 11 after L1-ORFeus transfection and introducing BE2,
BE3, BE4-Gam, AncBE4max or ABE8e editing at the MYC (a, top) or FANCF locus (b, top). Data are Mean±SD,
n=3 independent experiments. Intron assay was then performed (a,b, bottom). c, GFP-positive HEK293T
cells were analyzed after introducing ABE8e editing at the BCL11A enhancer or HBG1/2 promoter (-198bp/-
175bp target) sites (c, top), Intron assay was then performed (c, bottom). Data are Mean±SD, n=3
independent experiments. d,e, Base editing efficiency at the MYC (d) or FANCF locus (e) in HEK293T cells
expressing L1-ORFeus or L1-RTm. Data are Mean±SD, n=3 independent experiments. f, ABE8e editing
efficiency at the BCL11A enhancer or HBG1/2 promoter sites in HEK293T cells expressing L1-ORFeus or L1-
RTm. Data are Mean±SD, n=3 independent experiments. g,h, Numbers of insertions mapped to indicated
pCMV-BE plasmid or the human genome obtained by amplicon sequencing at the MYC (g) or FANCF (h) base
editing site in HEK293T cells targeted by BE2, BE3, BE4-Gam, AncBE4max or ABE8e expressing L1-ORFeus
or L1-RTm. i, Numbers of insertions mapped to pCMV-ABE8e plasmid or the human genome obtained by
amplicon sequencing at the BCL11A enhancer or HBG1/2 promoter editing sites in HEK293T cells targeted
by ABE8e expressing L1-ORFeus or L1-RTm. j, Numbers of total L1-ORFeus insertions obtained by PolyA-seq
in HEK293T cells targeted by AncBE4max or ABE8e at the MYC base editing site expressing L1-ORFeus or
L1-RTm. k, Numbers of total L1-ORFeus insertions obtained by PolyA-seq in HEK293T cells targeted by
ABE8e at the BCL11A enhancer or HBG1/2 promoter sites expressing L1-ORFeus or L1-RTm. l,m, GRO-seq,
ChIP-seq and ATAC-seq profiles are shown at the FANCF (l) or BCL11A enhancer (m) base editing site. n,
Detailed view of the distribution of L1-ORFeus insertions at the HBG1/2 promoter base editing sites obtained
by PolyA-seq in HEK293T cells targeted by ABE8e expressing L1-ORFeus or L1-RTm (n, top). GRO-seq, ChIP-
seq and ATAC-seq profiles are shown (n, bottom). Source data are provided as a Source Data file.
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Supplementary Figure 14. Endogenous L1 sequences found at CRISPR/Cas9 target sites in HEK293T
cells. a,b, Numbers of sequences mapped to the endogenous L1Hs sequences obtained by amplicon
sequencing at the MYC locus targeted by MYC CRISPR/Cas9 (a) or at the RAG1 locus targeted by RAG1
CRISPR/Cas9 (b) in HEK293T cells. Two example L1 sequences are shown in Supplementary Sequence 12.
c, Histogram showing numbers of L1Hs sequences found at MYC CRISPR/Cas9 target site (c, left) or RAG1
CRISPR/Cas9 target site (c, right).
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1.1 VJ51$V�LQ�OHQWL&5,635�Y��YHFWRU��IRU�FDQRQLFDO�&5,635�&DV��JHQRPH�HGLWLQJ� 
/RFXV 6SDFHU�VHTXHQFH��3$0� &KURPRVRPH��VWUDQG� 6WDUW (QG 
0<& *$&7*7&&$$$*****7*$$$** FKU����� ����������� ����������� 
5$*� *&&7&777&&&$&&&$&&77*** FKU������ ���������� ���������� 
&&5� &$*$$77*$7$&7*$&7*7$7** FKU����� ���������� ���������� 

1.2 VJ51$V�LQ�S8��VJ51$�YHFWRU��IRU�%DVH�(GLWRUV� 
/RFXV 6SDFHU�VHTXHQFH��3$0� &KURPRVRPH��VWUDQG� 6WDUW (QG 
0<& *$&7*7&&$$$*****7*$$$** FKU����� ����������� ����������� 
)$1&)�  **$$7&&&77&7*&$*&$&&7** FKU������ ���������� ���������� 

%&/��$�HQKDQFHU 777$7&$&$**&7&&$**$$*** FKU����� ���������� ���������� 
+%*����SURPRWHU������WDUJHW *7****$$****&&&&&$$*$** FKU������ ���������
 

���������� 
���������
 
���������� 

+%*����SURPRWHU������WDUJHW $7$777*&$77*$*$7$*7*7** FKU������ ���������
 
���������� 

���������
 
���������� 


+%*��SURPRWHU� � �+%*��SURPRWHU 

1.3 SHJ51$V�LQ�S8��SHJ51$�YHFWRU��IRU�3ULPH�(GLWRUV� 
SHJ51$ 6SDFHU�VHTXHQFH��3$0� �
�H[WHQVLRQ 3%6 

OHQJWK��QW� 
57�WHPSODWH�
OHQJWK��QW� 

0<&�����$$$�GHO *$&7*7&&$$$*****7*$$$** $7$$$***$*&$&&&&$&&&&&777**$& �� �� 
0<&���*WR& *$&7*7&&$$$*****7*$$$** $***$*&$&&*777&$&&&&&777**$& �� �� 
)$1&)���*WR7 **$$7&&&77&7*&$*&$&&7** **$$$$*&*$7&$$**7*&7*&$*$$***$77 �� �� 

0XWDWHG�EDVHV�DUH�OLVWHG�LQ�UHG 

1.4 1LFNLQJ�VJ51$V�LQ�S8��SHJ51$�YHFWRU��IRU�3ULPH�(GLWRUV� 
1LFNLQJ�VJ51$ 3XUSRVH 6SDFHU�VHTXHQFH��3$0� 
0<&���� )RU�3(���ERWK�0<&�����$$$�GHO�DQG�0<&���*WR&� *$*&7$7&&&&7$$$*&**&7** 
0<&��� )RU�3(�E��0<&���*WR&� *$*&$&&*777&$&&&&&777** 
)$1&)���� )RU�3(� ****7&&&$**7*&7*$&*7$** 
)$1&)��� )RU�3(�E *$$*&7&**$$$$*&*$7&$$** 

0XWDWHG�EDVHV�DUH�OLVWHG�LQ�UHG 

1.5 3ULPHUV�IRU�DPSOLI\LQJ�WDUJHW�ORFXV��IRU�VXUYH\RU�DVVD\�DQG�RU�VDQJHU�VHTXHQFLQJ� 
/RFXV )RUZDUG�SULPHU 5HYHUVH�SULPHU 3&5�SURGXFW�

OHQJWK��ES� 
$QQHDOLQJ�
WHPSHUDWXUH��Ȼ� 

0<& $&777*7*&&77**$7777** *&$*&$*&7&*$$777&77&&$ ��� ���  
5$*� *7$$&&$7$$$&$&7*7&$*$$*$** $**$&7*&7**$*$77*&7& ��� �� 
&&5� **&7&7$7777$7$**&77&77&7&7 7**7&&$$&&7*77$*$*&7$&7* ��� �� 
)$1&) *7$**$7*&&&7$&$7&7*&7 *77&*&7$$7&&&**$$&7** ��� �� 
%&/��$�HQKDQFHU &7$7*&&&&$**7*7*&$7$$* &&$7&$&&$$*$*$*&&77&&*$ ��� �� 
+%*����SURPRWHU 7*$7$$&&7&$*$&*77&&$* &7*$&$$$$*$$*7&&7**7$7& ���
������� �� 


+%*��SURPRWHU� � �+%*��SURPRWHU 
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6XSSOHPHQWDU\�7DEOH����6HTXHQFHV�RI�&5,635�RII�WDUJHWV��27�� 
 

&5,635�
WDUJHW 

&5,635�  
RII�WDUJHWV 

$VVRFLDWHG�
*HQH 

6SDFHU�VHTXHQFH��3$0� 
 

0LVPDWFK
�*DS 

&KURPRVRP
H��VWUDQG� 

6WDUW (QG 

 
0<& 
 

2Q�WDUJHW 0<& *$&7*7&&$$$*****7*$$$** � FKU����� ����������� ����������� 
0<&�27�  *$$&7*7&&$$$*****7*$�$** � FKU;���� ����������� ����������� 
0<&�27� 0<2��$ &&&7*&&&$$******7*$$&** � FKU������ ���������� ���������� 

        
 
5$*� 

2Q�WDUJHW 5$*� *&&7&777&&&$&&&$&&77*** � FKU������ ���������� ���������� 
5$*��27� '$=$3� $&&&&77&&&&$&&7$&&77*** � FKU������ ��������� ��������� 
5$*��27�  7&&7&&7&&&&$&&&$&&77&$* � FKU������ ���������� ���������� 
5$*��27� 6,1�$ 7&&7&7&7&&&$&&&$&&7&&** � FKU������ ���������� ���������� 

0LVPDWFKHV�*DSV�DUH�OLVWHG�LQ�UHG 
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6XSSOHPHQWDU\�7DEOH����3ULPHUV�IRU�57�3&5�DQG�,QWURQ�DVVD\� 

 

3XUSRVH /RFXV )RUZDUG�SULPHU 5HYHUVH�SULPHU 3&5�SURGXFW�
OHQJWK��ES� 

$QQHDOLQJ�
WHPSHUDWXUH��Ȼ� 

 
57�3&5 

25)� *$*$$&*$&77&*$&*$*&7* $&77&7&**7*77**7*$7* ��� �� 

25)� &$$*$*&7*&7*&7$&$$**$& &$**7*&&&$&*$$*&7*$7* ��� �� 
+357 &7**&*7&*7*$77$*7*$7* *$*&$&$&$*$***&7$&$$7* ��� �� 

 

 

 

 

 

 

 

3XUSRVH /RFXV )RUZDUG�SULPHU 5HYHUVH�SULPHU 3&5�SURGXFW�
OHQJWK��ES� 

$QQHDOLQJ�
WHPSHUDWXUH��Ȼ� 

,QWURQ�DVVD\ *)3 $&*$$&7&&$*&$**$&&$7* *&$7&*$&77&$$**$**$&* ����
������� �� 


ZLWK�LQWURQ� � �ZLWKRXW�LQWURQ 
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6XSSOHPHQWDU\�7DEOH����3ULPHUV�IRU�DPSOLFRQ�VHTXHQFLQJ� 

����)RUZDUG�SULPHUV�IRU�DPSOLFRQ�VHTXHQFLQJ�IRU�0<&�ORFXV 
3ULPHU�QDPH VHTXHQFH 
0<&�)�0L� AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTGCTGGTTCACTAAGTGCGT 
MYC-F Mi1 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTTAAGTAGAGGCTGGTTCACTAAGTGCGT 
MYC-F Mi2 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTCAGCTGGTTCACTAAGTGCGT 
MYC-F Mi3 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTATACACGATCGCTGGTTCACTAAGTGCGT 
MYC-F Mi4 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTTGCTGCTGGTTCACTAAGTGCGT 
MYC-F Mi5 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTGATCGCGCGGTGCTGGTTCACTAAGTGCGT 
MYC-F Mi6 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTAGATACGCTGGTTCACTAAGTGCGT 
MYC-F Mi7 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTCGATCATGATCGGCTGGTTCACTAAGTGCGT 
MYC-F Mi8 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTTTGACTTGGCTGGTTCACTAAGTGCGT 
MYC-F Mi9 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTTCGATCGTTACCAGCTGGTTCACTAAGTGCGT 
MYC-F Mi10 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTTAACAATGGGCTGGTTCACTAAGTGCGT 
MYC-F Mi11 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTATACTGTATCGCTGGTTCACTAAGTGCGT 
MYC-F Mi12 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTACGTCCTGGCTGGTTCACTAAGTGCGT 
MYC-F Mi13 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTGTCCGAGGCATGCTGGTTCACTAAGTGCGT 
MYC-F Mi14 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTCCGTCGCCTGCTGGTTCACTAAGTGCGT 
MYC-F Mi15 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTGTCAGTACGCGCTGGTTCACTAAGTGCGT 

� ,OOXPLQD�0LVHT�DGDSWRU��)RUZDUG�VHTXHQFH��%DUFRGH�0<&�) 

 

5HYHUVH�SULPHUV�IRU�DPSOLFRQ�VHTXHQFLQJ�IRU�0<&�ORFXV 
3ULPHU�QDPH VHTXHQFH 
0<&�5�0L� CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCTCTCTCCCCTTGCAGAGCTATCC 
0<&�5�0L� CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCTGAGCTCTCCCCTTGCAGAGCTATCC 
0<&�5�0L� CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCTTGAGAGCTCTCCCCTTGCAGAGCTATCC 
0<&�5�0L� CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCTACGTGAACTCTCCCCTTGCAGAGCTATCC 
0<&�5�0� CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCTGCTACTCTCCCCTTGCAGAGCTATCC 

,OOXPLQD�0LVHT�DGDSWRU��5HYHUVH�VHTXHQFH��%DUFRGH�0<&�5 

����)RUZDUG�SULPHUV�IRU�DPSOLFRQ�VHTXHQFLQJ�IRU�5$*��ORFXV 
3ULPHU�QDPH VHTXHQFH 
RAG1-F Mi0 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTTAAGATACATCAGTGGGATATTG 
RAG1-F Mi1 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTACGCGCTGCGTAAGATACATCAGTGGGATATTG 
RAG1-F Mi2 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTCGTATGCTTAAGATACATCAGTGGGATATTG 
RAG1-F Mi3 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTGTCTAAGATACATCAGTGGGATATTG 
RAG1-F Mi4 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTTGATTAAGATACATCAGTGGGATATTG 
RAG1-F Mi5 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTATCACTGCGTAAGATACATCAGTGGGATATTG 

,OOXPLQD�0LVHT�DGDSWRU��)RUZDUG�VHTXHQFH��%DUFRGH�5$*��) 

5HYHUVH�SULPHUV�IRU�DPSOLFRQ�VHTXHQFLQJ�IRU�5$*��ORFXV 
3ULPHU�QDPH VHTXHQFH 
5$*��5�0L� CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCTAGGATCTCACCCGGAACAGC 
5$*��5�0L� CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCTTCAGAGGATCTCACCCGGAACAGC 
5$*��5�0L� CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCTGATCGACAGGATCTCACCCGGAACAGC 

,OOXPLQD�0LVHT�DGDSWRU��5HYHUVH�VHTXHQFH��%DUFRGH�5$*��5 

����)RUZDUG�SULPHUV�IRU�DPSOLFRQ�VHTXHQFLQJ�IRU�&&5��ORFXV 
3ULPHU�QDPH VHTXHQFH 
CCR5-F Mi0 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTCCAGGAATCATCTTTACCAGATCT 
CCR5-F Mi1 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCT$7*$7*7$&&$**$$7&$7&777$&&$*$7&7 
CCR5-F Mi2 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTTGCTATCCAGGAATCATCTTTACCAGATCT 
CCR5-F Mi3 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTGATCCAGGAATCATCTTTACCAGATCT 

,OOXPLQD�0LVHT�DGDSWRU��)RUZDUG�VHTXHQFH��%DUFRGH�&&5��)�  

5HYHUVH�SULPHUV�IRU�DPSOLFRQ�VHTXHQFLQJ�IRU�&&5��ORFXV 
3ULPHU�QDPH VHTXHQFH 
&&5��5�0L� CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCTCAGGACCAGCCCCAAGATGACTA 
&&5��5�0L� CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCTTGCTCAGGACCAGCCCCAAGATGACTA 

