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Methods and Compositions for Editing RNAs

RELATED APPLICATIONS AND INCORPORATION BY REFERENCE

[0001] This application claims priority to an international application with the International Application No.
PCT/CN2019/082713, filed on April 15, 2019, and an international application with the International Application
No. PCT/CN2019/129952, filed on December 30, 2019.

[0002] The foregoing applications, and all documents cited therein or during their prosecution ("appln cited
documents") and all documents cited or referenced in the appln cited documents, and all documents cited or
referenced herein ("herein cited documents"), and all documents cited or referenced in herein cited documents,
together with any manufacturer's instructions, descriptions, product specifications, and product sheets for any
products mentioned herein or in any document incorporated by reference herein, are hereby incorporated herein
by reference, and may be employed in the practice of the invention. More specifically, all referenced documents
are incorporated by reference to the same extent as if each individual document was specifically and individually

indicated to be incorporated by reference.

SUBMISSION OF SEQUENCE LISTING ONASCIHI TEXT FILE

[0003] The content of the following submission on ASCII text file is incorporated herein by reference in its
entirety: a computer readable form (CRF) of the Sequence Listing (file name: FD0020PCT-sequence listing. TXT,
date recorded: April13, 2020, size: 133 KB).

FIELD OF THE INVENTION

[0004] The present invention is related to methods and compositions for editing RNAs using an
engineered RNA capable of recruiting an adenosine deaminase to deaminate one or more

adenosines in target RNAs.

BACKGROUND OF THE INVENTION

[0005] Genome editing is a powerful tool for biomedical research and development of therapeutics for
diseases. So far, the most popular genome editing technology is the Clustered Regularly Interspaced Short
Palindromic Repeats (CRISPR)-Cas system, which was developed from the adaptive immune system of bactena
and archaea. CRISPR-Cas can precisely target and cleave genome DNA, generating Double-Strand DNA Break
(DSB). DSB can be repaired through non-homologous end joining (NHEJ) pathways, and often resulting in an
insertion or deletion (Indel), which, in most cases, inactivates the gene. Altematively, the homology-directed
repair (HDR) pathway can repair the DSB using homologous templates dsDNA or ssDNA, and thus, achieve
precise genome editing.

[0006] Recently, taking advantage of the deaminase proteins, such as Adenosine Deaminase Acting on RNA
(ADAR), novel tools were developed for RNA editing. In mammalian cells, there are three types of ADAR
proteins, ADAR1 (two isoforms, p110 and p150), ADAR2 and ADAR3 (catalytically inactive). The catalytic
substrate of ADAR protein is double-stranded RNA.ADAR removes the -NHz group from an adenosine (A),

converting A to inosine (I), which is recognized as guanosine (G) and paired with cytidine (C) during
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subsequent cellular transcription and translation processes. Researchers fused AN peptide to human ADAR1 or
ADAR?2 deaminase domain to construct the AN-ADARDD system, which could be guided to bind specific
RNA targets by a fusion RNA consisting of BoxB stem loop and antisense RNA. This method converts target
A to I by introducing an A-C mismatch at the target A base, resulting in an A to G RNA base editing. Other
methods for RNA editing include fusing antisense RNA to R/G motif (ADAR-recruiting RNA scaffold) to edit
target RNA by overexpressing ADARI or ADAR2 protein in mammalian cells, and using dCas13-ADAR to
precisely target and edit RNA.In the application,PCT/EP2017/071912, a method of RNA editing was
disclosedwhich does not require exogenous proteins or recruiting domain on nucleic acids. A synthesized RNA
comprising a complementary sequence to the target RNA was used to induce an A to G base editing. The RNA

used in the method is short(less than 54 nt)and must be specifically modified to increase the editing efficiency.

SUMMARY OF THE INVENTION

[0007] Nucleic acid editing carries enormous potential for biological research and the development of
therapeutics. Most of the current tools for DNA or RNA editing rely on introducing exogenous proteins into
living organisms, which 1s subject to potential risks or technical barriers due to possible aberrant effector
activity, delivery limits and immunogenicity. Some other tools require complicated chemical modifications,
however still resulting in a low editing efficiency.In some aspects, the present application provides a
programmable approach that employs a short RNA to leverage a deaminase for targeted RNA editing, in some
embodiments, the deaminase is an ADAR (Adenosine Deaminase Acting on RNA) protein, in some
embodiments, the ADAR is an endogenous ADAR protein. In some aspects, the present application provides
an engineered RNA that is partially complementary to the target transcript to recruit ADAR1 or ADAR2 to
convert adenosine to inosine at a specific site in a target RNA. The methods described herein are collectively
referred to as “LEAPER” (Leveraging Endogenous ADAR for Programmable Editing on RNA) and the
ADAR-recruiting RNAs are referred to interchangeably as “dRNA” or “arRNA”.

[0008] In one aspect, the present application provides a method for editing on a target RNA in a host cell,
comprising introducinga deaminase-recruiting RNA (dRNA) or a construct encoding the deaminase-recruiting
RNA into the host cell, wherein the dRNA comprises a complementary RNA sequence that hybridizes to the
target RNA, and wherein the dRNA is capable of recruiting an deaminase to deaminate a target nucleotide,in
some embodiments, an adenosine deaminase acting on RNA (ADAR) to deaminate a target adenosine (A) in
the target RNA. In certain embodiments, the host cell is a eukaryotic cell. In some embodiments, the host cell
is a mammalian cell. In some embodiments, the host cell is a human cell. In some embodiments, the host cell
is a murine cell. In some embodiments, the host cell is a prokaryotic cell. In some embodiments, the host cell
is a primary cell. In some embodiments, the host cell is a T cell.

[0009] In certain embodiments, the ADAR is naturally or endogenously present in the host cell, for example,
naturally or endogenously present in the eukaryotic cell. In some embodiments, the ADAR is endogenously
expressed by the host cell. In certain embodiments, the ADAR is exogenous to the host cell. In some
embodiments, the ADAR is encoded by a nucleic acid (e.g., DNA or RNA). In some embodiments, the method
comprises introducing the ADAR or a construct encoding the ADAR into the host cell. In some embodiments,
the method does not comprise introducing any protein into the host cell. In certain embodiments, the ADAR is

ADARI and/or ADAR 2. In some embodiments, the ADAR 1s one or more ADARs selected from the group
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consisting of hADAR1, hADAR2, murine ADAR1 and murine ADAR2.

[0010] In certain embodiments, the dRNA is not recognized by a Cas (CRISPR-associated protein). In some
embodiments, the dRNA does not comprise crRNA, tracrRNA or gRNA used in a CRISPR/Cas system. In
some embodiments, the method does not comprise introducing a Cas or Cas fusion protein into the host cell.
[0011] In certain embodiments, the deamination of the target A in the target RNA results in a missense
mutation, an early stop codon, aberrant splicing, or altemative splicing in the target RNA. In some
embodiments, the target RNA encodes a protein, and the deamination of the target A in the target RNA results
in a point mutation, truncation, elongation and/or misfolding of the protein. In some embodiments, the
deamination of the target A in the target RNA results in reversal of a missense mutation, an early stop codon,
aberrant splicing, or alternative splicing in the target RNA. In some embodiments, wherein the target RNA
encodes a truncated, elongated, mutated, or misfolded protein, the deamination of the target A in the target
RNA results in a functional, full-length, correctly-folded and/or wild-type protein by reversal of a missense
mutation, an early stop codon, aberrant splicing, or alternative splicing in the target RNA. In some
embodiments, the target RNA is a regulatory RNA, and the deamination of the target A results in change in the
expression of a downstream molecule regulated by the target RNA. In certain embodiments, the method is for
leveraging an endogenous adenosine deaminase for editing on a target RNA to generate point mutation and/or
misfolding of the protein encoded by the target RNA, and/or generating an early stop codon, an aberrant splice
site, and/or an alternative splice site in the target RNA.

[0012] In certain embodiments, there is provided a method for editing a plurality of target RNAs in host
cells, wherein the method comprises introducinga plurality of dRNAs or constructs encoding the a plurality
of dRNAs into the host cells, wherein each of the plurality of deaminase-recruiting RNAs comprises a
complementary RNA sequence that hybridizes to a corresponding target RNA in the plurality of target RNAs,
and wherein each dRNA is capable of recruiting an adenosine deaminase acting on RNA (ADAR) to deaminate
a target adenosine (A) in the corresponding target RNA.

[0013] In some embodiments, there is provided an edited RNA or a host cell having an edited RNA
produced by any one of the methods of RNA editing as described above.

[0014] In one aspect, the present application provides a method for treating or preventing a disease or
condition in an individual, comprising editing a target RNA associated with the disease or condition in a cell of
the individual according to any one of the methods for RNA editing as described above. In some embodiments,
the method comprises editing the target RNA in the cell ex vivo. In some embodiments, the method comprises
administering the edited cell to the individual. In some embodiments, the method comprises administering to
the individual an effective amount of the dRNA or construct encoding or comprising the dRNA. In some
embodiments, the method further comprises introducing to the cell the ADAR or a construct (e.g., viral vector)
encoding the ADAR. In some embodiments, the method further comprises administering to the individual the
ADAR or a construct (e.g., viral vector) encoding the ADAR. In some embodiments, the disease or condition
is a hereditary genetic disease. In some embodiments, the disease or condition is associated with one or more
acquired genetic mutations, ¢.g., drug resistance.

[0015] One aspect of the present application provides a dRNA,comprising a complementary RNA sequence
that hybridizes to the target RNA, for deamination of a target adenosine in a target RNA by recruiting a

deaminase, in some embodiments, an Adenosine Deaminase Acting on RNA (ADAR), to deaminate a target
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adenosine in the target RNA.

[0016] In some embodiments according to any one of the methods or dRNAs described herein, the dRNA
comprises an RNA sequence comprising a cytidine (C), adenosine (A) or uridine (U) directly opposite the
target adenosine to be edited in the target RNA when binding with the target RNA. The cytidine (C), adenosine
(A) and uridine (U) directly opposite the target adenosine are collectively referred to as “targeting nucleotide™,
or separately “targeting C”, “targeting A”, and “targeting U”. In certain embodiments, the RNA sequence
further comprises one or more guanosines each directly opposite a non-target adenosine(s) in the target RNA.
In certain embodiments, the 5” nearest neighbor of the target A in the target RNA sequence is a nucleotide
selected from U, C, A and G with the preference U>C~A>G and the 3’ nearest neighbor of the target A in
the target RNA sequence is a nucleotide selected from G, C, A and U with the preference G>C>A=~U. In
certain embodiments, the target A is in a three-base motif selected from the group conmsisting of UAG,
UAC,UAAUAU,CAGCAC,CAA,CAUAAGAAC,AAA AAU,GAGGAC,GAA and GAU in the target RNA.
In certain embodiments, wherein the three-base motif is UAG, the dRNA comprises an A directly opposite the
U in the three-base motif, a C directly opposite the target A, and a C, G or U directly opposite the G in the
three-base motif. In certain embodiments, wherein the three-base motif is UAG in the target RNA, the dRNA
comprises ACC, ACG or ACU opposite the UAG of the target RNA.

[0017] In some embodiments according to any one of the methods or dRNAs described herein, the
deaminase-recruiting RNA comprises more than 40, 45, 50, 55, 60, 65, 70, 75 or 80 nucleotides. In certain
embodiments, the deaminase-recruiting RNA is 40-260, 45-250, 50-240, 60-230, 65-220, 70-210, 70-200,
70-190, 70-180, 70-170, 70-160, 70-150, 70-140, 70-130, 70-120, 70-110, 70-100, 70-90, 70-80, 75-200,
80-190, 85-180, 90-170, 95-160, 100-150 or 105-140 nucleotides in length. In some embodiments, the JRNA
is about 60-200 (such as about any of 60-150, 65-140, 68-130, or 70-120) nucleotides long.

[0018] In some embodiments according to any one of the methods or dRNAs described herein, the dRNA
described herein can be characterized as comprising, from 5° end to 3° end: a 3” portion, a cytidine mismatch
directly opposite to the target A in the target RNA, and a 3’ portion. In some embodiments, the 3” portion is no
shorter than about 7nt (such as no shorter than 8nt, no shorter than 9nt, and no shorter than 10nt) nucleotides.
In some embodiments, the 3 portion is about 7nt-25nt nucleotide long (such as about 8nt-25nt, 9nt-25nt,
10nt-25nt, 11nt-25nt, 12nt-25nt, 13nt-25nt, 14nt-25nt, 15nt-25nt, 16nt-25nt, 17nt-25nt, 18nt-25nt, 19nt-25nt,
20nt-25nt, 21nt-25nt, 22nt-25nt, 23nt-25nt, 24nt-25nt, and for example, 10nt-15nt or 21nt-25nt nucleotides
long). In some embodiments, the 5° portion is no shorter than about 25 (such as no shorter than about 30, no
shorter than about 35nt, no shorter than about 40nt, and no shorter than about 45nt) nucleotides. In some
embodiments, the 5” portion is about 25nt-835nt nucleotides long (such as about 25nt-80nt, 25nt-75nt, 25nt-70nt,
25nt-65nt, 25nt-60nt, 30nt-55nt, 40nt-55nt, or 45nt-55nt nucleotides long).In some embodiments, the 5’
portion is about 25nt-85nt nucleotides long (such as about 25nt-80nt, 25nt-75nt, 25nt-70nt, 25nt-63nt,
25nt-60nt, 30nt-55nt, 40nt-33nt, or 45nt-35nt nucleotides long),and the 3° portion is about 7nt-25nt nucleotide
long (such as about 10nt-15nt or 21nt-25nt nucleotides long). In some embodiments, the 5° portion is longer
than the 3° portion. In some embodiments, the 5° portion 1s about 55 nucleotides long, and the 3 portion is
about 15 nucleotides long. In some embodiments, the position of the cytidine mismatch in the dRNA is

according to any of the dRNAs described in the examples herein, and the dRNA can be, for example, in the
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format of Xnt-c-Ynt, wherein X represents the length of the 5° portion and Y represents the length of the 3’
portion: 55nt-c-35nt, 55nt-c-25nt, 55nt-c-24nt, 55nt-c-23nt, 55nt-c-22nt, 55nt-c-21nt, 55nt-c-20nt, 55nt-c-19nt,
55nt-c-18nt, S55nt-c-17nt, 55nt-c-16nt, 55nt-c-15nt, 55nt-c-14nt, 55nt-c-13nt, 55nt-c-12nt, 535nt-c-1lnt,
55nt-c-10nt, 355nt-c-9nt, 55nt-c-8nt, 535nt-c-7nt, 55nt-n-20nt, 50nt-n-20nt, 45nt-n-20nt, 355nt-n-15nt,
50nt-n-15nt, 45nt-c-45nt, 45nt-c-55nt, 54nt-c-12nt, 53nt-c-13nt, 52nt-c-14nt, Slnt-c-15nt, 5Ont-c-16nt,
49nt-c-17nt, 48nt-c-18nt, 47nt-c-19nt, 46nt-c-20nt, 45nt-c-21nt, 44nt-c-22nt, 43nt-c-23nt, 54nt-c-135nt,
53nt-c-16nt, 352nt-c-17nt, S5lnt-c-18nt, 50nt-c-19nt, 49nt-c-20nt, 48nt-c-21nt, 47nt-c-22nt, 46nt-c-23nt,
54nt-c-17nt, 53nt-n-18nt, 52nt-n-19nt, 51nt-n-20nt, 50nt-n-21nt, 49nt-n-22nt, and 48nt-c-23.

[0019] In certain embodiments, the target RNA is an RNA selected from the group consisting of a
pre-messenger RNA, a messenger RNA, a ribosomal RNA, a transfer RNA, a long non-coding RNA and a
small RNA (e.g., miRNA).

[0020] In some embodiments according to any one of the methods or dRNAs described herein, the dRNA is
a single-stranded RNA. In some embodiments, the complementary RNA sequence is single-stranded, and
wherein the dRNA further comprises one or more double-stranded regions.

[0021] In some embodiments, the dRNA comprises one or more modifications, such as 2’-O-methylation
and/or phosphorothioation. In some embodiments, the dRNA is of about 60-200 nucleotides long and
comprises one or more moficiations (such as 2’-O-methylation and/or phosphorothication). In some
emodiments, the dRNA comprises 2’-O-methylations in the first and last 3 nucleotides
and/orphosphorothiations in the first and last 3 internucleotide linkages. In some embodiments, the dRNA
comprises 2’-O-methylations in the first and last 3 nucleotides, phosphorothiations in the first and last 3
internucleotide linkages, and 2’-O-methylations in one or more uridines, for example on all uridines. In some
embodiments, the dRNA comprises 2’-O-methylations in the first and last 3 nucleotides, phosphorothiations in
the first and last 3 internucleotide linkages, 2°-O-methylations in a single or multipleor all uridines, and a
modification in the nucleotide opposite to the target adenosine, and/or one or two nucleotides most adjacent to
the nucleotide opposite to the target adenosine.In certain embodiments, the modification in the nucleotide
opposite to the target adenosine, and/or one or two nucleotides most adjacent to the nucleotide opposite to the
target adenosine is a 2’-O-methylation.In certain embodiments, the modification in the nucleotide opposite to
the target adenosine, and/or one or two nucleotides most adjacent to the nucleotide opposite to the target
adenosine 1s a phosphorothiation linkage, such as a 3’-phosphorothiation linkage. In certain embodiments, the
dRNA comprises 2’-O-methylations in the first and last 3 nucleotides, phosphorothiations in the first and last 3
internucleotide linkages, 2°-O-methylations in all uridines, and a 2°-O-methylation in the nucleotide adjacent
to the 3” terminus or 5” terminus of the nucleotide opposite to the target adenosine. In certain embodiments, the
dRNA comprises 2’-O-methylations in the first and last 3 nucleotides, phosphorothiations in the first and last 3
internucleotide linkages, 2°-O-methylations in all uridines, and a 3’- phosphorothiation in the nucleotide
opposite to the target adenosine and /or its 3 and/or 3° most adjacent nucleotides. In some embodiments, the
dRNA comprises 2’°-O-methylations in the first and last 5 nucleotides and phosphorothiations in the first and
last 5 internucleotide linkages.

[0022] In certain embodiments according to any one of the methods described herein, the efficiency of
editing on the target RNA i1s at least about 30%, such as at least about any one of 32%.35%, 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90% or higher.
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[0023] In some embodiments, there is provided a construct (e.g., viral vector or plasmid) encoding any one
of the dRNA described above. In some embodiments, the construct comprises a promoter operably linked to a
sequence encoding the dRNA. In some embodiments, the construct is a DNA construct.

[0024] In some embodiments, there is provided a library comprising a plurality of the dRNAs according to
any one of the dRNAs described above or a plurality of the constructs according to any one of the constructs
described above.

[0025] Also provided are compositions, host cells, kits and articles of manufacture comprising any one of
the dRNAs described herein, any one of the constructs described herein, or any one of the libraries described

herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIGs. 1A-1H show RNA editing with single dRNA utilizing endogenous ADARI protein. FIG 1A
and 1B show schematic representations of RNA editing with endogenous ADARI protein. FIG 1C shows
editing reporter mRNA with dRNA using endogenous ADARI protein. FIG 1D shows statistical analysis of
the results in FIG 1B. FIG. 1E shows ADAR1 knockout and ADAR1(p110), ADAR1(p150) and ADAR?2 rescue
results. FIG 1F shows statistical analysis of the results in FIG 1D. FIG 1G shows the effect of ADAR1(p110),
ADARI1(p150) or ADAR2 overexpression on RNA editing mediated by dRNA i 293T-WT cells. FIG. 1H
shows that deep sequencing (i.e., Next Generation Sequencing, NGS) results confirmed A to G editing in the
targeting site.

[0027] FIGs. 2A-2H showoptimization of dRNAs. FIG 2A shows schematic representation of four kinds of
base (A, U, C and G) identify opposite to the targeting adenosine. FIG 2B shows effects of base identify
opposite to the targeting adenosine on RNA editing efficiency by dRNA. FIG 2C shows schematic
representation of dRNA with one, two or three bases mismatched with UAG targeting site. FIG 2D shows
effects of one, two or three bases mismatched with UAG targeting site on Reporter RNA editing by dRNA.
dRNA preferred A-C mismatch on the targeting adenosine. FIG 2E shows schematic representation of dRNA
with variant length. FIG 2F shows the effect of dRNA length on RNA editing efficiency based on dual
fluorescence reporter-2. FIG 2G shows schematic representation of different A-C mismatch position. FIG 2H
shows effect of A-C mismatch position on RNA editing efficiency.

[0028] FIGs. 3A-3B show editing flexibility for endogenous RNA editing through exemplary RNA editing
method of the present application. FIG 3A shows percentage quantification of endogenous RNA editing
efficiency at all 16 different 3- base motifs. FIG 3B shows heatmap of 5° and 3’ base preferences of
endogenous RNA editing for 16 different 3 base motifs.

[0029] FIGs. 4A-4H show editing the mRNA of endogenous genes with dRNA in 293T cells. FIG 4A
shows schematic representation of KRAS mRNA target and dRNA with variant length. FIG 4B shows editing
the mRNA of endogenous KRAS gene with dRNA in 293T cells. Empty vector, dRNA-91nt plasmids were
transfected into 293T-WT cells, respectively. 60 hours later, the RNA was isolated for RT-PCR, and then
cDNA was amplified and sequenced on Illumina NextSeq. FIG 4C shows schematic representation of PPIB
mRNA target (sitel, site2 and site3) and the corresponding dRNA design. FIGs. 4D, 4E and 4F show editing
the mRNA of endogenous PPIB gene with dRNA in 293T cells. FIG 4G shows schematic representation of
B-Actin mRNA target and dRNA (71-nt and 131-nt). FIG 4H shows editing the mRNA of endogenous B-Actin
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gene with dRNA in 293T cells.

