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IsDge10 is a hypercompact TnpB nuclease that
confers efficient genome editing in rice

Dear Editor,

Cas9 and Cas12a have been widely applied in genome engineer-
ing in both plant and human cells (Tang and Zhang, 2023).
However, the relatively large sizes restrict their delivery into
cells via viral vectors. As hypothetical ancestors of Cas9 and
Cas12a, IscB and TnpB have been reported as RNA-guided
DNA endonucleases suitable for genome editing in human
cells (Han et al., 2023; Xiang et al., 2023). More recently,
a eukaryotic RNA-guided endonuclease named Fanzor has
demonstrated genome editing capabilities in human cells
(Saito et al., 2023). These nucleases, such as IsDgel0, are
significantly smaller (~390 amino acids for IsDge10) compared
to Cas9 and Casi12a (e.g., ~1300 amino acids for SpCas9).
However, the applicability of TnpB, IscB, or Fanzor for plant
genome engineering remained unexplored. Here, we evaluated
a series of nucleases from the TnpB, IscB, and Fanzor
families and successfully developed a miniature plant genome
editor using IsDge10, a TnpB nuclease from Deinococcus
geothermalis.

First, we selected six different nucleases from these three
small nuclease families, including IsDge10, IsAam1, enlscB,
and SpuFz1 (Figure 1A) (Han et al., 2023; Saito et al., 2023;
Xiang et al., 2023), and optimized their codons for expression in
rice. Next, we used the ZmUbi1 (RNA polymerase II)
promoter to drive the expression of the nuclease gene and the
OsU6-2 promoter for their respective guide RNAs (Figure 1B).
We also developed a dual-fluorescence reporter system that
simultaneously expresses GFP and mCherry. In this system, the
green fluorescence from GFP serves as a normalization standard,
and the red fluorescence from mCherry can be perturbated
by targeted mutagenesis by any of these seven nuclease
systems (Supplemental Figure 1A). This reporter system was
co-transfected with the nuclease system into rice protoplasts,
enabling preliminary assessments of the editing capabilities of
our constructed nuclease systems. In our design, the mCherry
gene was targeted at one site with the transposon-associated
motif (TAM) by each corresponding nuclease (Figure 1A;
Supplemental Table 1). The results showed that IsDge10,
IsAam1, enlscB, and SpuFz1 each exhibited detectable editing
activity in rice protoplasts, as indicated by the reduction of
mCherry-to-GFP ratios, although their editing activities appeared
lower than that of Cas9 (Supplemental Figures 1B and 1C). We
then selected these four nucleases for further experiments.

To evaluate the editing efficiency of these four systems at
endogenous sites in rice, we selected seven sites per nuclease
system and assessed the outcomes of targeted mutagenesis in
rice protoplasts using next-generation sequencing of PCR ampli-
cons (Figure 1A; Supplemental Table 1). Our data showed that
IsDge10 exhibited an editing efficiency ranging from 2.20% to

15.04% across the seven target sites. In contrast, enlscB
achieved 2.05%-8.27% editing efficiency at five out of seven
sites, IsAam1 exhibited 2.36%-4.65% editing efficiency at two
out of seven sites, and SpuFz1 showed no detectable editing
activity (Figure 1C and Supplemental Figure 2). These results
suggest that IsDge10 is superior to the enlscB, IsAam1, and
SpuFz1 systems for genome editing in rice. Further analysis
showed that IsDge10 primarily generated deletions ranging
from 6 to 10 bp in size, occurring 13 to —23 bp away from the
TAM (Figures 1D and 1E and Supplemental Figures 3-5). This
cleavage pattern of IsDge10 is similar to those observed with
Cas12 nucleases, but differs from that of enlscB, which cleaves
proximally to the TAM-a characteristic consistent with enlscB’s
evolutionary relationship to the Cas9 group (Supplemental
Figures 6 and 7). This suggests that IsDge10, like Casi12
nucleases, produces off-set DNA double-strand breaks distal to
the TAM sites.

To assess the specificity of IsDge10, we focused on a high-
activity target, site 01, and designed a series of protospacers
with two adjacent mutations at various positions (Supplemental
Table 1; Supplemental Figure 2A). Analysis of rice protoplasts
showed that permutations of every two nucleotides from
positions 1-14 bp within the protospacer completely abolished
the editing activity of IsDge10, whereas mutations at positions
15-16 bp within the protospacer led to ~50% reduction in
editing frequency (Figure 1F). In contrast, mutations at positions
17-20 bp of the protospacer did not significantly affect the
editing activity of IsDge10 (Figure 1F). These findings delineate
the core functional length of a spacer for IsDge10 and
confirmed its high specificity as a nuclease.

We then tested whether IsDge10 could generate edits in
stable rice lines. The same transfer DNA constructs targeting
the seven sites were used for the stable transformation of rice.
The analysis of TO generation plants revealed successful editing
at all seven sites, with mutation efficiencies ranging from 4.2%
to 25% (Figure 1G). The mutations predominantly consisted of
deletions of 5-10 bp or longer (Supplemental Figure 8),
consistent with the editing profile observed in rice protoplasts
(Figure 1D). Notably, only monoallelic mutations were detected
in these rice lines (Supplemental Figure 9). Assuming that
biallelic knockout of these genes is non-lethal, these findings
indicate the potential for enhancing IsDge10 to achieve biallelic
editing in rice.

To develop a multiplexed IsDge10 genome editing system, we
adopted the dual RNA polymerase Il promoter expression
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Figure 1. Development of the IsDge10 genome editing system in rice.
(A) Phylogenetic diagram illustrating the evolutionary relationships among TnpB, Cas9, Cas12, IscB, and Fanzor. The selected nucleases IsDge10, Is-
Dra2, IsYmu1, IsAam1, enlscB, and SpuFz1 are highlighted and connected to their corresponding structural diagrams, showing their sizes and domains

(HNH and RuvC).

(B) Schematics of the IsDge10, IsDra2, IsYmu1, IsAam1, enlscB, and SpuFz1 constructs used for genome editing in rice.
(C) Comparison of the mutation rates of the IsDge10, laAam1, enlscB, and SpuFz1 systems in rice protoplasts.

(D) Deletion size profiles for three representative target sites in rice.
(E) Deletion position profiles for three representative target sites in rice.

(F) Assessment of targeting specificity using mismatched guide RNAs at a representative target site in rice protoplasts.
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systems previously used for Cas12a, Cas12b, and Cas12j2, as
well as their guide RNAs (Tang et al., 2017, 2019; Ming et al.,
2020; Liu et al., 2022; Zheng et al., 2023; Zhou et al., 2023). The
IsDge10 protein was expressed under the ZmUbi1 promoter,
and the seven guide RNAs were expressed under the
OsUbi1 promoter and processed by the HH (hammer head)-
HDV (hepatitis delta virus) dual ribozyme system to form mature
“guide RNA-wRNA” complexes (Figure 1H). Interestingly, this
multiplexed construct exhibited higher editing efficiencies at all
seven target sites compared to those achieved using the
OsU6-2 promoter for guide RNA expression (Figure 1C and
Supplemental Figure 2A), with efficiencies ranging from 4.3% to
18.2% in rice protoplasts (Figure 1l). The deletions were
typically 6-10 bp in length and occurred 13-23 bp away from
the TAM (Figures 1J and 1K and Supplemental Figures 10 and
11). These results confirm that IsDge10 can edit multiple sites
simultaneously using this robust dual polymerase Il promoter
system.