,OOXPLQD�0LVHT�DGDSWRU��5HYHUVH�VHTXHQFH��%DUFRGH�&&5��5 
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����)RUZDUG�SULPHUV�IRU�DPSOLFRQ�VHTXHQFLQJ�IRU�0<&�RII�WDUJHWV�����0<&�27���ORFXV 
3ULPHU�QDPH VHTXHQFH 
MYC OT1-F Mi0 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTCCTTACTTGAAGCCAGAGGTC 
MYC OT1-F Mi1 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCT*7$*&7&&77$&77*$$*&&$*$**7& 
MYC OT1-F Mi2 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTTAGCTAGACCCTTACTTGAAGCCAGAGGTC 
MYC OT1-F Mi3 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTAGCAGCCTTACTTGAAGCCAGAGGTC 

,OOXPLQD�0LVHT�DGDSWRU��)RUZDUG�VHTXHQFH��%DUFRGH�0<&�27��)�  

5HYHUVH�SULPHUV�IRU�DPSOLFRQ�VHTXHQFLQJ�IRU�0<&�RII�WDUJHWV�����0<&�27���ORFXV 
3ULPHU�QDPH VHTXHQFH 
MYC OT1-R�0L� CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCTCACAGGACCGTGCCTCCTAGC 
MYC OT1-R�0L� CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCTTGACATGCACAGGACCGTGCCTCCTAGC 
MYC OT1-R�0L� CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCTGCTGCACAGGACCGTGCCTCCTAGC 

,OOXPLQD�0LVHT�DGDSWRU��5HYHUVH�VHTXHQFH��%DUFRGH�0<&�27��5 

����)RUZDUG�SULPHUV�IRU�DPSOLFRQ�VHTXHQFLQJ�IRU�)$1&)�ORFXV 
3ULPHU�QDPH VHTXHQFH 
FANCF-F Mi0 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTAGAGTCGCCGTCTCCAAGGTG 
FANCF-F Mi1 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCT$&*7&$&77$*$*7&*&&*7&7&&$$**7* 
FANCF-F Mi2 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTCTCACTAAGAGTCGCCGTCTCCAAGGTG 
FANCF-F Mi3 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTGCAGAGTCGCCGTCTCCAAGGTG 
FANCF-F Mi4 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTTGTCAAGAGTCGCCGTCTCCAAGGTG 
FANCF-F Mi5 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTCACAGCAGAGTCGCCGTCTCCAAGGTG 

,OOXPLQD�0LVHT�DGDSWRU��)RUZDUG�VHTXHQFH��%DUFRGH�)$1&)�)�  

5HYHUVH�SULPHUV�IRU�DPSOLFRQ�VHTXHQFLQJ�IRU�)$1&)�ORFXV 
3ULPHU�QDPH VHTXHQFH 
FANCF-R�0L� CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCTGATGGATGTGGCGCAGGTAG 
FANCF-R�0L� CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCT$&*&$&*&&*$7**$7*7**&*&$**7$* 
FANCF-R�0L� CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCTCGCATGCAGATGGATGTGGCGCAGGTAG 
FANCF-R�0L� CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCTGTCGATGGATGTGGCGCAGGTAG 
FANCF-R�0L� CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCTTGATGATGGATGTGGCGCAGGTAG 
FANCF-R�0L� CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCTCATACGATGGATGTGGCGCAGGTAG 

,OOXPLQD�0LVHT�DGDSWRU��5HYHUVH�VHTXHQFH��%DUFRGH�)$1&)�5� � � �  

����)RUZDUG�SULPHUV�IRU�DPSOLFRQ�VHTXHQFLQJ�IRU�%&/��$�HQKDQFHU�ORFXV�  
3ULPHU�QDPH VHTXHQFH 
BCL11A-F Mi0 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTTCTTAGACATAACACACCAGG 
BCL11A-F Mi1 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTCAGCTCTTAGACATAACACACCAGG 

,OOXPLQD�0LVHT�DGDSWRU��)RUZDUG�VHTXHQFH��%DUFRGH�%&/��$�)�  

5HYHUVH�SULPHUV�IRU�DPSOLFRQ�VHTXHQFLQJ�IRU�%&/��$�HQKDQFHU�ORFXV 
3ULPHU�QDPH VHTXHQFH 
BCL11A-R�0L� CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCTAGAGGTCTGCCAGTCCTCTTC 
BCL11A-R�0L� CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCTTACTCAGAGGTCTGCCAGTCCTCTTC 
BCL11A-R�0L� CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCTCTGCAGAGGTCTGCCAGTCCTCTTC 

,OOXPLQD�0LVHT�DGDSWRU��5HYHUVH�VHTXHQFH��%DUFRGH�%&/��$�5� � � �  

����)RUZDUG�SULPHUV�IRU�DPSOLFRQ�VHTXHQFLQJ�IRU�+%*����SURPRWHU�ORFXV 
3ULPHU�QDPH VHTXHQFH 
HBG1/2-F Mi0 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTTGCCTTGTCAAGGCTATTGGTC 
HBG1/2-F Mi1 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTATGACGTGCCTTGTCAAGGCTATTGGTC 

,OOXPLQD�0LVHT�DGDSWRU��)RUZDUG�VHTXHQFH��%DUFRGH�+%*����)�  

5HYHUVH�SULPHUV�IRU�DPSOLFRQ�VHTXHQFLQJ�IRU�+%*����SURPRWHU�ORFXV�  
3ULPHU�QDPH VHTXHQFH 
HBG1/2-R�0L� CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCTTGGAATGACTGAATCGGAAC 
HBG1/2-R�0L� CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCTACTGTCTGGAATGACTGAATCGGAAC 
HBG1/2-R�0L� CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCTGACTGGAATGACTGAATCGGAAC 

,OOXPLQD�0LVHT�DGDSWRU��5HYHUVH�VHTXHQFH��%DUFRGH�+%*����5� � �  
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6XSSOHPHQWDU\�7DEOH����3ULPHUV�IRU 3RO\$�VHT��  

����3RO\$�VHT�SULPHUV�  
3ULPHU�QDPH 6HTXHQFHV 
%LRWLQ�/($3 ��ELRVJ�*77&*$$$7&*$7$$*&77**$7&&� � � � ��VW�URXQG�SULPHU�IRU�3RO\$�VHT� 
69���SRO\$�) *&$$7$$$&$$*77$$&$$&$$$$$$$$$� � � � � � ��QG�URXQG�SULPHU�IRU�3RO\$�VHT� 
SV40-polyA-F Mi0 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTGCAATAAACAAGTTAACAACAAAAAAAAA 

SV40-polyA-F Mi1 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTATGCAATAAACAAGTTAACAACAAAAAAAAA 

SV40-polyA-F Mi2 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTTGCGCAATAAACAAGTTAACAACAAAAAAAAA 

SV40-polyA-F Mi3 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTCAGTGCAATAAACAAGTTAACAACAAAAAAAAA 

SV40-polyA-F Mi4 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTACTACGCAATAAACAAGTTAACAACAAAAAAAAA 

,OOXPLQD�0LVHT�DGDSWRU��)RUZDUG�VHTXHQFH��%DUFRGH�69���SRO\$�)�  

 

����/LQNHU�VHTXHQFH�  
1DPH 6HTXHQFH 3XUSRVH 
+DH,,,�XSSHU�OLQNHU *7$$7$&*$&7&$&7$7$***&$&*&*7**7&*$&**&&&***&7**77$7 7KH�XSSHU�VWUDQG�RI�OLJDWHG�OLQNHU 
+DH,,,�ORZHU�OLQNHU 7$$&&$*&&&���¶3���¶LQYHUWHG�G7� 7KH�ORZHU�VWUDQG�RI�OLJDWHG�OLQNHU 
$3� *7$$7$&*$&7&$&7$7$***& �VW�URXQG�OLQNHU�SULPHU 
$3� $&7$7$***&$&*&*7**7& �QG�URXQG�OLQNHU�SULPHU 

 

����5HYHUVH�EDUFRGLQJ�SULPHUV�IRU�,OOXPLQD�0LVHT�VHTXHQFLQJ 
3ULPHU�QDPH 6HTXHQFH 
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$3��3(��0L� &$$*&$*$$*$&**&$7$&*$*$7&**7&7&**&$77&&7*&7*$$&&*&7&77&&*$7&77*&7*$&7$7$***&$&*&*7**7 
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Supplementary Sequences 
 

 

 

6XSSOHPHQWDU\�6HTXHQFH����'1$�VHTXHQFHV�RI�S&(3��*)3�FRQWURO��S&(3��/��25)HXV��S&(3��/��
25)HXV�(1P��+���$���/��(1P���DQG�S&(3��/��25)HXV�57P��'���<���/��57P��SODVPLGV�XVHG�LQ�

WKLV�VWXG\� 

 

6XSSOHPHQWDU\�6HTXHQFH����'1$�VHTXHQFHV�RI�HQGRJHQRXV�KXPDQ�/���/�+V�DQG�/�53��  

 

6XSSOHPHQWDU\�6HTXHQFH����'1$�VHTXHQFHV�RI�S8��SHJ51$V��OHQWL&5,635�Y��SODVPLG��S&09�3(��

SODVPLG��S&09�%(V��%(��%(��%(��*DP�$QF%(�PD[�$%(�H��SODVPLGV�XVHG�IRU�LQVHUWLRQ�VRXUFHV�

DQDO\VLV� 

 
6XSSOHPHQWDU\�6HTXHQFH����([DPSOH�/��25)HXV�LQVHUWLRQDO�VHTXHQFHV�REWDLQHG�E\�DPSOLFRQ�

VHTXHQFLQJ�DW�WKH�3(���0<&�����$$$�GHO��HGLWLQJ�VLWH�LQ�+(.���7�FHOOV�H[SUHVVLQJ�/��25)HXV��  

 
6XSSOHPHQWDU\�6HTXHQFH����/��25)HXV� LQVHUWLRQV�EULGJLQJ� WKH� LQWURQ�RI�*)3�REWDLQHG�E\�DPSOLFRQ�
VHTXHQFLQJ�DW�WKH�3(���0<&�����$$$�GHO��HGLWLQJ�VLWH�LQ�+(.���7�FHOOV�H[SUHVVLQJ�/��25)HXV� 
 
 
6XSSOHPHQWDU\�6HTXHQFH����/��25)HXV� LQVHUWLRQV�EULGJLQJ� WKH� LQWURQ�RI�*)3�REWDLQHG�E\�DPSOLFRQ�
VHTXHQFLQJ�DW�WKH�0<&�&5,635�&DV��WDUJHW�VLWH�LQ�+(.���7�FHOOV�H[SUHVVLQJ�/��25)HXV� 
 
6XSSOHPHQWDU\�6HTXHQFH����/��25)HXV� LQVHUWLRQV�EULGJLQJ� WKH� LQWURQ�RI�*)3�REWDLQHG�E\�DPSOLFRQ�
VHTXHQFLQJ�DW�WKH�5$*��&5,635�&DV��WDUJHW�VLWH�LQ�+(.���7�FHOOV�H[SUHVVLQJ�/��25)HXV� 
 
6XSSOHPHQWDU\� 6HTXHQFH� ��� /��25)HXV� LQVHUWLRQ� EULGJLQJ� WKH� LQWURQ� RI�*)3� REWDLQHG� E\� DPSOLFRQ�
VHTXHQFLQJ�DW�WKH�&&5��&5,635�&DV��WDUJHW�VLWH�LQ�+(.���7�FHOOV�H[SUHVVLQJ�/��25)HXV� 
 
 
6XSSOHPHQWDU\�6HTXHQFH����/��25)HXV� LQVHUWLRQV�EULGJLQJ� WKH� LQWURQ�RI�*)3�REWDLQHG�E\�DPSOLFRQ�
VHTXHQFLQJ�DW�WKH�0<&�&5,635�&DV��WDUJHW�VLWH�LQ�+H/D�FHOOV�H[SUHVVLQJ�/��25)HXV� 
 
6XSSOHPHQWDU\�6HTXHQFH�����/��25)HXV�LQVHUWLRQDO�VHTXHQFH�REWDLQHG�E\�DPSOLFRQ�VHTXHQFLQJ�DW�

WKH�&&5��&5,635�&DV��WDUJHW�VLWH�LQ�+(.���7�FHOOV�H[SUHVVLQJ�/��57P��  

 

6XSSOHPHQWDU\�6HTXHQFH�����([DPSOH�VHTXHQFHV�RI�3RO\$�VHT�IURP�0<&�&5,635�HGLWLQJ�LQ�

+(.���7�FHOOV�H[SUHVVLQJ�/��25)HXV� 

 

6XSSOHPHQWDU\�6HTXHQFH�����([DPSOH�/�+V�VHTXHQFHV�REWDLQHG�E\�DPSOLFRQ�VHTXHQFLQJ�DW�WKH�

0<&�5$*��&5,635�&DV��WDUJHW�VLWH�LQ�+(.���7�FHOOV� 

 

6XSSOHPHQWDU\�6HTXHQFH�����'1$�VHTXHQFHV�RI�S&(3��/�53��S&(3��/�53�(1P��+���$���/�53�

(1P���DQG�S&(3��/�53�57P��'���<���/�53�57P��SODVPLGV�XVHG�LQ�WKLV�VWXG\� 
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6XSSOHPHQWDU\�6HTXHQFH����'1$�VHTXHQFHV�RI�S&(3��*)3�FRQWURO��S&(3��/��25)HXV��S&(3��/��
25)HXV�(1P��+���$���/��(1P���DQG�S&(3��/��25)HXV�57P��'���<���/��57P��SODVPLGV�XVHG�LQ�

WKLV�VWXG\� 

����S&(3��*)3�FRQWURO�YHFWRU���������ES��  

 
)HDWXUHV 5HJLRQV��ES� 
&09�SURPRWHU ������ 
(*)3 �������� 
69���SRO\�$��VLJQDO ��������� 
(%9�RUL3 ��������� 
(%1$� ��������� 
$PS5 ��������� 
S8&�RULJLQ ��������� 
3XUR5 ��������� 