[0030] FIGs. 5A-5G show off-target analysis. FIG. 5A shows schematic representation of the sequence
window in which A to | edits were analyzed for PPIB mRNA target (PPIB site 1). The black arrow indicates
the targeted adenosine. FIG 5B shows deep sequencing quantification of A to I RNA editing by 151-nt dRNA
targeting PPIB mRNA target (PPIB site 1). FIG. 5C shows schematic representation of the sequence window in
which A to I edits were analyzed for KRAS mRNA target. The black arrow indicates the targeted adenosine.
FIG. 5D shows deep sequencing quantification of A to I RNA editing by 91-nt and 111-nt dRNA targeting
KRAS mRNA target. FIG 5E shows schematic representation of designed four kinds of 91-nt or 111-nt dRNA
variants containing different A-G mismatch combinations. The A-G mismatch was designed based on the
statistical results in FIG 5D and existing knowledge on genic codes for different amino acids. FIG 5F shows
the results of targeted A56 editing by dRNA and different kinds of dRNA variants in FIG. 5E. FIG. 5G shows
deep sequencing quantification of A to I RNA editing by 111-ntdRNA and four kinds of 111-nt dRNA variants
targeting KRAS mRNA target.

[0031] FIGs. 6A-6H show RNA editing with single dRNA utilizing endogenous ADARI protein. FIG. 6A
shows schematic representation of RNA editing by dLbuCas13-ADARDD fusion proteins. The catalytically
inactive dLbuCasl3 was fused to the RNA deaminase domains of ADARI or ADAR2. FIG 6B shows
schematic representation of dual fluorescence reporter mRNA target and guide RNA design. FIG 6C shows
statistical analysis of the results in FIGs. 6A and 6B. FIG 6D shows the mRNA level of ADAR1 and ADAR2
in 293T-WT cells. FIG 6E shows genotyping results of ADARI gene in 293T-ADAR1-KO cell lines by
genome PCR. FIG 6F shows the expression level of ADAR1(p110) and ADARI1(p150) in 293T-WT and
293T-ADAR1-KO cell lines via western blotting. FIG. 6G shows the effects of ADAR1(p110), ADAR1(p150)
or ADAR2 overexpression on RNA editing mediated by dRNA in 293T-WT cells via FACS. FIG 6H shows
Sanger sequencing results showed A to G editing in the targeted adenosine site.

[0032] FIGs. 7A-7C shows optimization of dRNAs. FIG. 7A shows schematic representation of dRNA with
variant length and the targeted mRNA editing results by dRNA with variant length based on dual fluorescence
reporter-1. FIG 7B shows schematic representation of different A-C mismatch position and the effect of A-C
mismatch position on RNA editing efficiency based on dual fluorescence reporter-1. FIG. 7C shows schematic
representation of different A-C mismatch position and the effect of A-C mismatch position on RNA editing
efficiency based on dual fluorescence reporter-3.

[0033] FIGs. 8A-8B shows editing the mRNA of endogenous genes with dRNA in 293T cells. FIG 8A
shows editing the mRNA of endogenous B-Actin gene (site2) with dRNA 1n 293T cells. FIG 8B shows editing
the mRNA of endogenous GAPDH gene with dRNA in 293T cells.

[0034] FIG 9 shows RNA editing by dRNA in different cell lines. FIG 9A shows that reporter plasmids and
dRNA plasmids were co-transfected into different cell lines, and the results showed that dRNA could function
well in multiple cell lines, indicating the universality of dRNA application.

[0035] FIGs. 10A-10Dshow exploration of an efficient exemplary RNA editing platform. FIG 10A,
Schematic of dLbuCas13a-ADARI1pp (E1008Q) fusion protein and the corresponding crRNA. The catalytic
inactive LbuCas13a was fused to the deaminase domain of ADARI1 (hyperactive E1008Q variant) using 3%
GGGGS linker. The crRNA (crRNA“*"¥) consisted of Lbu-crRNA scaffold and a spacer, which was
complementary to the targeting RNA with an A-C mismatch as indicated. FIG 10B, Schematic of dual
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fluorescent reporter system and the Lbu-crRNA with various lengths of spacers as indicated. FIG 10C,
Quantification of the EGFP positive (EGFP") cells. HEK293T cells stably expressing the Repoter-1 were
transfected with indicated lengths of orRNA“*™  with or without co-expression of the
dLbuCas13a-ADARIpp (E1008Q), followed by FACS analysis. Data are presented as the mean £ s.e.m. (n =
3). FIG. 10D, Representative FACS result from the experiment performed with the control (Ctrl crRNA~¢) or
the targeting spacer (crRNA).

[0036] FIGs. 11A-11Gshow exemplary methods of leveraging endogenous ADARI protein for targeted
RNA editing. FIG 11A,Schematic of the Reporter-1 and the 70-nt arRNA. FIG 11B,Representative FACS
analysis of arRNA-induced EGFP expression in wild-type (HEK293T, upper) or ADARI knockout (HEK293T
ADARI™", lower) cells stably expressing the Repoter-1. FIG. 11C, Western blot analysis showing expression
levels of ADARI proteins in wild-type and HEK293T ADARI™ cells, as well as those in HEK293T ADARI -
cells transfected with ADAR1 isoforms (p110 and p150). FIG. 11D, Western blot analysis showing expression
levels of ADAR?2 proteins in wild-type and HEK293T ADARI™" cells, as well as those in HEK293T ADARI™"
cells transfected with ADAR2. FIG 11E, Quantification of the EGFPpositive (EGFP") cells. Reporter-1 and
indicated ADAR-expressing constructs were co-transfected into HEK293T ADARI™™ cells, along with the Ctrl
RNA or with the targeting arRNA~, followed by FACS analysis. EGFP" percentages were normalized by
transfection efficiency, which was determined by mCherry”. Data are mean values  s.e.m. (n = 4). FIG. 11F,The
Electropherograms showing Sanger sequencing results in the Ctrl RNA7y (upper)or the arRNAy
(lower)-targeted region. FIG. 11G Quantification of the A to I conversion rate at the targeted site by deep
sequencing.

[0037] FIGs. 12A-12BshowmRNA expression level of ADARI/ADAR2 and arRNA-mediated RNA editing.
FIG 12A, Quantitative PCR showing the mRNA levels of ADARI and ADARZ2 in HEK293T cells. Data are
presented as the mean = s.e.m. (n = 3). FIG. 12B, Representative FACS results from FIG le.

[0038] FIG.13 shows quantitative PCR results demonstrating the effects of an exemplary LEAPER method
on the expression levels of targeted Reporter-1 transcripts by 111-nt arRNA or control RNA in HEK293T cells.
Data are presented as the mean + s.e.m. (n = 3); unpaired two-sided Student’s #-test, ns, not significant.

[0039] FIGs. 14A-14Dshow targeted RNA editing with an exemplary LEAPER method in multiple cell
lines. FIG 14A, Western-blot results showing the expression levels of ADAR1, ADAR2 and ADAR3 in
indicated human cell lines. B-tubulin was used as a loading control. Data shown is the representative of three
independent experiments. ADARI"/ADAR2 represents ADAR1-knockout HEK293T cells overexpressing
ADAR2. FIG 14B, Relative ADAR protein expression levels normalized by B-tubulin expression. FIG
14C Indicated human cells were transfected with Reporter-1, along with the 71-nt control arRNA (Ctrl RNA7;)
or with the 71-nt targeting arRNA (arRNA7;) followed by FACS analysis. FIG. 14D, Indicated mouse cell lines
were analyzed as described inFIG. 14C. EGFP™ percentages were normalized by transfection efficiency, which
was determined by mCherry”. Error bars in FIGs. 14 b, 14C, and 14D all indicate the mean + s.e.m. (n = 3);
unpaired two-sided Student’s /~test, *P< 0.05; ¥*P<0.01; ***P<0.001; ****P<0.0001; ns, not significant.
[0040] FIGs. 15A-15Cshow schematics of Reporter-1 (FIG. 15A), -2 (FIG. 15B), and -3 (FIG 15C), as well
as their corresponding arRNAs.

[0041] FIGs. 16A-16Gshow characterization and optimization of exemplary LEAPER methods. FIG 16A,
Top, schematic of the design of arRNAs with changed triplet (5°-CNA, N denotes A, U, C or G) opposite to the



WO 2020/211780 PCT/CN2020/084922

target UAG. Bottom, EGFP" percent showing the effects of variable bases opposite to the targeted adenosine on
RNA editing efficiency.FIG. 16B, Top, the design of arRNAs with changed neighboring bases flanking the
cytidine in the A-C mismatch (5’-N1CN2). Bottom, the effects of 16 different combinations of N'CN?on RNA
editing efficiency. FIG 16C, Summary of the preference of 5° and 3’ nearest neighboring sites of the cytidine
in the A-C mismatch. FIG 16D, Top, the design of arRNAs with variable length. Bottom, the effect of arRNA
length on RNA editing efficiency based on Reporter-1 and Reporter-2. FIG 16E, Top, the design of arRNAs
with variable A-C mismatch position. Bottom, the effect of A-C mismatch position on RNA editing efficiency
based on Reporter 1 and Reporter-2. FIG. 16F, Top, the design of the triplet motifs in the reporter-3 with
variable nearest neighboring bases surrounding the targeting adenosine (5’-N'AN?) and the opposite motif
(5’-N*CN) on the 111-nt arRNA (arRNA ;). Bottom, deep sequencing results showing the editing rate on
targeted adenosine in the 5°-N'AN? motif. FIG 16G, Summary of the 5° and 3’ basc preferences of
LEAPER-mediated editing at the Reporter-3. Error bars in FIGs. 16A, 16B, 16D, 16Eand16F all indicate mean
values £ s.em. (n =3).

[0042] FIGs. 17A-17Ishow editing of endogenous transcripts with exemplary LEAPER methods. FIG 17A,
Schematic of the targeting endogenous transcripts of four disease-related genes (PPIB, KRAS, SMAD4 and
FANCC) and the corresponding arRNAs. FIG 17B, Deep sequencing results showing the editing rate on
targeted adenosine of the PPIB, KRAS, SMAD4 and FANCC transcripts by introducing indicated lengths of
arRNAs. FIG 17C, Deep sequencing results showing the editing rate on non-UAN sites of endogenous PPIB,
FANCC and IDUA transcripts. FIG 17D, Multiplex editing rate by two 111-nt arRNAs. Indicated arRNAs
were transfected alone or were co-transfected into the HEK293T cells. The targeted editing at the two sites was
measured from co-transfected cells. FIG. 17E, Schematic of the PPIB transcript sequence covered by the
151-nt arRNA. The black arrow indicates the targeted adenosine. All adenosines were marked in red. FIG. 17F,
Heatmap of editing rate on adenosines covered by indicated lengths of arRNAs targeting the PPIB gene
(marked in bold frame in blue). For the 111-nt arRNA or arRNA,5,-PPIB covered region, the editing rates of
A22, A30, A33, and A34 were determined by RNA-seq because of the lack of effective PCR primers for
amplifying this region. Otherwise the editing rate was determined by targeted deep-sequencing analysis. FIG
17G, Top, the design of the triplet motifs in the reporter-3 with variable nearest neighboring bases surrounding
the targeting adenosine (5’-N'AN?) and the opposite motif (5-N*GN') in the 111-nt arRNA (arRNA;)).
Bottom, deep sequencing results showing the editing rate. FIG 17H, Top, the design of arRNAs with two
consccutive mismatches in the 5°-N'GN? motif opposite to the 5°-UAG or the 5-AAG motifs. Deep
sequencing results showing the editing rate by an arRNA|); with two consecutive mismatches in the 5 -N'GN?
motif opposite to the 5°-UAG motif (bottom left) or the 5°-AAG motif (bottom right). FIG 171, Heatmap of
the editing rate on adenosines covered by engineered arRNA ;; variants targeting the KRAS gene. Data in FIGs.
17B, 17C, 17D, 17G and 17H arc presented as the mean = s.e.m. (n = 3);unpaired two-sided Student’s z-test,
*P<(0.05; ¥**P<0.01; ***P< 0.001; ****P<(.0001; NS, not significant.Data in (f and i) are presented as the
mean (n =3).

[0043] FIGs. 18A-18Bshow effects of exemplary LEAPER methods on the expression levels of targeted
transcripts and protein products. FIG 18A, Quantitative PCR showing the expression levels of targeted
transcripts from PPIB, KRAS, SMAD4 and FANCC by the corresponding 151-nt arRNA or Control RNA in
HEK293T cells. Data are presented as the mean £ s.e.m. (n = 3); unpaired two-sided Student’s #-test, *P< 0.05;
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*¥*P<(.01; ***P<0.001; ****P< (.0001; ns, not significant. FIG. 18B, Western blot results showing the effects
on protein products of targeted KRAS gene by 151-nt arRNA in HEK293T cells. B-tubulin was used as a
loading control.

[0044] FIGs. 19A-19Fshow editing of endogenous transcripts with exemplary LEAPER methods. FIG 19A,
Schematic of the KARS transcript sequence covered by the 151-nt arRNA. The arrow indicates the targeting
adenosine. All adenosines were marked in red. FIG 19B, Heatmap of editing rate on adenosines covered by
indicated arRNAs in the KARS transcript (marked in the bold frame in blue). FIG 19C, Schematic of the
SMAD4 transcript covered by the 151-nt arRNA. FIG 19D, Heatmap of editing rate on adenosines covered by
indicated arRNAs in the SMAD4 transcript. FIG 19E, Schematic of the FANCC transcript covered by the
151-nt arRNA. FIG 19F, Heatmap of editing rate on adenosines covered by indicated arRNAs in the FANCC
transcript. For each arRNA, the region of duplex RNA is highlighted with bold frame in blue. Data (FIGs. 19B,
19D, and 19F)are presented as the mean (n = 3).

[0045] FIGs. 20A-20Dshow transcriptome-wide specificity of RNA editing by LEAPER.FIGs. 20A and
20B, Transcriptome-wide off-targeting analysis of Ctrl RNA;s; and arRNA;5;-PPIB. The on-targeting site
(PPIB) 1s highlighted in red. The potential off-target sites identified in both Ctrl RNA and PPIB-targeting RNA
groups are labeled i blue. FIG 20C, The predicted annealing affinity between off-target sites and the
corresponding Ctrl RNA5; or arRNA,5,-PPIB. The minimum free energy (AG) of double-stranded RNA
formed by off-target sites (150-nt upstream and downstream of the editing sites) and the corresponding Ctrl
RNA 51 or arRNA5,-PPIB was predicted with RNAhybrid, an online website tool. FIG. 20D, Top, schematic
of the highly complementary region between arRNA5;-PPIB and the indicated potential off-target sites, which
were predicted by searching homologous sequences through NCBI-BLAST. Bottom, Deep sequencing
showing the editing rate on the on-target site and all predicted off-target sites of arRNAs;-PPIB. Data are
presented as the mean £+ s.e.m. (n =3).

[0046] FIGs. 21A-21Bshow evaluation of potential off-targets. FIG. 21A, Schematic of the highly
complementary region of arRNA[;;-FANCC and the indicated potential off-target sequence, which were
predicted by searching homologous sequences through NCBI-BLAST. FIG 21B, Deep sequencing showing
the editing rate on the on-target site and all predicted off-target sites of arRNA;;;-FANCC. All data are
presented as the mean £ s.e.m. (n=3).

[0047] FIGs. 22A-22Fshow safety evaluation of applying exemplary LEAPER methods in mammalian cells.
FIGs. 22Aand22B, Transcriptome-wide analysis of the effects of Ctrl RNA,5; (a) arRNA,5;-PPIB (b) on native
editing sites by transcriptome-wide RNA-sequencing. Pearson’s correlation coefficient analysis was used to
assess the differential RNA editing rate on native editing sites. FIGs. 22Cand22D, Differential gene expression
analysis of the effects of Ctrl RNAs; (¢) arRNA,5,-PPIB (d) with RNA-seq data at the transcriptome level.
Pearson’s correlation coefficient analysis was used to assess the differential gene expression.FIGs. 22E and
22F, Effect of arRNA transfection on innate immune response. The indicated arRNAs or the poly(I:C) were
transfected into HEK293T cells. Total RNA was then analyzed using quantitative PCR to determine expression
levels of IFN-B(e) and IL-6 (f). Data(e and f) are presented as the mean =s.e.m. (n = 3).

[0048] FIGs. 23A-23Dshow recovery of transcriptional regulatory activity of mutant TP53W53X by
LEAPER. FIG. 23A, Top, Schematic of the 7P53 transcript sequence covered by the 111-nt arRNA containing

¢.158G>A clinical-relevant non-sense mutation (Trp53Ter). The black arrow indicates the targeted adenosine.
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All adenosines were marked in red. Bottom, the design of two optimized arRNAs targeting 7P53V >
transcripts with A-G mismatch on A* for arRNA[11-AGL, and on Al A% AP pq A% together for
arRNA,;-AG4 to minimize the potential off-targets on “editing-prone™ motifs. FIG 23B, Deep sequencing
results showing the targeted editing on P53V transcripts by arRNA;;, arRNA;;;-AG1 and arRNA ;;-AG4.
FIG. 23C, Western blot showing the recovered production of full-length p33 protein from the 7P353VX
transcripts in the HEK293T 7P537 cells. FIG. 23D, Detection of the transcriptional regulatory activity of
restored p33 protein using a p33-Firefly-luciferase reporter system, normalized by co-transfected
Renilla-luciferase vector. Data (b, ¢ and d) are presented as the mean + s.e.m. (n = 3); unpaired two-sided
Student’s r-test, ¥*P< 0.05; **P< 0.01; ***P<0.001; ****P<0.0001; ns, not significant.

[0049] FIG 24 show editing of mutant TP53W33X transcripts by an exemplary LEAPER method. Top,
schematic of the 7P53 transcript sequence covered by the 111-nt arRNAs. The arrow indicates the targeted
adenosine. All adenosines were marked in red. Bottom, a heatmap of editing rate on adenosines covered by
indicated arRNAs in the 7P53 transcript.

[0050] FIG. 25 shows a schematic representation of the selected disease-relevant cDNA containing G to A
mutation from ClinVar data and the corresponding 111-nt arRNA.

[0051] FIG 26 shows correction of pathogenic mutations by an exemplary LEAPER method. A to 1
correction of disease-relevant G>A mutation from ClinVar data by the corresponding 111-nt
arRNA targetingclinical-related mutations from six pathogenic genes as indicated (FIG.25 and the tables of the
sequences of arRNAs and control RNAs and discase-related cDNAs below). Data are presented as the mean +
s.e.m. (n = 3); unpaired two-sided Student’s ¢-test, *P< 0.05; **P<0.01; ¥***P< 0.001; ****P<().0001; ns, not
significant.

[0052] FIGs. 27A-27CshowRNA editing in multiple human primary cells by exemplary LEAPER methods.
FIG. 27A, Quantification of the EGFPpositive (EGFP") cells induced by LEAPER-mediated RNA editing.
Human primary pulmonary fibroblasts and human primary bronchial epithelial cells were transfected with
Reporter-1, along with the 151-nt control RNA (Ctrl RNA5;) or the 151-nt targeting arRNA (arRNAs;)
followed by FACS analysis. FIGs. 27Band27C, Deep sequencing results showing the editing rate on PPIB
transcripts in human primary pulmonary fibroblasts, human primary bronchial epithelial cells (b), and human
primary T cells (¢).Data in a, b and Untreated group (c¢) are presented as the mean + s.e.m. (n = 3); data of Ctrl
RNA5; and arRNA 51 (¢) are presented as the mean £s.e.m. (n=2).

[0053] FIGs. 28A-28Dshow targeted editing by lentiviral transduction of arRNA and electroporation of
synthesized arRNA oligonucleotides. FIG. 28A, Quantification of the EGFP™ cells. HEK293T cells stably
expressing the Repoter-1 were infected with lentivirus expressing 151-nt of Ctrl RNA or the targeting arRNA.
FACS analyses were performed 2 days and 8 days post infection. The ratios of EGFP" cells were normalized by
lentiviral transduction efficiency (BFP” ratios). FIG 28B, Deep sequencing results showing the editing rate on
the PPIB transcripts upon lentiviral transduction of 151-nt arRNAs into HEK293T cells. FIG 28C, Schematic
of the PPIB sequence and the corresponding 111-nt targeting arRNA.*(in red) represents nucleotide with
2’-O-methylation and phosphorothioate linkage. FIG 28D, Decp sequencing results showing the editing rate on
the PPIB transcripts upon electroporation of 111-nt synthetic arRNA oligonucleotides into human primary T
cells.

[0054] FIGs. 29A-29Eshow restoration of a-L-iduronidase activity in Hurler syndrome patient-derived
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primary fibroblast by an exemplary LEAPER method. FIG. 29A, Top, genetic information of pathogenic
mutation in patient-derived fibroblast GM06214; Medium, schematic of the /DUA mature mRNA sequence of
GMO06214 cells (Black) containing ahomozygous TGG>TAG mutation in exon 9 of the IDUA gene (Trp402Ter),
and the corresponding 111-nt targeting arRNA;;;-IDUA-V1 (Blue); Bottom, schematic of the IDUA
pre-mRNA sequence of GM06214 cells (Black) and the corresponding 111-nt targeting arRNA;;-IDUA-V2
(Blue).*(in red) represents nucleotides with 2° -O-methylation and phosphorothioate linkage. FIG 29B,
Measuring the catalytic activity of a-L-iduronidase with 4-methylumbelliferyl o-L-iduronidase substrate at
different time points. Data are presented as the mean + s.e.m. (n = 2). FIG 29C, Deep scquencing results
showing the targeted editing rate on IDUA transcripts in GM06214 cells, 48 hours post electroporation. FIG.
29D, Top, schematic of the /DUA transcript sequence covered by the 111-nt arRNAs. The arrow indicates the
targeted adenosine. All adenosines were marked in red. Bottom, a heatmap of editing rate on adenosines
covered by indicated arRNAs in the IDUA transcript (marked in the bold frame in blue).e, Quantitative PCR
showing the expressions of type I interferon, interferon-stimulated genes, and pro-inflammatory genes upon
arRNA or poly(I:C) electroporation. Data are presented as the mean (n = 3).