In summary, our study establishes IsDge10 is a novel and
compact transposon-associated TnpB nuclease suitable for
genome editing in rice. Compared to other compact nucleases
tested, IsDge10 exhibits robust genome editing activity in rice
and requires only a simple TTAT TAM. Although the current
IsDge10 system does not yet match the efficiency of the widely
used Cas9 and Cas12a systems, this study paves the way for
further enhancements through protein engineering and evolu-
tionary approaches. As one of the smallest nucleases functional
in plants, IsDge10 holds great potential for various applications,
including multi-nuclease combination editing, integration with
diverse effectors to develop tools for transcriptional and epige-
netic regulation, and incorporation into viral vectors for plant
genome engineering.
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Supplemental Materials and Methods
Vector construction

To construct the rice IsDge10 vector, the rice codon-optimized IsDge10 was
synthesized by Genscript (Nanjing, China). and assembled with the Zea mays
ubiquitin 1 (ZmUbi1) promoter and A. thaliana heat shock protein (AtHSP) terminator
using Golden Gate assembly using Bsal-HFv2 from New England Biolabs, resulting in
the IsDge10 entry vector (pZR406). Subsequently, the wRNA of IsDge10 was
synthesized through overlap extension polymerase chain reaction (PCR). PCR
fragments containing the OsU6-2 promoter, IsDge10 wRNA and lacZ-poly T, were
amplified and then inserted into the Bsal-linearized pTSWB vector using Gibson
assembly with the NEBuilder HiFi DNA Assembly Cloning Kit from New England
Biolabs, yielding the wRNA entry vectors pOsU6-2-IsDge10 wRNA (pZR389). To
generate the final IsDge10 backbone, the IsDge10 entry vector, WRNA entry vector
and pMOD_CO0000a were assembled into the T-DNA backbone pTRANS 210d
(Addgene Plasmid #91109) to generate rice IsDge10 backbone pGEL1011 using
Golden Gate assembly. The backbones of IsAam1, IsDra2, IsYmu1, enlscB and
SpuFz1 were generated by same way. In order to construct IsDge10 multiplex editing
vector, PCR fragments containing the ZmUbi1 promoter-Hammerhead ribozyme,
IsDge10 wRNA-lacZ and hepatitis delta virus (HDV) ribozyme-pinll terminator were
amplified and inserted into the Bsal-linearized pTSWB vector, yielding the wWRNA entry
vector pOsUbi1- IsDge10 wRNA (pZR527). To generate the final IsDge10 multiplex
editing backbone, the IsDge 10 entry vector, the WRNA entry (pOsUbi1-IsDge10 wRNA)
and pMOD_C0000a were assembled into the T-DNA backbone pTRANS 210d to
generate rice IsDge10 multiplex editing backbone pGEL1012 using Golden Gate
assembly. Nucleotide sequences of IsDge10, IsAam1, enlscB and SpuFz1 codon-

optimized for rice were shown in Supplementary Figure 12.
Rice protoplast transformation

The Japonica cultivar Nipponbare rice was used in this study. Rice protoplast isolation
and PEG-mediated transformation were performed as previously described (Tang et
al., 2019). Briefly, the rice plants were grown in the dark at 28 °C. Then healthy rice
seedlings were cut in about 1.0 mm strips, and immediately transferred into the 10ml|
enzyme solution, followed by vacuume-infiltration for 30 min and incubation at 80 rpm
for 6 hours at 25°C in the dark. Next, a 40 um cell strainer was used to filter the
digested products on a 90mm petri dish and further transferred into a sterile 50ml



Falcon tube. The protoplasts were collected by centrifugation at 100 g for 5 min and
suspended in 10 ml W5 solution for washing. Then, the W5 solution was removed by
centrifugation at 100 g for 2 min and the protoplasts were suspended at a
concentration of 2x108 ml' in MMG buffer. For transformation, 30 ul plasmids
(containing 30 ug DNA) were transformed into 200 ul protoplasts. The mixture was
gently mixed with 230 pl PEG transformation buffer for 20 min. The transfection
reaction was stopped by adding 1 ml W5 buffer. The protoplasts were collected by
centrifugation at 250 g for 5 min, gently suspended in 600 pl W5 buffer, and then
transferred to a 12-well culture plate. The plate was placed in the dark at 32°C for 48

hours before monitoring under a microscope or extracting DNA.

For fluorescence reporter system test in rice protoplasts, 30 ul plasmids (containing
15 ug DNA of reporter and 15 ug DNA of editing vector) were transformed into 200 pl
protoplasts. After 48 hours of dark incubation, we used an Olympus IX73 Inverted
Microscope to photograph the transformed rice cells. The microscope was configured
with an excitation light intensity set to 25% and an exposure time of 200 ms for image
capture. For each biological replicate, we randomly selected a field of view for image
capture and separately recorded the raw grayscale values of the mCherry signal and
the ZsGreen signal provided by the system. We then calculated the decrease in
mCherry by dividing the mCherry signal by the ZsGreen signal. Each experiment was

performed with three biological replicates.

Rice stable transformation

As with our previous study (Zhou et al., 2017), the cultivar Japonica Nipponbare was
used for stable Agrobacterium-mediated transformation of rice. Briefly, the sterilized
rice seeds were placed on solid N6-D medium. Precultured rice calli were transformed
by inoculating Agrobacterium EHA105 carrying the recombinant expression vector.
The inoculated calli were co-cultured with Agrobacterium for 3 d on 2N6-AS solid
medium. Then the calli were washed and transferred to N6D-S solid medium
containing 400 mg/l timentin and 50 mg/lI hygromycin for 2 weeks. Resistant calli were

then transferred to RE-IIl medium for obtain regenerated plants.

Mutagenesis analysis

The Next-Generation Sequencing (NGS) of PCR amplicons was used for evaluating



editing efficiency in rice protoplasts. Genomic DNA was extracted from the protoplasts
using the CTAB method (Stewart and Via, 1993). The amplicons of the editing regions
were amplified by 2 x Rapid Taq Master Mix (Vazyme, China). Amplicons were sent to
Novogene (China, Tianjin) for deep-sequencing by the Novaseq6000 platform which
produced 150 bp paired-end reads. The editing frequency was analyzed by the
CRISPRMatch and CrisprStitch (Han et al., 2024; You et al., 2018). For stable rice TO
lines, DNA was extracted from the TO generation using the CTAB method (Stewart and
Via, 1993). Then the target sites were amplified by 2 x Rapid Taq Master Mix (Vazyme,
China) and the products were sent to Sangon Biotech (Shanghai, China) for direct
PCR product sanger sequencing. Sanger sequencing data were analyzed by

Snapgene software (www.snapgene.com).