 
*77*$&$77*$77$77*$&7$*77$77$$7$*7$$7&$$77$&****7&$77$*77&$7$*&&&$7$7$7**$*77&&*&*77$&$7$$&77$&**7
$$$7**&&&*&&7**&7*$&&*&&&$$&*$&&&&&*&&&$77*$&*7&$$7$$7*$&*7$7*77&&&$7$*7$$&*&&$$7$***$&777&&
$77*$&*7&$$7***7**$*7$777$&**7$$$&7*&&&$&77**&$*7$&$7&$$*7*7$7&$7$7*&&$$*7&&*&&&&&7$77*$&*7&$$
7*$&**7$$$7**&&&*&&7**&$77$7*&&&$*7$&$7*$&&77$&***$&777&&7$&77**&$*7$&$7&7$&*7$77$*7&$7&*&7$77
$&&$7**7*$7*&**7777**&$*7$&$&&$$7***&*7**$7$*&**777*$&7&$&****$777&&$$*7&7&&$&&&&$77*$&*7&$$
7***$*777*7777**&$&&$$$$7&$$&***$&777&&$$$$7*7&*7$$7$$&&&&*&&&&*77*$&*&$$$7***&**7$**&*7*7$&
**7***$**7&7$7$7$$*&$*$*&7&*777$*7*$$&&*7&$*$7&7&7$*$$*&7***7$&&$*&7*&7$*&*&7$&&**7&*&&$&&$7
**7*$*&$$***&*$**$*&7*77&$&&****7**7*&&&$7&&7**7&*$*&7**$&**&*$&*7$$$&**&&$&$$*77&$*&*7*
7&&**&*$***&*$***&*$7*&&$&&7$&**&$$*&7*$&&&7*$$*77&$7&7*&$&&$&&**&$$*&7*&&&*7*&&&7**&&&$
&&&7&*7*$&&$&&&7*$&&7$&**&*7*&$*7*&77&$*&&*&7$&&&&*$&&$&$7*$$*&$*&$&*$&77&77&$$*7&&*&&$7*
&&&*$$**&7$&*7&&$**$*&*&$&&$7&77&77&$$**$&*$&**&$$&7$&$$*$&&&*&*&&*$**7*$$*77&*$***&*$&$
&&&7**7*$$&&*&$7&*$*&7*$$***&$7&*$&77&$$**$**$&**&$$&$7&&7****&$&$$*&7**$*7$&$$&7$&$$&$*
&&$&$$&*7&7$7$7&$7**&&*$&$$*&$*$$*$$&**&$7&$$**7*$$&77&$$*$7&&*&&$&$$&$7&*$**$&**&$*&*7*&
$*&7&*&&*$&&$&7$&&$*&$*$$&$&&&&&$7&**&*$&**&&&&*7*&7*&7*&&&*$&$$&&$&7$&&7*$*&$&&&$*7&&*&
&&7*$*&$$$*$&&&&$$&*$*$$*&*&*$7&$&$7**7&&7*&7**$*77&*7*$&&*&&*&&***$7&$&7&7&**&$7**$&*$*
&7*7$&$$*7&&**$&7&$*$7&7&*$*&7&$$*&77&*$$7$*&**&&*&7$$**$7&&$*$&$7*$7$$*$7$&$77*$7*$*777**$&$
$$&&$&$$&7$*$$7*&$*7*$$$$$$$7*&777$777*7*$$$777*7*$7*&7$77*&777$777*7$$&&$77$7$$*&7*&$$7$$$&$$*77
$$&$$&$$&$$77*&$77&$7777$7*777&$**77&$*****$**7*7***$**777777$$$*&$$*7$$$$&&7&7$&$$$7*7**7$7**
&7*$77$7*$7&&**&7*&&7&*&*&*777&**7*$7*$&**7*$$$$&&7&7*$&$&$7*&$*&7&&&**$*$&**7&$&$*&77*7&7*
7$$*&**$7*&&***$*&$*$&$$*&&&*7&$***&*&*7&$*&***7*77**&***7*7&****&*&$*&&$7*$**7&*$7&*$&7&
7$*$**$7&*$7&&&&*&&&&**$&*$$&7$$$&&7*$&7$&*$&$7&7&7*&&&&77&77&*&****&$*7*&$7*7$$7&&&77&$*77*
*77**7$&$$&77*&&$$&7***&&&7*77&&$&$7*7*$&$&********$&&$$$&$&$$$****77&7&7*$&7*7$*77*$&$7&&7
7$7$$$7**$7*7*&$&$777*&&$$&$&7*$*7**&777&$7&&7**$*&$*$&777*&$*7&7*7**$&7*&$$&$&$$&$77*&&777$7*
7*7$$&7&77**&7*$$*&7&77$&$&&$$7*&7*****$&$7*7$&&7&&&$****&&&$**$$*$&7$&***$**&7$&$&&$$&*7&$
$7&$*$****&&7*7*7$*&7$&&*$7$$*&**$&&&7&$$*$***&$77$*&$$7$*7*777$7$$**&&&&&77*77$$&&&7$$$&***7
$*&$7$7*&77&&&***7$*7$*7$7$7$&7$7&&$*$&7$$&&&7$$77&$$7$*&$7$7*77$&&&$$&***$$*&$7$7*&7$7&*$$77$**
*77$*7$$$$***7&&7$$**$$&$*&*$7$7&7&&&$&&&&$7*$*&7*7&$&**7777$777$&$7****7&$**$77&&$&*$***7$*7
*$$&&$7777$*7&$&$$***&$*7**&7*$$*$7&$$**$*&***&$*7*$$&7&7&&7*$$7&77&*&&7*&77&77&$77&7&&77&*7
77$*&7$$7$*$$7$$&7*&7*$*77*7*$$&$*7$$**7*7$7*7*$**7*&7&*$$$$&$$**777&$**7*$&*&&&&&$*$$7$$$$777
**$&******77&$*7**7**&$77*7*&7$7*$&$&&$$7$7$$&&&7&$&$$$&&&&77***&$$7$$$7$&7$*7*7$**$$7*$$$&$7
7&7*$$7$7&777$$&$$7$*$$$7&&$7****7****$&$$*&&*7$$$*$&7**$7*7&&$7&7&$&$&*$$777$7**&7$7***&$$&$&
$7$$7&&7$*7*&$$7$7*$7$&7****77$77$$*$7*7*7&&&$**&$***$&&$$*$&$**7*$$&&$7*77*77$&$&7&7$777*7$$&$
$****$$$*$*$*7**$&*&&*$&$*&$*&**$&7&&$&7**77*7&7&7$$&$&&&&&*$$$$77$$$&****&7&&$&*&&$$7****
&&&$7$$$&$$$*$&$$*7**&&$&7&77777777*$$$77*7**$*7*****&$&*&*7&$*&&&&&$&$&*&&*&&&7*&**7777**$
&7*7$$$$7$$***7*7$$7$$&77**&7*$77*7$$&&&&*&7$$&&$&7*&**7&$$$&&$&77*&&&$&$$$$&&$&7$$7**&$&&&&*
***$$7$&&7*&$7$$*7$**7***&***&&$$*$7$****&*&*$77*&7*&*$7&7**$**$&$$$77$&$&$&$&77*&*&&7*$*&*
&&$$*&$&$***77*77**7&&7&$7$77&$&*$**7&*&7*$*$*&$&**7***&7$$7*77*&&$7***7$*&$7$7$&7$&&&$$$7$7&
7**$7$*&$7$7*&7$7&&7$$7&7$7$7&7***7$*&$7$**&7$7&&7$$7&7$7$7&7***7$*&$7$7*&7$7&&7$$7&7$7$7&7***7$*7
$7$7*&7$7&&7$$777$7$7&7***7$*&$7$**&7$7&&7$$7&7$7$7&7***7$*&$7$7*&7$7&&7$$7&7$7$7&7***7$*7$7$7*&7$7
&&7$$7&7*7$7&&***7$*&$7$7*&7$7&&7$$7$*$*$77$***7$*7$7$7*&7$7&&7$$777$7$7&7***7$*&$7$7$&7$&&&$$$7$7
&7**$7$*&$7$7*&7$7&&7$$7&7$7$7&7***7$*&$7$7*&7$7&&7$$7&7$7$7&7***7$*&$7$**&7$7&&7$$7&7$7$7&7***7$*
&$7$7*&7$7&&7$$7&7$7$7&7***7$*7$7$7*&7$7&&7$$777$7$7&7***7$*&$7$**&7$7&&7$$7&7$7$7&7***7$*&$7$7*&7$
7&&7$$7&7$7$7&7***7$*7$7$7*&7$7&&7$$7&7*7$7&&***7$*&$7$7*&7$7&&7&$7*&$7$7$&$*7&$*&$7$7*$7$&&&$*7$
*7$*$*7***$*7*&7$7&&777*&$7$7*&&*&&$&&7&&&$$*****&*7*$$7777&*&7*&77*7&&7777&&7*&7**77*&7&&&$
77&77$**7*$$777$$**$**&&$**&7$$$*&&*7&*&$7*7&7*$77*&7&$&&$**7$$$7*7&*&7$$7*7777&&$$&*&*$*$$**
7*77*$*&*&**$*&7*$*7*$&*7*$&$$&$7***7$7*&&&$$77*&&&&$7*77***$**$&*$$$$7**7*$&$$*$&$*$7**&&$
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*$$$7$&$&&$$&$*&$&*&$7*$7*7&7$&7****$777$77&777$*7*&*****$$7$&$&**&7777$$7$&*$77*$***&*7&7&&7$
$&$$*77$&$7&$&7&&7*&&&77&&7&$&&&7&$7&7&&$7&$&&7&&77&$7&7&&*7&$7&7&&*7&$7&$&&&7&&*&**&$*&&&&77
&&$&&$7$**7**$$$&&$***$**&$$$7&7$&7&&$7&*7&$$$*&7*&$&$&$*7&$&&&7*$7$77*&$**7$**$*&***&777*7&
$7$$&$$**7&&77$$7&*&$7&&77&$$$$&&7&$*&$$$7$7$7*$*777*7$$$$$*$&&$7*$$$7$$&$*$&$$7**$&7&&&77$*&**
*&&$**77*7***&&***7&&$****&&$77&&$$$****$*$&*$&7&$$7**7*7$$*$&*$&$77*7**$$7$*&$$***&$*77&&
7&*&&77$**77*7$$$***$**7&77$&7$&&7&&$7$7$&*$$&$&$&&**&*$&&&$$*77&&77&*7&**7$*7&&777&7$&*7*$&7
&&7$*&&$**$*$*&7&77$$$&&77&7*&$$7*77&7&$$$777&***77**$$&&7&&77*$&&$&*$7*&777&&$$$&&$&&&7&&777
777*&*&&7*&&7&&$7&$&&&7*$&&&&****7&&$*7*&77***&&77&7&&7***7&$7&7*&****&&&7*&7&7$7&*&7&&&**
***&$&*7&$**&7&$&&$7&7***&&$&&77&77**7**7$77&$$$$7$$7&**&77&&&&7$&$***7**$$$$$7**&&77&7$&&7*
*$*****&&7*&*&**7**$*$&&&**$7*$7*$7*$&7*$&7$&7***$&7&&7***&&7&7777&7&&$&*7&&$&*$&&7&7&&&&&
7**&7&777&$&*$&77&&&&&&&7**&7&777&$&*7&&7&7$&&&&**&**&&7&&$&7$&&7&&7&*$&&&&**&&7&&$&7$&&7&&7
&*$&&&&**&&7&&$&7*&&7&&7&*$&&&&**&&7&&$&&7&&7*&7&&7*&&&&7&&7*&7&&7*&&&&7&&7&&7*&7&&7*&&&&7
&&7*&&&&7&&7*&7&&7*&&&&7&&7*&&&&7&&7*&7&&7*&&&&7&&7*&&&&7&&7*&7&&7*&&&&7&&7*&&&&7&&7&&7*&7&
&7*&&&&7&&7*&&&&7&&7&&7*&7&&7*&&&&7&&7*&&&&7&&7*&7&&7*&&&&7&&7*&&&&7&&7*&7&&7*&&&&7&&7*&&&&
7&&7*&7&&7*&&&&7&&7*&7&&7*&&&&7&&7*&7&&7*&&&&7&&7*&7&&7*&&&&7&&7*&&&&7&&7*&&&&7&&7&&7*&7&&7
*&&&&7&&7*&7&&7*&&&&7&&7*&&&&7&&7*&&&&7&&7*&7&&7*&&&&7&&7&&7*&7&&7*&&&&7&&7*&&&&7&&7*&&&&7&
&7&&7*&7&&7*&&&&7&&7*&&&&7&&7&&7*&7&&7*&&&&7&&7&&7*&7&&7*&&&&7&&7*&&&&7&&7*&&&&7&&7&&7*&7&&
7*&&&&7&&7*&&&&7&&7&&7*&7&&7*&&&&7&&7&&7*&7&&7*&&&&7&&7*&&&&7&&7*&&&&7&&7&&7*&7&&7*&&&&7&&7
&&7*&7&&7*&&&&7&&7*&&&&7&&7*&&&&7&&7*&&&&7&&7&&7*&7&&7*&&&&7&&7&&7*&7&&7*&&&&7&&7*&7&&7*&&&
&7&&&*&7&&7*&7&&7*&7&&7*77&&$&&*7***7&&&777*&$*&&$$7*&$$&77**$&*77777****7&7&&**$&$&&$7&7&7$
7*7&77**&&&7*$7&&7*$*&&*&&&****&7&&7**7&77&&*&&7&&7&*7&&7&*7&&7&77&&&&*7&&7&*7&&$7**77$7&$&
&&&&7&77&777*$**7&&$&7*&&*&&**$*&&77&7**7&&$*$7*7*7&7&&&77&7&7&&7$**&&$777&&$**7&&7*7$&&7**&
&&&7&*7&$*$&$7*$77&$&$&7$$$$*$*$7&$$7$*$&$7&777$77$*$&*$&*&7&$*7*$$7$&$***$*7*&$*$&7&&7*&&&&&
7&&$$&$*&&&&&&&$&&&7&$7&&&&77&$7**7&*&7*7&$*$&$*$7&&$**7&7*$$$$77&&&&$7&&7&&*$$&&$7&&7&*7&&7
&$7&$&&$$77$&7&*&$*&&&**$$$$&7&&&*&7*$$&$7&&7&$$*$777*&*7&&7*$*&&7&$$*&&$**&&7&$$$77&&7&*7&&
&&&77777*&7**$&**7$***$7****$77&7&***$&&&&7&&7&77&&7&77&$$**7&$&&$*$&$*$*$7*&7$&7****&$$&**
$$*$$$$*&7***7*&**&&7*7*$**$7&$*&77$7&*$7*$7$$*&7*7&$$$&$7*$*$$77&77*$$*$&*$$$***&&7&*7*$7$&
*&&7$77777$7$**77$$7*7&$7*$7$$7$$7**777&77$*$&*7&$**7**&$&7777&****$$$7*7*&*&**$$&&&&7$777*777$
77777&7$$$7$&$77&$$$7$7*7$7&&*&7&$7*$*$&$$7$$&&&7*$7$$$7*&77&$$7$$7$77*$$$$$**$$*$*7$7*$*7$77&$$&
$777&&*7*7&*&&&77$77&&&777777*&**&$7777*&&77&&7*77777*&7&$&&&$*$$$&*&7**7*$$$*7$$$$*$7*&7*$$*$
7&$*77***7*&$&*$*7***77$&$7&*$$&7**$7&7&$$&$*&**7$$*$7&&77*$*$*7777&*&&&&*$$*$$&*7777&&$$7*$
7*$*&$&7777$$$*77&7*&7$7*7**&*&**7$77$7&&&*7*77*$&*&&***&$$*$*&$$&7&**7&*&&*&$7$&$&7$77&7&$*$
$7*$&77**77*$*7$&7&$&&$*7&$&$*$$$$*&$7&77$&**$7**&$7*$&$*7$$*$*$$77$7*&$*7*&7*&&$7$$&&$7*$*7*
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SODVPLGV�VKDUH�WKH�VDPH�VHTXHQFHV�DV�S&(3��/��25)HXV�H[FHSW�IRU�WKH�IROORZLQJ�PLQRU�NH\�FKDQJHV� 
 

 (1������������ES� 57�����������ES� 
S&(3��/��25)HXV +�����&$&� '�����*$&� 
S&(3��/��(1P��+���$� $�����*&7� '�����*$&� 
S&(3��/��57P��'���<� +�����&$&� <�����7$&� 
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6XSSOHPHQWDU\�6HTXHQFH����'1$�VHTXHQFHV�RI�HQGRJHQRXV�KXPDQ�/���L�H���/�+V�DQG�/�53��  

 