[0055] FIGs. 30A-30C shows three versions of dual fluorescence reporters (Reporter-1, -2 and -3), mCherry
and EGFP. FIG 30A, structure of Reporter-1, FIG 30B, structure of Reporter-2, and FIG 30C, structure of
Reporter-3.

[0056] FIG 31 shows the structure of the pLenti-dCas13-ADARIDD.

[0057]  FIG. 32 shows the structure of the pLenti-MCS-mCherry backbone.

[0058] FIG 33 shows the structure of the pLenti-arRNA-BFP backbone.

[0059] FIG34 shows the detected genotype of IDUA in GM06214 cells. A C1205 G>A mutation was
inthegenome.

[0060] FIG 35 shows the test result of electrotransfection conditions of cells.

[0061] FIG 36 shows enzyme activity of IDUA and rate of desired mutation in cells transfected with
dRNAs designed to target IDUA pre-mRNA and mRNAusing electroporation, respectively.

[0062] FIGs. 37A-37B show the test using IDUA-reporter. FIG. 37A shows the construction of
IDUA-reporter. FIG. 37B shows the editing efficiency of dRNAs of different lengths (symmetric truncations)
in 293T-IDUA-Reporter cells using electroporation(293T cells with IDUA-reporter).

[0063] FIG 38 shows the enzyme activity and editing efficiency determined at different time points in
GM06214 cells electrotransfected with dRNAs of different lengths (symmetric truncations).

[0064] FIGs. 39A-39B show the determined IDUA enzyme activity (FIG 39A) and A to G mutation
rate(FIG 39B) in cells transfected with different dRNAs (symmetrical truncations, 3’ terminal truncations and
5" terminal truncations) using Lipofectamine RNAIMAX.

[0065] FIGs. 40A-40Bshowthecomparison of enzyme activities in GM06214 cells transfected with dRINAs
of different lengths using Lipofectamine RNAIMAX. In FIG 40A bases on the3’ terminus of the
dRNAswerereduced one by one from 355-¢-25 to 55-¢c-10. In FIG 40B, bases on the 3° terminus of the
dRNAwere reduced one by one from 55-¢-16 to 55-¢-5.

[0066] FIG 41shows the comparison of enzyme activities in GM06214 cells transfected with dRNAs of
different lengths (the length of 3” terminus was fixed to 15nt or 20nt, while the length of the 5” terminus was
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gradually reduced) using Lipofectamine RNAIMAX.

[0067] FIG 42 shows the comparison of enzyme activities in GM06214 cells transfected with 3 groups of
dRNAs using Lipofectamine RNAIMAX. For the dRNAs in each group, the distance from the targeting
nucleotide to 5” end is different. This figure also shows the low editing efficiency of dRNAs which are less
than 60 nt.

[0068] FIGs. 43A-43B show the editing efficiency of 7lnt and 76nt dRNAs with different chemical
modifications. FIG. 43A shows the editing efficiency using enzyme activities. FIG 43B show the editing
efficiency using the A to G rate.

[0069] FIG. 44 shows the comparison of enzyme activities in cells transfected withdRNAs in this invention
and a preferable RNA for exogenous enzyme independent RNA base editing in the prior art.

[0070] FIGs. 45A-45D show the RNA editing result of the mutation in USH2A model (¢.11864 G>A,
p.Trp3955*) using the chemically modified dRNAs of this invention. MFI and %GFP represent the editing
efficiency. FIG 45A shows the construction of USH2A construction. FIG 45B shows the editing efficiency of
dRNAs with 3° and 5° termini of equal length. FIG 45C shows the editing efficiency of dRNAs with 3” and 5°
termini of different lengths. FIG 45D shows the relatively low editing efficiency of dRNAs of less than 60

nucleotides.

DETAILED DESCRIPTON OF THE INVENTION

[0071] The present application provides RNA editing methods(referred herein as “LEAPER” methods) and
specially designed RNAs, referred herein as deaminase-recruiting RNAs (“dRNAs™) or ADAR-recruiting
RNAs (“arRNAs™), to edit target RNAs in a host cell. Without being bound by any theory or hypothesis, the
dRNA acts through hybridizing to its target RNA in a sequence-specific fashion to form a double-stranded
RNA, which recruits an Adenosine Deaminase Acting on RNA (ADAR) to deaminate a target adenosine in the
target RNA. As such, efficient RNA editing can be achieved in some embodiments without ectopic or
overexpression of the ADAR proteins in the host cell. Also provided are methods and compositions for treating
or preventing a disease or condition in an individual using the RNA editing methods.

[0072] The RNA editing methods described herein do not use fusion proteins comprising an ADAR and a
protein that specifically binds to a guide nucleic acid, such as Cas. The deaminase-recruiting RNAs (“dRNA™)
described herein do not comprise crRNA, tracrRNA or gRNA used in the CRISPR/Cas system. In some
embodiments, the dRNA does not comprise an ADAR-recruiting domain, or chemical modification(s). In some
embodiments, the arRNA can be expressed from a plasmid or a viral vector, or synthesized as an
oligonucleotide, which could achieve desirable editing efficiency. Without being bound by any theory or
underlying mechanism, it was discovered that certain dRNA with specific length, location of the mismatch,
and/or modification pattern demonstrate higher efficiency in RNA editing. The present application thus
further provides improved RNA editing methods over those previously reported.

[0073] The LEAPER methods described herein have manageable off-target rates on the targeted transcripts
and rare global off-targets. Inventors have used the LEAPER method to restore p33 function by repairing a
specific cancer-relevant point mutation. The LEAPER methods described herein can also be applied to a broad
spectrum of cell types including multiple human primary cells, and can be used to restore the a-L-iduronidase

catalytic activity in Hurler syndrome patient-derived primary fibroblasts without evoking innate immune
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responses. In some embodiments, the LEAPER method involves a single molecule (7.e., dRNA) system. The
LEAPER methods described herein enable precise and efficient RNA editing, which offers transformative

potential for basic research and therapeutics.
Definitions

[0074] The present invention will be described with respect to particular embodiments and with reference to
certain drawings but the invention is not limited thereto but only by the claims. Any reference signs in the
claims shall not be construed as limiting the scope. Where the term "comprising” is used in the present
description and claims, it does not exclude other elements or steps. Where an indefinite or definite article is
used when referring to a singular noun ¢.g. “a” or “an”, “the”, this includes a plural of that noun unless
something else is specifically stated. For the recitation of numeric ranges of nucleotides herein, each
intervening number there between, is explicitly contemplated. For example, for the range of 40-260
nucleotides, any integer of nucleotides between 40 and 260 nucleotides is contemplated in addition to the
numbers of 40 nucleotides and 260 nucleotides.

[0075] The following terms or definitions are provided solely to aid in the understanding of the invention.
Unless specifically defined herein, all terms used herein have the same meaning as they would to one skilled in
the art of the present invention. Practitioners are particularly directed to Sambrook et al., Molecular Cloning: A
Laboratory Manual, 2nd ed., Cold Spring Harbor Press, Plainsview, New York (1989); and Ausubel et al.,
Current Protocols in Molecular Biology (Supplement 47), John Wiley & Sons, New York (1999), for
definitions and terms of the art. The definitions provided herein should not be construed to have a scope less
than understood by a person of ordinary skill in the art.

[0076] The terms “deaminase-recruiting RNA,” “dRNA,” “ADAR-recruiting RNA™ and “arRNA” are used
herein interchangeably to refer to an engineered RNA capable of recruiting an ADAR to deaminate a target
adenosine in an RNA.

[0077] The terms “polynucleotide”, “nucleotide sequence” and “nucleic acid” are used interchangeably.
They refer to a polymeric form of nucleotides of any length, either deoxyribonucleotides or ribonucleotides, or
analogs thereof. Two nucleotides are linked by a phosphodiester bond, and multiple nucleotides are linked by
phosphodiester bonds to form polynucleotide or nucleic acid. The linkage between nucleotides can be
phosphorothioated, called "phosphorothioate linkage" or "phosphorothioation linkage".

55 <¢ CIIESS CLINTS

[0078] The terms “adenine™, “guanine”, “cytosine”, “thymine”, “uracil” and “hypoxanthine™ as used herein
refer to the nucleobases as such. The terms “adenosine”, “guanosine™, “cytiding”, “thymidine™, “uridine” and
“mosine”, refer to the nucleobases linked to the ribose or deoxyribose sugar moiety. The term “nucleoside”
refers to the nucleobase linked to the ribose or deoxyribose. The term "nucleotide" refers to the respective
nucleobase-ribosyl-phosphate or nucleobase-deoxyribosyl-phosphate. Sometimes the terms adenosine and
adenine (with the abbreviation, “A”), guanosine and guanine (with the abbreviation, “G”), cytosine and
cytidine (with the abbreviation, “C”), uracil and uridine (with the abbreviation, “U”), thymine and thymidine
(with the abbreviation, “T”), inosine and hypo-xanthine (with the abbreviation, “T”), are used interchangeably
to refer to the corresponding nucleobase, nucleoside or nucleotide. Sometimes the terms nucleobase,

nucleoside and nucleotide are used interchangeably, unless the context clearly requires differently.

[0079] In the context of the present application, "target RNA" refers to an RNA sequence to which a
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deaminase-recruiting  RNA sequence is designed to have perfect complementarity or substantial
complementarity, and hybridization between the target sequence and the dRNA forms a double stranded RNA
(dsRNA) region containing a target adenosine, which recruits an adenosine deaminase acting on RNA (ADAR)
that deaminates the target adenosine. In some embodiments, the ADAR is naturally present in a host cell, such
as a eukaryotic cell (preferably, a mammalian cell, more preferably, a human cell). In some embodiments, the
ADAR 1s introduced into the host cell.

[0080] As used herein, "complementarity" refers to the ability of a nucleic acid to form hydrogen bond(s)
with another nucleic acid by traditional Watson-Crick base-pairing. A percent complementarity indicates the
percentage of residues in a nucleic acid molecule which can form hydrogen bonds (7.e., Watson-Crick base
pairing) with a second nucleic acid (e.g., about 3, 6, 7, 8, 9, 10 out of 10, being about 50%, 60%, 70%, 80%,
90%, and 100% complementary respectively). "Perfectly complementary" means that all the contiguous
residues of a nucleic acid sequence form hydrogen bonds with the same number of contiguous residues in a
second nucleic acid sequence. "Substantially complementary” as used herein refers to a degree of
complementarity that is at least about any one of 70%, 75%, 80%, 85%, 90%, 93%, 97%, 98%, 99%, or 100%
over a region of about 40, 50, 60, 70, 80, 100, 150, 200, 250 or more nucleotides, or refers to two nucleic acids
that hybridize under stringent conditions.

[0081] As used herein, "stringent conditions" for hybridization refer to conditions under which a nucleic
acid having complementarity to a target sequence predominantly hybridizes with the target sequence, and
substantially does mnot hybridize to non-target sequences. Stringent conditions are generally
sequence-dependent, and vary depending on a number of factors. In general, the longer the sequence, the
higher the temperature at which the sequence specifically hybridizes to its target sequence. Non-limiting
examples of stringent conditions are described in detail in Tijssen (1993), Laboratory Techniques In
Biochemistry And Molecular Biology- Hybridization With Nucleic Acid Probes Part I, Second Chapter
"Overview of principles of hybridization and the strategy of nucleic acid probe assay", Elsevier, N,Y.

[0082] "Hybridization" refers to a reaction in which one or more polynucleotides react to form a complex
that is stabilized via hydrogen bonding between the bases of the nucleotide residues. The hydrogen bonding
may occur by Watson Crick base pairing, Hoogstein binding, or in any other sequence specific manner. A
sequence capable of hybridizing with a given sequence is referred to as the "complement" of the given
sequence.

[0083]  As used herein, the terms “cell”, “cell line”, and “cell culture™ are used interchangeably and all such
designations include progeny. It 1s understood that all progeny may not be precisely identical in DNA content,
due to deliberate or inadvertent mutations. Variant progeny that have the same function or biological activity as

the original cells are included.

Methods of RNA editing

[0084] In this invention, the dRNA used herein comprises an RNA sequence comprising a cytidine (C),
adenosine (A) or uridine (U) directly opposite the target adenosine to be edited in the target RNA when
binding with the target RNA. The cytidine (C), adenosine (A) and unidine (U) directly opposite the target
adenosine are collectively referred to as “targeting nucleotide™, or separately “targeting C”, “targeting A”, and

“targeting U”. The targeting nucleotide and the two nucleotides directly adjacent to targeting nucleotide forms
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a triplet which is herein referred to as “targeting triplet™.

[0085] In some embodiments, there is provided a method for editing a target RNA in a host cell (e.g.,
cukaryotic cell), comprising introducinga deaminase-recruiting RNA (dRNA) or a construct encoding the
dRNA into the host cell, wherein the dRNA comprises a complementary RNA sequence that hybridizes to the
target RNA, and wherein the dRNA is capable of recruiting an adenosine deaminase acting on RNA (ADAR)
to deaminate a target adenosine (A) in the target RNA.

[0086] In some embodiments, there is provided a method for editing a target RNA in a host cell (e.g.,
eukaryotic cell), comprising introducinga dRNA or a construct encoding the dRNA into the host cell, wherein
the dRNA comprises a complementary RNA sequence that hybridizes to the target RNA, and wherein the
dRNA recruits an endogenously expressed ADAR of the host cell to deaminate a target A in the target RNA. In
some embodiments, the method does not comprise introducing any protein or construct encoding a protein
(e.g., Cas, ADAR or a fusion protein of ADAR and Cas) to the host cell.

[0087] In some embodiments, there is provided a method for editing a target RNA in a host cell (e.g.,
eukaryotic cell), comprising introducing: (a)a dRNA or a construct encoding the dRNA, and (b) an ADAR or a
construct encoding the ADAR into the host cell, wherein the dRNA comprises a complementary RNA
sequence that hybridizes to the target RNA, and wherein the dRNA recruits the ADAR to deaminate a target A
in the target RNA. In some embodiments, the ADAR is an endogenously encoded ADAR of the host cell,
wherein introduction of the ADAR comprises over-expressing the ADAR in the host cell. In some
embodiments, the ADAR is exogenous to the host cell. In some embodiments, the construct encoding the
ADAR is a vector, such as a plasmid, or a viral vector (e.g., a lentiviral vector).

[0088] In some embodiments, there is provided a method for editing a plurality (e.g., at least about 2, 3, 4, 5,
10, 20, 50, 100 or more) of target RNAs in host cells (e.g., cukaryotic cells), comprising introducinga plurality
of dRNAs or constructs encoding the plurality of dRNAs into the host cell, wherein each dRNA comprises a
complementary RNA sequence that hybridizes to a corresponding target RNA in the plurality of target RNAs,
and wherein each dRNA is capable of recruiting an ADAR to deaminate a target A in the corresponding target
RNA.

[0089] In some embodiments, there is provided a method for editing a plurality (e.g., at least about 2, 3, 4, 5,
10, 20, 50, 100 or more) of target RNAs in host cells (e.g., eukaryotic cells), comprising introducinga plurality
of dRNAs or constructs encoding the plurality of dRNAs into the host cell, wherein each dRNA comprises a
complementary RNA sequence that hybridizes to a corresponding target RNA in the plurality of target RNAs,
and wherein each dRNA recruits an endogenously expressed ADAR to deaminate a target A in the
corresponding target RNA.

[0090] In some embodiments, there is provided a method for editing a plurality (e.g., at least about 2, 3, 4, 5,
10, 20, 50, 100, 1000 or more) of target RNAs in host cells (e.g., eukaryotic cells), comprising introducing:
(a)a plurality of dRNAs or constructs encoding the plurality of dRNAs, and (b) an ADAR or a construct
encoding ADAR into the host cells, wherein each dRNA comprises a complementary RNA sequence that
hybridizes to a corresponding target RNA in the plurality of target RNAs, and wherein each dRNA recruits the
ADAR to deaminate a target A in the corresponding target RNA.

[0091] In one aspect, the present application provides a method for editing a plurality of RNAs in host cells

by introducing a plurality of the deaminase-recruiting RNAs, one or more constructs encoding the
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deaminase-recruiting RNAs, or a library described herein, into the host cells.

[0092] In certain embodiments, the method for editing on a target RNA comprises introducingmultiple
deaminase-recruiting RNAs or one or more constructs comprising the multiple deaminase-recruiting RNAs
into host cells to recruit adenosine deaminase acting on RNA (ADAR) to perform deamination reaction on one
or more target adenosines in one or more target RNAs, wherein each deaminase-recruiting RNA comprises a
RNA sequences complementary to a corresponding target RNA.

[0093] In one aspect, the present application provides a method for generating one or more modifications in
a target RNA and/or the protein encoded by a target RNA in a host cell (e.g., eukaryotic cell), comprising
introducinga dRNA or a construct encoding the dRNA into the host cell, wherein the dRNA comprises a
complementary RNA sequence that hybridizes to the target RNA, and wherein the one or more modifications
are selected from the group consisting of a point mutation of the protein encoded by the target RNA,
misfolding of the protein encoded by the target RNA, an carly stop codon in the target RNA, an aberrant splice
site in the target RNA, and an alternative splice site in the target RNA.

[0094] In certain embodiments, the method for generating one or more modifications in a target RNA and/or
the protein encoded by a target RNA in host cells (e.g., eukaryotic cells), comprises introducinga plurality of
deaminase-recruiting RNAs or constructs encoding the plurality of deaminase-recruiting RNAs into the host
cells, wherein each dRNA comprises a complementary RNA sequence that hybridizes to a corresponding target
RNA in the plurality of target RNAs, and wherein each dRNA is capable of recruiting an ADAR to deaminate
a target A in the corresponding target RNA.

[0095] In one aspect, the present application provides use of a deaminase-recruiting RNA according to any
one of the dRNAs described herein for editing a target RNA in a host cell. In certain embodiments, the
deaminase-recruiting RNA comprises a complementary RNA sequence that hybridizes to the target RNA to be
edited.

[0096] In one aspect, the present application provides use of a deaminase-recruiting RNA according to any
one of the dRNAs described herein for generating one or more modifications on a target RNA and/or the
protein encoded by a target RNA, wherein the one or more modifications are selected from a group consisting
of a point mutation of the protein encoded by the target RNA, misfolding of the protein encoded by the target
RNA, an carly stop codon in the target RNA, an aberrant splice site in the target RNA, and an alternative splice
site in the target RNA. In certain embodiments, the deaminase-recruiting RNA comprises a complementary
RNA sequence that hybridizes to the target RNA to be edited.

[0097] The invention also relates to a method for leveraging an endogenous adenosine deaminase for editing
a target RNA in a eukaryotic cell, comprising introducinga dRNA or a construct encoding the dRNA, as
described herein, into the eukaryotic cell to recruit naturally endogenous adenosine deaminase acting on RNA
(ADAR) to perform deamination reaction on a target adenosine in the target RNA sequence.

[0098] In certain embodiments according to any one of the methods or use described herein, the dRNA
comprises at least about any one of 40, 45, 50, 55, 60, 65, 70, 75, 80, 90, 100, 110, 120, 130, 140, 150, 160,
170, 180, 190, 200, 210, 220, 230, 240, or 250 nucleotides. In certain embodiments, the dRNA is about any
one of 40-260, 45-250, 50-240, 60-230, 65-220, 70-220, 70-210, 70-200, 70-190, 70-180, 70-170, 70-160,
70-150, 70-140, 70-130, 70-120, 70-110, 70-100, 70-90, 70-80, 75-200, 80-190, 85-180, 90-170, 95-160,
100-200, 100-150, 100-175, 110-200, 110-175, 110-150, or 105-140 nucleotides in length.In some
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embodiments the dRNA is about 60-200, such as about any of 60-150, 65-140, 68-130, or 70-120) nucleotides
long. In some embodiments, the dRNA is about 71 nucleotides long. In some embodiments, the dRNA is about
111 nucleotides long.

[0099] In certain embodiments according to any one of the methods or use described herein, the dRNA does
not comprise an ADAR-recruiting domain. “ADAR-recruiting domain™ can be a nucleotide sequence or
structure that binds at high affinity to ADAR, or a nucleotide sequence that binds to a binding partner fused to
ADAR in an engineered ADAR construct. Exemplary ADAR-recruiting domains include, but are not limited to,
GluR-2, GluR-B (R/G), GluR-B (Q/R), GluR-6 (R/G), SHT2C, and FlnA (Q/R) domain; see, for example,
Wahlstedt, Helene, and Marie, "Site-selective versus promiscuous A-to-I editing." Wiley Interdisciplinary
Reviews: RNA 2.6 (2011): 761-771, which is incorporated herein by reference in its entirety. In some
embodiments, the dRNA does not comprise a double-stranded portion. In some embodiments, the dRNA does
not comprise a hairpin, such as MS2 stem loop. In some embodiments, the dRNA is single stranded.In some
embodiments, the dRNA does not comprise a DSB-binding domain. In some embodiments, the dRNA consists
of (or consists essentially of) the complementary RNA sequence.

[00100] In certain embodiments according to any onec of the methods or use described herein, the dRNA
does not comprise chemical modifications. In some embodiments, the dRNA does not comprise a chemically
modified nucleotide, such as 2°-O-methyl nucleotide or a nucleotide having a phosphorothioate linkage. In
some embodiments, the dRNA comprises 2” -O-methylation and phosphorothioate linkage only at the first
three and last three residues. In some embodiments, the dRNA is not an antisense oligonucleotide (ASO).
[00101] In certain embodiments according to any one of the methods or use described herein, the host cell is
a prokaryotic cell. In some embodiments, the host cell is a eukaryotic cell. Preferably, the host cell is a
mammalian cell. Most preferably, the host cell is a human cell. In some embodiments, the host cell is a murine
cell. In some embodiments, the host cell is a plant cell or a fungal cell.