Statistical analysis

For all bar graphs, the mean and standard deviation (SD) were calculated and plotted
using GraphPad Prism 8.0 software, with SD provided only for samples with n > 2.
The data are presented as mean + SD. Statistical significance was analyzed using an
unpaired two-tailed t-test with equal variance in Microsoft Excel version 2212.
Asterisks indicate significant differences according to Student’s t-test (*p < 0.05, **p <
0.01, ***p < 0.001, ****p < 0.0001). The figures were further processed using Adobe

Photoshop and Adobe lllustrator software.
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Supplementary Figure 1. Detection of genome editing activity with a florescent
report assay in rice protoplasts. (A) A diagram of a dual-fluorescence reporter
system. (B) The decrease of mCherry fluorescence induced by targeted mutagenesis
of different editing systems. (C) Decrease of mCherry fluorescence expression after
co-transfection. Each dot represents a biological replicate. Data are presented as

mean values +/- SD. Data were analyzed using two-tailed unpaired t-Test.
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Supplementary Figure 2. Comparison of different nucleases at rice endogenous
sites in rice protoplasts. (A) Editing efficiency of the IsDge10 system at seven
endogenous sites in rice. (B) Editing efficiency of the IsAam1 system at seven
endogenous sites in rice. (C) Editing efficiency of the SpuFz system at seven
endogenous sites in rice. (D) Editing efficiency of the enlscB system at seven
endogenous sites in rice. Each dot represents a biological replicate. Data are

presented as mean values +/- SD. Data were analyzed using two-tailed unpaired t-

Test.
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Supplementary Figure 3. Deletion size profile of IsDge10 at 7 target sites in rice
protoplasts. Each assay contains three independent experiments (n=3). Data are

presented as mean values +/- SD.
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Supplementary Figure 4. Deletion position profile of IsDge10 at 7 target sites in
rice protoplasts. Editing at each site was biologically replicated three times,
designated as Rep1, Rep2, and Rep3, respectively. Sequence in red indicated the

TAM of IsDge10.
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Ref:
Reads
116
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IsDge10 Site01
TAGAGGCAACTTATGAAGCAAGTTCCCAGTTACAAGGTCTCTT

TAGAGGCAACTTATGAAGCAAGTTCCC- - - - - - - AGGTCTCTT
TAGAGGCAACTTATGAAGCAAGTTCCCA- - - - GTCTCTT
TAGAGGCAACTTATGAAGCAAGTTCCC- - - - - - - - GGTCTCTT
TAGAGGCAACTTATGAAGCAAGTTCC- - - - - - CAAGGTCTCTT
TAGAGGCAACTTATGAAGCAAGTTCCC- - - - - - - - - GTCTCTT
TAGAGGCAACTTATGAAGCAAGTTCCCA- - - --TCTCTT
TAGAGGCAACTTATGAAGCAAGTTCC- - - - - - - - - - - TCTCTT
TAGAGGCAACTTATGAAGCAAGTTCC- - - - - - - - - - GTCTCTT
TAGAGGCAACTTATGAAGCAAGTTCCC- - - - - - - - - - - - - ---
TAGAGGCAACTTATGAAGCAAGTTCCCAG- - - GGTCTCTT
TAGAGGCAACTTATGAAGCAAGTTCCC- - - - --TCTCTT
TAGAGGCAACTTATGAAGCAAGT- - - - - - - - - ----- TCTCTT
TAGAGGCAACTTATGAAGCAA- - - - - - - - - = - - - - - GTCTCTT
TAGAGGCAACTTATGAAGCAAGTTCCCA- - - - - - - - - - - - - - 1]
TAGAGGCAACTTATGAAGCAAGTTCCCA- - - - - - - - - - - - CTT
TAGAGGCAACTTATGAAGCAAGTTCC- - - - - - - - - TGTCTCTT
TAGAGGCAACTTATGAAGCAAGTTC --GICTCTT
TAGAGGCAACTTATGAAGCAAGTTCCCA- - - - ----CTCTCTT
TAGAGGCAACTTATGAAGCAAGTTCCCAGTT- - - - - GTCTCTT
TAGAGGCAACTTATGAAGCAAGTTCCC- - - - - CAAGGTCTCTT

IsDge10 Site03

ATTGAAATCCTTATGTGAGTCTCTGAACCATAGCAGGGATTCtT

ATTGAAATCCTTATGTGAGTCTCTGAAC- - - - - CAGGGATTCT
ATTGAAATCCTTATGTGAGTCTCTGAACCAT- - - AGGGATTCT
ATTGAAATCCTTATGTGAGTCTCTGAACC- - - - - - - - - - - TCT
ATTGAAATCCTTATGTGAGTCTCTGAACC- - GGGATTCT
ATTGAAATCCTTATGTGAGTCTCTGA- - - - - - - - AGGGATTCT
ATTGAAATCCTTATGTGAGTCTCTGAACC- - - - - - GGGATTCT
ATTGAAATCCTTATGTGAGTCTCTGAACC- - - - - - - - - - - - - -
ATTGAAATCCTTATGTGAGTCTCTGAACCA- - - - AGGGATTCT
ATTGAAATCCTTATGTGAGTCTCTGAACCA- - - - - - GGATTCT
ATTGAAATCCTTATGTGAGTCTCTGAAC- - CAGGGGTTCT
ATTGAAATCCTTATGTGAGTCTCTGA- - - - - AGGGATTCT
ATTGAAATCCTTATGTGAGTCTCTGAACC- - AGGGATTCT
ATTGAAATCCTTATGTGAGTCTCTGAACC- - - - - - GGGATTCT
ATTGAAATCCTTATGTGAGTCTCTGGAC- - - - - CAGGGATTCT
ATTGAAATCCTTATGTGAGTCTCTGAACC- CAGGGATTCT

ATTGAAATCCTTATGTGAGTCTCTG- - - - - - - - - - --------
ATTGAAATCCTTATGTGAGTCTCTGAACCA GGACTCT
ATTGAAATCCTTATGTGAGTCTCTG- ACCATAGCAGGGATTCT
ATTGAAATCCTTATGCGAGTCTCAGTACC- - - - - - GGGATTCT
ATTGAAATCCTTATGTGAGTCTCTGAACCAT- - - AGGGACTCT

Ref:
Reads

NN W®WwOo o

IsDge10 Site02
TGCTTCAGCATTATTAGATACCAGTGAAACAAAAAGGCTCATG

TGCTTCAGCATTATTAGATACCAGTG- - - - - AAAAGGCTCATG
TGCTTCAGCATTATTAGATACCAGTG- - - - - - AGGCTCATG
TGCTTCAGCATTATTAGATACCAGTG- - - - - - AAAGGCTCATG
TGCTTCAGCATTATTAGATACCAGT GAA- - AAAAAGGCTCATG
TGCTTCAGCATTATTAGATACCAGT- - - ------- GGCTCATG
TGCTTCAGCATTATTAGATACCAGT GAA- - CAAAAGGCTCATG
TGCTTCAGCATTATTAGATACCAGTGA- - - - - - - - - - CTCATG
TGCTTCAGCATTATTAGATACCAGT GAAAC- - AAAGGCTCATG
TGCTTCAGCATTATTAGATACCAGTG- - - - - - - - TGGCTCATG
TGCTTCAGCATTATTAGATACCAGTG- - - - AAAAAGGCTCATG
TGCTTCAGCATTATTAGATACCAGTGA- - - AAAAAGGCTCATG
TGCTTCAGCATTATTAGATACCAGTGAAA- - - - - - - - CTCATG