2.1 /�+V 

7KH�KXPDQ�/,1(���HOHPHQW��/��+RPR�VDSLHQV��RU�/�+V��LV�WKH�PRVW�DFWLYH�DXWRQRPRXV�UHWURWUDQVSRVRQ�IDPLO\�LQ�WKH�KXPDQ�

JHQRPH��LW¶V�JRW�DQ�$&*��PDNLQJ�LW�DQ�/�3$���  

)HDWXUHV 5HJLRQV��ES� 
/���¶875 ����� 
25)���/�+V� �������� 
25)���/�+V� ��������� 
/���¶875 ��������� 

 
***$**$**$*&&$$*$7**&&*$$7$**$$&$*&7&&**7&7$&$*&7&&&$*&*7*$*&*$&*&$*$$*$&***7*$777&7*&$777
&&$7&7*$**7$&&***77&$7&7&$&7$***$*7*&&$*$&$*7***&*&$**&&$*7*7*7*7*&*&$&&*7*&*&*$*&&*$$*&$
***&*$**&$77*&&7&$&&7***$$*&*&$$****7&$***$*77&&&777&&*$*7&$$$*$$$****7*$&**$&*&$&&7**$$$
$7&***7&$&7&&&$&&&*$$7$77*&*&7777&$*$&&**&77$$*$$$&**&*&$&&$&*$*$&7$7$7&&&$&$&&7**&7&$*$***7
&&7$&*&&&$&**$$7&7&*&7*$77*&7$*&$&$*&$*7&7*$*$7&$$$&7*&$$**&**&$$&*$**&7*****$****&*&&&*&&
$77*&&&$**&77*&77$**7$$$&$$$*&$*&&***$$*&7&*$$&7***7**$*&&&$&&$&$*&7&$$**$**&&7*&&7*&&7&7*
7$**&7&&$&&7&7*****&$***&$&$*$&$$$&$$$$$*$&$*&$*7$$&&7&7*&$*$&77$$*7*7&&&7*7&7*$&$*&777*$$*
$*$*&$*7**77&7&&&$*&$&*&$*&7**$*$7&7*$*$$&***&$*$&7*&&7&&7&$$*7***7&&&7*$&&&&7*$&&&&&*$*&$
*&&7$$&7***$**&$&&&&&&$*&$****&$&$&7*$&$&&7&$&$&**&$***7$77&&$$&$*$&&7*&$*&7*$***7&&7*7&7*
77$*$$**$$$$&7$$&$$&&$*$$$**$&$7&7$&$&&*$$$$&&&$7&7*7$&$7&$&&$7&$7&$$$*$&&$$$$*7$*$7$$$$&&$&$$
$*$7****$$$$$$&$*$$&$*$$$$$&7**$$$&7&7$$$$&*&$*$*&*&&7&7&&7&&7&&$$$**$$&*&$*77&&7&$&&$*&$$&
$*$$&$$$*&7**$7**$*$$7*$7777*$&*$*&7*$*$*$$*$$**&77&$*$&*$7&$$$77$&7&7*$*&7$&***$**$&$77&$$$
&&$$$**&$$$*$$*77*$$$$&777*$$$$$$$777$*$$*$$7*7$7$$&7$*$$7$$&&$$7$&$*$*$$*7*&77$$$**$*&7*$7**$
*&7*$$$$&&$$**&7&*$*$$&7$&*7*$$*$$7*&$*$$*&&7&$**$*&&*$7*&*$7&$$&7**$$*$$$***7$7&$*&$$7**$$
*$7*$$$7*$$7*$$$7*$$*&*$*$$***$$*777$*$*$$$$$$*$$7$$$$$*$$$7*$*&$$$*&&7&&$$*$$$7$7***$&7$7*7*
$$$$*$&&$$$7&7$&*7&7*$77**7*7$&&7*$$$*7*$7*7**$*$$7**$$&&$$*77**$$$$&$&7&7*&$**$7$77$7&&$**$*
$$&77&&&&$$7&7$*&$$**&$**&&$$&*77&$*$77&$**$$$7$&$*$*$$&*&&$&$$$*$7$&7&&7&*$*$$*$*&$$&7&&$$*
$&$&$7$$77*7&$*$77&$&&$$$*77*$$$7*$$**$$$$$$7*77$$***&$*&&$*$*$*$$$**7&***77$&&&7&$$$**$$$*&
&&$7&$*$&7$$&$*&**$7&7&7&**&$*$$$&&&7$&$$*&&$*$$*$*$*7*****&&$$7$77&$$&$77&77$$$*$$$$*$$7777&
$$&&&$*$$777&$7$7&&$*&&$$$&7$$*&77&$7$$*7*$$**$*$$$7$$$$7$&777$7$*$&$$*&$$$7*&7*$*$*$7777*7&$&&
$&&$**&&7*&&&7$$$$*$*&7&&7*$$**$$*&*&7$$$&$7**$$$**$$&$$&&**7$&&$*&&*&7*&$$$$7&$7*&&$$$$7*7$
$$*$&&$7&*$*$&7$**$$*$$$&7*&$7&$$&7$$7*$*&$$$$7&$&&$*&7$$&$7&$7$$7*$&$**$7&$$$77&$&$&$7$$&$$7$7
7$$&777$$$7$7$$$7**$&7$$$77&7*&$$77$$$$*$&$&$*$&7**&$$*77**$7$$$*$*7&$$*$&&&$7&$*7*7*&7*7$77&$*
*$$$&&&$7&7&$&*7*&$*$*$&$&$&$7$**&7&$$$$7$$$$**$7**$**$$*$7&7$&&$$*&&$$7**$$$$&$$$$$$$**&$**
**77*&$$7&&7$*7&7&7*$7$$$$&$*$&777$$$&&$$&$$$*$7&$$$$*$*$&$$$*$$**&&$77$&$7$$7**7$$$***$7&$$77
&$$&$$*$**$*&7$$&7$7&&7$$$7$777$7*&$&&&$$7$&$**$*&$&&&$*$77&$7$$$*&$$*7&&7&$*7*$&&7$&$$$*$*$&7
7$*$&7&&&$&$&$77$$7$$7***$*$&777$$&$&&&&$&7*7&$$&$77$*$&$*$7&$$&*$*$&$*$$$*7&$$&$$**$7$&&&$**
$$77*$$&7&$*&7&7*&$&&$$*&$*$&&7$$7$*$&$7&7$&$*$$&7&7&&$&&&&$$$7&$$&$*$$7$7$&$7777777&$*&$&&$&$
&&$&$&&7$77&&$$$$77*$&&$&$7$*77**$$*7$$$*&7&7&&7&$*&$$$7*7$$$$*$$&$*$$$77$7$$&$$$&7$7&7&7&$*$&&
$&$*7*&$$7&$$$&7$*$$&7&$**$77$$*$$7&7&$&7&$$$*&&*&7&$$&7$&$7**$$$&7*$$&$$&&7*&7&&7*$$7*$&7$&7
***7$&$7$$&*$$$7*$$**&$*$$$7$$$*$7*77&777*$$$&&$$&*$*$$&$$$*$&$&&$&$7$&&$*$$7&7&7***$&*&$77&$
$$*&$*7*7*7$*$***$$$777$7$*&$&7$$$7*&&7$&$$*$*$$$*&$**$$$*$7&&$$$$77*$&$&&&7$$&$7&$&$$77$$$$*$
$&7$*$$$$*&$$*$*&$$$&$&$77&$$$$*&7$*&$*$$**&$$*$$$7$$&7$$$$7&$*$*&$*$$&7*$$**$$$7$*$*$&$&$$$$
$$&&&77&$$$$$$7&$$7*$$7&&$**$*&7**777777*$$$**$7&$$&$$$$77*$7$*$&&*&7$*&$$*$&7$$7$$$*$$$$$$$*$
*$*$$*$$7&$$$7$*$&$&$$7$$$$$$7*$7$$$****$7$7&$&&$&&*$7&&&$&$*$$$7$&$$$&7$&&$7&$*$*$$7$&7$&$$$&$
&&7&7$&*&$$$7$$$&7$*$$$$7&7$*$$*$$$7**$7$&$77&&7&*$&$&$7$&$&7&7&&&$$*$&7$$$&&$**$$*$$*77*$$7&7
&7*$$7$*$&&$$7$$&$**&7&7*$$$77*7**&$$7$$7&$$7$*777$&&$$&&$$$$$*$*7&&$**$&&$*$7**$77&$&$*&&*$$7
7&7$&&$*$**7$&$$**$**$$&7**7$&&$77&&77&7*$$$&7$77&&$$7&$$7$*$$$$$*$***$$7&&7&&&7$$&7&$7777$7*$
**&&$*&$7&$77&7*$7$&&$$$*&&***&$*$*$&$&$$&&$$$$$$*$*$$7777$*$&&$$7$7&&77*$7*$$&$77*$7*&$$$$$7&
&7&$$7$$$$7$&7**&$$$&&*$$7&&$*&$*&$&$7&$$$$$*&77$7&&$&&$7*$7&$$*7***&77&$7&&&7***$7*&$$**&7**
77&$$7$7$&*&$$$7&$$7$$$7*7$$7&&$*&$7$7$$$&$*$*&&$$$*$&$$$$$&&$&$7*$77$7&7&$$7$*$7*&$*$$$$$*&&777
*$&$$$$77&$$&$$&&&77&$7*&7$$$$$&7&7&$$7$$$77$**7$77*$7***$&*7$777&$$$$7$$7$$*$*&7$7&7$7*$&$$$&&&
$&$*&&$$7$7&$7$&7*$$7***&$$$$$&7**$$*&$77&&&777*$$$$&7**&$&$$*$&$***$7*&&&7&7&7&$&&*&7&&7$77&
$$&$7$*7*77**$$*77&7**&&$***&$$7&$**&$**$*$$**$$$7$$$***7$77&$$77$**$$$$*$**$$*7&$$$77*7&&&7
*777*&$*$&*$&$7*$77*777$7&7$*$$$$&&&&$7&*7&7&$*&&&$$$$7&7&&77$$*&7*$7$$*&$$&77&$*&$$$*7&7&$**$
7$&$$$$7&$$7*7$&$$$$$7&$&$$*&$77&77$7$&$&&$$&$$&$*$&$$$&$*$*$*&&$$$7&$7***7*$$&7&&&$77&$&$$77*
&77&$$$*$*$$7$$$$7$&&7$**$$7&&$$&77$&$$***$7*7*$$**$&&7&77&$$**$*$$&7$&$$$&&$&7*&7&$$**$$$7$$$
$*$**$&$&$$$&$$$7**$$*$$&$77&&$7*&7&$7***7$**$$*$$7&$$7$7&*7*$$$$7**&&$7$&7*&&&$$**7$$777$&$*$
77&$$7*&&$7&&&&$7&$$*&7$&&$$7*$&777&77&$&$*$$77**$$$$$$&7$&777$$$*77&$7$7**$$&&$$$$$$*$*&&&*&$7
&*&&$$*7&$$7&&7$$*&&$$$$*$$&$$$*&7**$**&$7&$&$&7$&&7*$&77&$$$&7$7$&7$&$$**&7$&$*7$$&&$$$$&$*&
$7**7$&7**7$&&$$$$&$*$*$7$7$*$7&$$7**$$&$*$$&$*$*&&&7&$*$$$7$$7*&&*&$7$7&7$&$$&7$7&7*$7&777*$&$
$$&&7*$*$$$$$&$$*&$$7****$$$**$77&&&7$777$$7$$$7**7*&7***$$$$&7**&7$*&&$7$7*7$*$$$*&7*$$$&7**
$7&&&77&&77$&$&&77$7$&$$$$$7&$$77&$$*$7**$77$$$*$777$$$&*77$*$&&7$$$$&&$7$$$$$&&&7$*$$*$$$$&&7$*
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*&$77$&&$77&$**$&$7$**&*7***&$$**$&77&$7*7&&$$$$&$&&$$$$*&$$7**&$$&$$$$*&&$$$$77*$&$$$7***$7&
7$$77$$$&7$$$*$*&77&7*&$&$*&$$$$*$$$&7$&&$7&$*$*7*$$&$**&$$&&7$&$$&$7***$*$$$$7777&*&$$&&7$&7&
$7&7*$&$$$***&7$$7$7&&$*$$7&7$&$$7*$$&7&$$$&$$$777$&$$*$$$$$$$&$$$&$$&&&&$7&$$$$$*7***&*$$**$&
$7*$$&$*$&$&77&7&$$$$*$$*$&$777$7*&$*&&$$$$$$&$&$7*$$*$$$7*&7&$7&$7&$&7**&&$7&$*$*$$$7*&$$$7&$
$$$&&$&7$7*$*$7$7&$7&7&$&$&&$*77$*$$7**&$$7&$77$$$$$*7&$**$$$&$$&$**7*&7**$*$**$7*7**$*$$$7$*
*$$&$&7777$&$&7*77**7***$&7*7$$$&7$*77&$$&&$77*7**$$*7&$*7*7**&*$77&&7&$***$7&7$*$$&7$*$$$7$&
&$777*$&&&$*&&$7&&&$77$&7***7$7$7$&&&$$$**$&7$7$$$7&$7*&7*&7$7$$$*$&$&$7*&$&$&*7$7*777$77*&**&$
&7$77&$&$$7$*&$$$*$&77**$$&&$$&&&$$$7*7&&$$&$$7*$7$*$&7**$77$$*$$$$7*7**&$&$7$7$&$&&$7**$$7$&7$
7*&$*&&$7$$$$$$7*$7*$*77&$7$7&&777*7$***$&$7**$7*$$$77**$$$&&$7&$77&7&$*7$$$&7$7&*&$$*$$&$$$$$$
&&$$$&$&&*&$7$77&7&$&7&$7$**7***$$77*$$&$$7*$*$7&$&$7**$&$&$**$$****$$7$7&$&$&7&7****$&7*7**7
****7&*****$******$***$7$*&$77***$*$7$7$&&7$$7*&7$*$7*$&$&*77$*7***7*&$*&*&$&&$*&$7**&$&$7*
7$7$&$7$7*7$$&7$$&&7*&$&$$7*7*&$&$7*7$&&&7$$$$&77$*$*7$7$$7$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$7$$$
7$$$$$ 

 
 
����/�53 

,W¶V� WKH� SURWRW\SLFDO� DFWLYH� /�� LQ�PRGHUQ� KXPDQV�ZLWK� IXOO�OHQJWK� /,1(����25)�S�DQG�25)�S� SURWHLQV� �LW¶V� �¶� 875�
FRQWDLQV�DQ�$&$��PDNLQJ�LW�DQ�/�3$�� 