[00102] In some embodiments according to any one of the methods or use described herein, the host cell is a
cell line, such as HEK293T, HT29, A549, HepG2, RD, SF268, SW13 and HeLa cell. In some embodiments,
the host cell is a primary cell, such as fibroblast, epithelial, or immune cell. In some embodiments, the host cell
isa T cell. In some embodiments, the host cell is a post-mitosis cell. In some embodiments, the host cell is a
cell of the central nervous system (CNS), such as a brain cell, e.g., a cerebellum cell.

[00103] In some embodiments, there is provided a method of editing a target RNA in a primary host cell (e.g.,
T cell or a CNS cell) comprising introducinga dRNA or a construct encoding the dRNA into the host cell,
wherein the dRNA comprises a complementary RNA sequence that hybridizes to the target RNA, and wherein
the dRNA recruits an endogenously expressed ADAR of the host cell to deaminate a target A in the target
RNA.

[00104] In certain embodiments according to any one of the methods or use described herein, the ADAR is
endogenous to the host cell. In some embodiments, the adenosine deaminase acting on RNA (ADAR) is
naturally or endogenously present in the host cell, for example, naturally or endogenously present in the
eukaryotic cell. In some embodiments, the ADAR is endogenously expressed by the host cell. In certain
embodiments, the ADAR is exogenously introduced into the host cell. In some embodiments, the ADAR is
ADARI and/or ADAR2. In certain embodiments, the ADAR is one or more ADARSs selected from the group
consisting of hADARI1, hADAR2, mouse ADARI1 and ADAR2. In some embodiments, the ADAR is ADARI,
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such as p110 isoform of ADAR1 (“ADARI""") and/or p150 isoform of ADAR1 (“ADARI*"*). In some
embodiments, the ADAR is ADAR2. In some embodiments, the ADAR is an ADAR?2 expressed by the host
cell, e.g., ADAR2 expressed by cerebellum cells.

[00105] In some embodiments, the ADAR is an ADAR exogenous to the host cell. In some embodiments, the
ADAR is a hyperactive mutant of a naturally occurring ADAR. In some embodiments, the ADAR is ADARI
comprising an E1008Q mutation. In some embodiments, the ADAR is not a fusion protein comprising a
binding domain. In some embodiments, the ADAR does not comprise an engineered double-strand nucleic
acid-binding domain. In some embodiments, the ADAR does not comprise a MCP domain that binds to MS2
hairpin that is fused to the complementary RNA sequence in the dRNA. In some embodiments, the ADAR
does not comprise a DSB.

[00106] In some embodiments according to any one of the methods or use described herein, the host cell has
high expression level of ADARI1 (such as ADARIP" and/or ADARIP™).e.g., at least about any one of 10%,
20%, 50%, 100%, 2x, 3x, 5x, or more relative to the protein expression level of P-tubulin. In some
embodiments, the host cell has high expression level of ADAR2, e.g., at least about any one of 10%, 20%,
50%, 100%, 2x, 3x, 5%, or more relative to the protein expression level of B-tubulin. In some embodiments, the
host cell has low expression level of ADAR3, e.g., no more than about any one of 3x, 3x, 2x, 100%, 50%, 20%
or less relative to the protein expression level of B-tubulin.

[00107] In certain embodiments according to any one of the methods or use described herein, the
complementary RNA sequence comprises a cytidine, adenosine or uridine directly opposite the target A in the
target RNA. In some embodiments, complementary RNA sequence comprises a cytidine mismatch directly
opposite the target A in the target RNA. In some embodiments, the cytidine mismatch is located at least 5
nucleotides, e.g., at least 10, 15, 20, 25, 30, or more nucleotides, away from the 5 end of the complementary
RNA sequence. In some embodiments, the cytidine mismatch is located at least 20 nucleotides, e.g., at least 25,
30, 35, or more nucleotides, away from the 3” end of the complementary RNA sequence. In some embodiments,
the cytidine mismatch is not located within 20 (e.g., 15, 10, 5 or fewer) nucleotides away from the 3” end of the
complementary RNA sequence. In some embodiments, the cytidine mismatch is located at least 20 nucleotides
(e.g., at least 25, 30, 35, or more nucleotides) away from the 3” end and at least 5 nucleotides (e.g., at least 10,
15, 20, 25, 30, or more nucleotides) away from the 5° end of the complementary RNA sequence. In some
embodiments, the cytidine mismatch is located in the center of the complementary RNA sequence. In some
embodiments, the cytidine mismatch is located within 20 nucleotides (e.g., 15, 10,9, 8, 7,6, 5, 4,3, 2, or 1
nucleotide) of the center of the complementary sequence in the dRNA.

[00108] The dRNA described herein can also be characterized as comprising, from 5° end to 3 end: a 5’
portion, a cytidine mismatch directly opposite to the target A in the target RNA, and a 3” portion. In some
embodiments, the 3” portion is no shorter than about 7nt (such as no shorter than 8nt, no shorter than 9nt, and
no shorter than 10nt) nucleotides. In some embodiments, the 3’ portion is about 7nt-25nt nucleotide long (such
as about 10nt-15nt or 21nt-25nt nucleotides long). In some embodiments, the 5° portion is no shorter than
about 25 (such as no shorter than about 30, no shorter than about35nt, no shorter than about40nt, and no

shorter than about 45nt) nucleotides.In some embodiments, the 5°  portion is about 25nt-85nt nucleotides long

(such as about 25nt-80nt, 25nt-75nt, 25nt-70nt, 25nt-65nt, 25nt-60nt, 30nt-35nt, 40nt-55nt, or 45nt-35nt
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nucleotides long).In some embodiments, the 53’ portion is about 25nt-83nt nucleotides long (such as about
25nt-80nt, 25nt-75nt, 25nt-70nt, 25nt-65nt, 25nt-60nt, 30nt-55nt, 40nt-55nt, or 45nt-55nt nucleotides
long),and the 3’ portion is about 7nt-25nt nucleotide long (such as about 10nt-15ntor 21nt-25ntnucleotides
long). In some embodiments, the 5’ portion is longer than the 3” portion. In some embodiments, the 5° portion
is about 55 nucleotides long, and the 3 portion is about 15 nucleotides long.

[00109] In some embodiments, the position of the cytidine mismatch in the dRNA is according to any of the
dRNAs described in the examples herein, and the dRNA can be, for example, in the format of Xnt-c-Ynt,
wherein X represents the length of the 5° portion and Y represents the length of the 3° portion: 55nt-c-35nt,
55nt-c-25nt, 55nt-c-24nt, 55nt-c-23nt, 55nt-c-22nt, 55nt-c-21nt, 55nt-c-20nt, 535nt-c-19nt, 55nt-c-18nt,
55nt-c-17nt, 535nt-c-lént, 55nt-c-15nt, 55nt-c-14nt, 55nt-c-13nt, 535nt-c-12nt, 35nt-c-1lnt, 55nt-c-10nt,
55nt-c-9nt, 55nt-c-8nt, 33nt-c-7nt, 355nt-n-20nt, 50nt-n-20nt, 45nt-n-20nt, 355nt-n-15nt, 350nt-n-135nt,
45nt-c-45nt, 45nt-c-55nt, 54nt-c-12nt, 353nt-c-13nt, 52nt-c-14nt, Slnt-c-15nt, 50nt-c-16nt, 49nt-c-17nt,
48nt-c-18nt, 47nt-c-19nt, 46nt-c-20nt, 45nt-c-21nt, 44nt-c-22nt, 43nt-c-23nt, S4nt-c-15nt, 53nt-c-16nt,
52nt-c-17nt, Slnt-c-18nt, 50nt-c-19nt, 49nt-c-20nt, 48nt-c-2Int, 47nt-c-22nt, 46nt-c-23nt, S54nt-c-17nt,
53nt-n-18nt, 52nt-n-19nt, 51nt-n-20nt, 50nt-n-21nt, 49nt-n-22nt, 48nt-c-23.

[00110] In certain embodiments according to any one of the methods or use described herein, the
complementary RNA sequence further comprises one or more guanosine(s), such as 1, 2, 3, 4, 5, 6, or more Gs,
that is each directly opposite a non-target adenosine in the target RNA. In some embodiments, the
complementary RNA sequence comprises two or more consecutive mismatch nucleotides (e.g., 2, 3, 4, 5, or
more mismatch nucleotides) opposite a non-target adenosine in the target RNA. In some embodiments, the
target RNA comprises no more than about 20 non-target As, such as no more than about any one of 15, 10,9, 8,
7,6,5,4,3, 2, or 1 non-target A. The Gs and consecutive mismatch nucleotides opposite non-target As may
reduce off-target editing effects by ADAR.

[00111] In certain embodiments according to any one of the methods or use described herein, the 5° nearest
neighbor of the target A is a nucleotide selected from U, C, A and G with the preference U>C~A>G and the
3’ nearest neighbor of the target A is a nucleotide selected from G, C, A and U with the preference G>C>A==
U. In certain embodiments, the target A is in a three-base motif selected from the group consisting of UAG,
UAC,UAA,UAU,CAGCAC,CAA,CAUAAGAACAAA AAU,GAGGAC,GAA and GAU in the target RNA.
In certain embodiments, the three-base motif is UAG, and the dRNA comprises an A directly opposite the U in
the three-base motif, a C directly opposite the target A, and a C, G or U directly opposite the G in the
three-base motif. In certain embodiments, the three-base motif is UAG in the target RNA, and the dRNA
comprises ACC, ACG or ACU that is opposite the UAG of the target RNA. In certain embodiments, the
three-base motif 1s UAG in the target RNA, and the dRNA comprises ACC that is opposite the UAG of the
target RNA.

[00112] In some embodiments, the dRNA comprises one or more modifications. Exemplary modifications to
the dRNA include, but are not limited to, phosphorothioate backbone modification, 2’-substitutions in the
ribose (such as 2°-O-methylation and 2’-fluoro substitutions), LNA, and L-RNA. In some embodiments, the
dRNA comprises onc or more modifications, such as 2°-O-methylation and/or phosphorothioation. In some

embodiments, the dRNA is of about 60-200 (This range covers anyconsecutive positive integers between the
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numbers 60 and 200, for example, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110, 115, 120, 130, 140, 150, 160,
170, 180, 190, 200) nucleotides long and comprises one or more moficiations (such as 2’-O-methylation
and/or 3’-phosphorothioation). In some embodiments, the dRNA 1s of about 60-200 nucleotides long and
comprises one or more moficiations. In some embodiments, the dRNA is of about 60-200 nucleotides long and
comprises 2°-O-methylation and/or phosphorothioation moficiations.In some emodiments, the dRNA
comprises 2°-O-methylations in the first and last 3 nucleotides and/or phosphorothiations in the first and last 3
internucleotide linkages. In some embodiments, the dRNA comprises 2°-O-methylations in the first and last 3
nucleotides, phosphorothiations in the first and last 3 internucleotide linkages, and 2°-O-methylations in one or
more uridines, for example on all uridines. In some embodiments, the dRNA comprises 2°-O-methylations in
the first and last 3 nucleotides, phosphorothiations in the first and last 3 internucleotide linkages,
2’-O-methylations in a single or multiple or all uridines, and a modification in the nucleotide opposite to the
target adenosine, and/or one or two nucleotides most adjacent to the nucleotide opposite to the target adenosine.
In certain embodiments, the modification in the nucleotide opposite to the target adenosine, and/or one or two
nucleotides most adjacent to the nucleotide opposite to the target adenosine is a 2°-O-methylation. In certain
embodiments, the modification in the nucleotide opposite to the target adenosine, and/or one or two
nucleotides most adjacent to the nucleotide opposite to the target adenosine is a phosphorothiation linkage,
such as a 3’-phosphorothiation linkage. In certain embodiments, the JRNA comprises 2’-O-methylations in the
first and last 3 nucleotides, phosphorothiations in the first and last 3 internucleotide linkages,
2’-O-methylations in all uridines, and a 2’-O-methylation in the nucleotide adjacent to the 3° terminus and/or
5” terminus of the nucleotide opposite to the target adenosine. In certain embodiments, the dRNA comprises
2’-O-methylations in the first and last 3 nucleotides, phosphorothiations in the first and last 3 internucleotide
linkages, 2’-O-methylations in a single or multiple or all uridines, and a phosphorothiation linkage such as3’-
phosphorothiation linkage in the nucleotide opposite to the target adenosine and /or its 5° and/or 3° most
adjacent nucleotides.In some embodiments, the dRNA comprises 2°-O-methylations in the first and last 5
nucleotides and phosphorothiations in the first and last 5 internucleotide linkages.

[00113] In certain embodiments according to any one of the methods or use described herein, the target RNA
is any one selected from the group consisting of a pre-messenger RNA, a messenger RNA, a ribosomal RNA,
a transfer RNA, a long non-coding RNA and a small RNA (e.g., miRNA). In some embodiments, the target
RNA is a pre-messenger RNA.  In some embodiments, the target RNA 1s a messenger RNA.

[00114] In certain embodiments according to any one of the methods or use described herein, the method
further comprises introducing an mhibitor of ADAR3 to the host cell. In some embodiments, the inhibitor of
ADAR3 is an RNAI against ADAR3, such as a shRNA against ADAR3 or a siRNA against ADAR3. In some
embodiments, the method further comprises introducing a stimulator of interferon to the host cell. In some
cmbodiments, the ADAR is inducible by interferon, for example, the ADAR is ADAR™. In some
embodiments, the stimulator of interferon is IFNo.. In some embodiments, the inhibitor of ADAR3 and/or the
stimulator of interferon are encoded by the same construct (e.g., vector) that encodes the dRNA.

[00115] In certain embodiments according to any one of the methods or use described herein, the efficiency
of editing of the target RNA is at least about 20%, such as at least about any one of 25%, 30%, 35%, 40%,
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%or higher. In some embodiments, the efficiency of

editing is determined by Sanger sequencing. In some embodiments, the efficiency of editing is determined by
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next-generation sequencing.

[00116] In certain embodiments according to any one of the methods or use described herein, the method has
low off-target editing rate. In some embodiments, the method has lower than about 1% (e.g., no more than
about any one of 0.5%, 0.1%, 0.05%, 0.01%, 0.001% or lower) editing efficiency on non-target As in the target
RNA. In some embodiments, the method does not edit non-target As in the target RNA. In some embodiments,
the method has lower than about 0.1% (e.g., no more than about any one of 0.05%, 0.01%, 0.005%, 0.001%,
0.0001% or lower) editing efficiency on As in non-target RNA.

[00117] In certain embodiments according to any one of the methods or use described herein, the method
does not induce immune response, such as innate immune response. In some embodiments, the method does
not induce interferon and/or interleukin expression in the host cell. In some embodiments, the method does not
induce IFN-f and/or IL-6 expression in the host cell.

[00118] Also provided are edited RNA or host cells having an edited RNA produced by any one of the
methods described herein. In some embodiments, the edited RNA comprises an inosine. In some embodiments,
the host cell comprises an RNA having a missense mutation, an early stop codon, an alternative splice site, or
an aberrant splice site. In some embodiments, the host cell comprises a mutant, truncated, or misfolded protein.
[00119] “Host cell” as described herein refers to any cell type that can be used as a host cell provided it can
be modified as described herein. For example, the host cell may be a host cell with endogenously expressed
adenosine deaminase acting on RNA (ADAR), or may be a host cell into which an adenosine deaminase acting
on RNA (ADAR) is introduced by a known method in the art. For example, the host cell may be a prokaryotic
cell, a eukaryotic cell or a plant cell. In some embodiments, the host cell is derived from a pre-established cell
line, such as mammalian cell lines including human cell lines or non-human cell lines. In some embodiments,
the host cell is derived from an individual, such as a human individual.

[00120] “Introducing™ or “introduction” used herein means delivering one or more polynucleotides, such as
dRNAs or one or more constructs including vectors as described herein, one or more transcripts thereof, to a
host cell. The invention serves as a basic platform for enabling targeted editing of RNA, for example,
pre-messenger RNA, a messenger RNA, a ribosomal RNA, a transfer RNA, a long non-coding RNA and a
small RNA (such as miRNA). The methods of the present application can employ many delivery systems,
including but not limited to, viral, liposome, electroporation, microinjection and conjugation, to achieve the
introduction of the dRNA or construct as described herein into a host cell. Conventional viral and non-viral
based gene transfer methods can be used to introduce nucleic acids into mammalian cells or target tissues.
Such methods can be used to administer nucleic acids encoding dRNA of the present application to cells in
culture, or in a host organism. Non-viral vector delivery systems include DNA plasmids, RNA (e.g. a transcript
of a construct described herein), naked nucleic acid, and nucleic acid complexed with a delivery vehicle, such
as a liposome. Viral vector delivery systems include DNA and RNA viruses, which have either episomal or
integrated genomes for delivery to the host cell.

[00121] Methods of non-viral delivery of nucleic acids include lipofection, nucleofection, microinjection,
biolistics, virosomes, liposomes, immunoliposomes, polycation or lipid: nucleic acid conjugates,
electroporation, nanoparticles, exosomes, microvesicles, or gene-gun, naked DNA and artificial virions.
[00122] The use of RNA or DNA viral based systems for the delivery of nucleic acids has high efficiency in

targeting a virus to specific cells and trafficking the viral payload to the cellular nucle.
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[00123] In certain embodiments according to any one of the methods or use described herein, the method
comprises introducing a viral vector (such as lentiviral vector) encoding the dRNA to the host cell. In some
embodiments, the method comprises introducing a plasmid encoding the dRNA to the host cell. In some
embodiments, the method comprises introducing (e.g., by electroporation) the dRNA (e.g., synthetic dRNA)
into the host cell.  In some embodiments, the method comprises transfection of the dRNA into the host cell.
[00124] After deamination, modification of the target RNA and/or the protein encoded by the target RNA,
can be determined using different methods depending on the positions of the targeted adenosines in the target
RNA. For example, in order to determine whether “A” has been edited to “I” in the target RNA, RNA
sequencing methods known in the art can be used to detect the modification of the RNA sequence. When the
target adenosine is located in the coding region of an mRNA, the RNA editing may cause changes to the amino
acid sequence encoded by the mRNA For example, point mutations may be introduced to the mRNA of an
innate or acquired point mutation in the mRNA may be reversed to yield wild-type gene product(s) because of
the conversion of “A” to “I”. Amino acid sequencing by methods known in the art can be used to find any
changes of amino acid residues in the encoded protein. Modifications of a stop codon may be determined by
assessing the presence of a functional, elongated, truncated, full-length and/or wild-type protein. For example,
when the target adenosine is located in a UGA, UAG, or UAA stop codon, modification of the target A (UGA
or UAG) or As (UAA) may create a read-through mutation and/or an elongated protein, or a truncated protein
encoded by the target RNA may be reversed to create a functional, full-length and/or wild-type protein. Editing
of a target RNA may also generate an aberrant splice site, and/or alternative splice site in the target RNA, thus
leading to an elongated, truncated, or misfolded protein, or an aberrant splicing or alternative splicing site
encoded in the target RNA may be reversed to create a functional, correctly-folding, full-length and/or
wild-type protein. In some embodiments, the present application contemplates editing of both innate and
acquired genetic changes, for example, missense mutation, early stop codon, aberrant splicing or alternative
splicing site encoded by a target RNA. Using known methods to assess the function of the protein encoded by
the target RNA can find out whether the RNA editing achieves the desired effects. Because deamination of the
adenosine (A) to an inosine (I) may correct a mutated A at the target position in a mutant RNA encoding a
protein, identification of the deamination into inosine may provide assessment on whether a functional protein
is present, or whether a disease or drug resistance-associated RNAcaused by the presence of a mutated
adenosine 1s reversed or partly reversed. Similarly, because deamination of the adenosine (A) to an inosine (I)
may introduce a point mutation in the resulting protein, identification of the deamination into inosine may
providea functional indication for identifying a cause of disease or a relevant factor of a disease.

[00125] When the presence of a target adenosine causes aberrant splicing, the read-out may be the
assessment of occurrence and frequency of aberrant splicing. On the other hand, when the deamination of a
target adenosine is desirable to introduce a splice site, then similar approaches can be used to check whether
the required type of splicing occurs. An exemplary suitable method to identify the presence of an inosine after
deamination of the target adenosine is RT-PCR and sequencing, using methods that are well-known to the
person skilled in the art.

[00126] The effects of deamination of target adenosine(s) include, for example, point mutation, early stop
codon, aberrant splice site, alternative splice site and misfolding of the resulting protein. These effects may

induce structural and functional changes of RNAs and/or proteins associated with diseases, whether they are
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genetically inherited or caused by acquired genetic mutations, or may induce structural and functional changes
of RNAs and/or proteins associated with occurrence of drug resistance. Hence, the dRNAs, the constructs
encoding the dRNAs, and the RNA editing methods of present application can be used in prevention or
treatment of hereditary genetic diseases or conditions, or discases or conditions associated with acquired
genetic mutations by changing the structure and/or function of the disease-associated RNAs and/or proteins.
[00127] In some embodiments, the target RNA is a regulatory RNA. In some embodiments, the target RNA
to be edited is a ribosomal RNA, a transfer RNA, a long non-coding RNA or a small RNA (e.g., miRNA,
pri-miRNA, pre-miRNA, piRNA, siRNA, snoRNA, snRNA, exRNA or scaRNA).The effects of deamination
of the target adenosines include, for example,structural and functional changes of the ribosomal RNA, transfer
RNA, long non-coding RNA or small RNA (e.g., miRNA), including changes of three-dimensionalstructure
and/or loss of function or gain of function of the target RNA. In some embodiments, deamination of the target
As in the target RNA changes the expression level of one or more downstream molecules (e.g., protein, RNA
and/or metabolites) of the target RNA. Changes of the expression level of the downstream molecules can be
increase or decrease in the expression level.