TGCTTCAGCATTATTAGATACCAGT GAAACAAAA- - GCTCATG
TGCTTCAGCATTATTAGATACCAGTGAAAC- AAAAGGCTCATG
TGCTTCAGCATTATTAGATACCAG- - - - -------
TGCTTCAGCATTATTAGATACCAGT GAA- -
TGCTTCAGCATTATTAGATACCAGTG- - - - - - -
TGCTTCAGCATTATTAGATACCAGT GAATC- AAAAGGCTCATG
TGCTTCAGCATTATTAGATACCAGTGAAAC- - - AAGGCTCATG
TGCTTCAGCATTATTAGATACCAGT- - - --------- CTCATG

IsDge10 Site05
TTCCTATATCTTATTTACTGGTTACATGGACAAGGTGGGGTTCA
TTCCTATATCTTATTACT GGTTACATGGACAA- - TGGGGT TCA

TTCCTATATCTTATTACTGGTTACATGGACAA- - - GGGGTTCA
TTCCTATATCTTATTACTGGTTACATGGACAAGGT- GGGTTCA

TTCCTATATCTTATTACTGGTTACATGGACAA- - - - GGGTTCA
TTCCTATATCTTATTACTGGTTACATGGACAA- - - - - GGTTCA
TTCCTATATCTTATTACTGGTTACATGGACAA- GTGGGGTTCA
TTCCTATATCTTATTACTGGTTACATGGAC- - - - TGGGGTTCA
TTCCTATATCTTATTACTGGTTACATGGA- - - - - - - GGGTTCA
TTCCTATATCTTATTACTGGTTACATGGAC- - - - - - GGGTTCA
TTCCTATATCTTATTACTGGTTACATGGACA- TGGGGTTCA
IBRCCTATARCHFATFACEGGETA- - - - - - - - - - - - - --- - - CA
TTCCTATATCTTATTACTGGTTACATG- - - - - - - - GGGGTTCA
TTCCTATATCTTATTACTGGTTACATGGA- - - - - - GGGGTTCA
TTCCTATATCTTATTACTGGTTACATGGACA- - - - GGGGTTCA
TTCCTATATCTTATTACTGGTTACA- - - - - - - - - TGGGGTTCA
TTCCTATATCTTATTACTGGTTACATGGACAAG- - GGGGTTCA
TTCCTATATCTTATTACTGGTTACA- - - - - - - - - - - - GGTTCA

TTCCTATATCTTATTACTGGTTACATGGACA- - - GGGTTCA
TTCCTATATCTTATTACTGGTTACATGGAC- - - GGGGTTCA
TTCCTATATCTTATTACTGGTTACATGGACA- - - - TGGGTTCA

Supplementary Figure 5. Sequence alignment results of editing events of

IsDge10 at 4 target sites in rice protoplasts. Sequences in blue indicate the guide

RNA, and sequences in red indicate the TAM of IsDge10.
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Supplementary Figure 6. Deletion size profile of enlscB at 5 target sites in rice
protoplasts. Each assay contains three independent experiments (n=3). Data are

presented as mean values +/- SD.
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Supplementary Figure 7. Deletion position profile of enlscB at 5 target sites in
rice protoplasts. Editing at each site was biologically replicated three times,
designated as Rep1, Rep2, and Rep3, respectively. Sequence in red indicated the

TAM of enlscB.



Site 1 Site 5

Ref: GCAACTTATGAAGCAAGTTCCCAGTTACAAGGTC Ref: ATATCTTATTACTGGTTACATGGACAAGGTGGGG

#pZR489-3 #pZR493-1

Allele 1: GCAACTTATGAAGCAAGTTCCCAGTTACAAGGTC WT Allele 1: ATATCTTATTACTGGTTACATGGACAAGGTGGGG WT

Allele 2: GCRACTTATGARG----- TCCCAGTTACAAGGTC -5bp Allele 2: ATATCTTATTACTGGTTACAT-————————— GGG -10bp

#pZR489-6 #pZR493-5

Allele 1: GCAACTTATGAAGCAAGTTCCCAGTTACAAGGTC WT Allele 1: ATATCTTATTACTGGTTACATGGACAAGGTGGGG WT

Allele 2: GCRAACTTATGARGCAAGTTCCC-————————— TC -10bp Allele 2: ATATCTTATTACTGGTTACATGGACAA----GGG -4bp

#pZR489-10 #pZR493-20

Allele 1: GCAACTTATGAAGCAAGTTCCCAGTTACAAGGTC WT Allele 1: ATATCTTATTACTGGTTACATGGACAAGGTGGGG WT

Allele 2: GCRAACTTATGARGCAAGTTCCC-——————— GGTC -8bp Allele 2: ATATCTTATTACTGGTTACATGGA-————— GGGG -6bp

#pZR489-14 #pZR493-16

Allele 1: GCAACTTATGAAGCAAGTTCCCAGTTACAAGGTC WT Allele 1: ATATCTTATTACTGGTTACATGGACAAGGTGGGG WT

Allele 2: GCRAACTTATGARGCAAGTTCCCA-——————— GTC -8bp Allele 2: ATATCTTATTACTGGTTACA-———————— TGGGG -9bp

#pZR489-17 #pZR493-22

Allele 1: GCAACTTATGAAGCAAGTTCCCAGTTACAAGGTC WT Allele 1: ATATCTTATTACTGGTTACATGGACAAGGTGGGG WT

Allele 2: GCAACTTATGAAGCAAG------— TTACAAGGTC -7bp Allele 2: ATATCTTATTACTGGTTACATGGA---—-——— GG -8bp

#pZR489-21

Allele 1: GCAACTTATGAAGCAAGTTCCCAGTTACAAGGTC WT

Allele 2: GCAACTTATGAAGCAAGTTCCCAGT--------— C -8bp

Site 2 Site 6

Ref: CAGCATTATTAGATACCAGTGAAACARAAAGGCT Ref: TCTCTTTATTTGTTATGACTTGATCCGTGCGGAT

#pZR490-13 #pZR494-9

Allele 1: CAGCATTATTAGATACCAGTGAAACAAARAAGGCT WT Allele 1: TCTCTTTATTTGTTATGACTTGATCCGTGCGGAT WT

Allele 2: CAGCATTATTAGATACCAGT-——-—-——————— GCT -11bp Allele 2: TCTCTTTATTTGTTATGACT-—-——— GTGCGGAT -6bp
#pZR494-13

Site 3 Allele 1: TCTCTTTATTTGTTATGACTTGATCCGTGCGGAT WT

Ref: AATCCTTATGTGAGTCTCTGAACCATAGCAGGGA Allele 2: TCTCTTTATTTGTTATGACT-=—~==== CGCGGAT ~8bp

#pZR491-8

Allele 1: AATCCTTATGTGAGTCTCTGAACCATAGCAGGGA WT Site 7

Allele 2:  AATCCTTATGTGAGTCTCTG-======== AGGGA  -9bp Ref: TAACTTTATTTTGGCTGCTGCAATTTTAAGGGCA

#pZR491-17 #pZRA495-2

2::2:2 ; iigggggigg?gigggggggﬁgfé?éfgigggi zngp Allele 1: TAACTTTATTTTGGCTGCTGCAATTTTAAGGGCA WT
Allele 2: TAACTTTATTTTGGCTGCTG----—-—-—-— GGGCA -9bp
#pZR495-12