)HDWXUHV 5HJLRQV��ES� 
/���¶875 ����� 
25)���/�53� �������� 
25)���/�53� ��������� 
/���¶875 ��������� 

 
******$**$*&&$$*$7**&&*$$7$**$$&$*&7&&**7&7$&$*&7&&&$*&*7*$*&*$&*&$*$$*$&**7*$777&7*&$777&
&$7&7*$**7$&&***77&$7&7&$&7$***$*7*&&$*$&$*7***&*&$**&&$*7*7*7*7*&*&$&&*7*&*&*$*&&*$$*&$*
**&*$**&$77*&&7&$&&7***$$*&*&$$****7&$***$*77&&&777&&*$*7&$$$*$$$****7*$&**$&*&$&&7**$$$$7
&***7&$&7&&&$&&&*$$7$77*&*&7777&$*$&&**&77$$*$$$&**&*&$&&$&*$*$&7$7$7&&&$&$&&7**&7&**$***7&
&7$&*&&&$&**$$7&7&*&7*$77*&7$*&$&$*&$*7&7*$*$7&$$$&7*&$$**&**&$$&*$**&7*****$****&*&&&*&&$
77*&&&$**&77*&77$**7$$$&$$$*&$*&$***$$*&7&*$$&7***7**$*&&&$&&$&$*&7&$$**$**&&7*&&7*&&7&7*7
$**&7&&$&&7&7*****&$***&$&$*$&$$$&$$$$$*$&$*&$*7$$&&7&7*&$*$&77$$*7*7&&&7*7&7*$&$*&777*$$*$
*$*&$*7**77&7&&&$*&$&*&$*&7**$*$7&7*$*$$&***&$*$&7*&&7&&7&$$*7***7&&&7*$&&&&7*$&&&&&*$*&$*
&&7$$&7***$**&$&&&&&&$*&$****&$&$&7*$&$&&7&$&$&**&$***7$77&&$$&$*$&&7*&$*&7*$***7&&7*7&7*7
7$*$$**$$$$&7$$&$$&&$*$$$**$&$7&7$&$&&*$$$$&&&$7&7*7$&$7&$&&$7&$7&$$$*$&&$$$$*7$*$7$$$$&&$&$$$
*$7****$$$$$$&$*$$&$*$$$$$&7**$$$&7&7$$$$&*&$*$*&*&&7&7&&7&&7&&$$$**$$&*&$*77&&7&$&&$*&$$&$
*$$&$$$*&7**$7**$*$$7*$7777*$7*$*&7*$*$*$$*$$**&77&$*$&*$7&$$$77$&7&7*$*&7$&***$**$&$77&$$$&
&$$$**&$$$*$$*77*$$$$&777*$$$$$$$777$*$$*$$7*7$7$$&7$*$$7$$&&$$7$&$*$*$$*7*&77$$$**$*&7*$7**$*
&7*$$$$&&$$**&7&*$*$$&7$&*7*$$*$$7*&$*$$*&&7&$**$*&&*$7*&*$7&$$&7**$$*$$$***7$7&$*&$$7**$$*
$7*$$$7*$$7*$$$7*$$*&*$*$$***$$*777$*$*$$$$$$*$$7$$$$$*$$$7*$*&$$$*&&7&&$$*$$$7$7***$&7$7*7*$
$$$*$&&$$$7&7$&*7&7*$77**7*7$&&7*$$$*7*$7*7**$*$$7**$$&&$$*77**$$$$&$&7&7*&$**$7$77$7&&$**$*$
$&77&&&&$$7&7$*&$$**&$**&&$$&*77&$*$77&$**$$$7$&$*$*$$&*&&$&$$$*$7$&7&&7&*$*$$*$*&$$&7&&$$*$
&$&$7$$77*7&$*$77&$&&$$$*77*$$$7*$$**$$$$$$7*77$$***&$*&&$*$*$*$$$**7&***77$&&&7&$$$**$$$*&&
&$7&$*$&7$$&$*&**$7&7&7&**&$*$$$&&&7$&$$*&&$*$$*$*$*7*****&&$$7$77&$$&$77&77$$$*$$$$*$$7777&$
$&&&$*$$777&$7$7&&$*&&$$$&7$$*&77&$7$$*7*$$**$*$$$7$$$$7$&777$7$*$&$$*&$$$7*77*$*$*$7777*7&$&&$
&&$**&&7*&&&7$$$$*$*&7&&7*$$**$$*&*&7$$$&$7**$$$**$$&$$&&**7$&&$*&&*&7*&$$$$7&$7*&&$$$$7*7$$
$*$&&$7&$$*$&7$**$$*$$$&7*&$7&$$&7$$7*$*&$$$$7&$&&$*&7$$&$7&$7$$7*$&$**$7&$$&77&$&$&$7$$&$$7$77
$$&777$$$7$7$$$7**$&7$$$77&7*&$$77$$$$*$&$&$*$&7**&$$*77**$7$$$*$*7&$$*$&&&$7&$*7*7*&7*7$77&$**
$$$&&&$7&7&$&*7*&$*$*$&$&$&$7$**&7&$$$$7$$$$**$7**$**$$*$7&7$&&$$*&&$$7**$$$$&$$$$$$$**&$***
*77*&$$7&&7$*7&7&7*$7$$$$&$*$&777$$$&&$$&$$$*$7&$$$$*$*$&$$$*$$**&&$77$&$7$$7**7$$$***$7&$$77&
$$&$$*$**$*&7$$&7$7&&7$$$7$777$7*&$&&&$$7$&$**$*&$&&&$*$77&$7$$$*&$$*7&&7&$*7*$&&7$&$$$*$*$&77
$*$&7&&&$&$&$77$$7$$7***$*$&777$$&$&&&&$&7*7&$$&$77$*$&$*$7&$$&*$*$&$*$$$*7&$$&$$**$7$&&&$**$
$77*$$&7&$*&7&7*&$&&$$*&$*$&&7$$7$*$&$7&7$&$*$$&7&7&&$&&&&$$$7&$$&$*$$7$7$&$7777777&$*&$&&$&$&
&$&$&&7$77&&$$$$77*$&&$&$7$*77**$$*7$$$*&7&7&&7&$*&$$$7*7$$$$*$$&$*$$$77$7$$&$$$&7$7&7&7&$*$&&$
&$*7*&$$7&$$$&7$*$$&7&$**$77$$*$$7&7&$&7&$$$*&&*&7&$$&7$&$7**$$$&7*$$&$$&&7*&7&&7*$$7*$&7$&7*
**7$&$7$$&*$$$7*$$**&$*$$$7$$$*$7*77&777*$$$&&$$&*$*$$&$$$*$&$&&$&$7$&&$*$$7&7&7***$&*&$77&$$
$*&$*7*7*7$*$***$$$777$7$*&$&7$$$7*&&7$&$$*$*$$$*&$**$$$*$7&&$$$$77*$&$&&&7$$&$7&$&$$77$$$$*$$
&7$*$$$$*&$$*$*&$$$&$&$77&$$$$*&7$*&$*$$**&$$*$$$7$$&7$$$$7&$*$*&$*$$&7*$$**$$$7$*$*$&$&$$$$$
$&&&77&$$$$$$7&$$7*$$7&&$**$*&7**777777*$$$**$7&$$&$$$$77*$7$*$&&*&7$*&$$*$&7$$7$$$*$$$$$$$*$*
$*$$*$$7&$$$7$*$&$&$$7$$$$$$7*$7$$$****$7$7&$&&$&&*$7&&&$&$*$$$7$&$$$&7$&&$7&$*$*$$7$&7$&$$$&$&
&7&7$&*&$$$7$$$&7$*$$$$7&7$*$$*$$$7**$7$&$77&&7&*$&$&$7$&$&7&7&&&$$*$&7$$$&&$**$$*$$*77*$$7&7&
7*$$7&*$&&$$7$$&$**&7&7*$$$77*7**&$$7$$7&$$7$*777$&&$$&&$$$$$*$*7&&$**$&&$*$7**$77&$&$*&&*$$77
&7$&&$*$**7$&$$**$**$$&7**7$&&$77&&77&7*$$$&7$77&&$$7&$$7$*$$$$$*$***$$7&&7&&&7$$&7&$7777$7*$*
*&&$*&$7&$77&7*$7$&&$$$*&&***&$*$*$&$&$$&&$$$$$$*$*$$7777$*$&&$$7$7&&77*$7*$$&$77*$7*&$$$$$7&&
7&$$7$$$$7$&7**&$$$&&*$$7&&$*&$*&$&$7&$$$$$*&77$7&&$&&$7*$7&$$*7***&77&$7&&&7***$7*&$$**&7**7
7&$$7$7$&*&$$$7&$$7$$$7*7$$7&&$*&$7$7$$$&$*$*&&$$$*$&$$$$$&&$&$7*$77$7&7&$$7$*$7*&$*$$$$$*&&777*
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$&$$$$77&$$&$$&&&77&$7*&7$$$$$&7&7&$$7$$$77$**7$77*$7***$&*7$777&$$$$7$$7$$*$*&7$7&7$7*$&$$$&&&$
&$*&&$$7$7&$7$&7*$$7***&$$$$$&7**$$*&$77&&&777*$$$$&&**&$&$$*$&$***$7*&&&7&7&7&$&&*&7&&7$77&$
$&$7$*7*77**$$*77&7**&&$***&$$7&$**&$**$*$$**$$$7$$$***7$77&$$77$**$$$$*$**$$*7&$$$77*7&&&7*
777*&$*$&*$&$7*$77*777$7&7$*$$$$&&&&$7&*7&7&$*&&&$$$$7&7&&77$$*&7*$7$$*&$$&77&$*&$$$*7&7&$**$7
$&$$$$7&$$7*7$&$$$$$7&$&$$*&$77&77$7$&$&&$$&$$&$*$&$$$&$*$*$*&&$$$7&$7***7*$$&7&&&$77&$&$$77*&
77&$$$*$*$$7$$$$7$&&7$**$$7&&$$&77$&$$***$7*7*$$**$&&7&77&$$**$*$$&7$&$$$&&$&7*&7&$$**$$$7$$$$
*$**$*$&$$$&$$$7**$$*$$&$77&&$7*&7&$7***7$**$$*$$7&$$7$7&*7*$$$$7**&&$7$&7*&&&$$**7$$777$&$*$7
7&$$7*&&$7&&&&$7&$$*&7$&&$$7*$&777&77&$&$*$$77**$$$$$$&7$&777$$$*77&$7$7**$$&&$$$$$$*$*&&&*&$77
*&&$$*7&$$7&&7$$*&&$$$$*$$&$$$*&7**$**&$7&$&$&7$&&7*$&77&$$$&7$7$&7$&$$**&7$&$*7$$&&$$$$&$*&$
7**7$&7**7$&&$$$$&$*$*$7$7$*$7&$$7**$$&$*$$&$*$*&&&7&$*$$$7$$7*&&*&$7$7&7$&$$&7$7&7*$7&777*$&$$
$&&7*$*$$$$$&$$*&$$7****$$$**$77&&&7$777$$7$$$7**7*&7***$$$$&7**&7$*&&$7$7*7$*$$$*&7*$$$&7**$
7&&&77&&77$&$&&77$7$&$$$$$7&$$77&$$*$7**$77$$$*$777$$$&*77$$$&&7$$$$&&$7$$$$$&&&7$*$$*$$$$&&7$**
&$77$&&$77&$**$&$7$**&*7***&$$**$&77&$7*7&&$$$$&$&&$$$$*&$$7**&$$&$$$$*$&$$$$77*$&$$$7***$7&7
$$77$$$&7$$$*$*&77&7*&$&$*&$$$$*$$$&7$&&$7&$*$*7*$$&$**&$$&&7$&$$&$7***$*$$$$77777*&$$&&7$&7&$
7&7*$&$$$***&7$$7$7&&$*$$7&7$&$$7*$$&7&$$$&$$$777$&$$*$$$$$$$&$$$&$$&&&&$7&$$$$$*7***&*$$**$&$
7*$$&$*$&$&77&7&$$$$*$$*$&$777$7*&$*&&$$$$$$&$&$7*$$*$$$7*&7&$7&$7&$&7**&&$7&$*$*$$$7*&$$$7&$$
$$&&$&7$7*$*$7$7&$7&7&$&$&&$*77$*$$7**&$$7&$77$$$$$*7&$**$$$&$$&$**7*&7**$*$**$7*&**$*$$$7$**
$$&$&7777$&$&7*77**7***$&7*7$$$&7$*77&$$&&$77*7**$$*7&$*7*7**&*$77&&7&$***$7&7$*$$&7$*$$$7$&&
$777*$&&&$*&&$7&&&$77$&7***7$7$7$&&&$$$7*$*7$7$$$7&$7*&7*&7$7$$$*$&$&$7*&$&$&*7$7*777$77*&**&$&7
$77&$&$$7$*&$$$*$&77**$$&&$$&&&$$$7*7&&$$&$$7*$7$*$&7**$77$$*$$$$7*7**&$&$7$7$&$&&$7**$$7$&7$7*
&$*&&$7$$$$$$7*$7*$*77&$7$7&&777*7$***$&$7**$7*$$$77**$$$&&$7&$77&7&$*7$$$&7$7&*&$$*$$&$$$$$$&&
$$$&$&&*&$7$77&7&$&7&$7$**7***$$77*$$&$$7*$*$7&$&$7**$&$&$**$$****$$7$7&$&$&7&7****$&7*7**7*
***7&*****$******$***$7$*&$77***$*$7$7$&&7$$7*&7$*$7*$&$&$77$*7***7*&$*&*&$&&$*&$7**&$&$7*7
$7$&$7$7*7$$&7$$&&7*&$&$$7*7*&$&$7*7$&&&7$$$$&77$*$*7$7$$7 
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6XSSOHPHQWDU\�6HTXHQFH����'1$�VHTXHQFHV�RI�S8��SHJ51$V��OHQWL&5,635�Y��SODVPLG��S&09�3(��

SODVPLG��S&09�%(V��%(��%(��%(��*DP�$QF%(�PD[�$%(�H��SODVPLGV�XVHG�IRU�LQVHUWLRQ�VRXUFHV�

DQDO\VLV� 
 
������S8��SHJ51$��IRU�0<&�����$$$GHO�������ES� 
 
)HDWXUHV 6WDUW�  HQG 
S8� �� ��� 

SHJ51$ ��� ��� 

6SDFHU ��� ��� 

57������$$$GHO� ��� ��� 

3%6�  ��� ��� 

*DFJWFJFWDJFWJWDFDDDDDDJFDJJFWWWDDDJJDDFFDDWWFDJWFJDFWJJDWFFJJWDFFDDJJWFJJJFDJJDDJDJJJFFWDWWWFFFDWJDWWFFWWFDWDWWWJF
DWDWDFJDWDFDDJJFWJWWDJDJDJDWDDWWDJDDWWDDWWWJDFWJWDDDFDFDDDJDWDWWDJWDFDDDDWDFJWJDFJWDJDDDJWDDWDDWWWFWWJJJWDJWWWJFDJWWWWD
DDDWWDWJWWWWDDDDWJJDFWDWFDWDWJFWWDFFJWDDFWWJDDDJWDWWWFJDWWWFWWJJFWWWDWDWDWFWWJWJJDDDJJDFJDDD&$&&*$&7*7&&$$$*****
7*$$*7777$*$*&7$*$$$7$*&$$*77$$$$7$$**&7$*7&&*77$7&$$&77*$$$$$*7**&$&&*$*7&**7*&$
7$$$***$*&$&&&&$&&&&&777**$&WWWWWWWDDJFWWJJJFFJFWFJDJJWDFFWFWFWDFDWDWJ 
 
 
������S8��SHJ51$��IRU�0<&���*WR&�������ES� 
 

)HDWXUHV 6WDUW�  HQG 
pU6 82 330 

pegRNA 331 455 

Spacer 331 350 

RT (5GtoC) 427 441 

PBS 442 454 

*DFJWFJFWDJFWJWDFDDDDDDJFDJJFWWWDDDJJDDFFDDWWFDJWFJDFWJJDWFFJJWDFFDDJJWFJJJFDJJDDJDJJJFFWDWWWFFFDWJDWWFFWWFDWDWWWJFDWDWDFJDWDFDDJJFWJ
WWDJDJDJDWDDWWDJDDWWDDWWWJDFWJWDDDFDFDDDJDWDWWDJWDFDDDDWDFJWJDFJWDJDDDJWDDWDDWWWFWWJJJWDJWWWJFDJWWWWDDDDWWDWJWWWWDDDDWJJDFWDWFDWDWJFWWDFFJWD
DFWWJDDDJWDWWWFJDWWWFWWJJFWWWDWDWDWFWWJWJJDDDJJDFJDDD&$&&*$&7*7&&$$$*****7*$$*7777$*$*&7$*$$$7$*&$$*77$$$$7$$**
&7$*7&&*77$7&$$&77*$$$$$*7**&$&&*$*7&**7*&$***$*&$&&*777&$&&&&&777**$&WWWWWWWDDJFWWJJJFFJFWFJDJJWDFFWFWF
WDFDWDWJ 
 