[00128] Some embodiments of the present application involve multiplex editing of target RNAs in host cells,
which are useful for screening different variants of a target gene or different genes in the host cells. In some
embodiments, wherein the method comprises introducing a plurality of dRNAs to the host cells, at least two of
the dRNAs of the plurality of dRNAs have different sequences and/or have different target RNAs. In some
embodiments, cach dRNA has a different sequence and/or different target RNA. In some embodiments, the
method generates a plurality (e.g., at least 2, 3, 5, 10, 50, 100, 1000 or more) of modifications in a single target
RNA in the host cells. In some embodiments, the method generates a modification in a plurality (e.g., at least 2,
3,5, 10, 50, 100, 1000 or more) of target RNAs in the host cells. In some embodiments, the method comprises
editing a plurality of target RNAs in a plurality of populations of host cells. In some embodiments, each
population of host cells receive a different dRNA or a dRNAs having a different target RNA from the other
populations of host cells.

[00129] Deaminase-recruiting RNA, construct, and library

[00130] In one aspect, the present application providesa deaminase-recruiting RNA useful for any one of the
methods described herein. Any one of the dRNAs described in this section may be used in the methods of
RNA editing and treatment described herein. It is intended that any of the features and parameters described
herein for JRNAs can be combined with each other, as if each and every combination is individually described.
The dRNAs described herein do not comprise a tractRNA, crRNA or gRNA used in a CRISPR/Cas system.
[00131] In some embodiments, there is provided a deaminase-recruiting RNA (dRNA) for deamination of a
target adenosine in a target RNA by recruiting an ADAR, comprising a complementary RNA sequence that
hybridizes to the target RNA.

[00132] In one aspect, the present provides a construct comprising any one of the deaminase-recruiting
RNAs described herein. In certain embodiments, the construct is a viral vector (preferably a lentivirus vector)
or a plasmid. In some embodiments, the construct encodes a single dRNA. In some embodiments, the
construct encodes a plurality (e.g., about any one of 1, 2,3, 4, 5, 10, 20 or more) dRNAs.

[00133] In onc aspect, the present application provides a library comprising a plurality of the

deaminase-recruiting RNAs or a plurality of the constructs described herein.
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[00134] In onc aspect, the present application provides a composition or a host cell comprising the
deaminase-recruiting RNA or the construct described herein. In certain embodiments, the host cell is a
prokaryotic cell or a eukaryotic cell. Preferably, the host cell is a mammalian cell. Most preferably, the host
cell is a human cell.

[00135] In certain embodiments according to any one of the dRNAs, constructs, libraries or compositions
described herein, the complementary RNA sequence comprises a cytidine, adenosine or uridine directly
opposite the target adenosine to be edited in the target RNA. In certain embodiments, the complementary RNA
sequence further comprises one or more guanosine(s) that 1s each directly opposite a non-target adenosine in
the target RNA. In certain embodiments, the 5° nearest neighbor of the target A is a nucleotide selected from U,

C, A and G with the preference U>C~A>G and the 3 nearest neighbor of the target A is a nucleotide

selected from G C, A and U with the preference G=>C>A~U. In some embodiments, the 5’ nearest neighbor
of the target A is U. In some embodiments, the 5 nearest neighbor of the target A is C or A. In some
embodiments, the 3” nearest neighbor of the target A is G In some embodiments, the 3’ nearest neighbor of the
target A is C.

[00136] In certain embodiments according to any one of the dRNAs, constructs, libraries or compositions
described herein, the target A is in a three-base motif selected from the group consisting of UAG
UAC,UAAUAU,CAGCAC,CAA,CAUAAGAAC,AAA,AAU,GAGGAC,GAA and GAU in the target RNA.
In certain embodiments, the three-base motif is UAG, and the dRNA comprises an A directly opposite the U in
the three-base motif, a C directly opposite the target A, and a C, G or U directly opposite the G in the
three-base motif. In certain embodiments, the three-base motif is UAG in the target RNA, and the dRNA
comprises ACC, ACG or ACU that is opposite the UAG of the target RNA.

[00137] In some embodiments, the dRNA comprises a cytidine mismatch directly opposite the target A in the
target RNA. In some embodiments, the cytidine mismatch is close to the center of the complementary RNA
sequence, such as within 20, 15, 10, 5, 4, 3, 2, or 1 nucleotide away from the center of the complementary
RNA sequence. In some embodiments, the cytidine mismatch is at least 5 nucleotides away from the 5° end
of the complementary RNA sequence. In some embodiments, the cytidine mismatch is at least 20 nucleotides
away from the 3” end of the complementary RNA sequence.

[00138] In certain embodiments according to any one of the dRNAs, constructs, libraries or compositions
described herein, the dRNA comprises at least about any one of 40, 45, 50, 53, 60, 65, 70, 75, 80, 90, 100, 110,
120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, or 250 nucleotides. In certain embodiments,
the dRNA is about any one of 40-260, 45-250, 50-240, 60-230, 65-220, 70-210, 70-200, 70-190, 70-180,
70-170, 70-160, 70-150, 70-140, 70-130, 70-120, 70-110, 70-100, 70-90, 70-80, 75-200, 80-190, 85-180,
90-170, 95-160, 100-150 or 105-140 nucleotides in length. In some embodiments the dRNA is about 60-200
(such as about any of 60-150, 65-140, 68-130, or 70-120) nucleotides long.

[00139] The dRNA of the present application comprises a complementary RNA sequence that hybridizes to
the target RNA. The complementary RNA sequence is perfectly complementary or substantially
complementarity to the target RNA to allow hybridization of the complementary RNA sequence to the target
RNA. In some embodiments, the complementary RNA sequence has 100% sequence complementarity as the
target RNA. In some embodiments, the complementary RNA sequence is at least about any one of 70%, 80%,

85%, 90%, 95%, 96%, 97%, 98%, or 99% or more complementary to over a continuous stretch of at least
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about any one of 20, 40, 60, 80, 100, 150, 200, or more nucleotides in the target RNA. In some embodiments,
the dsRNA formed by hybridization between the complementary RNA sequence and the target RNA has one or
more (e.g., 1,2,3,4,5,6,7,8,9, 10 or more) non-Watson-Crick base pairs (7.e., mismatches).

[00140] ADAR, for example, human ADAR enzymes edit double stranded RNA (dsRNA) structures with
varying specificity, depending on a number of factors. One important factor is the degree of complementarity
of the two strands making up the dsRNA sequence. Perfect complementarity of between the dRNA and the
target RNA usually causes the catalytic domain of ADAR to deaminate adenosines in a non-discriminative
manner. The specificity and efficiency of ADAR can be modified by introducing mismatches in the dsRNA
region. For example, A-C mismatch is preferably recommended to increase the specificity and efficiency of
deamination of the adenosine to be edited. Conversely, at the other A (adenosine) positions than the target A
(i.e., “non-target A7), the G-A mismatch can reduce off-target editing. Perfect complementarity is not
necessarily required for a dsRNA formation between the dRNA and its target RNA, provided there is
substantial complementarity for hybridization and formation of the dsSRNA between the dRNA and the target
RNA. In some embodiments, the dRNA sequence or single-stranded RNA region thereof has at least about any
one of 70%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% of sequence complementarity to the target RNA,
when optimally aligned. Optimal alignment may be determined with the use of any suitable algorithm for
aligning sequences, non-limiting examples of which include the Smith-Waterman algorithm, the
Needleman-Wimsch algorithm, algorithms based on the Burrows-Wheeler Transform (e.g. the Burrows
Wheeler Aligner).

[00141] The nucleotides neighboring the target adenosine also affect the specificity and efficiency of
deamination. For example, the 3’ nearest neighbor of the target adenosine to be edited in the target RNA
sequence has the preference U>C=A>G and the 3° nearest neighbor of the target adenosine to be edited in
the target RNA sequence has the preference G>C>A~U m terms of specificity and efficiency of
deamination of adenosine. In some embodiments, when the target adenosine may be in a three-base motif
selected from the group consisting of UAG,
UAC,UAA,UAU,CAGCAC,CAA,CAUAAGAAC,AAA,AAU,GAGGAC,GAA and GAU in the target RNA,
the specificity and efficiency of deamination of adenosine are higher than adenosines in other three-base
motifs. In some embodiments, where the target adenosine to be edited is in the three-base motif UAG, UAC,
UAA, UAU, CAG CAC, AAG, AAC or AAA, the efficiency of deamination of adenosine is much higher than
adenosines in other motifs. With respect to the same three-base motif, different designs of dRNA may also lead
to different deamination efficiency. Taking the three-base motif UAG as an example, in some embodiments,
when the dRNA comprises cytidine (C) directly opposite the target adenosine to be edited, adenosine (A)
directly opposite the uridine, and cytidine (C), guanosine (G) or uridine (U) directly opposite the guanosine,
the efficiency of deamination of the target adenosine is higher than that using other dRNA sequences. In some
embodiments, when the dRNA comprises ACC, ACG or ACU opposite UAG of the target RNA, the editing
efficiency of the A in the UAG of the target RN A may reach about 25%-30%.

[00142] Besides the target adenosines, there may be one or more adenosines in the target RNA which are not
desirable to be edited. With respect to these adenosines, it is preferable to reduce their editing efficiency as
much as possible. It is found by this invention that where guanosine is directly opposite an adenosine in the

target RNA, the deamination efficiency 1s significantly decreased. Therefore, in order to decrease off-target
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deamination, dRNAs can be designed to comprise one or more guanosines directly opposite one or more
adenosine(s) other than the target adenosine to be edited in the target RNA.

[00143] The desired level of specificity and efficiency of editing the target RNA sequence may depend on
different applications. Following the instructions in the present patent application, those of skill in the art will
be capable of designing a dRNA having complementary or substantially complementary sequence to the target
RNA sequence according to their needs, and, with some trial and error, obtain their desired results. As used
herein, the term “mismatch™ refers to opposing nucleotides in a double stranded RNA (dsRNA) which do not
form perfect base pairs according to the Watson-Crick base pairing rules. Mismatch base pairs include, for
example, G-A, C-A, U-C, A-A, G-G, C-C, U-U base pairs. Taking A-C match as an example, where a target A
is to be edited in the target RNA, a dRNA is designed to comprise a C opposite the A to be edited, generating a
A-C mismatch in the dsRNA formed by hybridization between the target RNA and dRNA.

[00144] In some embodiments, the dsRNA formed by hybridization between the dRNA and the target RNA
does not comprise a mismatch. In some embodiments, the dsRNA formed by hybridization between the dRNA
and the target RNA comprises one or more, such as any one of 1, 2, 3, 4, 5, 6, 7 or more mismatches (e.g., the
same type of different types of mismatches). In some embodiments, the dsRNA formed by hybridization
between the dRNA and the target RNA comprises one or more kinds of mismatches, for example, 1, 2, 3, 4, 5,
6, 7 kinds of mismatches selected from the group consisting of G-A, C-A, U-C, A-A, G-G, C-C and U-U.
[00145] The mismatch nucleotides in the dSRNA formed by hybridization between the dRNA and the target
RNA can form bulges which can promote the efficiency of editing of the target RNA. There may be one
(which is only formed at the target adenosine) or more bulges formed by the mismatches. The additional
bulge-inducing mismatches may be upstream and/or downstream of the target adenosine. The bulges may be
single-mismatch bulges (caused by one mismatching base pair) or multi-mismatch bulges (caused by more
than one consecutive mismatching base pairs, preferably two or three consecutive mismatching base pairs).
[00146] The complementary RNA sequence in the dRNA is single-stranded. The dRNA may be entirely
single-stranded or have one or more (e.g., 1, 2, 3, or more) double-stranded regions and/or one or more stem
loop regions. In some embodiments, the complementary RNA sequence is at least about any one of 40, 45, 50,
55,60, 65, 70, 75, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200 or more nucleotides. In certain
embodiments, the complementary RNA sequence is about any one of 40-260, 45-250, 50-240, 60-230, 65-220,
70-220, 70-210, 70-200, 70-190, 70-180, 70-170, 70-160, 70-150, 70-140, 70-130, 70-120, 70-110, 70-100,
70-90, 70-80, 75-200, 80-190, 85-180, 90-170, 95-160, 100-200, 100-150, 100-175, 110-200, 110-175,
110-150, or 105-140 nucleotides in length.. In some embodiments, the dRNA is about 60-200 (such as about
any of 60-150, 65-140, 68-130, or 70-120) nucleotides long. In some embodiments, the complementary RNA
sequence is about 71 nucleotides long. In some embodiments, the complementary RNA sequence is about 111
nucleotides long.

[00147] In some embodiments, the dRNA, apart from the complementary RNA sequence, further comprises
regions for stabilizing the dRNA, for example, one or more double-stranded regions and/or stem loop regions.
In some embodiments, the double-stranded region or stem loop region of the dRNA comprises no more than
about any one of 200, 150, 100, 50, 40, 30, 20, 10 or fewer base-pairs. In some embodiments, the dRNA does
not comprise a stem loop or double-stranded region. In some embodiments, the dRNA comprises an

ADAR-recruiting domain. In some embodiments, the dRNA does not comprise an ADAR-recruiting domain.
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[00148] The dRNA may comprise one or more modifications. In some embodiments, the dRNA has one or
more modified nucleotides, including nucleobase modification and/or backbone modification. In some
embodiments, the dRNA i1s of about 60-200 nucleotides long and comprises one or more moficiations (such as
2’-O-methylation and/or phosphorothioation). In some embodiments, the modified dRNA comprises, from 5’
end to 3° end: a 5° portion, a cytidine mismatch directly opposite the target A in the target RNA, and a 3’
portion,wherein the 3’ portion is no shorter than about 7nt (such as no shorter than 8nt, no shorter than 9nt, and
no shorter than 10nt) nucleotides. In some embodiments, the 5° portion is no shorter than about 25 (such as no
shorter than about 30, no shorter than about 33nt, no shorter than about 40nt, and no shorter than about 45nt)
nucleotides. In some embodiments, the 5’ portion is about 25nt-85nt nucleotides long (such as about
25nt-80nt, 25nt-75nt, 25nt-70nt, 25nt-635nt, 25nt-60nt, 30nt-55nt, 40nt-55nt, or 45nt-55nt nucleotides long). In
some embodiments, the 3” portion is about 7nt-25nt nucleotide long (such as about 10nt-15nt or 21nt-25nt
nucleotides long). In some embodiments, the 5’ portion is about 25nt-85nt nucleotides long (such as about
25nt-80nt, 25nt-75nt, 25nt-70nt, 25nt-65nt, 25nt-60nt, 30nt-55nt, 40nt-35nt, or 45nt-55nt nucleotides long),
and the 3’ portion is about 7nt-25nt nucleotide long (such as about 10nt-15nt or 21nt-25nt nucleotides long).In
some embodiments, the 5’ portion is longer than the 3” portion. In some embodiments, the 5° portion is about
55 nucleotides long, and the 3’ portion is about 15 nucleotides long.In some embodiments, the position of the
cytidine mismatch in the dRNA is according to any of the dRNAs described in the examples herein, and the
dRNA can be, in the format of Xnt-c-Ynt, wherein X represents the length of the 5° portion and Y represents
the length of the 3’ portion: 55nt-c-35nt, 55nt-c-25nt, 55nt-c-24nt, 55nt-c-23nt, 55nt-c-22nt, 55nt-c-21nt,
55nt-c-20nt, 55nt-c-19nt, 55nt-c-18nt, 55nt-c-17nt, 55nt-c-16nt, 55nt-c-15nt, 535nt-c-14nt, 55nt-c-13nt,

55nt-c-12nt, 55nt-c-11nt, 55nt-c-10nt, 55nt-c-Snt, 535nt-c-8nt, S55nt-c-7nt, 55nt-n-20nt, 50nt-n-20nt,

45nt-n-20nt, 35nt-n-15nt, 50nt-n-15nt, 45nt-c-45nt, 45nt-c-55nt, S4nt-c-12nt, 53nt-c-13nt, 52nt-c-14nt,
51nt-c-15nt, 50nt-c-16nt, 49nt-c-17nt, 48nt-c-18nt, 47nt-c-19nt, 46nt-c-20nt, 45nt-c-21nt, 44nt-c-22nt,
43nt-c-23nt, S4nt-c-15nt, 53nt-c-16nt, 352nt-c-17nt, 51nt-c-18nt, 50nt-c-19nt, 49nt-c-20nt, 48nt-c-2lnt,
47nt-c-22nt, 46nt-c-23nt, 54nt-c-17nt, 53nt-n-18nt, 52nt-n-19nt, 51nt-n-20nt, 50nt-n-21nt, 49nt-n-22nt,
48nt-c-23.

[00149] In some embodiments, the dRNA is of about 60-200 nucleotides long and comprises one or more
moficiations (such as 2°-O-methylation and/or phosphorothioation). In some emodiments, the dRNA
comprises 2°-O-methylations in the first and last 3 nucleotides and/or phosphorothiations in the first and last 3
internucleotide linkages. In some embodiments, the dRNA comprises 2°-O-methylations in the first and last 3
nucleotides, phosphorothiations in the first and last 3 internucleotide linkages, and 2°-O-methylations in one or
more uridines, for example on all uridines. In some embodiments, the dRNA comprises 2’-O-methylations in
the first and last 3 nucleotides, phosphorothiations in the first and last 3 mternucleotide linkages,
2’-O-methylations in a single or multiple or all uridines, and a modification in the nucleotide opposite to the
target adenosine, and/or one or two nucleotides most adjacent to the nucleotide opposite to the target adenosine.
In certain embodiments, the modification in the nucleotide opposite to the target adenosine, and/or one or two
nucleotides most adjacent to the nucleotide opposite to the target adenosine is a 2°-O-methylation. In certain
embodiments, the modification in the nucleotide opposite to the target adenosine, and/or one or two
nucleotides most adjacent to the nucleotide opposite to the target adenosine is a phosphorothiation linkage,

such as a 3 -phosphorothiation linkage. In certain embodiments, the dRNA comprises 2°-O-methylations in the
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first and last 3 nucleotides, phosphorothiations in the first and last 3 internucleotide linkages,
2’-O-methylations in all uridines, and a 2°-O-methylation in the nucleotide adjacent to the 3° terminus or 5’
terminus of the nucleotide opposite to the target adenosine. In certain embodiments, the dRNA comprises
2’-O-methylations in the first and last 3 nucleotides, phosphorothiations in the first and last 3 internucleotide
linkages, 2°-O-methylations in all uridines, and a 3’- phosphorothiation inthe nucleotide opposite to the target
adenosine and /or its 5° and/or 3 most adjacent nucleotides. In some embodiments, the dRNA comprises
2’-O-methylations in the first and last 5 nucleotides and phosphorothiations in the first and last 5
internucleotide linkages. The present application also contemplates a construct comprising the dRNA
described herein. The term “construct” as used herein refers to DNA or RNA molecules that comprise a coding
nucleotide sequence that can be transcribed into RNAs or expressed into proteins. In some embodiments, the
construct contains one or more regulatory elements operably linked to the nucleotide sequence encoding the
RNA or protein. When the construct is introduced into a host cell, under suitable conditions, the coding
nucleotide sequence in the construct can be transcribed or expressed.

[00150] In some embodiments, the construct comprises a promoter that is operably linked, or spatially
connected to the coding nucleotide sequence, such that the promoter controls the transcription or expression of
the coding nucleotide sequence. A promoter may be positioned 5' (upstream) of a coding nucleotide sequence
under its control. The distance between the promoter and the coding sequence may be approximately the same
as the distance between that promoter and the gene it controls in the gene from which the promoter is derived.
As is known in the art, variation in this distance may be accommodated without loss of promoter function. In
some embodiments, the construct comprises a 5° UTR and/or a 3’'UTR that regulates the transcription or
expression of the coding nucleotide sequence.

[00151] In some embodiments, the construct is a vector encoding any one of the dRNAs disclosed in the
present application. The term “vector” refers to a nucleic acid molecule capable of transporting another nucleic
acid to which it has been linked. Vectors include, but are not limited to, nucleic acid molecules that are
single-stranded, double-stranded, or partially double-stranded; nucleic acid molecules that comprise one or
more free ends, no free ends (e.g. circular); nucleic acid molecules that comprise DNA, RNA, or both; and
other varieties of polynucleotides known in the art. One type of vector is a "plasmid," which refers to a circular
double stranded DNA loop into which additional DNA segments can be inserted, such as by standard
molecular cloning techniques. Certain vectors are capable of autonomous replication in a host cell into which
they are introduced (e.g., bacterial vectors having a bacterial origin of replication and episomal mammalian
vectors). Other vectors (e.g., non-episomal mammalian vectors) are mtegrated into the genome of a host cell
upon introduction into the host cell, and thereby are replicated along with the host genome. Moreover, certain
vectors are capable of directing the transcription or expression of coding nucleotide sequences to which they
are operatively linked. Such vectors are referred to herein as “expression vectors”.

[00152] Recombinant expression vectors can comprise a nucleic acid of the invention in a form suitable for
transcription or expression of the nucleic acid in a host cell. In some embodiments, the recombinant expression
vector includes one or more regulatory elements, which may be selected on the basis of the host cells to be
used for transcription or expression, which 1s operatively linked to the nucleic acid sequence to be transcribed
or expressed. Within a recombinant expression vector, “operably linked” is intended to mean that the

nucleotide sequence of interest is linked to the regulatory element(s) in a manner that allows for expression of
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the nucleotide sequence (e.g. in an in vitro transcription/translation system or in a host cell when the vector is
introduced into the host cell).