Site 4 Allele 1: TAACTTTATTTTGGCTGCTGCAATTTTAAGGGCA WT

Ref: TGGAGTTATATCGAATGGTGCTGTGATAT TGGCT Allele 2: TAACTTTATTTTGGCTGC ——————— TTAAGGGCA ~7bp

#pZR492-4 #pZR495-14

Allele 1:  TGGAGTTATATCGAATGGTGCTGTGATATTGGCT WT Allele 1:  TAACTTTATTTTGGCTGCTGCAATTTTAAGGGCA WT

Allele 2:  TGGAGTTATATCGAATGGT----------= GGCT ~ -11bp  Allele 2: TAACTTTATTTTGGCTGCTGCA-—————— GGGCA  -7bp

#pZR492-11

Allele 1: TGGAGTTATATCGAATGGTGCTGTGATATTGGCT WT

Allele 2: TGGAGTTATATCGAATGGTGC-——————— TGGCT -8bp

#pZR492-15

Allele 1: TGGAGTTATATCGAATGGTGCTGTGATAT TGGCT WT

Allele 2: TGGAGTTATATCGAATGGTGC-—————— TTGGCT -9bp

#pZR492-20

Allele 1: TGGAGTTATATCGAATGGTGCTGTGATATTGGCT WT

Allele 2: TGGAGTTATATCGAATGGTGCTG-———— TTGGCT -9bp

Supplementary Figure 8. Genotype of IsDge10 induced genome editing in rice
TO lines. Sequences in blue indicate the guide RNA, and sequences in red indicate
the TAM.



Site01 GCAACTTATGAAGCAAGTTCCCAGTTACAAGGTC

#pZR489-10 MXMAMAMAMAAAMMAMMMMAAA
#pZR489-14 MMAMAAMAMMM&MMM@MAA
#pZR489-17
#pZR489-21 AMMAMMAMMMMMA@M&M

Site02 CAGCATTATTAGATACCAGTGAAACAAAAAGGCT

#pZR490-13 A&AMMMMMMMAMMMM

Site03 AATCCTTATGTGAGTCTCTGAACCATAGCAGGGA

#pZRA91-8 /\/\/\/\/\/\/W\/MW\/\/\/\/WMWM/\AAN\

Site04

TGGAGTTATATCGAATGGTGCTGTGATATTGGCT

#pZR492-4 MAMAMAMMMA@MAA&&M@A
#pZR492-11 MMMA&AMAMMM&AMM
#pZR492-15 MAMMMMMMAAAAAMMMMM

Site05 ATATCTTATTACTGGT TACATGGACAAGGTGGGG

#pzraos-1 [[VVV\\ Ah ““‘ A “h“l A\h\/M\,LM A
#pZR493-5 MM&MAMMAMMAAMAM

#pZR493-16 “n“h“ﬂ‘ A/ ‘A“A/M\/L\/A\&)h‘ [\
#pZR493-20 | MWW “M‘nﬂhu \ ‘A‘A\}A;/A A\ A\A’A\A/A A
#pZR493-22 MMMMMM&MAAAM&AMA

Site06 TCTCTTTATTTGTTATGACTTGATCCGTGCGGAT

#pZR494-9 A_hh“h“,h““hdUA\KM\AAA A
#pZR494-13 Ahh“““h““hl“ i“h“ A

Site07

TAACTTTATTTTGGCTGCTGCAATTTTAAGGGCA

#pZRA495-2

#pZR495-12 MMMMMNMAMAMMM
#pZRA95-14 \/W\/WWNW\A(\N\MNM‘WWM

Supplementary Figure 9. Sanger sequencing results of IsDge10 induced

genome editing in rice TO lines. Sequences in blue indicate the guide RNA, and

sequences in red indicate the TAM.
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Supplementary Figure 10. Deletion size profile of IsDge10 at 7 target sites in rice
protoplasts using a multiple-editing strategy. Each assay contains three

independent experiments (n=3). Data are presented as mean values +/- SD.
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Supplementary Figure 11. Deletion position profile of IsDge10 at 7 target sites in
rice protoplasts using a multiple-editing strategy. Editing at each site was
biologically replicated three times, designated as Rep1, Rep2, and Rep3, respectively.

Sequence in red indicated the TAM of IsDge10.
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CCGAAGAAGAAGAGGAAGETTGGCATCCACGGEGTGCCAGCTGCTATGAL TACCCACCGGAAAGTTTATCGC TATCGCATAGAACCAACACCAGTGCAGGAATC TAMAC TG TACATGT
TGGCCGGAAGCCGOCET TTTGTGTTCAAC TGEGCECTTGC TAGGAGGAGGGAGCAC TACGCEGAGACAGGAAAMCACTCGGETACAATGC TCAAGCAGGCGAGC TGACGGCGLTT
AAAAATCAAGAGGASACATCCTGG TTGAAGGBAGTCCGACTCACAACTECTGCAGCAGGCTTTGAAGGATG TCGAGASGGECT TTTGTCAATTTCT TCGAGARGCGTGCGCECTTTCCTAG
ATTTARATCCAAGAARACCGACACGCCECGGTTCCGTATACC TCAAAGGG TCAGEATAGAGGGEAGTAGAG TG TATGTACCCAL GG TCCGETEEG TGAAG TTACG TARARGCCAGGAL
ATTGAAGGCAAAACCAAGTCCGCCACC T TCAAACGCGAGGCGBATGGTCACTGETACGTCCTCCTCETTTC TGAAT TTGAGATGCCT GATG TTCCTCTTICCCCCGGTGCCEGAGTCG
AGGTGGTGGGCATCGACCT AGGCCTCAMGATTTCTACGTACTGTC T GATGGC GECCEEALG GAMGCTCCGAGG TTTGCACGGALGGGACAGAGGALCTTCGGAGAGCGGCGAGS
CGACATTCAAAATECACTCGGGEGE TABCAACCGCAAGGCCAAGGCCAMAGEAABC TCGCCCGLGTCCACCGCCAGATTGLCAACCAACGAAAGGACTTEGTGCACAAGECAACATCA
GGACTCETTCAGCAGTATCAAGGGETTC TECATCGAGAACCTATCAATTAAGEGEATGGCAAAGACAAABCTGTCAAAGTCCGTTCTGBATGCTGCATTAGE TRAGTTCCGGAGECAGTT
AGCCTACAAGGCTCAGTGECATAGAAAGTGECTGBCAGTCATTGATAGATGETTCCCGTCC TCCAAGC TCTGCGGAGAATETEEAAGTATCAATGCABACTTGACGCTCTCCGACCEE
GAGTBGACCTGCGAGTGCEECGCCEGTCCATEATCECBACCTCAATGCCGCCAGGBAACATCAABCEGGEAAGGTTTETCGCAMTTGTTGTEECEGEGCCATGCTGAAACTCTCAACGES
AGAGBCGAAGGGGTAAGGCCAGCGATCGCCGGCABTCCALGAAAGCEECCAGCEGEGACGAAGAAGGCGEEECAGGIGAAGAAGAAGAAT

*IsDge10 scaffold
SIEEAGCGET TCACGA TR I CAA TGO O e GRA A CAT C A A GO GECAA GG T TT O AR AT O T CCECRCGEEECACE CERAGACGT TARALGCIC ETCAGACCT: TAGCEEGCAG
CCCTCGAtgaAGCGAGAATCCARCGECTTTAGOOGT TGGAGTGICAR