������S8��SHJ51$��IRU�)$1&)���*WR7�������ES��  
 

)HDWXUHV 6WDUW�  HQG 
pU6 82 330 

pegRNA 331 455 

Spacer 331 350 

RT (5GtoT) 427 443 

PBS 444 458 

*DFJWFJFWDJFWJWDFDDDDDDJFDJJFWWWDDDJJDDFFDDWWFDJWFJDFWJJDWFFJJWDFFDDJJWFJJJFDJJDDJDJJJFFWDWWWFFFDWJDWWFFWWFDWDWWWJFDWDWDFJDWDFDDJJFWJ
WWDJDJDJDWDDWWDJDDWWDDWWWJDFWJWDDDFDFDDDJDWDWWDJWDFDDDDWDFJWJDFJWDJDDDJWDDWDDWWWFWWJJJWDJWWWJFDJWWWWDDDDWWDWJWWWWDDDDWJJDFWDWFDWDWJFWWDFFJWD
DFWWJDDDJWDWWWFJDWWWFWWJJFWWWDWDWDWFWWJWJJDDDJJDFJDDD&$&&**$$7&&&77&7*&$*&$&&*7777$*$*&7$*$$$7$*&$$*77$$$$7$$**
&7$*7&&*77$7&$$&77*$$$$$*7**&$&&*$*7&**7*&**$$$$*&*$7&$$**7*&7*&$*$$***$77WWWWWWWDDJFWWJJJFFJFWFJDJJW
DFFWFWFWDFDWDWJ 
 
 

����OHQWL&5,635�Y��SODVPLG 
 
FDQ�EH�IRXQG�LQ�KWWSV���ZZZ�DGGJHQH�RUJ������� 
 
 
����S&09�3(��SODVPLG 
 
FDQ�EH�IRXQG�LQ�KWWSV���ZZZ�DGGJHQH�RUJ�������� 
 
����S&09�%(V�SODVPLGV 
 
S&09�%(���$GGJHQH�SODVPLG����������S&09�%(���$GGJHQH�SODVPLG����������S&09�%(��*DP��$GGJHQH�SODVPLG�
����������S&09�$QF%(�PD[� �$GGJHQH�SODVPLG����������DQG�S&09�$%(�H� �$GGJHQH�SODVPLG���������� FDQ�EH�
IRXQG�LQ�KWWSV���ZZZ�DGGJHQH�RUJ�� 
  

https://www.addgene.org/52961/
https://www.addgene.org/132775/
https://www.addgene.org/
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6XSSOHPHQWDU\�6HTXHQFH����([DPSOH�/��25)HXV�LQVHUWLRQDO�VHTXHQFHV�REWDLQHG�E\�DPSOLFRQ�

VHTXHQFLQJ�DW�WKH�3(���0<&�����$$$�GHO��HGLWLQJ�VLWH�LQ�+(.���7�FHOOV�H[SUHVVLQJ�/��25)HXV��  

�  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Sequence color annotation: MYC locus pegRNA editing site Microhomology L1-ORFeus insertions (+) L1-ORFeus insertions (-)  
 

Example #1 (number as annotated above) 
>M00851:457:000000000-CK7JC:1:1101:29091:14400 (pair end) 
GCTGGTTCACTAAGTGCGTCTCCGAGATAGCAGGGGACTGTCCAAAGGGGTGGGGTGCTCCCTTTATGCACGCCGTAGGTCAGGGTGGTCACGAG
GGTGGGCCAGGGCACGGGCAGCTTGCCGGTGGTGCAGATGAACTTCAGGGTCAGCTTGCCGTAGGTGGCATCGCCCTCGCCCTCGCCGGACACGC
TGAACTTGTGGCCGTTTACGTCGCCGTCCAGCTCGACCAGGATGGGCACCACCCCGGTGAACAGCTCCTCGCCCTTGCTCACCATGGTGGCTTTAGG
GGATAGCTCTGCAAGGGGAGAG 

Example #2 
>M00851:457:000000000-CK7JC:1:1108:19871:27977 (pair end) 
GCTGGTTCACTAAGTGCGTCTCCGAGATAGCAGGGGACTGTCCAAAGGGGGTGGGGTGCTCCCTTTATGCACCGACTCGGTGCCGCCAAGCTCTTC
AGCAATATCACGGGTAGCCAACGCTATGTCCTGATAGCGGTCGGCCGCTTTACTTGTACAGCTCGTCCATGCCGAGAGTGATCCCGGCGGCGGTCA
CGAACTCCAGCAGGACCATGTGATCGCGCTTCTCGTTGGGGTCTTTGCTTTAGGGGATAGCTCTGCAAGGGGAGAG 

Example #3 
>M00851:457:000000000-CK7JC:1:2104:4552:9611 (pair end) 
TTGACTTGGCTGGTTCACTAAGTGCGTCTCCGAGATAGCAGGGGACTGTCCAAAGGGGGTGGGGTGAACCGCATCGAGCTGAAGGGCATCGACTT
CAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCA
AGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTTTAGGGGATAGCTCTGCAAGGGGAGAG 

Example #4 
>M00851:457:000000000-CK7JC:1:1103:13770:4340 (pair end) 
GCTGGTTCACTAAGTTCGTCTCCGAGATAGCAGGGGACTGTCCAAAGGGGGTGGGGTGCTCCCTTTATGCACCGACTCGGTGCCACTTTTTCAAGT
TGATAACGGAACTTCCAGGGGCCCCTGGAACAGAACTTCCAGGTGATGGTGATGGTGATGGTGATGGCTGCCGCCGCCGCTGCCGCCGCCGTTGC
CGCCGATCAGGCTGAAGATGCGGTGCTTTAGGGGATAGCTCTGCAAGGGGAGAG 

Example #5 (not edited) 
>M00851:457:000000000-CK7JC:1:2102:28880:17158 (pair end) 
GCTGGTTCACTAAGTGCGTCTCCGAGATAGCAGGGGACTGTCCAAAGGGGGTGAAAGGGTGCTCCCTTTATTCCCCCACCAAGCTTCTGTTCCTTA
AGGGGCCCCTGGAACAGAACTTCCAGGGGCCCCTGGAACAGAACTTCCAGGTGATGGTGATGGTGATGGTGATGGCTGCCGCCGCCGCTGCCGCC
GCCGTTGCCGCCGATCAGGCTGAAGATGCGGTGCTTTAGGGGATAGCTCTGCAAGGGGAGAG  

Example #6 (editing sequence deleted) 
>M00851:457:000000000-CK7JC:1:2111:14788:20778 (pair end) 
TTGACTTGGCTGGTTCACTAAGTGCGTCTCCGAGATAGCAATATCACGGGTAGCCAACGCTATGTCCTGATAGCGGTCGGCCGCTTTACTTGTACAG
CTCGTCCATGCCGAGAGTGATCCCGGCGGCGGTCACGAACTCCAGCAGGACCATGTGATCGCGCTTTAGGGGATAGCTCTGCAAGGGGAGAG 
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6XSSOHPHQWDU\�6HTXHQFH����/��25)HXV� LQVHUWLRQV�EULGJLQJ� WKH� LQWURQ�RI�*)3�REWDLQHG�E\�DPSOLFRQ�
VHTXHQFLQJ�DW�WKH�3(���0<&�����$$$�GHO��HGLWLQJ�VLWH�LQ�+(.���7�FHOOV�H[SUHVVLQJ�/��25)HXV� 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
Example #1 (edits deleted) 
>M00851:457:000000000-CK7JC:1:2106:17702:11039 (pair end) 
GCTGGTTCACTAAGTGCGTCTCCGAGATAGCAATATCACGGGTAGCCAACGCTATGTCCTGATAGCGGTCGGCCGCTTTACTTGTACAGCTCGTCCATGC
CGAGAGTGATCCCGGCGGCGGTCACGAACTCCAGCAGGACCATGTGATCGCGCTTCTCGTTGGGGTCTTTGCTCAGGGCGGACTGGGTGCTCAGGTAGT
GGTTGTCGGGCAGCAGCACGGGGCCGTCGCCGATGGGGGTGTTCTGCTGGTAGTGGTCGGCCAGCTGCACGCTGCCGTCCTCGATGTTGTGGCGGATCT
TTATTCCCCCACCAAGACCACCCAGCCGCTTTAGGGGATAGCTCTGCAAGGGGAGAG 

Sequence color annotation: MYC locus Microhomology L1-ORFeus insertions (+): GFP-CT GFP-NT    

 

Example #2 
>M00851:457:000000000-CK7JC:1:1101:17292:2963 (pair end) 
GCTGGTTCACTAAGTGCGTCTCCGAGATAGCAGGGGACTGTCCAAAGGGGGTGGGGTGCTCCCTTTATTCCGCCACAACATCGAGGACGGCAGCGTGCA
GCTGGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCTTTAGGGGATAGCTCTGCAAGGGGAGAG 

Sequence color annotation: MYC locus pegRNA editing site Microhomology L1-ORFeus insertions (-): GFP-NT GFP-CT 
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6XSSOHPHQWDU\�6HTXHQFH����/��25)HXV� LQVHUWLRQV�EULGJLQJ� WKH� LQWURQ�RI�*)3�REWDLQHG�E\�DPSOLFRQ�
VHTXHQFLQJ�DW�WKH�0<&�&5,635�&DV��WDUJHW�VLWH�LQ�+(.���7�FHOOV�H[SUHVVLQJ�/��25)HXV� 
 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Example #1 
>M00851:382:000000000-CF5PB:1:2103:18157:2519 (pair end) 
GATCGCGCGGTGCTGGTTCACTAAGTGCGTCTCCGAGATAGCAGGGGACTGTCCAAAGGGGTGCTCAGGTAGTGGTTGTCGGGCAGCAGCACGG
GGCCGTCGCCGATGGGGGTGTTCTGCTGGTAGTGGTCGGCCAGCTGCACGCTGCCGTCCTCGATGTTGTGGCGGATCTTGAAGTTCACCTTGATGC
CGTTCTTCTGCTTGTCGGCCATGATATAGACGTTGTGGCTCCCTTTATTCCCCCACCAAGACCACCCAGCCGCTTTAGGGGATAGCTCTGCAAGGGG
AGAGCTCTC 

Sequence color annotation: MYC locus Microhomology L1-ORFeus insertions (+): GFP-CT GFP-NT    

 

 
Example #2 
>M00701:747:000000000-CFM9G:1:2110:14086:2427 (pair end) 
CAGCTGGTTCACTAAGTGCGTCTCCGAGATAGCAGGGGACTGTCCAAAGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAG
CGTGCAGCTGGCTGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCT
GAGCAAAGGGTGCTCCCTTTATTCCCCCACCAAGACCACCCAGCCGCTTTAGGGGATAGCTCTGCAAGGGGAGAGCTC 

Sequence color annotation: MYC locus Microhomology L1-ORFeus insertions (-): GFP-NT GFP-CT 

 

 
Example #3 
>M00701:747:000000000-CFM9G:1:1104:22072:21267 (pair end) 
CAGCTGGTTCACTAAGTGCGTCTCCGAGATAGCAGGGGACTGTCCAAAGGGGGGTGTTCTGCTGGGAGTGGTCGGCCAGCTGCACGCTGCCGTCC
TTCCCTTTATTCCCCCACCAAGACCACCCAGCCGCTTTAGGGGATAGCTCTGCAAGGGGAGAGCTC 

Sequence color annotation: MYC locus Microhomology L1-ORFeus insertions (+): GFP-CT GFP-NT    
 

 
 

 
 



15 

 

6XSSOHPHQWDU\�6HTXHQFH����/��25)HXV� LQVHUWLRQV�EULGJLQJ� WKH� LQWURQ�RI�*)3�REWDLQHG�E\�DPSOLFRQ�
VHTXHQFLQJ�DW�WKH�5$*��&5,635�&DV��WDUJHW�VLWH�LQ�+(.���7�FHOOV�H[SUHVVLQJ�/��25)HXV� 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Example #1 
>M00701:747:000000000-CFM9G:1:1105:8807:6910 (pair end) 
ACGCGCTGCGTAAGATACATCAGTGGGATATTGATATTGGTCTTAATATGACTTGTTTTCATTGTTCTCAGGTACCTCAGCCAGCATGGCAGCCTCTT
TCCCACCCACCTGTGCGTTTTATTCTGTCTTTTTATTGCCGATCCCCTCAGAAGAACTCGTCAAGAAGGCGATAGAAGGCGATGCGCTGCGAATCGG
GAGCGGCGATACCGTAAAGCACGAGGAAGCGGTCAGCCCATTCGCCGCCAAGCTCTTCAGCAATATCACGGGTAGCCAACGCTATGTCCTGATAG
CGGTCGGCCGCTTTACTTGTACAGCTCGTCCATGCCGAGAGTGATCCCGGCGGCGGTCACGAACTCCAGCAGGACCATGTGATCGCGCTGCTCGTT
GAGGTCTTTGCTCAGGGCGGACTGGGTGCTCAGGTAGTGGTTGTCGGGCAGCAGCACGGGGCCGTCGCCGATGGGGGTGTTCTGCTGGTAGTGG
TCGGCCAGCTGCACGCTGCCGTCCTCGATGTTGTGGCGGATCTTGAAGTTCACTCAGTTCTGCCCCAGATGAAATTCAGCACCCACATATTAAATTTT
CAGAATGGAAATTTAAGCTGTTCCGGGTGAGATCCT 

Sequence color annotation: RAG1 locus Microhomology L1-ORFeus insertions (+): GFP-CT GFP-NT    

Example #2 
>M00701:747:000000000-CFM9G:1:1113:12595:14133 (pair end) 
ACGCGCTGCGTAAGATACATCAGTGGGATATTGATATTGGTCTTAATATGACTTGTTTTCATTGTTCTCAGGTACCTCAGCCAGCATGGCAGCCTCTT
TCCCACCCATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAAC
TTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTGGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCC
CGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCG
GGATCACTCTCGGCATGGACTCAGTTCTGCCCCAGATGAAATTCAGCACCCACATATTAAATTTTCAGAATGGAAATTTAAGCTGTTCCGGGTGAGA
TCCTCTG 

Sequence color annotation: RAG1 locus Microhomology L1-ORFeus insertions (-): GFP-NT GFP-CT 

Example #3 
>M00701:748:000000000-CFM62:1:2101:12456:25523 (pair end) 
ACGCGCTGCGTAAGATACATCAGTGGGATATTGATATTGGTCTTAATATGACTTGTTTTCATTGTTCTCAGGTACCTCAGCCAGCATGGCAGCCTCTT
TCCCACCCAGCAGGACCATGTGATCGCGCTTCTCGTTGGGGTCTTTGCTCAGGGCGGACTGGGTGCTCAGGTAGTGGTTGTCGGGCAGCAGCACG
GGGCCGTCGCCGATGGGGGTGTTCTGCTGGTAGTGGTCGGCCAGCTGCACGCTGCCGTCCTCGATGTTGTGGCGGATCTTGAAGTTCACCTTGATG
CCGTTCTTCTGCTTGTCGGCCATGATATAGACGTTGTGGCTGTTGTAGTTGTACTCCAGCTTGTGCCCCAGGATGTTGGGACTCAGTTCTGCCCCAG
ATGAAATTCAGCACCCACATATTAAATTTTCAGAATGGAAATTTAAGCTGTTCCGGGTGAGATCCTCTGA 

Example #4 
>M01559:236:000000000-CHDLT:1:2101:16442:20380 (pair end) 
ACGCGCTGCGTAAGATACATCAGTGGGATATTGATATTGGTCTTAATATGACTTGTTTTCATTGTTCTCAGGTACCTCAGCCAGCATGGCAGCCTCTT
TCCCACCCATGTGATCGCGCTTCTCGTTGGGGTCTTTGCTCAGGGCGGACTGGGTGCTCAGGTAGTGGTTGTCGGGCAGCAGCACGGGGCCGTCG
CCGATGGGGGTGTTCTGCTGGTAGTGGTCGGCCAGCTGCACGCTGCCGTCCTCGATGTTGTGGCGGATCTTGAAGTTCACCTTGATGCCGTTCTTCT
GCTTGTCGGCCATGATATAGACGTTGTGGGACTCAGTTCTGCCCCAGATGAAATTCAGCACCCACATATTAAATTTTCAGAATGGAAATTTAAGCTG
TTCCGGGTGAGATCCT 
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6XSSOHPHQWDU\� 6HTXHQFH� ��� /��25)HXV� LQVHUWLRQ� EULGJLQJ� WKH� LQWURQ� RI�*)3� REWDLQHG� E\� DPSOLFRQ�
VHTXHQFLQJ�DW�WKH�&&5��&5,635�&DV��WDUJHW�VLWH�LQ�+(.���7�FHOOV�H[SUHVVLQJ�/��25)HXV� 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Example #1 
>M01559:337:000000000-JBGB2:1:2108:10959:9836 (pair end) 
ATGATGTACCAGGAATCATCTTTACCAGATCTCAAAAAGAAGGTCTTCATTACACCTGCAGCTCTCATTTTCCATACATCAAGGTGAACTTCAAG
ATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTGGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGAC
AACCACTACCTGAGCACCCAGTATCAATTCTGGAAGAATTTCCAGACATTAAAGATAGTCATCTTGGGGCTGGTCCTG 