[00153] In some embodiments, there is provided a construct (e.g., vector, such as viral vector) comprising a
nucleotide sequence encoding the dRNA. In some embodiments, there is provided a construct (e.g., vector,
such as viral vector) comprising a nucleotide sequence encoding the ADAR. In some embodiments, there is
provided a construct comprising a first nucleotide sequence encoding the dRNA and a second nucleotide
sequence encoding the ADAR. In some embodiments, the first nucleotide sequence and the second nucleotide
sequence arc operably linked to the same promoter. In some embodiments, the first nucleotide sequence and
the second nucleotide sequence are operably linked to different promoters. In some embodiments, the promoter
is inducible. In some embodiments, the construct does not encode for the ADAR. In some embodiments, the
vector further comprises nucleic acid sequence(s) encoding an inhibitor of ADAR3 (e.g., ADAR3 shRNA or
siRNA) and/or a stimulator of interferon (e.g., IFN-ov).

Methods of treatment

[00154] The RNA editing methods and compositions described herein may be used to treat or prevent a
discase or condition in an individual, including, but not limited to hereditary genctic discases and drug
resistance.

[00155] In some embodiments, there is provided a method of editing a target RNA in a cell of an individual
(e.g., human individual) ex vivo, comprising editing the target RNA using any one of the methods of RNA
editing described herein.

[00156] In some embodiments, there is provided a method of editing a target RNA 1n a cell of an individual
(e.g., human individual) ex vivo, comprising introducinga dRNA or a construct encoding the dRNA into the
cell of the individual, wherein the dRNA comprises a complementary RNA sequence that hybridizes to the
target RNA, and wherein the dRNA is capable of recruiting an ADAR to deaminate a target A in the target
RNA. In some embodiments, the target RNA is associated with a disease or condition of the individual. In
some embodiments, the disease or condition is a hereditary genetic disease or a disease or condition associated
with one or more acquired genetic mutations (e.g., drug resistance). In some embodiments, the method further
comprises obtaining the cell from the individual.

[00157] In some embodiments, there is provided a method of treating or preventing a disease or condition in
an individual (e.g., human individual), comprising editing a target RNA associated with the disease or
condition in a cell of the individual using any one of the methods of RNA editing described herein.

[00158] In some embodiments, there is provided a method of treating or preventing a disease or condition in
an individual (e.g., human individual), comprising introducinga dRNA or a construct encoding the dRNA into
an isolated cell of the individual ex vivo, wherein the dRNA comprises a complementary RNA sequence that
hybridizes to a target RNA associated with the disease or condition, and wherein the dRNA is capable of
recruiting an ADAR to deaminate a target A in the target RNA. In some embodiments, the ADAR is an
endogenously expressed ADAR in the isolated cell. In some embodiments, the method comprises introducing
the ADAR or a construct encoding the ADAR to the isolated cell. In some embodiments, the method further
comprises culturing the cell having the edited RNA. In some embodiments, the method further comprises

administering the cell having the edited RNA to the individual. In some embodiments, the disease or condition
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is a hereditary genetic disease or a disease or condition associated with one or more acquired genetic mutations
(e.g., drug resistance).

[00159] In some embodiments, there is provided a method of treating or preventing a disease or condition in
an individual (e.g., human individual), comprising introducinga dRNA or a construct encoding the dRNA into
an isolated cell of the individual ex vivo, wherein the dRNA comprises a complementary RNA sequence that
hybridizes to a target RNA associated with the disease or condition, and wherein the dRNA is capable of
recruiting an endogenously expressed ADAR of the host cell to deaminate a target A in the target RNA. In
some embodiments, the method further comprises culturing the cell having the edited RNA. In some
embodiments, the method further comprises administering the cell having the edited RNA to the individual. In
some embodiments, the disease or condition is a hereditary genetic disease or a disease or condition associated
with one or more acquired genetic mutations (e.g., drug resistance).

[00160] In some embodiments, there is provided a method of treating or preventing a disease or condition in
an individual (e.g., human individual), comprising administeringan effective amount of a dRNA or a construct
encoding the dRNA to the individual, wherein the dRNA comprises a complementary RNA sequence that
hybridizes to a target RNA associated with the disease or condition, and wherein the dRNA is capable of
recruiting an ADAR to deaminate a target A in the target RNA. In some embodiments, the ADAR is an
endogenously expressed ADAR 1n the cells of the individual. In some embodiments, the method comprises
administering the ADAR or a construct encoding the ADAR to the individual. In some embodiments, the
disease or condition is a hereditary genetic disease or a disecase or condition associated with one or more
acquired genetic mutations (e.g., drug resistance).

[00161] Diseases and conditions suitable for treatment using the methods of the present application include
discases associated with a mutation, such as a G to A mutation, e.g., a G to A mutation that results in missense
mutation, early stop codon, aberrant splicing, or alternative splicing in an RNA transcript. Examples of
disease-associated mutations that may be restored by the methods of the present application include, but are
not limited to, 7P353"*% (e. g., 158G>A) associated with cancer,IDUAWMZX(e. g., TGG>TAG mutation in exon 9)
associated with Mucopolysaccharidosis type [ (MPS 1), COL341 WlmX(e.g., 3833G>A mutation) associated
with Ehlers-Danlos syndrome, BMPR2"**(¢.g., 893G>A) associated with primary pulmonary hypertension,
AHII"7Y (e g 2174G>A) associated with Joubert syndrome, FANCC""* (¢ g 1517G>A) associated with
Fanconi anemia, MYBPC3"'"*(e.g., 3293G>A) associated with primary familial hypertrophic
cardiomyopathy, and IL2RG"*"X(e.g., 710G>A) associated with X-linked severe combined immunodeficiency.
In some embodiments, the disease or condition is a cancer. In some embodiments, the disease or condition is a
monogenetic disease. In some embodiments, the disease or condition is a polygenetic disease.

[00162] In some embodiments, there is provided a method of treating a cancer associated with a target RNA
having a mutation (e.g., G>A mutation) in an individual, comprising introducinga dRNA or a construct
encoding the dRNA into an isolated cell of the individual ex vivo, wherein the dRNA comprises a
complementary RNA sequence that hybridizes to the target RNA, and wherein the dRNA is capable of
recruiting an ADAR to deaminate a target A in the target RNA, thereby rescuing the mutation in the target
RNA. In some embodiments, the ADAR 1is an endogenously expressed ADAR in the isolated cell. In some
embodiments, the method comprises introducing the ADAR or a construct encoding the ADAR to the isolated
cell. In some embodiments, the target RNA is 7P53"7" (e.g., 158G>A). In some embodiments, the dRNA
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comprises the nucleic acid sequence of SEQ ID NO: 195, 196 or 197.

[00163] In some embodiments, there is provided a method of treating or preventing a cancer with a target
RNA having a mutation (e.g., G>A mutation) in an individual, comprising administeringan effective amount of
a dRNA or a construct encoding the dRNA to the individual, wherein the dRNA comprises a complementary
RNA sequence that hybridizes to the target RNA associated with the disease or condition, and wherein the
dRNA is capable of recruiting an ADAR to deaminate a target A in the target RNA, thereby rescuing the
mutation in the target RNA. In some embodiments, the ADAR is an endogenously expressed ADAR in the
cells of the individual. In some embodiments, the method comprises administering the ADAR or a construct
encoding the ADAR to the individual. In some embodiments, the target RNA is 7P53 (e (e.g, 158G>A). In
some embodiments, the dRNA comprises the nucleic acid sequence of SEQ ID NO: 195, 196 or 197.

[00164] In some embodiments, there is provided a method of treating MPS I (e.g., Hurler syndrome or
Scheie syndrome) associated with a target RNA having a mutation (e.g., G>A mutation) in an individual,
comprising introducinga dRNA or a construct encoding the dRNA into an isolated cell of the individual ex vivo,
wherein the dRNA comprises a complementary RNA sequence that hybridizes to the target RNA, and wherein
the dRNA is capable of recruiting an ADAR to deaminate a target A in the target RNA, thereby rescuing the
mutation in the target RNA. In some embodiments, the ADAR is an endogenously expressed ADAR in the
isolated cell. In some embodiments, the method comprises introducing the ADAR or a construct encoding the
ADAR to the isolated cell. In some embodiments, the target RNA is /DUA W402X(e g., TGG>TAG mutation in
exon 9). In some embodiments, the dRNA comprises the nucleic acid sequence of SEQ ID NO: 204 or 205.
[00165] In some embodiments, there is provided a method of treating or preventing MPS 1 (e.g., Hurler
syndrome or Scheie syndrome) with a target RNA having a mutation (e.g., G>A mutation) in an individual,
comprising administeringan effective amount of a dRNA or a construct encoding the dRNA to the individual,
wherein the dRNA comprises a complementary RNA sequence that hybridizes to the target RNA associated
with the disease or condition, and wherein the dRNA is capable of recruiting an ADAR to deaminate a target A
in the target RNA, thereby rescuing the mutation in the target RNA. In some embodiments, the ADAR is an
endogenously expressed ADAR in the cells of the individual. In some embodiments, the method comprises
administering the ADAR or a construct encoding the ADAR to the individual. In some embodiments, the target
RNA is IDUA"*(e.g., TGG>TAG mutation in exon 9). In some embodiments, the dRNA comprises the
nucleic acid sequence of SEQ ID NO: 204 or 205.

[00166] In some embodiments, there is provided a method of treating a disease or condition Ehlers-Danlos
syndrome associated with a target RNA having a mutation (e.g., G>A mutation) in an individual, comprising
introducinga dRNA or a construct encoding the dRNA into an isolated cell of the individual ex vivo, wherein
the dRNA comprises a complementary RNA sequence that hybridizes to the target RNA, and wherein the
dRNA is capable of recruiting an ADAR to deaminate a target A in the target RNA, thereby rescuing the
mutation in the target RNA. In some embodiments, the ADAR is an endogenously expressed ADAR in the
isolated cell. In some embodiments, the method comprises introducing the ADAR or a construct encoding the
ADAR to the isolated cell. In some embodiments, the target RNA is COL3A1"?%(e.g., 3833G>A mutation).
In some embodiments, the dRNA comprises the nucleic acid sequence of SEQ ID NO: 198.

[00167] In some embodiments, there is provided a method of treating or preventing Ehlers-Danlos syndrome

with a target RNA having a mutation (e.g., G>A mutation) in an individual, comprising administeringan
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effective amount of a dJRNA or a construct encoding the dRNA to the individual, wherein the dRNA comprises
a complementary RNA sequence that hybridizes to the target RNA associated with the disease or condition,
and wherein the dRNA is capable of recruiting an ADAR to deaminate a target A in the target RNA, thereby
rescuing the mutation in the target RNA. In some embodiments, the ADAR is an endogenously expressed
ADAR in the cells of the individual. In some embodiments, the method comprises administering the ADAR or
a construct encoding the ADAR to the individual. In some embodiments, the target RNA is COL34 1" (e.g.,
3833G>A mutation). In some embodiments, the dRNA comprises the nucleic acid sequence of SEQ ID NO:
198.

[00168] In some embodiments, there is provided a method of treating primary pulmonary hypertension
associated with a target RNA having a mutation (e.g., G>A mutation) in an individual, comprising
introducinga dRNA or a construct encoding the dRNA into an isolated cell of the individual ex vivo, wherein
the dRNA comprises a complementary RNA sequence that hybridizes to the target RNA, and wherein the
dRNA is capable of recruiting an ADAR to deaminate a target A in the target RNA, thereby rescuing the
mutation in the target RNA. In some embodiments, the ADAR is an endogenously expressed ADAR in the
isolated cell. In some embodiments, the method comprises introducing the ADAR or a construct encoding the
ADAR to the isolated cell. In some embodiments, the tarcet RNA is BMPR2"%X(e.g.. 893G>A). In some
embodiments, the dRNA comprises the nucleic acid sequence of SEQ ID NO: 199.

[00169] In some embodiments, there is provided a method of treating or preventing primary pulmonary
hypertension with a target RNA having a mutation (e.g., G>A mutation) in an individual, comprising
administeringan effective amount of a dRNA or a construct encoding the dRNA to the individual, wherein the
dRNA comprises a complementary RNA sequence that hybridizes to the target RNA associated with the
disease or condition, and wherein the dRNA is capable of recruiting an ADAR to deaminate a target A in the
target RNA, thereby rescuing the mutation in the target RNA. In some embodiments, the ADAR is an
endogenously expressed ADAR in the cells of the individual. In some embodiments, the method comprises
administering the ADAR or a construct encoding the ADAR to the individual. In some embodiments, the target
RNA is BMPR2"***(e.g., 893G>A). In some embodiments, the dRNA comprises the nucleic acid sequence of
SEQ ID NO: 199.

[00170] In some embodiments, there is provided a method of treating Joubert syndrome associated with a
target RNA having a mutation (e.g., G>A mutation) in an individual, comprising introducinga dRNA or a
construct encoding the dRNA into an isolated cell of the individual ex vivo, wherein the dRNA comprises a
complementary RNA sequence that hybridizes to the target RNA, and wherein the dRNA 1s capable of
recruiting an ADAR to deaminate a target A in the target RNA, thereby rescuing the mutation in the target
RNA. In some embodiments, the ADAR is an endogenously expressed ADAR in the isolated cell. In some
embodiments, the method comprises introducing the ADAR or a construct encoding the ADAR to the isolated
cell. In some embodiments, the target RNA is AHII""* (e.g., 2174G>A). In some embodiments, the dRNA
comprises the nucleic acid sequence of SEQ ID NO: 200.

[00171] In some embodiments, there is provided a method of treating or preventing Joubert syndrome with a
target RNA having a mutation (e.g., G>A mutation) in an individual, comprising administeringan effective
amount of a dRNA or a construct encoding the dRNA to the individual, wherein the dRNA comprises a

complementary RNA sequence that hybridizes to the target RNA associated with the disease or condition, and
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wherein the dRNA is capable of recruiting an ADAR to deaminate a target A in the target RNA, thereby
rescuing the mutation in the target RNA. In some embodiments, the ADAR is an endogenously expressed
ADAR 1 the cells of the individual. In some embodiments, the method comprises administering the ADAR or
a construct encoding the ADAR to the individual. In some embodiments, the target RNA is AHI! 72X
2174G>A). In some embodiments, the dRNA comprises the nucleic acid sequence of SEQ ID NO: 200.

[00172] In some embodiments, there is provided a method of treating Fanconi anemia associated with a

(e.g.,

target RNA having a mutation (e.g., G>A mutation) in an individual, comprising introducinga dRNA or a
construct encoding the dRNA into an isolated cell of the individual ex vivo, wherein the dRNA comprises a
complementary RNA sequence that hybridizes to the target RNA, and wherein the dRNA is capable of
recruiting an ADAR to deaminate a target A in the target RNA, thereby rescuing the mutation in the target
RNA. In some embodiments, the ADAR 1is an endogenously expressed ADAR in the isolated cell. In some
embodiments, the method comprises introducing the ADAR or a construct encoding the ADAR to the isolated
cell. In some embodiments, the target RNA is FANCC"?%* (¢.g.. 1517G>A). In some embodiments, the JRNA
comprises the nucleic acid sequence of SEQ ID NO: 201.

[00173] In some embodiments, there is provided a method of treating or preventing Fanconi anemia with a
target RNA having a mutation (e.g., G>A mutation) in an individual, comprising administeringan effective
amount of a dRNA or a construct encoding the dRNA to the individual, wherein the dRNA comprises a
complementary RNA sequence that hybridizes to the target RNA associated with the disease or condition, and
wherein the dRNA is capable of recruiting an ADAR to deaminate a target A in the target RNA, thereby
rescuing the mutation in the target RNA. In some embodiments, the ADAR is an endogenously expressed
ADAR in the cells of the individual. In some embodiments, the method comprises administering the ADAR or
a construct encoding the ADAR to the individual. In some embodiments, the target RNA is FANCC™"%*
1517G>A). In some embodiments, the dRNA comprises the nucleic acid sequence of SEQ ID NO: 201.

(e.g.,

[00174] In some embodiments, there is provided a method of treating primary familial hypertrophic
cardiomyopathy associated with a target RNA having a mutation (e.g., G>A mutation) in an individual,
comprising introducinga dRNA or a construct encoding the dRNA into an isolated cell of the individual ex vivo,
wherein the dRNA comprises a complementary RNA sequence that hybridizes to the target RNA, and wherein
the dRNA is capable of recruiting an ADAR to deaminate a target A in the target RNA, thereby rescuing the
mutation in the target RNA. In some embodiments, the ADAR is an endogenously expressed ADAR in the
isolated cell. In some embodiments, the method comprises introducing the ADAR or a construct encoding the
ADAR to the isolated cell. In some embodiments, the target RNA is MYBPC3" % (¢.g., 3293G>A). In some
embodiments, the dRNA comprises the nucleic acid sequence of SEQ ID NO: 202.

[00175] In some embodiments, there is provided a method of treating or preventing primary familial
hypertrophic cardiomyopathy with a target RNA having a mutation (e.g., G>A mutation) in an individual,
comprising administeringan effective amount of a dRNA or a construct encoding the dRNA to the individual,
wherein the dRNA comprises a complementary RNA sequence that hybridizes to the target RNA associated
with the disease or condition, and wherein the dRNA is capable of recruiting an ADAR to deaminate a target A
in the target RNA, thereby rescuing the mutation in the target RNA. In some embodiments, the ADAR is an
endogenously expressed ADAR in the cells of the individual. In some embodiments, the method comprises

administering the ADAR or a construct encoding the ADAR to the individual. In some embodiments, the target
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RNA is MYBPC3" "¢ .. 3293G>A). In some embodiments, the dRNA comprises the nucleic acid sequence
of SEQ ID NO: 202.

[00176] In some embodiments, there is provided a method of treating X-linked severe combined
immunodeficiency associated with a target RNA having a mutation (e.g., G>A mutation) in an individual,
comprising introducinga dRNA or a construct encoding the dRNA into an isolated cell of the individual ex vivo,
wherein the dRNA comprises a complementary RNA sequence that hybridizes to the target RNA, and wherein
the dRNA 1is capable of recruiting an ADAR to deaminate a target A in the target RNA, thereby rescuing the
mutation in the target RNA. In some embodiments, the ADAR is an endogenously expressed ADAR in the
isolated cell. In some embodiments, the method comprises introducing the ADAR or a construct encoding the
ADAR to the isolated cell. In some embodiments, the target RNA is IL2RG" "™ (e.g., 710G>A). In some
embodiments, the dRNA comprises the nucleic acid sequence of SEQ 1D NO: 203.

[00177] In some embodiments, there 1s provided a method of treating or preventing X-linked severe
combined immunodeficiency with a target RNA having a mutation (e.g., G>A mutation) in an individual,
comprising administeringan effective amount of a dRNA or a construct encoding the dRNA to the individual,
wherein the dRNA comprises a complementary RNA sequence that hybridizes to the target RNA associated
with the disease or condition, and wherein the dRNA is capable of recruiting an ADAR to deaminate a target A
in the target RNA, thereby rescuing the mutation in the target RNA. In some embodiments, the ADAR i1s an
endogenously expressed ADAR in the cells of the individual. In some embodiments, the method comprises
administering the ADAR or a construct encoding the ADAR to the individual. In some embodiments, the target
RNA is IL2RG"#™(e.g., 710G>A). In some ecmbodiments, the dRNA comprises the nucleic acid sequence of
SEQ ID NO: 203.

[00178] As used herein, "treatment” or "treating" is an approach for obtaining beneficial or desired results
including clinical results. For purposes of this invention, beneficial or desired clinical results include, but are
not limited to, one or more of the following: decreasing one more symptoms resulting from the disease,
diminishing the extent of the disease, stabilizing the disease (c.g., preventing or delaying the worsening of the
disease), preventing or delaying the spread (c.g., metastasis) of the discase, preventing or delaying the
occurrence or recurrence of the disease, delay or slowing the progression of the disease, ameliorating the
disease state, providing a remission (whether partial or total) of the disease, decreasing the dose of one or more
other medications required to treat the disecase, delaying the progression of the disease, increasing the quality
of life, and/or prolonging survival. Also encompassed by "treatment" is a reduction of pathological
consequence of the disease or condition. The methods of the invention contemplate any one or more of these
aspects of treatment.

[00179] The terms “individual,” “subject” and “patient” are used interchangeably herein to describe a
mammal, including humans. An individual includes, but is not limited to, human, bovine, horse, feline,
canine, rodent, or primate. In some embodiments, the individual is human. In some embodiments, an
individual suffers from a disease or condition, such as drug resistance. In some embodiments, the individual is
in need of treatment.

[00180] As is understood in the art, an “effective amount™ refers to an amount of a composition (e.g., dRNA
or constructs encoding the dRNA) sufficient to produce a desired therapeutic outcome (e.g., reducing the

severity or duration of, stabilizing the severity of, or eliminating one or more symptoms of a disease or
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condition). For therapeutic use, beneficial or desired results include, ¢.g., decreasing one or more symptoms
resulting from the discase (biochemical, histologic and/or behavioral), including its complications and
intermediate pathological phenotypes presented during development of the discase, increasing the quality of
life of those suffering from the disease or condition, decreasing the dose of other medications required to treat
the disease, enhancing effect of another medication, delaying the progression of the disease, and/or prolonging
survival of patients.

[00181] Generally, dosages, schedules, and routes of administration of the compositions (e.g., dRNA or
construct encoding dRNA) may be determined according to the size and condition of the individual, and
according to standard pharmaceutical practice. Exemplary routes of administration include intravenous,
intra-arterial, intraperitoneal, intrapulmonary, intravesicular, intramuscular, intra-tracheal, subcutaneous,
intraocular, intrathecal, or transdermal.

[00182] The RNA editing methods of the present application can not only be used in animal cells, for
example mammalian cells, but also may be used in modification of RNAs of plant or fungi, for example, in
plants or fungi that have endogenously expressed ADARs. The methods described herein can be used to
generate genetically engineered plant and fungi with improved properties.

[00183] Compositions, kits and articles of manufacture

[00184] Also provided herein are compositions (such as pharmaceutical compositions) comprising any one of
the dRNAs, constructs, libraries, or host cells having edited RNA as described herein.