=lzAami protein

COGAAGAAGAAGAGGRAGGTTGGCATCCACGGEETGCCAGCTGCTATEGTTAACAAATCCTACAAATT TASACTC TACCCCACAAAAGAACAAGAACAGCTGCTCGOCAAGACCT TG
GCTGCCTGAGGTTTGTE TACAACAAGAT GTTCGGACGAGCGTATACAGATCTACGAGAAGTTCAAAGACCGATAAGCACGCTCTTAAGAAACAAACATTCCCTACGCCTGCAAAGTACAAN
AAGGAAT TCCCATGECTCAAAGAGGTTGATAGCC TGECGCTAGCTAATGCACAACTAAACCTCCAGAAGGCGTTCCAGAATTICT TCTCTGGTCGGGCAGETT TICCCAAGTT TAAGAA
CCGCAAGGCCAAGCAATCATACACTACAAATCTEEG TTAATEGCAACATCCAGCTTICCGACGECTACATTAAGT TACCAAAATTAAAGTCEETCAAATTICAAGCAGCATAGGGAGATCC
CGGCOCACCACATCATCAAAGCOTGCACCATAAAAAAA AL T AL A AT GEAMATATTATG TGTCGAT TCTGACCGAGTATEAACACCAGCCGGTECCCAAGCAGAT TCAARCTETTGTC
GGATTGGACT TCTCCATGAACGGGCTETICGTEGATTCAGAAGEAAAACGAGCGAACTATCCACGCTICTACCGGUAGGCCCTCOAAAAG TTEGCCAAGEAGCAGCGCATACTGTCG
CGTCGOAAGAAGEETAGTAACAGATEGCACAAGCAGAGAC TGAAGG TEGGCTAAGCTOCACGAGAAGATCCCAAA TCAGAGGAAGGATTTICT TCATAAAAAGAG TTATGAGC TGECCA
AGCAATATGATTIGTGTCGTTATT GAGRATC TEAACATEAACGEAATCAGCCAAGTECTTAACTTCGGCAAGTCTETACATCGATAATGGE TGGGECATETTTACCACCTTCCTCCAATACA
AGTTGGAAGANCAGGEEAAGAMACTTATTAAGATTEATAAATGETTTCCTTCCTCCAAGACG TETAGC TECTECGACCAGG TCAAGGAAAGCCTCTCTCT TTCAGAGCGRACETTTAGA
TGTGAGTECEECT TCGAGTCGGACAGGGACGTCAATGC TGOCATCAATATAAMGCATGAGGEGATGAAAAGGC TAGCGATCGCTAAGCEGGLCAGCGECEACGAAGAAGECGEEECA
GECEAAGAAGAAGAAG

=lsAam1 scaffold
GACAGECACETCAATGOGE AR T CA A T AT CA A A C AT CAGGECAT CA R ACGAT T AGC AA T A GO T AACT T e T CC I CRA AT T G GACACACGEEEAT CGCICAGT CAA CTTCCCGICATGAGAT GEGATTACCIGA
GAAGCCCCCACCTICTAAGCGAAGCGTAGGTGEIGEEAGCATGICAC

=enlscH protein
COGAAGAAGAAGAGGAAGETTGGCATCCACGGGETGCCAGCTGLTATGATGGCOGTEETATACGTGATCAGCAAGTCTGETAAACCACTGATGCCAACAACAAGGTGTGGACATETC
CLAATACTTCTCAAGGAAGGEAAGELTAGGETEGTTGAGAGGAAGCCGTTCACCATACAATTGACATATEGAGAGTECGGAGCAAACACAGCCGCTCEGTECTEEECATIGATCCAGETA
CAACGAATATTGGEEATETCCGTCETCACCGAGTCCGETEAATCAGTET TCAATGCTCAAATTCGCACGOGTAACAAGGACGTCCCTARAAT TEATGAAGGATCGEAMGCAATATCGRATG
GCGCACCGCCGCCTCAAGCGLCGET GLAAAAGEAGGAGECGCELCAAGGLGGLEERAACTGCATT IGAAGAAGGLGAGAAGCAGAGAC TTCTTCCCGGCTGCTTCAAGCCCATCA
CATGCAAGTCAATICGEAATAAAGAAGCACGTT ICAACAATAGEASACGACCAGTTGECT GGCTCACGCCTACTGCCAACCAT TTACTCG TAACCCACCT TAATG TG TTAAGAAMAGTE
CAGAARATCCTGCCEGETCGOCAAGETTGTICTGEAGCTEAACCGT TTCTCCT TCATGGCAATEAATAACCCCAAGE TTCAACGE TGECAGTACCAGCGCGEECCGCTCTACGELAMAG
GCAGCGTAGAGGAGGCCGTGTCCATECAGCAGGACGECCACTGCCTETICTEGCAAGCATGEAATCGACCACTACCACCACGTCGTTCCACGACGCAMAATECAACSTCARACTTIGGE
AGAATAGAGT CGGCCT TTGTGAGGAGCACCACAGECTCGTCCACAC TEACAALGAC TEGEEAGGLGAACCTAGCCTCCAAGAACTCCGECATCAACAAGAAGTATCATGCTTTATCTGT
T T GAATCAAATCATC LG TACT TG GC TEATCAGCTCECCCACATETTTCCTGEAAAC T TT TG TETTACATC TEGGACAAGATACATACCTCTTCAGCEAGCAGCACCGGLATTCOTAAAGA
TCATTATTTGGACGCCTACTGCATTGCTIGTICTGCTCTCACCGACGCAAAAMAGGTCAGCTCGCCCAAAGGTCGTCCT TATATGGTGAGGCAGTTTAGEAGGCACGATAGECAAGCAT
GCCATAAAGCTAATCT TAACAGGAGATATTACATGGECEECAAGCTCGTGECCACCAACCGGUATAAGGCCATEGATCAAAAGACTEGACAGLCTCGAAGAGTACCGCGCCGOTCATTS
TGUGGCCEATETETCAAAGCTEACGETEAAGCACCCETCGGCACAGTACAAG GATATEGTCAAGGATCATGCCEGGECTCCATACT TEGTTAGTGGEGAGEEEARACTTTT TACCCTACGT
CEGTCEEAAGETAGGAACAAGEACAGETEAACTACTTCETGTCGACGGAGE GCATCAAG TACTEEECECGCAAGTECCAGTATCTECEGAATAATEGEEETC T GCAGATATATGETT
AAGCGGCCAGCEGLEACGAAGAAGGLEEEECAGEIGAAGLAGRAGRAG

>enlscB scaffold
EECT eI O A AT O T T A AT A A AT EA CACATTOET AR CECCE! GO GG A O T AT T T O O A GT OO O A A T G A T A GO C A TGO ACT I CAT GRAGCAATCTATCAGAT AAGT
C AATCACCICICTGTIATCA TITACARRAGGAGGAACESG