Sequence color annotation: CCR5 locus Microhomology L1-ORFeus insertions (-): GFP-NT GFP-CT 
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6XSSOHPHQWDU\�6HTXHQFH����/��25)HXV� LQVHUWLRQV�EULGJLQJ� WKH� LQWURQ�RI�*)3�REWDLQHG�E\�DPSOLFRQ�
VHTXHQFLQJ�DW�WKH�0<&�&5,635�&DV��WDUJHW�VLWH�LQ�+H/D�FHOOV�H[SUHVVLQJ�/��25)HXV� 
 

 

 

 

 

 

 

 

  

Sequence color annotation: MYC locus Microhomology L1-ORFeus insertions (+): GFP-CT GFP-NT    
 
Example #1 
>M00701:936:000000000-JT8MN:1:2109:15161:26467 (pair end) 
TGCTGCTGGTTCACTAAGTGCGTCTCCGAGATAGCAGGGGACTGTCCAAAGGGGGTCGGCGGCGGTCACGAACTCCAGCAGGACCATGTGAT
CGCGCTTCTCGTTGGGGTCTTTGCTCAGGGCGGACTGGGTGCTCAGGTAGTGGTTGTCGGGCAGCAGCACGGGGCCGTCGCCGATGGGGGT
GTTCTGCTGGTAGTGGTCGGCCAGCTGCACGCTGCCGTCCTCGATGTTGTGGCGGATCTTGAAGTTCACCTTGATGCAGTTCTTCTGCTTGTCG
GCCATGATATAGACGTTGTGGCTGTTGTAGTTGTACTCCAGCTTGTGCCCCTGAAAGGGTGCTCCCTTTATTCCCCCACCAAGACCACCCAGCC
GCTTTAGGGGATAGCTCTGCAAGGGGAGAGCTC 
 

Example #2 
>M00701:936:000000000-JT8MN:1:1105:6364:9728 (pair end) 
TGCTGCTGGTTCACTAAGTGCGTCTCCGAGATAGCAGGGGACTGTCCAAAGCGGACTGGGTGCTCAGGTAGTGGTTGTCGGGCAGCAGCACG
GGGCCGTCGCCGATGGGGGTGTTCTGCTGGTAGTGGTCGGCCAGCTGCACGCTGCCGTCCTCGATGTTGTGAAAGGGTGCTCCCTTTATTCCC
CCACCAAGACCACCCAGCCGCTTTAGGGGATAGCTCTGCAAGGGGAGAGCTC 

 

Example #3 
>M00701:936:000000000-JT8MN:1:1104:11116:4812 (pair end) 
GATCGCGCGGTGCTGGTTCACTAAGTGCGTCTCCGAGATAGCAGGGGACTGTCCAAAGGTAGTGGTCGGCCAGCTGCACGCTGCCGTCCTCG
ATGTTGTGGCGGATCTTGAAGTTCACCTTGATGCCGTTCTTCTGCTTGTCGGCCATGATATAGACGTTGTGGCTGTTGTAGTTGTACTCCAGCTT
GTGCCCCAGGATGTTGCCGTCCTCCTTGAAGTCGATGCCCTTCAGCTCGATGCGGTTCACCAGGGTGTCGCCCTCGAACTTCACCTCGGTTTATT
CCCCCACCAAGACCACCCAGCCGCTTTAGGGGATAGCTCTGCAAGGGGAGAGCTC 



18 

 

6XSSOHPHQWDU\�6HTXHQFH�����/��25)HXV�LQVHUWLRQDO�VHTXHQFH�REWDLQHG�E\�DPSOLFRQ�VHTXHQFLQJ�DW�

WKH�&&5��&5,635�&DV��WDUJHW�VLWH�LQ�+(.���7�FHOOV�H[SUHVVLQJ�/��57P��  
 

 

 

 
 
 
The alignment of example #1 read sequence with the L1-ORFeus vector showed this insertion is in the intron region.  

 

 

 

 

 

 

Example #1 
>M01559:337:000000000-JBGB2:1:1110:23520:10454 (pair end) 
GATCCAGGAATCATCTTTACCAGATCTCAAAAAGAAGGTCTTCATTACACCTGCAGCTCTCATTTTCCATATAAAGATGAACCCATAGTG
AGCTGAGAGCTCCAGCCTGGCCTCCAGATAACTACACACCCAGCTTCCATAGTCAGTATCAATTCTGGAAGAATTTCCAGACATTAAAGA
TAGTCATCTTGGGGCTGGTCCTGAGCA 

Sequence color annotation: CCR5 locus Microhomology L1-ORFeus insertions (-) 
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6XSSOHPHQWDU\�6HTXHQFH�����([DPSOH�VHTXHQFHV�RI�3RO\$�VHT�IURP�0<&�&5,635�HGLWLQJ�LQ�

+(.���7�FHOOV�H[SUHVVLQJ�/��25)HXV� 
 

Example #1  
>M00701:791:000000000-CK823:1:1102:21019:22383 
GCAATAAACAAGTTAACAACAAaaaaaaaaaaaaaaaaaaaaaaaaattctgaagtcacggcagtataccagtaaacgctctagga
ccttggtttttacaggtggcatggtatcgtgggacgccgggacacaggagaccttggaagtgggttgcggttaaccaccccgggcc
gttgaccacgcgtgccctatagtcttgcgacacagatcgaaagagcggtccagcaggaattccgagacagacatcgt 

Alignment of reads sequence (top) with genomic sequence (bottom)   

L1-ORFeus insertion at chr1:2817810 strand (+)                       Consensus motif 

0000001 GCAATAAACAAGTTAACAACAAaaaaaaaaaaaaaaaaaaaaaaaaattc 0000050reads sequence 
>>>>>>>                                           |||||||| >>>>>>> 
2817768 gatcctggcctcatgatataaaggattggattttgatttcttaaaaattc 2817817Genomic sequence 
 
0000051 tgaagtcacggcagtataccagtaaacgctctaggaccttggtttttaca 0000100 
>>>>>>> |||||||||||||||||||||||||||||||||||||||||||| ||||| >>>>>>> 
2817818 tgaagtcacggcagtataccagtaaacgctctaggaccttggttcttaca 2817867 
 
0000101 ggtggcatggtatcgtgggacgccgggacacaggagaccttggaagtggg 0000150 
>>>>>>> |||||||||||||||||||||||||||||||||||| ||||||||||||| >>>>>>> 
2817868 ggtggcatggtatcgtgggacgccgggacacaggagtccttggaagtggg 2817917 
 
0000151 ttgcgg 0000156 
>>>>>>>  ||||| >>>>>>> 
2817918 ctgcgg 2817923 
 

 

Example #2 
>M00701:791:000000000-CK823:1:1111:28823:11194 
GCAATAAACAAGTTAACAACAAaaaaaaaaaaaaaaaaaaaacactcttcttttagtttttagttttttaaaaaaatattttcctt
tttcgttttggaagaaactaaaactttctacctaatagcattacaaacttgttaaaggggataaatgtgtattgatcttccttggt
ttttcttttcaggtttggggatatctcactctggtgtttatgggagggggagacaggtaaaggggagggagattctgc 

L1-ORFeus insertion at chr5:151371709 strand (+) 

000000001 GCAATAAACAAGTTAACAACAAaaaaaaaaaaaaaaaaaaaacactcttc 000000050 
>>>>>>>>>                                      ||||||||||||| >>>>>>>>> 
151371672 aggatgtgtaacaaggctagtgaataggattttttttaaaaacactcttc 151371721 
 
000000051 ttttagtttttagttttttaaaaaaatattttcctttttcgttttggaag 000000100 
>>>>>>>>> |||||||||||||||||||||||||||||||||||||||||||||||||| >>>>>>>>> 
151371722 ttttagtttttagttttttaaaaaaatattttcctttttcgttttggaag 151371771 
 
000000101 aaactaaaactttctacctaatagcattacaaacttgttaaaggggataa 000000150 
>>>>>>>>> |||||||||||||||||||||||||||||||||| ||||||||||||||| >>>>>>>>> 
151371772 aaactaaaactttctacctaatagcattacaaacatgttaaaggggataa 151371821 
 
000000151 atgtgtattgatcttccttggtttttcttttcaggtttggggatatctca 000000200 
>>>>>>>>> ||||||| |||||||||||||||||||||||||||||||||| ||||||| >>>>>>>>> 
151371822 atgtgtactgatcttccttggtttttcttttcaggtttggggctatctca 151371871 
 
000000201 ctctggtgtttatgggagggggagacaggtaaaggggagggagattctgc 000000250 
>>>>>>>>> |||||||||||||||||| |||||||||| |||||||||||||||||||| >>>>>>>>> 
151371872 ctctggtgtttatgggagcgggagacagggaaaggggagggagattctgc 151371921 
 
 
 
Example #3 
>M00701:791:000000000-CK823:1:1107:9554:10216 
GCAATAAACAAGTTAACAACAAaaaaaaaaaaaaaaaaaaaaaagaatgtgtgaaattaaatctggtaacatagaaacatgaaata
ttaaaactgaactgcaatttttaagtacttaaaatattagatacagaataatatacacacatgtaatcaacaaatattaatatatt
taccagttagaattaataaatgatttacattggcttcaagtcttgttttatgtattaaaaaaaaaaagaagaaaaa 

L1-ORFeus insertion at chr7:92573671 strand (-) 

00000001 GCAATAAACAAGTTAACAACAAaaaaaaaaaaaaaaaaaaaaaagaatgt 00000050 
<<<<<<<<                                  |||||||||||| |||| <<<<<<<< 
92573704 acgattataaaataagtggttaccctcatatttaaaaaaaaaaagtatgt 92573655 
 
00000051 gtgaaattaaatctggtaacatagaaacatgaaatattaaaactgaactg 00000100 
<<<<<<<< |||||||||||||||||||||||||||||||||||||||||||||||||| <<<<<<<< 
92573654 gtgaaattaaatctggtaacatagaaacatgaaatattaaaactgaactg 92573605 
 
00000101 caatttttaagtacttaaaatattagatacagaataatatacacacatgt 00000150 
<<<<<<<< ||||||||||||||||||||||||||||||||| |||||||||||||||| <<<<<<<< 
92573604 caatttttaagtacttaaaatattagatacagagtaatatacacacatgt 92573555 
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00000151 aatcaacaaatattaatatatttaccagttagaattaataaatgatttac 00000200 
<<<<<<<< |||||||||||||||||||||||||||||||||||||||||||||||||| <<<<<<<< 
92573554 aatcaacaaatattaatatatttaccagttagaattaataaatgatttac 92573505 
 
00000201 attggcttcaagtcttgttttatgtatt.aaaaaaaaaaagaagaaaaa 00000248 
<<<<<<<< |||||||||||||||||||||||||||| |||||||||||||||||||| <<<<<<<< 
92573504 attggcttcaagtcttgttttatgtattaaaaaaaaaaaagaagaaaaa 92573456 
 
 
Example #4 
>M00701:791:000000000-CK823:1:1108:12186:18244 
GCAATAAACAAGTTAACAACAAaaaaaaaaaaaaaaaaaaaaaattgttcaatagaggagctctacaatctaaaacatggttcagg
ggactagactaggctggcacagatagaagggtaggataaccagcccgggccgtcgaccacgcgtgccctatagtctagcgactcag
atcggaagagcggttcagcaggaatgccgagaccgaattcgaatgccgtcttctgcttgaaaaaaaaaaaataaata 

L1-ORFeus insertion at chr8:128450460 strand (+) 

000000001 GCAATAAACAAGTTAACAACAAaaaaaaaaaaaaaaaaaaaaaattgttc 000000050 
>>>>>>>>>                                        ||||||||||| >>>>>>>>> 
128450421 tctgatgggtcgcgtataagtcaaattaagacgtatattaaaaattgttc 128450470 
 
000000051 aatagaggagctctacaatctaaaacatggttcaggggactagactaggc 000000100 
>>>>>>>>> |||||||||||||||||||||||||||||||||||||||||||||||||| >>>>>>>>> 
128450471 aatagaggagctctacaatctaaaacatggttcaggggactagactaggc 128450520 
 
000000101 tggcacagatagaagggtagg 000000121 
>>>>>>>>> ||||||||||||||||||||| >>>>>>>>> 
128450521 tggcacagatagaagggtagg 128450541 
 
 
Example #5 
>M00701:791:000000000-CK823:1:1104:25633:16154 
GCAATAAACAAGTTAACAACAAaaaaaaaaaaaaaaaaaaaagaaagataattcatgccccactgcttgttgtcctgcacgcaaat
acctaagttgagtcattaaatttttccacttctcaatggacatatgaggtacttctactccctcaccccatcaggcttcctagaag
atgctgcacgatgcctactattttaaccaaaggagcagaaaacacccagagaaacctatggtgtcagaaattttctct 

L1-ORFeus insertion at chr8:134321397 strand (+) 

000000001 GCAATAAACAAGTTAACAACAAaaaaaaaaaaaaaaaaaaaagaaagata 000000050 
>>>>>>>>>                                     |||||||||||||| >>>>>>>>> 
134321361 gaaaagtcatataaaggccaactcagttgaaattttaaaaaagaaagata 134321410 
 
000000051 attcatgccccactgcttgttgtcctgcacgcaaatacctaagttgagtc 000000100 
>>>>>>>>> |||||||| ||||||||||||||||||||||||||||||||||||||||| >>>>>>>>> 
134321411 attcatgctccactgcttgttgtcctgcacgcaaatacctaagttgagtc 134321460 
 
000000101 attaaatttttccacttctcaatggacatatgaggtacttctactccctc 000000150 
>>>>>>>>> |||||||||||||||||||||||||||||||||||||||||||||||||| >>>>>>>>> 
134321461 attaaatttttccacttctcaatggacatatgaggtacttctactccctc 134321510 
 
000000151 accccatcaggcttcctagaagatgctgcacgatgcctactattttaacc 000000200 
>>>>>>>>> |||||||||||||||||||||||||||||||||||||||||||||||||| >>>>>>>>> 
134321511 accccatcaggcttcctagaagatgctgcacgatgcctactattttaacc 134321560 
 
000000201 aaaggagcagaaaacacccagagaaacctatggtgtcagaaattttctct 000000250 
>>>>>>>>> |||||||||||||||||||||||||||||||||||||||||||||||||| >>>>>>>>> 
134321561 aaaggagcagaaaacacccagagaaacctatggtgtcagaaattttctct 134321610 
 
 
Example #6 
>M00701:791:000000000-CK823:1:1113:11357:3801 
GCAATAAACAAGTTAACAACAAaaaaaaaaaaaaaaaaaaaaattataattgtcagtgtgtgaccttagactatgaaaatgtatac
agttgtcaaagacccttttaatgcttcgaggacaaccagcccgggccgtcgaccacgcgtgccctatagtagcgtcgagatcggaa
gggcggttcagcaggaatgccgcgacagaacacgcatgccggcttttgtttgataaacaaaaaaaaatagatgtcact 