[00185] In some embodiments, there is provided a pharmaceutical composition comprising any one of the
dRNAs or constructs encoding the dRNA described herein, and a pharmaceutically acceptable carriers,
excipients or stabilizers (Remington's Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980)). Acceptable
carriers, excipients, or stabilizers are nontoxic to recipients at the dosages and concentrations employed, and
include buffers such as phosphate, citrate, and other organic acids; antioxidants including ascorbic acid and
methionine; preservatives (such as octadecyldimethylbenzyl ammonium chloride; hexamethonium chloride;
benzalkonium chloride, benzethonium chloride; phenol, butyl or benzyl alcohol; alkyl parabens such as methyl
or propylparaben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low molecular weight (less
than about 10 residues) polypeptides; proteins, such as serum albumin, gelatin, or immunoglobulins;
hydrophilic polymers such as olyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine,
histidine, arginine, or lysine; monosaccharides, disaccharides, and other carbohydrates including glucose,
mannose, or dextrins; chelating agents such as EDTA; sugars such as sucrose, mannitol, trehalose or sorbitol;
salt-forming counter-ions such as sodium; metal complexes (e.g. Zn-protein complexes); and/or non-ionic
surfactants such as TWEEN™, PLURONICS™ or polyethylene glycol (PEG). In some embodiments,
lyophilized formulations are provided. Pharmaceutical compositions to be used for 7 vivo administration
must be sterile. This is readily accomplished by, e.g., filtration through sterile filtration membranes.

[00186] Further provided are kits useful for any one of the methods of RNA editing or methods of treatment
described herein, comprising any one of the dRNAs, constructs, compositions, libraries, or edited host cells as
described herein.

[00187] In some embodiments, there is provided a kit for editing a target RNA in a host cell, comprising a
dRNA, wherein the dRNA comprises a complementary RNA sequence that hybridizes to the target RNA,
wherein the dRNA is capable of recruiting an ADAR to deaminate an A in the target RNA. In some
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embodiments, the kit further comprises an ADAR or a construct encoding an ADAR. In some embodiments,
the kit further comprises an inhibitor of ADAR3 or a construct thereof. In some embodiments, the kit further
comprises a stimulator of interferon or a construct thereof. In some embodiments, the kit further comprises an
instruction for carrying out any one of the RNA editing methods described herein.

[00188] The kits of the present application are in suitable packaging. Suitable packaging includes, but is not
limited to, vials, bottles, jars, flexible packaging (e.g., sealed Mylar or plastic bags), and the like. Kits may
optionally provide additional components such as transfection or transduction reagents, cell culturing medium,
buffers, and interpretative information.

[00189] The present application thus also provides articles of manufacture. The article of manufacture can
comprise a container and a label or package insert on or associated with the container. Suitable containers
include vials (such as sealed vials), bottles, jars, flexible packaging, and the like. In some embodiments, the
container holds a pharmaceutical composition, and may have a sterile access port (for example the container
may be an intravenous solution bag or a vial having a stopper pierceable by a hypodermic injection needle).
The container holding the pharmaceutical composition may be a multi-use vial, which allows for repeat
administrations (e.g. from 2-6 administrations) of the reconstituted formulation. Package msert refers to
instructions customarily included in commercial packages of therapeutic products that contain information
about the indications, usage, dosage, administration, contraindications and/or warnings concerning the use of
such products. Additionally, the article of manufacture may further comprise a second container comprising a
pharmaceutically-acceptable buffer, such as bacteriostatic water for injection (BWFI), phosphate-buffered
saline, Ringer's solution and dextrose solution. It may further include other materials desirable from a
commercial and user standpoint, including other buffers, diluents, filters, needles, and syringes.

[00190] The kits or article of manufacture may include multiple unit doses of the pharmaceutical
compositions and instructions for use, packaged in quantities sufficient for storage and use in pharmacies, for

example, hospital pharmacies and compounding pharmacies.
Exemplary embodiments

[00191] Among the embodiments provided herein are:
1. A method for editing a target RNA in a host cell, comprising introducing a deaminase-recruiting RNA
(dRNA) or a construct encoding the dRNA into the host cell, wherein the dRNA comprises a complementary
RNA sequence that hybridizes to the target RNA, and wherein the deaminase-recruiting RNA is capable of
recruiting an adenosine deaminase acting on RNA (ADAR) to deaminate a target adenosine in the target
RNA.
2. The method of embodiment 1, wherein the RNA sequence comprises a cytidine, adenosine or uridine
directly opposite the target adenosine in the target RNA.
3. The method of embodiment 2, wherein the RNA sequence comprises a cytidine mismatch directly
opposite the target adenosine in the target RNA.
4. The method of embodiment 3, wherein the cytidine mismatch is located at least 20 nucleotides away from
the 3° end of the complementary sequence, and at least 5 nucleotides away from the 5° end of the
complementary sequence in the dRNA.

5. The method of embodiment 4, wherein the cytidine mismatch is located within 10 nucleotides from the
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center (e.g., at the center) of the complementary sequence in the JRNA.

6. The method of any one of embodiments 1-5, wherein the RNA sequence further comprises one or more
guanosines each opposite a non-target adenosine in the target RNA.

7. The method of any one of embodiments 1-6, wherein the complementary sequence comprises two or
more consecutive mismatch nucleotides opposite a non-target adenosine in the target RNA.

8. The method of any one of embodiments 1-7, wherein the 5’ nearest neighbor of the target adenosine in the
target RNA is a nucleotide selected from U, C, A and G with the preference U>C~=A>G and the 3” nearest
neighbor of the target adenosine in the target RNA is a nucleotide selected from G, C, A and U with the
preference G>C>A~U.

9. The method of any one of embodiments 1-8, wherein the target adenosine is in a three-base motif selected
from the group consisting of UAG, UAC, UAA, UAU, CAG, CAC, CAA, CAU, AAG AAC, AAA, AAU,
GAG GAC, GAA and GAU in the target RNA.

10. The method of embodiment 9, wherein the three-base motif is UAG, and wherein the
deaminase-recruiting RNA comprises an A directly opposite the uridine in the three-base motif, a cytidine
directly opposite the target adenosine, and a cytidine, guanosine or uridine directly opposite the guanosine in
the three-base motif.

11. The method of any one of embodiments 1-10, wherein the deaminase-recruiting RNA is about 40-260
nucleotides in length.

12. The method of embodiment 11, wherein the deaminase-recruiting RNA is about 60-230 nucleotides in
length.

13. The method of embodiment 11 or 12, wherein the dRNA is more than about 60 nucleotides in length.

14. The method of any one of embodiments 11-13, wherein the dRNA is about 100 to about 150 (e.g., about
110-150) nucleotides in length.

15. The method of any one of embodiments 1-14, wherein the target RNA is an RNA selected from the group
consisting of a pre-messenger RNA, a messenger RNA, a ribosomal RNA, a transfer RNA, a long non-coding
RNA and a small RNA.

16. The method of embodiment 15, wherein the target RNA is a pre-messenger RNA.

17. The method of any one of embodiments 1-16, wherein the ADAR is endogenously expressed by the host
cell.

18. The method of any one of embodiments 1-16, wherein the ADAR is exogenous to the host cell.

19. The method of embodiment 18, further comprising introducing the ADAR to the host cell.

20. The method of embodiment 18 or 19, wherein the ADAR comprises an E1008 mutation.

21. The method of any one of embodiments 1-20, wherein the deaminase-recruiting RNA is a single-stranded
RNA.

22. The method of any one of embodiments 1-20, wherein the complementary RNA sequence is
single-stranded, and wherein the deaminase-recruiting RNA further comprises one or more double-stranded
regions.

23. The method of any one of embodiments 1-22, wherein the dRNA does not comprise an ADAR-recruiting
domain (e.g., a DSB-binding domain, a GluR2 domain, or a MS2 domain).

24. The method of any one of embodiments 1-23, wherein the dRNA does not comprise a chemically
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modified nucleotide (e.g., 2°-O-methylation or phosphorothioation).

25. The method of embodiment 26, wherein the deamination of the target adenosine in the target RNA results
in point mutation, truncation, elongation and/or misfolding of the protein encoded by the target RNA, or a
functional, full-length, correctly-folded and/or wild-type protein by reversal of a missense mutation, an early
stop codon, aberrant splicing, or alternative splicing in the target RNA.

26. The method of any one of embodiments 1-27, wherein the host cell is a eukaryotic cell.

27. The method of embodiment 28, wherein the host cell is a mammalian cell.

28. The method of embodiment 29, wherein the host cell is a human or mouse cell.

29. The method of embodiment 29 or 30, wherein the ADAR is ADAR1 and/or ADAR2.

30. The method of any one of embodiments 1-31, wherein the host cell is a primary cell.

31. The method of embodiment 32, wherein the host cell is a T cell.

32. The method of embodiment 32, wherein the host cell is a post-mitotic cell.

33. The method of any one of embodiments 1-34, further comprising introducing an inhibitor of ADAR3 to
the host cell.

34. The method of any one of embodiments 1-35, further comprising introducing a stimulator of interferon to
the host cell.

35. The method of any one of embodiments 1-36, comprising introducing a plurality of dRNAs each targeting
a different target RNA.

36. The method of any one of embodiments 1-37, wherein the efficiency of editing the target RNA is at least
about 30% (e.g., at least about 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%., 80%., 85%, 90% or
higher).

37. The method of any one of embodiments 1-38, wherein the dRNA does not induce immune response.

38. An edited RNA or a host cell having an edited RNA produced by the method of any one of embodiments
1-39.

39. A method for treating or preventing a discase or condition in an individual, comprising editing a target
RNA associated with the disease or condition in a cell of the individual according to any one of the
embodiments 1-39.

40. The method of embodiment 41, wherein the disease or condition is a hereditary genectic disease or a
disease or condition associated with one or more acquired genetic mutations.

41. The method of embodiment 41 or 42, wherein the target RNA has a G to A mutation.

42. The method of any one of embodiments 41-43, wherein disease or condition is a monogenetic disease or
condition.

43. The method of any one of embodiments 41-44, wherein the discase or condition is a polygenetic disease
or condition.

44, The method of any one of embodiments 41-45, wherein:

(1) the target RNA is 7P53, and the disease or condition is cancer;

(11) the target RNA is IDUA, and the disease or condition is Mucopolysaccharidosis type I (MPS I);

(111) the target RNA is COL3A 1, and the disease or condition is Ehlers-Danlos syndrome;

(1v) the target RNA is BMPR2, and the disease or condition is Joubert syndrome;

(v) the target RNA 1s FANCC, and the disease or condition is Fanconi anemia;
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(vi) the target RNA is MYBPC3, and the disease or condition is primary familial hypertrophic
cardiomyopathy; or

(vi1) the target RNA 1s IL2RG, and the discase or condition 1s X-linked severe combined immunodeficiency.
45. A deaminase-recruiting RNA (dRNA) for deamination of a target adenosine in a target RNA by recruiting
an Adenosine Deaminase Acting on RNA (ADAR), comprising a complementary RNA sequence that
hybridizes to the target RNA.

46. The deaminase-recruiting RNA of embodiment 47, wherein the RNA sequence comprises a cytosine,
adenosine or U directly opposite the target adenosine in the target RNA.

47. The dRNA of embodiment 48, wherein the RNA sequence comprises a cytidine mismatch directly
opposite the target adenosine in the target RNA.

48. The dRNA of embodiment 49, wherein the cytidine mismatch is located at least 20 nucleotides away from
the 37 end of the complementary sequence, and at least 5 nucleotides away from the 5° end of the
complementary sequence in the dRNA.

49. The dRNA of embodiment 50, wherein the cytidine mismatch is located within 10 nucleotides from the
center (e.g., at the center) of the complementary sequence in the dRNA.

50. The deaminase-recruiting RNA of any one of embodiments47-51, wherein the RNA sequence further
comprises one or more guanosines each directly opposite a non-target adenosine in the target RNA.

51. The dRNA of any one of embodiments 47-51, wherein the complementary sequence comprises two or
more consecutive mismatch nucleotides opposite a non-target adenosine in the target RNA.

52. The deaminase-recruiting RNA of any one of embodiments 47-53, wherein the target adenosine is in a
three-base motif selected from the group consisting of UAG, UAC, UAA, UAU, CAG CAC, CAA, CAU,
AAG, AAC, AAA, AAU, GAG GAC, GAA and GAU in the target RNA.

53. The deaminase-recruiting RNA of embodiment 54, wherein the three-base motif is UAG and wherein the
dRNA comprises an adenosine directly opposite the uridine in the three-base motif, a cytosine directly
opposite the target adenosine, and a cytidine, guanosine or uridine directly opposite the guanosine in the
three-base motif.

54. The deaminase-recruiting RNA of embodiment 55, wherein the three-base motif is UAG in the target
RNA, and wherein the deaminase-recruiting RNA comprises ACC, ACG or ACU opposite the UAG of the
target RNA.

55. The deaminase-recruiting RNA of any one of embodiments 47-56, wherein the deaminase-recruiting RNA
is about 40-260 nucleotides in length.

56. The dRNA of embodiment 57, wherein the dRNA is more than about 70 nucleotides in length.

57. The dRNA of embodiment 57 or 58, wherein the dRNA is about 100 to about 150 nucleotides (e.g., about
110-150) in length.

58. The dRNA of any one of embodiments 47-59, wherein the JRNA does not comprise an ADAR-recruiting
domain (e.g., a DSB-binding domain, a GluR2 domain, or a MS2 domain).

59. The dRNA of any one of embodiments 47-60, wherein the dRNA does not comprise a chemically
modified nucleotide (e.g., 2°-O-methylation or phosphorothioation).

60. A construct encoding the deaminase-recruiting RNA of any one of embodiments 47-61.

61. The construct of embodiment 62, wherein the construct is a viral vector (e.g., lentiviral vector) or a
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plasmid.

62. A library comprising a plurality of the deaminase-recruiting RNAs of any one of embodiments 47-61 or
the construct of embodiment 62 or 63.

63. A composition comprising the deaminase-recruiting RNA of any one of embodiments 47-61, the construct
of embodiment 62 or 63, or the library of embodiment 64.

64. A host cell comprising the deaminase-recruiting RNA of any one of embodiments 47-61 or the construct
of embodiment 62 or 63.

65. The host cell of embodiment 66, wherein the host cell is a eukaryotic cell.

66. The host cell of embodiment 66 or 67, wherein the host cell is a primary cell.

67. A kit for editing a target RNA in a host cell, comprising a deaminase-recruiting RNA, wherein the
deaminase-recruiting RNA comprises a complementary RNA sequence that hybridizes to the target RNA,
wherein the deaminase-recruiting RNA 1s capable of recruiting an ADAR to deaminate a target adenosine in
the target RNA.

68. A deaminase-recruiting RNA (dRNA) of 60-200 nucleotides, wherein:

1)the dRNA comprises a complementary RNA sequence capable of hybridizing to a target RNA;

2)the dRNA is capable of recruiting a deaminase or a construct comprising a deaminase or a construct
comprising a catalytic domain of a deaminase to deaminate a target adenosine in the target RNA;

3)the dRNA comprises one or more chemical modifications.

69. The dRNA of embodiment68, wherein the dRNA is longer than about any of 60nt, 65nt, 70nt, 80nt, 90nt,
100nt, or 110nt.

70. The dRNA of embodiment 1 or embodiment69, comprising one or more mismatches, wobbles and/or
bulges with the complementary target RNA region.

71. The dRNA of any one of embodiments 68-70, wherein the complementary RNA sequence comprises a
cytidine, adenosine or uridine directly opposite to a target adenosine in the target RNA.

72. The dRNA of embodiment71, wherein the cytidine, adenosine or uridine directly opposite to the target
adenosine locates at least about 7 nucleotides away from the 3 end, for example at least about 8, 9, 10 or
more nucleotides from the 3’ end, or about 7-25nt from the 3’ end.

73. The dRNA of any one of embodiments71-72, wherein the cytidine, adenosine or uridine directly opposite
to the target adenosine locates at least about 25 nucleotides away from the 5° end, for example at least about
30, 35, 40, 45, 500r 55nucleotides from the 5° end, or about 45-55nt from the 5° end.

74. The dRNA of any of embodiments 71-73, wherein the lengths of the 5° and 3’ sequences flanking the
cytidine, adenosine or uridine directly opposite to the target adenosine are unequal.

75. The dRNA of any of embodiments 71-74, wherein the length of the 5° sequence flanking the cytidine,
adenosine or uridine directly opposite to the target adenosine is longer than the 3’ sequence.

76. The dRNA of any one of embodiments 68-75, comprising a cytidine directly opposite to the target
adenosine in the target RNA.

77. The dRNA of any one of embodiments 68-76, wherein the complementary RNA sequence comprises one
or more guanosines cach opposite to a non-target adenosine in the target RNA.

78. The dRNA of any one of embodiments 68-77, wherein the complementary sequence comprises two or

more consecutive mismatch nucleotides opposite to a non-target adenosine in the target RNA.
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79. The dRNA of any one of embodiments 68-78, wherein the 5’nearest neighbor of the target adenosine in
the target RNA is a nucleotide selected from U, C, A and G with the preference U>C=A>G and the
3’nearest neighbor of the target adenosine in the target RNA is a nucleotide selected from G, C, A and U with
the preference G>C>A~U.

80. The dRNA of any one of embodiments 68-79, wherein the target adenosine is in a three-base motif
selected from the group consisting of UAG, UAC, UAA, UAU, CAG, CAC, CAA, CAU, AAG AAC, AAA,
AAU, GAG, GAC, GAA and GAU in the target RNA.

81. The dRNA of embodiment80, wherein the three-base motif is UAG, and wherein the dRNA comprises an
A directly opposite to the uridine in the three-base motif, a cytidine directly opposite to the target adenosine,
and a cytiding, guanosine or uridine directly opposite the guanosing in the three-base motif.

82. The dRNA of embodiment81, comprising a 5°-CCA-3’ directly opposite to the three-base motif of UAG
83. The dRNA of any one of embodiments 68-82, wherein the chemical modification is methylation and/or
phosphorothioation, for example 2°-O-methylation and/or internucleotide phosphorothioate linkage.

84. The dRNA of embodiment83, wherein the chemical modification comprises a 2°-O-methylation in the
first and last 1-5, 2-5, 3-5, 4-5 nucleotides and/or phosphorothioations in the first and last 1-5, 2-5, 3-5, 4-5
internucleotide linkages..

85. The dRNA of embodiment83 or embodiment 84, wherein the chemical modification comprises a
2°-O-methylation and/or a 3’-phosphorothioation in the nucleotide opposite to the target adenosine and/or its
5” and/or 3” most adjacent nucleotides.

86. The dRNA of any one of embodiments 1-85, the chemical modification is selected from a group
consisting of:

1) 2°-O-methylations in the first and last 3 nucleotides and/or phosphorothiations in the first and last 3
internucleotide linkages;

2) 2°-O-methylations in the first and last 3 nucleotides, phosphorothiations in the first and last 3
internucleotide linkages, and 2°-O-methylations in one or more uridines, for example on all uridines;

3) 2°-O-methylations in the first and last 3 nucleotides, phosphorothiations in the first and last 3
internucleotide linkages, 2°-O-methylations in a single or multiple or all uridines, and a modification in the
nucleotide opposite to the target adenosine, and/or its 5° and/or 3° most adjacent nucleotides;

4) 2°-O-methylations in the first and last 3 nucleotides, phosphorothiations in the first and last 3
iternucleotide linkages, 2°-O-methylations in all uridines, and a 2’-O-methylation in the nucleotide most
adjacent to the 3™ terminus and/or 5° terminus of the nucleotide opposite to the target adenosine;

5) 2°-O-methylations in the first and last 3 nucleotides, phosphorothiations in the first and last 3
mternucleotide linkages, 2’-O-methylations in all uridines, and a 3’phosphorothiation in the nucleotide
opposite to the target adenosine and/or its 5° and/or 3 most adjacent nucleotides; and

6) 2°-O-methylations in the first and last 5 nucleotides and phosphorothiations in the first and last 5
internucleotide linkages.

87. The dRNA of embodiment 86, wherein the modification in the nucleotide opposite to the target adenosine,
and/or one or two nucleotides most adjacent to the nucleotide opposite to the target adenosine is
2’-O-methylation or phosphorothiation linkage, such as a 3’-phosphorothiation linkage.

88. The dRNA of any one of embodiments 68-87, which does not comprise an ADAR-recruiting domain
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capable of forming an intramolecular stem loop structure for binding an ADAR enzyme.

89. A construct comprising or encoding a dRNA of any one of clams 68-88.

90. A method for editing a target RNA in a host cell, comprising introducing a dRNA of any one of
embodiments 68-89 into host cells, including, but not limited to eukaryotic cell, primary cell, T cell,
mammalian cell, human cell, murine cell, etc., by infection, electrotransfection, lipofection, endocytosis,
liposome or lipid nanoparticle delivery, etc.

91. The method of embodiment90, further comprises introducing an inhibitor of ADAR3 to the host cell.

92. The method of embodiment90 or embodiment91, further comprises introducing a stimulator of interferon
to the host cell.

93. The method of any one of embodiments 90-92, comprising introducing a plurality of the dRNAs each
targeting a different target RNA.

94. The method of any one of embodiments 90-93, wherein the dRNA does not induce immune response.

95. The method of any one of embodiments 90-94, further comprises introducing an exogenous ADAR to the
host cell.

96. The method of embodiment95, wherein the ADAR 1s an ADARI1 comprising an E1008 mutation.

97. A composition, cell, library or kit comprising the dRNAs of any one of embodiments 68-89

EXAMPLE

[00192] The examples below are intended to be purely exemplary of the present application and should
therefore not be considered to limit the invention in any way. The following examples and detailed description

are offered by way of illustration and not by way of limitation.