=5puFz1 protein

CCGAAGAAGAAGAGEAAGETTGECATCCACGGGETEGCCAGCTGCTATGLCTOCCAAGAAA A AGCAGAAGC TECAGCEETTGAAGAAGCTCGACAAACCTACTTTGCACACGTGCAAT
AAGACTTCATTTGCARMAGGCCTICCTCCCAAATEAGACATACAGACAGCGOCTETTIGGATTATATAGC TATCATCCATCAGCTTGOCGATCATEC TTCCCATGOTT TGAAGTTT TACATCT
TATCGACCTCTACGTCCAGCTTCCCCGT TG TICATGAAGATACCATCGAGGCCATACTETATCTACT GAACAAGGGCGAGGLATGECACCCTAGAAAAGAGGCCAAGAAGELCTGGELG
CEATTGCCTCCTGCCETATGTCCAAAGATACTECCAGATTIGTTGEGGTTTATICATCCAAATCTTAGAGGGGAGCAACAATC TATCAACTACCTAACTETCTCCATGATEGACTAATCTCAA
CETGAATGTTCAGGAGCACTTCATGCAGATGC TGO TGAGGTATATCAATT TAAGATT TGACG TGAAGGGACAGAAACALAGECTCCOGCCCAAATCCGACGLCCGGAAGGCATTCTTTA
CTCGACTCCGCTACT TGARAAGTETEGTICCTCT TTGATG TIGTACCTGAACTEGGAGTTCCTCGACGACCTCACCCCAT TEGGAGTCAGAAGTE TTAGAGGAGATCTGGTCACTGGACCTT
CCATTTCTGOCGAATGACCCTCT TGCCTACGCGATAGTCGCCGATCCGATEGTCTT ICTTTCCGECT TAT TGCAAGC TATCGGECCTGTACGAGCAGTATGGT T TICAAAGGTTTTCTGCC
ATTCCCCTGCOGEOGATCECTEATACAGAGCCATETEAGGATTGACACAATTATATIGTACCAGCACATICTATGTATT ACACGCAGACATEGC TCAAACTE TAGAGAAAGATGATCTETGE
ATGAGAGTCTECAACCTCCGTACGAAGGLCT TCCGCAGCCELTECEGCATECATTTTGAAGG TAG TATCACCACGGATEETGCATCAGTCAGTGTG TAT T TAAAGCATCCCGAAGCTG
ATAAGTATGGAMGCGCEEOGLEAGGAAGAGTGCAMATACAGT TIGCCECEEAGETAAMAGCGCTATATETTGAGAACAACTTGCCGGLCTGOCECGOCEUTCAGAATGTGETAGTCA
TCGACCCGAATAARAGAGACATACTITACTGTCAAGATTCCAATGECACAACCT TCOGTTACACCGOCAACCAACGCGOCOTGEAAMCAGGTTCCAGGAGGTTCGCTARACGCCGTGA
GECGATGAAGGAGGAAGCCEGCGTCGATCT TAT TBAAAGTCGAATACCGTCGCACAAGACGATEAACCTCATEGEACTTICACTCET TACCTGCTCGTCCGGCGEECEEACTEEGACCE
CAGAALGGAATTCTACTCGCACCCCECGCACACAAGETEEAAGTEGECACTCCTTCATCAACAGACAGAAGTCCGAGTCCAAGCTCATCAGCAACATGAGGAACAAATATGGACGGAAD
TTCACGETGETEATGEGCGATT GGAGCGATGCTGEAAGGACTEGCACGATTICCAGACATCTAGCAAGACCAAGGEGTGECGEACGCTETITAAAAGGAATAGAATCGACTECTTCCTTT
TAGATGAGTACAAGACAAGTTCAGTCTETCCAAGATGCTCTAGCTCCGAGTICETCGAAALAAAGTTCAAGACCCGCCCTCACTCTAGGOCETGRAGGCGEAGGEAGGERAAAAT TEA
GAAGGTTCACGGCCTACTCGGTIGTACCAACCCAAACTECCTGCAACAGECGTEGGACATCAGGAATEGCGETAC TGEAACAGGGACATGCTCTCAACATETAATATGTTGCTCATTGTA
CGGAGCATGCTTGACGGECATEEOCGGCCGEAAGTT T TCTCGCGCTCTGTGCCTGCAGTEECEGAAGCCELCAGCEELGACCAAGAAGGCCCEELAGCLGAMGAAGAAGALS

>SpuFz1 scaffold

GAGTITCIGCAGAAR R A ATTCAR AACACGACCTCAT TCARGA CTGAAGECAAGATI GAA R R A T CCACGEACT G I GEET IGTACCAACCCTARACTGI TTGCAGCRAAGCCTGGACATCGGGAR
TECGCTACIGGA AT CGAGATA TGO G CAAC TG CA ACA TGO AT TRAT TG T GAGATCAA T T T GeA T GoACACGET AGACCAG ARCT G T T CAGCAGGAGT G I T CCAG CCCTAGCCTAGARACGTAGATTGGI TAGA
TIAGGITTICCRAGCOGETIGICECECEETIICAATCCCT AGTGOCAAT ACCCACOGECTICOGCACTA

Supplementary Figure 12. Nucleotide sequences encoding IsDge10, IsAam1,
enlscB and SpuFz1 codon-optimized for rice. Sequences in blue indicate the
nuclease-coding sequences, and sequences in red indicate the coding regions for

nuclear localization signals (NLS).



Supplementary Table 1. Guide RNAs used in this study.

Targeted gene

Targeted site

Spacer sequence

mCherry

mCherry

mCherry

mCherry

mCherry

mCherry

LOC _0s01901830
LOC_0s03902150
LOC_0s05901090
LOC_0s07902300
LOC_0s09904110
LOC_Os11g01380
LOC_0Os12901520
LOC_0s01904200
LOC_0s03901920
LOC_0s05902880
LOC _0s07904160
LOC_0s09901680
LOC _0Os11903794
LOC_0Os12903899
LOC_0Os01901830
LOC_0s03901420
LOC_0s05901520
LOC_0Os07901890
LOC_0s09902130
LOC 0Os11901872
LOC _0s12902260
LOC_0s06902490
LOC_0s02903700
LOC_0Os07912820
LOC_0Os03g11614
LOC_0s06930310
LOC_0s02918850
LOC_0s04952479
LOC _0s01901830
LOC _0s01901830
LOC _0s01901830
LOC _0s01g01830
LOC _0s01901830
LOC_0Os01901830
LOC_0Os01901830
LOC_0Os01901830
LOC_0Os01901830
LOC_0Os01901830

IsDge10-mCherry-gRNA

IsAam1-mCherry-gRNA
IsDra2-mCherry-gRNA
IsYmu1-mCherry-gRNA
enlscB-mCherry-gRNA
SpuFz1-mCherry-gRNA
IsDge10-Site1
IsDge10-Site2
IsDge10-Site3
IsDge10-Site4
IsDge10-Site5
IsDge10-Site6
IsDge10-Site7
IsAam1-Site1
IsAam1-Site2
IsAam1-Site3
IsAam1-Site4
IsAam1-Site5
IsAam1-Site6
IsAam1-Site7
SpuFz1-Site1
SpuFz1-Site2
SpuFz1-Site3
SpuFz1-Site4
SpuFz1-Site5
SpuFz1-Site6
SpuFz1-Site7
enlscB-Site1
enlscB-Site2
enlscB-Site3
enlscB-Site4
enlscB-Site5
enlscB-Site6
enlscB-Site7
IsDge10-Site1-mmO01
IsDge10-Site1-mm02
IsDge10-Site1-mmO03
IsDge10-Site1-mmO04
IsDge10-Site1-mmO05
IsDge10-Site1-mmO06
IsDge10-Site1-mmQ07
IsDge10-Site1-mm08
IsDge10-Site1-mmQ09
IsDge10-Site1-mm10