L1-ORFeus insertion at chr9:27287255 strand (+) 

00000001 GCAATAAACAAGTTAACAACAAaaaaaaaaaaaaaaaaaaaaattataat 00000050 
>>>>>>>>                                      ||||||||||||| >>>>>>>> 
27287218 gcaatgacaagcttccatgtctatattctctgattttaaaaaattataat 27287267 
 
00000051 tgtcagtgtgtgaccttagactatgaaaatgtatacagttgtcaaagacc 00000100 
>>>>>>>> ||||||||||||||||||||||||||||||||||||||||||||| |||  >>>>>>>> 
27287268 tgtcagtgtgtgaccttagactatgaaaatgtatacagttgtcaatgact 27287317 
 
00000101 cttttaatgcttcgagg 00000117 
>>>>>>>> ||||||||||||||||| >>>>>>>> 
27287318 cttttaatgcttcgagg 27287334 
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Example #7 
>M00701:791:000000000-CK823:1:1108:15367:23104 
GCAATAAACAAGTTAACAACAAaaaaaaaaaaaaaaaaaaaaaataagggggggggggggagggacttaacaaaatcacaccaacg
tattttattaacaacatgcctaagtggtaagcttgctgccatttgtttcaaattcttgcagtttcttcttttgcagatattattta
ctccccacctgctgccagtcacgaccaaattgtataacactgtagactgctccaactctctgccttttaagctgaaat 

 

L1-ORFeus insertion at chr9:32843666 strand (+) 

00000001 GCAATAAACAAGTTAACAACAAaaaaaaaaaaaaaaaaaaaaaataaggg 00000050 
>>>>>>>>                                   |||||||||||||||  >>>>>>>> 
32843632 catgccttttagctctaagaaattgatttaagttaaaaaaaaaataaggt 32843681 
 
00000051 ggggggggggagggacttaacaaaatcacaccaacgtattttattaacaa 00000100 
>>>>>>>> || |||| ||||||||||||| |||||||||||||||||||||||||||| >>>>>>>> 
32843682 ggtggggtggagggacttaaccaaatcacaccaacgtattttattaacaa 32843731 
 
00000101 catgcctaagtggtaagcttgctgccatttgtttcaaattcttgcagttt 00000150 
>>>>>>>> ||||||||||||||||||||||||||| ||| ||||||| | |||||||| >>>>>>>> 
32843732 catgcctaagtggtaagcttgctgccacttgattcaaatgcctgcagttt 32843781 
 
00000151 cttcttttgcagatattatttactccccacctgctgccagtcacgaccaa 00000200 
>>>>>>>> ||||||||||||||||||||||||| |||||||||||||||||||  ||| >>>>>>>> 
32843782 cttcttttgcagatattatttactctccacctgctgccagtcacgcacaa 32843831 
 
00000201 attgtataacactgtagactgctccaactctctgccttttaagctgaaat 00000250 
>>>>>>>> |||||||||||||||||||||||||||||||||||||||||||||||||| >>>>>>>> 
32843832 attgtataacactgtagactgctccaactctctgccttttaagctgaaat 32843881 
 
 
Example #8 
>M00701:791:000000000-CK823:1:1102:5950:22540 
GCAATAAACAAGTTAACAACAAaaaaaaaaaaaaaaaaaaaaaagtgaaaactaaatcttttcattttttaaaattcattaattca
ttcagcaagtatttttgcatcatccaagcatatttgatcacgtgcttggcattcttttaggtcagtatttctcagcgttggataac
cagcccgggccgtcgaccacgcgtgccctatagtctagcgactcagatcggaaaggcggttcagcaggaatgccgat 

L1-ORFeus insertion at chr11:8542738 strand (+) 

0000001 GCAATAAACAAGTTAACAACAAaaaaaaaaaaaaaaaaaaaaaagtgaaa 0000050 
<<<<<<<                                    |||||||||||| || <<<<<<< 
8542773 gccactgcactccagcctgggtgacagagtgtcttaaaaaaaaagtgcaa 8542724 
 
0000051 actaaatcttttcattttttaaaattcattaattcattcagcaagtattt 0000100 
<<<<<<< ||||||||||||||||| |||||||||||||||||||||||||||||||| <<<<<<< 
8542723 actaaatcttttcatttattaaaattcattaattcattcagcaagtattt 8542674 
 
0000101 ttgcatcatccaagcatatttgatcacgtgcttggcattcttttaggtca 0000150 
<<<<<<< |||||||||||||||||||||||||||||||||||||||||||||||||| <<<<<<< 
8542673 ttgcatcatccaagcatatttgatcacgtgcttggcattcttttaggtca 8542624 
 
0000151 gtatttctcagcgttgg 0000167 
<<<<<<< ||||||||||||||||| <<<<<<< 
8542623 gtatttctcagcgttgg 8542607 
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6XSSOHPHQWDU\�6HTXHQFH�����([DPSOH�/�+V�VHTXHQFHV�REWDLQHG�E\�DPSOLFRQ�VHTXHQFLQJ�DW�WKH�

0<&�5$*��&5,635�&DV��WDUJHW�VLWH�LQ�+(.���7�FHOOV� 

 
Trinucleotide ŝŶ�ϯ͛hdZ�ĨĞĂƚƵƌĞ�ǁŝƚŚin indicated endogenous L1 family 

 

 

Example #1  (at MYC CRISPR/Cas9 target site in HEK293T cells expressing L1-RTm) 

> M00851:382:000000000-CF5PB:1:1104:23807:16329      
CGATCATGATCGGCTGGTTCACTAAGTGCGTCTCCGAGATAGCAGGGGACTGTCCAAAGGGGGGTAGGAGGAGGGGGGAGGG
ATAGCATTGGGAGATATACCTAATGCTAGATGACACATTAGTGGGTGCAGCGCACCAGCATGGCACATGTATACATATGTAACT
AACCTGCACAATGTGCACATGTACCCTAAAACTTAGAGTATAATAAAATAAAGGGTGCTCCCTTTATTCCCCCACCAAGACCAC
CCAGCCGCTTTAGGGGATAGCTCTGCAAGGGAGAG 

Sequence color annotation: MYC locus L1Hs sequences (+) Trinucleotide ŝŶ�ϯ͛hdZ�PolyA tail Microhomology 
 

 

 

Example #2  (at RAG1 CRISPR/Cas9 target site in HEK293T cells expressing L1-ORFeus) 

> M00701:748:000000000-CFM62:1:2104:18741:6169 
ACGCGCTGCGTAAGATACATCAGTGGGATATTGATATTGGTCTTAATATGACTTGTTTTCATTGTTCTCAGGTACCTCAGCCAGCA
TGGCAGCCTCTTTCCCACCCACTTTTTTTTTTATTATACTCTAAGTTTTAGGGTACATGTGCACATTGTGCAGGTTAGTTACATATG
TATACATGTGCCATGCTGGTGCACTGCACCCACTAATGTGTCATCTAGCATTAGGTATATATGGGGCTCAGTGCTGCCCCAGATG
AAATTCAGCACCCACATATTAAATTTTCAGAATGGAAATTTAAGCTGTTCCGGGTGAGATCCT 

Reverse complementary sequence: 

AGGATCTCACCCGGAACAGCTTAAATTTCCATTCTGAAAATTTAATATGTGGGTGCTGAATTTCATCTGGGGCAGCACTGAGCCC
CATATATACCTAATGCTAGATGACACATTAGTGGGTGCAGTGCACCAGCATGGCACATGTATACATATGTAACTAACCTGCACA
ATGTGCACATGTACCCTAAAACTTAGAGTATAATAAAAAAAAAAGTGGGTGGGAAAGAGGCTGCCATGCTGGCTGAGGTACCT
GAGAACAATGAAAACAAGTCATATTAAGACCAATATCAATATCCCACTGATGTATCTTACGCAGCGCGT 

Sequence color annotation: RAG1 locus L1Hs sequences (-) Trinucleotide ŝŶ�ϯ͛hdZ PolyA tail 
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6XSSOHPHQWDU\�6HTXHQFH�����'1$�VHTXHQFHV�RI�S&(3��/�53��S&(3��/�53�(1P��+���$���/�53�

(1P���DQG�S&(3��/�53�57P��'���<���/�53�57P��SODVPLGV�XVHG�LQ�WKLV�VWXG\� 

 
�����S&(3��/�53���������ES�  FDQ�EH�IRXQG�LQ�KWWSV���ZZZ�DGGJHQH�RUJ�������� 

 
 
 
 
 

 
)HDWXUHV 5HJLRQV��ES� 
&09�SURPRWHU ������ 
/���¶875 �������� 
25)���/�53� ��������� 
25)���/�53� ��������� 
*)3�&7 ��������� 
+%*�LQWURQ ��������� 
*)3�17 ��������� 

 
*77*$&$77*$77$77*$&7$*77$77$$7$*7$$7&$$77$&****7&$77$*77&$7$*&&&$7$7$7**$*77&&*&*77$&*7$$&77$&**7
$$$7**&&&*&&7**&7*$&&*&&&$$&*$&&&&&*&&&$77*$&*7&$$7$$7*$&*7$7*77&&&$7$*7$$&*&&$$7$***$&777&&
$77*$&*7&$$7***7**$*7$777$&**7$$$&7*&&&$&77**&$*7$&$7&$$*7*7$7&$7$7*&&$$*7&&*&&&&&7$77*$&*7&$$
7*$&**7$$$7**&&&*&&7**&$77$7*&&&$*7$&$7*$&&77$&***$&777&&7$&77**&$*7$&$7&7$&*7$77$*7&$7&*&7$77
$&&$7**7*$7*&**7777*$&$*7$&$&&$$7***&*7**$7$*&**777*$&7&$&****$777&&$$*7&7&&$&&&&$77*$&*7&$$
7***$*777*7777**&$&&$$$$7&$$&***$&777&&$$$$7*7&*7$$7$$&&&&*&&&&*77*$&*&$$$7***&**7$**&*7*7$&
**7***$**7&7$7$7$$*&$*$*&7&*777$*7*$$&&*7&$*$7&7&7$*$$*&7***7$&&$*&7*&7$*&$$*&77*&7$*&**&&*&
7&7$*&&&7**$$7*7*7$77$$*$&7*7$$**7*******$**$*&&$$*$7**&&*$$7$**$$&$*&7&&**7&7$&$*&7&&&$*&*
7*$*&*$&*&$*$$*$&**7*$777&7*&$777&&$7&7*$**7$&&***77&$7&7&$&7$***$*7*&&$*$&$*7***&*&$**&&$*
7*7*7*7*&*&$&&*7*&*&*$*&&*$$*&$***&*$**&$77*&&7&$&&7***$$*&*&$$****7&$***$*77&&&777&&*$*7
&$$$*$$$****7*$&**$&*&$&&7**$$$$7&***7&$&7&&&$&&&*$$7$77*&*&7777&$*$&&**&77$$*$$$&**&*&$&&$
&*$*$&7$7$7&&&*&$&&7**&7&**$***7&&7$&*&&&$&**$$7&7&*&7*$77*&7$*&$&$*&$*7&7*$*$7&$$$&7*&$$**
&**&$$&*$**&7*****$****&*&&&*&&$77*&&&$**&77*&77$**7$$$&$$$*&$*&$***$$*&7&*$$&7***7**$*&&
&$&&$&$*&7&$$**$**&&7*&&7*&&7&7*7$**&7&&$&&7&7*****&$***&$&$*$&$$$&$$$$$*$&$*&$*7$$&&7&7*&
$*$&77$$*7*7&&&7*7&7*$&$*&777*$$*$*$*&$*7**77&7&&&$*&$&*&$*&7**$*$7&7*$*$$&***&$*$&7*&&7&&7
&$$*7***7&&&7*$&&&&7*$&&&&&*$*&$*&&7$$&7***$**&$&&&&&&$*&$****&$&$&7*$&$&&7&$&$&**&$***7$
77&&$$&$*$&&7*&$*&7*$***7&&7*7&7*77$*$$**$$$$&7$$&$$&&$*$$$**$&$7&7$&$&&*$$$$&&&$7&7*7$&$7&$&
&$7&$7&$$$*$&&$$$$*7$*$7$$$$&&$&$$$*$7****$$$$$$&$*$$&$*$$$$$&7**$$$&7&7$$$$&*&$*$*&*&&7&7&&7
&&7&&$$$**$$&*&$*77&&7&$&&$*&$$&$*$$&$$$*&7**$7**$*$$7*$7777*$7*$*&7*$*$*$$*$$**&77&$*$&*$7&
$$$77$&7&7*$*&7$&***$**$&$77&$$$&&$$$**&$$$*$$*77*$$$$&777*$$$$$$$777$*$$*$$7*7$7$$&7$*$$7$$&&$
$7$&$*$*$$*7*&77$$$**$*&7*$7**$*&7*$$$$&&$$**&7&*$*$$&7$&*7*$$*$$7*&$*$$*&&7&$**$*&&*$7*&*$
7&$$&7**$$*$$$***7$7&$*&$$7**$$*$7*$$$7*$$7*$$$7*$$*&*$*$$***$$*777$*$*$$$$$$*$$7$$$$$*$$$7*$
*&$$$*&&7&&$$*$$$7$7***$&7$7*7*$$$$*$&&$$$7&7$&*7&7*$77**7*7$&&7*$$$*7*$7*7**$*$$7**$$&&$$*77
**$$$$&$&7&7*&$**$7$77$7&&$**$*$$&77&&&&$$7&7$*&$$**&$**&&$$&*77&$*$77&$**$$$7$&$*$*$$&*&&$&
$$$*$7$&7&&7&*$*$$*$*&$$&7&&$$*$&$&$7$$77*7&$*$77&$&&$$$*77*$$$7*$$**$$$$$$7*77$$***&$*&&$*$*
$*$$$**7&***77$&&&7&$$$**$$$*&&&$7&$*$&7$$&$*&**$7&7&7&**&$*$$$&&&7$&$$*&&$*$$*$*$*7*****&
&$$7$77&$$&$77&77$$$*$$$$*$$7777&$$&&&$*$$777&$7$7&&$*&&$$$&7$$*&77&$7$$*7*$$**$*$$$7$$$$7$&777$7
$*$&$$*&$$$7*77*$*$*$7777*7&$&&$&&$**&&7*&&&7$$$$*$*&7&&7*$$**$$*&*&7$$$&$7**$$$**$$&$$&&**7
$&&$*&&*&7*&$$$$7&$7*&&$$$$7*7$$$*$&&$7&$$*$&7$**$$*$$$&7*&$&&$$&7$$7*$*&$$$$7&$&&$*&7$$&$7&$
7$$7*$&$**$7&$$&77&$&$&$7$$&$$7$77$$&777$$$7$7$$$7**$&7$$$77&7*&$$77$$$$*$&$&$*$&7**&$$*77**$7$$
$*$*7&$$*$&&&$7&$*7*7*&7*7$77&$**$$$&&&$7&7&$&*7*&$*$*$&$&$&$7$**&7&$$$$7$$$$**$7**$**$$*$7&7
$&&$$*&&$$7**$$$$&$$$$$$$**&$****77*&$$7&&7$*7&7&7*$7$$$$&$*$&777$$$&&$$&$$$*$7&$$$$*$*$&$$$*
$$**&&$77$&$7$$7**7$$$***$7&$$77&$$&$$*$**$*&7$$&7$7&&7$$$7$777$7*&$&&&$$7$&$**$*&$&&&$*$77&$7$
$$*&$$*7&&7&$*7*$&&7$&$$$*$*$&77$*$&7&&&$&$&$77$$7$$7***$*$&777$$&$&&&&$&7*7&$$&$77$*$&$*$7&$$
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