cctectegeccttgctcace
gtgggagcgcgtgatgaact
gttgacgttgtaggcgccgg
gttgacgttgtaggcgcegg
ggtggccccctgceccttcge
tggagggctccgtgaacggce
gaagcaagttcccagttaca
tagataccagtgaaacaaaa
gtgagtctctgaaccatagc
atcgaatggtgctgtgatat
tactggttacatggacaagg
ttgttatgacttgatccgtg
tttggctgctgcaattttaa
tgaaaggacaactctaggaa
tatctctgcgttgaacacaa
ctgtgggattgatggtcact
atttaagattggatcaggac
aaattaataaggaccctctc
gcaaggaccattgctttctg
tattaggttagcacagcatg
gcttatggcctaagtgaaag
gaggctgccaccgccaacgc
tcaccagggaacatcaattc
tatatgtgatagataatgga
cgtgacagaaagggttactg
tggagaaactatactcaaaa
attaaataacctggtggaca
GACAGATACAAATGGGATGC
TTCGTGTCGGCGTTATCAAG
TAGTGGCTGAATATATTTCT
TAATTTGGGACAAAGAACCA
CTTGCAGGGTTCAGAAACCT
GCCGGCGGTGGGGTGGGGTT
ACAGCAGTGGGATTCCGCAT
ctagcaagttcccagttaca
gatccaagttcccagttaca
gaaggtagttcccagttaca
gaagcatcttcccagttaca
gaagcaagaacccagttaca
gaagcaagttggcagttaca
gaagcaagttccgtgttaca
gaagcaagttcccacataca
gaagcaagttcccagtatca
gaagcaagttcccagttagt




Supplementary Table 2. Oligos used in this study.

Primer Name

Sequence (5'-3')

Purpose

IsDeg10-01-HTS-F
IsDeg10-01-HTS-R
IsDeg10-02-HTS-F
IsDeg10-02-HTS-R
IsDeg10-03-HTS-F
IsDeg10-03-HTS-R
IsDeg10-04-HTS-F
IsDeg10-04-HTS-R
IsDeg10-05-HTS-F
IsDeg10-05-HTS-R
IsDeg10-06-HTS-F
IsDeg10-06-HTS-R
IsDeg10-07-HTS-F
IsDeg10-07-HTS-R
IsAam1-01-HTS-F
IsAam1-01-HTS-R
IsAam1-02-HTS-F
IsAam1-02-HTS-R
IsAam1-03-HTS-F
IsAam1-03-HTS-R
IsAam1-04-HTS-F
IsAam1-04-HTS-R
IsAam1-05-HTS-F
IsAam1-05-HTS-R
IsAam1-06-HTS-F
IsAam1-06-HTS-R
IsAam1-07-HTS-F
IsAam1-07-HTS-R
enlscB-01-HTS-F
enlscB-01-HTS-R
enlscB-02-HTS-F
enlscB-02-HTS-R
enlscB-03-HTS-F
enlscB-03-HTS-R
enlscB-04-HTS-F
enlscB-04-HTS-R
enlscB-05-HTS-F
enlscB-05-HTS-R
enlscB-06-HTS-F
enlscB-06-HTS-R
enlscB-07-HTS-F
enlscB-07-HTS-R
SpuFz1-01-HTS-F

aagagatgtgctcgaatcage
tcttcatttctgggatcgea
atggctggtactagcagaataag
gtgtattcttgtgggatatcttgg
tgcatgtttgttgacagaaaaga
aaccttgcaatgcgattgtat
tttgcttttcttatctggctttgtt
catcaccatgtgataccaaagttg
gcaagaggtagctgtccagce
taccggttgggaatcgaggc
gaaacaagcaagctcacctg
ctgttcgtaaatgaatagtcccaa
gtagccttctcatctgtaactatctt
cctgaagatgcgatgaccag
tgcaagttgtttttgctcct
gacataaatttgaactaccacaaaca
aactacatagtgatagcctattgaca
tttgccatgtctatatggcac
gatcaacttatcaatcaatacctgaga
tgttgactgatgctcttttcaac
tcaataatattggaacgctttgca
gagcatttgtatacgaacaattgaat
atgctcatatgctagcttcttt
acttaacctgcaattatacagcg
caatgcgggcgaagtatgag
cattgtctgatgaagttccaatgt
tctctgcaggctgccataaa
aacatgaagctcttgcattgt
AAATCATGACCTTTCAAGTTCCAA
TGGGAGTTTGCAGATATGAC
TTTCTGGGTCGGTATCGGGA
CCCCTGAAACCATACTCCTG
CGAAATCTGACCATATCCTGCC
CATTCATGAAGTAAGACAGGGTG
CTATGAATATGAAATTAGCATC
ATTTACTGTACGAGGTTAATGAAAG
CAGTTCCAGACACTTCCAGC
ATGATCCTGTAGGCCTTGGA
ATTACTGTTCTTGCTCGAGTTC
CTCGCTGTCCATCTCCGAGA
ATTGTTGCCAAGGCACCCTGG
GGAGATTAAGTTTCCGCACC
tgggacagttgctctttcga

Primer for HTS at IsDge10-Site1

Primer for HTS at IsDge10-Site2

Primer for HTS at IsDge10-Site3

Primer for HTS at IsDge10-Site4

Primer for HTS at IsDge10-Site5

Primer for HTS at IsDge10-Site6

Primer for HTS at IsDge10-Site7

Primer for HTS at IsAam1-Site 1

Primer for HTS at IsAam1-Site2

Primer for HTS at IsAam1-Site3

Primer for HTS at IsAam1-Site4

Primer for HTS at IsAam1-Site5

Primer for HTS at IsAam1-Site6

Primer for HTS at IsAam1-Site7

Primer for HTS at enlscB-Site1

Primer for HTS at enlscB-Site2

Primer for HTS at enlscB-Site3

Primer for HTS at enlscB-Site4

Primer for HTS at enlscB-Site5

Primer for HTS at enlscB-Site6

Primer for HTS at enlscB-Site7

Primer for HTS at SpuFz1-Site1



SpuFz1-01-HTS-R
SpuFz1-02-HTS-F
SpuFz1-02-HTS-R
SpuFz1-03-HTS-F
SpuFz1-03-HTS-R
SpuFz1-04-HTS-F
SpuFz1-04-HTS-R
SpuFz1-05-HTS-F
SpuFz1-05-HTS-R
SpuFz1-06-HTS-F
SpuFz1-06-HTS-R
SpuFz1-07-HTS-F
SpuFz1-07-HTS-R

cacctgcaccaataattgatgga
gttccatgggccctcaaaga
cacaccaggcgtatgttcct
gcatggcgcatgttttcctt
tccagtcctctgaagaaaggt
cgacatcataccaaatgtgccc
acagctcttggatcccatca
agggatggagggagaatagtt
ccttcagcttgagcectacca
gaccagcacttcgatagcct
cacaagttatctgacagaggcct
tatgtgccagttccacgagce

gctcaagggttccaccaaga

Primer for HTS at SpuFz1-Site2

Primer for HTS at SpuFz1-Site3

Primer for HTS at SpuFz1-Site4

Primer for HTS at SpuFz1-Site5

Primer for HTS at SpuFz1-Site6

Primer for HTS at SpuFz1-Site7
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