Materials and methods
Plasmids construction

[00193] The dual fluorescence reporter was cloned by PCR amplifying mCherry and EGFP (the EGFP first
codon ATG was deleted) coding DNA, the 3xGS linker and targeting DNA sequence were added via primers
during PCR. Then the PCR products were cleaved and linked by Type IIs restriction enzyme BsmB1 (Thermo)
and T4 DNA ligase (NEB), which then were inserted into pLenti backbone (pLenti-CMV-MCS-SV-Bsd,
Stanley Cohen Lab, Stanford University).

[00194] The dLbuCasl3 DNA was PCR amplified from the Lbu plasmids (Addgene #83485). The
ADARIDD and ADAR2DD were amplified from ADAR1(p150) cDNA and ADAR2 ¢DNA, both of which
were gifts from Han’s lab at Xiamen University. The ADARIDD or ADAR2DD were fused to dLbuCas13
DNA by overlap-PCR, and the fused PCR products were inserted into pLenti backbone.

[00195] For expression of dRNA in mammalian cells, the dRNA sequences were directly synthesized (for
short dRNAs) and annealed or PCR amplified by synthesizing overlapping ssDNA, and the products were
cloned into the corresponding vectors under U6 expression by Golden-gate cloning.

[00196] The full lengthADARI1(p110) and ADAR1(p150) were PCR amplified from ADARI1(p150) cDNA,
and the full length ADAR2 were PCR amplified from ADAR2 c¢cDNA, which were then cloned into pLenti
backbone, respectively.

[00197] For the three versions of dual fluorescence reporters (Reporter-1, -2 and -3), mCherry and FGFP
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(the start codon ATG of EGFP was deleted) coding sequences were PCR amplified, digested using BsmBI
(Thermo Fisher Scientific, ER0452), followed by T4 DNA ligase (NEB, M0202L)-mediated ligation with
GGGGS linkers. The ligation product was subsequently inserted into the pLenti-CMV-MCS-PURO backbone.
[00198] For the dLbuCasl3-ADAR pp (E1008Q) expressing construct, the ADARIpp gene was amplified
from the ADARIP™ construct (a gift from Jiahuai Han’s lab, Xiamen University). The dLbuCas13 gene was
amplified by PCR from the Lbu_C2¢2_R472A_H477A_R1048A_ H1053A plasmid (Addgene #83485). The
ADARIpp (hyperactive E1008Q variant) was generated by overlap-PCR and then fused to dLbuCas13. The
ligation products were inserted into the pLenti-CMV-MCS-BSD backbone.

[00199] For arRNA-expressing construct, the sequences of arRNAs were synthesized and golden-gate cloned
into the pLenti-sgRNA-lib 2.0 (Addgene #89638) backbone, and the transcription of arRNA was driven by
hU6 promoter. For the ADAR expressing constructs, the full length ADARIP"'® and ADARI”'™ were PCR
amplified from the ADARI*" construct, and the full length ADAR2 were PCR amplified from the ADAR2
construct (a gift from Jiahuai Han’s lab, Xiamen University). The amplified products were then cloned into the
pLenti-CMV-MCS-BSD backbone.

[00200] For the constructs expressing genes with pathogenic mutations, full length coding sequences of 7P53
(ordered from Vigenebio) and other 6 discase-relevant genes (COL341, BMPR2, AHII, FANCC, MYBPC3 and
IL2RG, gifts from Jianwel Wang’s lab, Institute of pathogen biology, Chinese Academy of Medical Sciences)
were amplified from the constructs encoding the corresponding genes with introduction of G>A mutations
through mutagenesis PCR. The amplified products were cloned into the pLenti-CMV-MCS-mCherry backbone
through Gibson cloning method™.

Mammalian cell lines and Cell culture

[00201] Mammalian cell lines were cultured Dulbecco’s Modified Eagle Medium (10-013-CV, Corning,
Tewksbury, MA, USA), adding 10% fetal bovine serum (Lanzhou Bailing Biotechnology Co., Ltd., Lanzhou,
China), supplemented with 1% penicillin—streptomycin under 5% CO, at 37°C. The ADARI-KO cell line was
purchased from EdiGene China, and the genotyping results were also provided by EdiGene China.

[00202] The HeLa and B16 cell lines were from Z. Jiang’s laboratory (Peking University). And the
HEK293T cell line was from C. Zhang’s laboratory (Peking University). RD cell line was from J Wang's
laboratory (Institute of Pathogen Biology, Peking Union Medical College & Chinese Academy of Medical
Sciences). SF268 cell lines were from Cell Center, Institute of Basic Medical Sciences, Chinese Academy of
Medical Sciences. A549 and SW13 cell lines were from EdiGene Inc. HepG2, HT29, NIH3T3, and MEF cell
lines were maintained in our laboratory at Peking University. These mammalian cell lines were cultured in
Dulbecco’s Modified Eagle Medium (Coming, 10-013-CV) with 10% fetal bovine serum (CellMax,
SA201.02), additionally supplemented with 1% penicillin—streptomycin under 5% CO, at 37°C. Unless
otherwise described, cells were transfected with the X-tremeGENE HP DNA transfection reagent (Roche,
06366546001) according to the manufacturer’s instruction.

[00203] The human primary pulmonary fibroblasts (#3300) and human primary bronchial epithelial cells
(#3210) were purchased from ScienCell Research Laboratories, Inc. and were cultured in Fibroblast Medium
(ScienCell, #2301) and Bronchial Epithelial Cell Medium (ScienCell, #3211), respectively. Both media were
supplemented with 15% fetal bovine serum (BI) and 1% penicillin—streptomycin. The primary GM06214
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(Hurler syndrome patient derived fibroblast; homozygous of a TGG>TAG mutation at nucleotide 1293 in exon
9 of the IDUA gene [Trp402Ter (W402X)]) and GM01323 (Scheie syndrome patient derived fibroblast,having
0.3% IDUA activity compared to WT cells.Much milder symptoms than Hurler syndrome. Compound
heterozygote: a G>A transition in intron 3, in position -7 from exon 6 (IVS5AS-7G>A) and TGG>TAG at
nucleotide 1293 in exon 9 of the IDUA gene [Trp402Ter (W402X)]. Serving as a positive control in examples
in this invention) cells were ordered from Coriell Institute for Medical Research and cultured in Dulbecco’s
Modified Eagle Medium (Corning, 10-013-CV) with 15% fetal bovine serum (BI) and 1%
penicillin—streptomycin. All cells were cultured under 5% CO, at 37°C.

Reporter system transfection, FACS analysis and Sanger Sequencing

[00204] For dual fluorescence reporter editing experiments, 293T-WT cells or 293T-ADARI-KO cells were
seeded in 6 wells plates (6% 10° cells/well), 24 hours later, 1.5 pg reporter plasmids and 1.5 ug dRNA plasmids
were co-transfected using the X-tremeGENE HP DNA transfection reagent (06366546001; Roche, Mannheim,
German), according to the supplier’s protocols. 48 to 72 hours later, collected cells and performed FACS
analysis. For further confirming the reporter mRNA editing, we sorted the EGFP-positive cells from 293T-WT
cells transfected with reporter and dRNA plasmids using a FACS Aria flow cytometer (BD Biosciences),
followed by total RNA isolation (TIANGEN, DP430). Then the RNA was reverse-transcribed into cDNA via
RT-PCR (TTANGEN, KR103-04), and the targeted locus were PCR amplified with the corresponding primer
pairs (23 PCR cycles) and the PCR products were purified for Sanger sequencing.

[00205] For ADARI1(p110), ADARI(p150) or ADAR2 rescue and overexpression experiments, 293T-WT
cells or 293T-ADARI1-KO cells were seeded in 12 wells plates (2.5X105 cells/well), 24 hours later, 0.5 pg
reporter plasmids, 0.5 pg dRNA plasmids and 0.5 uyg ADAR1/2 plasmids (pLenti backbone as control) were
co-transfected using the X-tremeGENE HP DNA transfection reagent (06366546001, Roche, Mannheim,
German). 48 to 72 hours later, collected cells and performed FACS analysis.

[00206] For endogenous mRNA experiments, 293T-WT cells were seeded in 6 wells plates (6 10° cells/well),
When approximately 70% confluent, 3 ug dRNA plasmids were transfected using the X-tremeGENE HP DNA
transfection reagent (06366546001, Roche, Mannheim, German). 72 hours later, collected cells and sorted
GFP-positive or BFP-positive cells (according to the corresponding fluorescence maker) via FACS for the
following RNA isolation.

Isolation and culture of human primary T cells

[00207] Primary human T cells were isolated from leukapheresis products from healthy human donor. Briefly,
Peripheral blood mononuclear cells (PBMCs) were isolated by Ficoll centrifugation (Dakewei, AS1114546),
and T cells were isolated by magnetic negative selection using an EasySep Human T Cell Isolation Kit
(STEMCELL, 17951) from PBMCs. After isolation, T cells were cultured in X-vivol5 medium, 10% FBS and
IL2 (1000 U/ml) and stimulated with CD3/CD28 DynaBeads (ThermoFisher, 11131D) for 2 days.
Leukapheresis products from healthy donors were acquired from AllCells LLC China. All healthy donors

provided informed consent.
Lenti-virus package and reporter cells line construction

[00208] The expression plasmid was co-transfected into HEK293T-WT cells, together with two viral
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packaging plasmids, pR8.74 and pVSVG (Addgene) via the X-tremeGENE HP DNA transfection reagent. 72
hours later, the supernatant virus was collected and stored at -80°C. The HEK293T-WT cells were infected
with lenti-virus, 72 hours later, mCherry-positive cells were sorted via FACS and cultured to select a single
clone cell lines stably expressing dual fluorescence reporter system with much low EGFP background by
limiting dilution method.

[00209] For the stable reporter cell lines, the reporter constructs (pLenti-CMV-MCS-PURO backbone) were
co-transfected into HEK293T cells, together with two viral packaging plasmids, pR8.74 and pVSVG 72 hours
later, the supernatant virus was collected and stored at -80°C. The HEK293T cells were infected with lentivirus,
then mCherry-positive cells were sorted via FACS and cultured to select a single clone cell lines stably
expressing dual fluorescence reporter system without detectable EGFP background. The HEK293T ADARI™
and 7P537" cell lines were generated according to a previously reported method™. ADAR I-targeting sgRNA
and PCR amplified donor DNA containing CMV-driven puromycin resistant gene were co-transfected into
HEK293T cells. Then cells were treated with puromycin 7 days after transfection. Single clones were isolated

from puromycin resistant cells followed by verification through sequencing and Western blot.
RNA editing of endogenous or exogenous-expressed transcripts

[00210] For assessing RNA editing on the dual fluorescence reporter, HEK293T cells or HEK293T ADARI™"
cells were seeded in 6-well plates (6x10° cells/well). 24 hours later, cells were co-transfected with 1.5 pg
reporter plasmids and 1.5 pg arRNA plasmids. To examine the cffect of ADARIP'', ADARIP'® or ADAR2
protein expression, the editing efficiency was assayed by EGFP positive ratio and deep sequencing.

[00211] HEK293T ADARI™ cells were seeded in 12-well plates (2.5X105 cells/well). 24 hours later, cells
were co-transfected with 0.5 ug of reporter plasmids, 0.5 pg arRNA plasmids and 0.5 ng ADAR1/2 plasmids
(pLenti backbone as control). The editing efficiency was assayed by EGFP positive ratio and deep sequencing.

[00212] To assess RNA editing on endogenous mRNA transcripts, HEK293T cells were seeded in 6-well
plates (6X105 cells/well). Twenty-four hours later, cells were transfected with 3 pg of arRNA plasmids. The
editing efficiency was assayed by deep sequencing.

[00213] To assess RNA editing efficiency in multiple cell lines, 8-9x104 (RD, SF268, HeLa) or 1.5x10°
(HEK293T) cells were seeded in 12-well plates. For cells difficult to transfect, such as HT29, A549, HepG2,
SW13, NIH3T3, MEF and B16, 2-2.5x10° cells were seeded in 6-well plate. Twenty-four hours later, reporters
and arRNAs plasmid were co-transfected into these cells. The editing efficiency was assayed by EGFP positive
ratio.

[00214] To evaluate EGFP positive ratio, at 48 to 72 hrs post transfection, cells were sorted and collected by
Fluorescence-activated cell sorting (FACS) analysis. The mCherry signal was served as a fluorescent selection
marker for the reporter/arRNA -expressing cells, and the percentages of EGFP"/mCherry” cells were calculated
as the readout for editing efficiency.

[00215] For NGS quantification of the A to I editing rate, at 48 to 72 hr post transfection, cells were sorted
and collected by FACS assay and were then subjected to RNA isolation (TTANGEN, DP420). Then, the total
RNAs were reverse-transcribed into cDNA via RT-PCR (TIANGEN, KR103-04), and the targeted locus was
PCR amplified with the corresponding primers listed in Tablel.

Table 1.
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Name of Primer

Sequence (5'--->3")

mCherry-Spel-F

tataactagtatggtgagcaagggcgageag
(SEQ ID NO: 206)

mCherry-BsmBI-R1

tatacgtctcatctacagattcttccggegtgtatacettc
(SEQ ID NO: 207)

EGFP-BsmBI-F1
(Reporter-1)

tatacgtctcatagagatccceggtegecaccgtgageaaggecgaggagety
(SEQ ID NO: 208)

EGFP-Ascl-R

tataggcgegecttacttgtacagetegtecatgee
(SEQ ID NO: 209)

mCherry-BsmBI-R2

tatacgtctcaaggegetgectecteegeegetgectecteegeegetgectectecgecctgeagettgtacagete gtecatgecgeegatg
(SEQ ID NO: 210)

EGFP-BsmBI-F2
(Reporter-2)

tatacgtctcagectgetegegatgetagagggctetgecagtgageaagggegaggagets
(SEQ ID NO: 211)

LbuCas13-Spel-F

tataactagtatggtggattacaaggatgacgacgataagatgaaagtgacgaaggtaggaggeatttcg
(SEQ ID NO: 212)

LbuCas13-Ascl-R

atatggcgegecgtittcagacttitictettceatttigtattcaaacataatcttcac
(SEQ ID NO: 213)

hADARI1pp-Ascl-F

TATAGGCGCGCCAGGCGGAGGAGGCAGCGGCGGAGGAGGCAGCCTCCTCCTCTCAAGG
TCCCCAGAAGC
(SEQ ID NO: 214)

hADAR Ipp-Sbfl-R

tatacctgeaggetacaccitgegtittictigggtactgggcagagataaaagictitice
(SEQ ID NO: 215)

Deep-seq-F (Reporter-1)

cactccaccggeggeatggacgag
(SEQ ID NO: 216)

Deep-seq-R (Reporter-1)

cacgctgaacttgtggeegtttacgtcg
(SEQ ID NO: 217)

ADAR1-p150-Spel-F

tataactagtatgaatccgeggeaggggtattccctcage
(SEQ ID NO: 218)

ADARI1-p150-AscI-R

tataggcgegecectacttatcgtegteatectt gtaatctactgggeagagataaaagttettttcctectgg
(SEQ ID NO: 219)

ADAR2-Spel-F

tataactagtatggatatagaagatgaagaaaacatgagttc
(SEQ ID NO: 220)

ADAR2-Ascl-R

tataggcgegeectacttatcgtegteatectt gtaatcgggegtgagt gagaactggteetgeteg
(SEQ ID NO: 221)

ADAR1-p110-Spel-F

tataactagtatggccgagatcaaggagaaaatctgce
(SEQ ID NO: 222)

ADARI1-p110-Ascl-R

tataggcgegecctacttatcgtegteatecttgtaatctact gggeagagataaaagtictiticctectgg
(SEQ ID NO: 223)

cgecatttcggactgggag
KRAS-deep-seq-F (SEQ ID NO- 224)

agagacaggtttctccatcaattac
KRAS-deep-seq-R (SEQ ID NO: 225)

} o gagecegegageaace
PPIB-deep-seqF (SEQ ID NO: 226)

} . geagcaggaagaagacggac
PPIB-deep-seq-R (SEQ ID NO: 227)
FANCC-deep-seq-F1 agaagcagttgaagaccagactc
(TAC site) (SEQ ID NO: 228)
FANCC-deep-seq-R ggccttcacctggaccatag
(TAC site) (SEQ ID NO: 229)
FANCC-deep-seq-F2 agagaagcagttgaagaccaga
(TAC site) (SEQ ID NO: 230)
FANCC-deep-seq-R2 cggecttcacctggaccata
(TAC site) (SEQ ID NO: 231)
FANCC-deep-seq-F3 cagagaagcagttgaagaccaga
(TAC site) (SEQ ID NO: 232)
FANCC-deep-seq-R3 cggecttcacctggaccata
(TAC site) (SEQ ID NO: 233)

tttgtgaaaggcetggggace
SMAD4-deep-seq-F1 (SEQ ID NO: 234)
_ ot acaggattgtattttgtagtccacc
SMAD4-deep-seq-R1 (SEQ ID NO: 235)
- -seq- aggatgagiitigtgaaaggctg
SMAD4-deep-seq-F2 (SEQ ID NO: 236)
~ e attttgtagtccaccatectgata
SMAD4-deep-seq-R2 (SEQ ID NO: 237)
gatgagtitigigaaaggctgg

SMAD4-deep-seq-F3

(SEQ ID NO: 238)
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B ot attttgtagtccaccatcctgataa
SMAD4-deep-seq-R3 (SEQ ID NO: 239)
} o cgaagagaacgagaccgeat
TRAPPC12-deep-seq-F (SEQ ID NO: 240)
gaagatggtgcacaccggg

TRAPPC12-deep-seq-R

(SEQ ID NO: 241)

TARDBP-deep-seq-F

gacagatgcttcatcagcagtg
(SEQ ID NO: 242)

TARDBP-deep-seq-R

cgaacaaagccaaaccecttt
(SEQ ID NO: 243)

COL3A1l-deep-seq-F

tctgttaatggacaaatagaaagec
(SEQ ID NO: 244)

COL3A1l-deep-seq-R

ggaacattcaaaggattggeact
(SEQ ID NO: 245)

N e agtcactgcagatggacgea
BMPR2-deep-seq-F (SEQ ID NO: 246)
. . alctcgatgggaaattgecaggt
BMPR2-deep-seq-R (SEQ ID NO: 247)
tcagagttttacctcatcettettt

AHI1-deep-seq-F

(SEQ ID NO: 248)

AHII-deep-seq-R

cctgaatacatatgatgaccticag
(SEQ ID NO: 249)

FANCC-deep-seq-F agggcacagacacagacctc
(Site2) (SEQ ID NO: 250)
FANCC-deep-seq-R agggctttcaatgecaagacg
(Site2) (SEQ ID NO: 251)
tgacaagccaagtcctece
MYBPC3-deep-seq-F (SEQ ID NO: 252)
e attgccaatgatgagcetetgg
MYBPC3-deep-seq-R (SEQ ID NO: 253)
ot ttatagacataagttctccttgect
IL2RG-deep-seq-F (SEQ ID NO: 254)
tcaatcccatggagecaaca

IL2RG-deep-seq-R

(SEQ ID NO: 255)

1-deep-seq-F tacacgacgcicticcgatcttaagtagaggecgecaciceaccggeggc
(Reporter-3) (SEQ ID NO: 256)

2-deep-seq-F tacacgacgctcttccgatctatcatgettagecgecactceaccggegge
(Reporter-3) (SEQ ID NO: 257)

3-deep-seq-F tacacgacgctcttcocgatctgatgeacatctgecgecactocaceggegge
(Reporter-3) (SEQ ID NO: 258)

4-deep-seq-F tacacgacgctcttccgatetcgattgetcgacgeegecactccaccggegge
(Reporter-3) (SEQ ID NO: 259)

5-deep-seq-F tacacgacgctcttcecgatcttcgatagcaattcgcegecactccaccggegge
(Reporter-3) (SEQ ID NO: 260)

6-deep-seq-F tacacgacgctcttccgatctatcgatagttgettgecgecactecaccggegge
(Reporter-3) (SEQ ID NO: 261)

7-deep-seq-F tacacgacgctcttcecgatctgatcgatccagttaggecgecactccaccggegge
(Reporter-3) (SEQ ID NO: 262)

8-deep-seq-F tacacgacgcicticcgatctcgatcgatttgagectgecgeeactcecaccggeggc
(Reporter-3) (SEQ ID NO: 263)

9-deep-seq-F tacacgacgctcttcegatctacgatcgatacacgatcgecgecactccaceggegge

(Reporter-3)

(SEQ ID NO: 264)

10-deep-seq-F
(Reporter-3)

tacacgacgctcttecgatcttacgatcgatggtccagagecgecactccaccggegge
(SEQ ID NO: 265)

1-deep-seq-R agacgtgtgctcttccgatcttaagtagagtcgecgtecagetcgaccag
(Reporter-3) (SEQ ID NO: 266)

2-deep-seq-R agacgtgtgctcttccgatctatcatgettatcgeegtecagetcgaccag
(Reporter-3) (SEQ ID NO: 267)

3-deep-seq-R agacgtgtgctcttccgatctgatgeacatcticgecgtecagetcgaccag
(Reporter-3) (SEQ ID NO: 268)

4-deep-seq-R agacgtgtgctcttccgatctegattgetegactcgecgtecagetcgaccag
(Reporter-3) (SEQ ID NO: 269)

5-deep-seq-R agacgtgtgctcticcgatcticgatagcaattctcgeegteccagetcgaccag
(Reporter-3) (SEQ ID NO: 270)

6-deep-seq-R agacgtgtgctcttccgatctatcgatagttgetttcgecgtecagetcgaccag
(Reporter-3) (SEQ ID NO: 271)

7-deep-seq-R agacgtgtgctcttccgatctgatcgatccagttagtcgecgtecagetcgaccag

(Reporter-3)

(SEQ ID NO: 272)
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8-deep-seq-R agacgtgtgctcttccgatctcgategatttgagecttegeegtccagetcgaceag
(Reporter-3) (SEQ ID NO: 273)
9-deep-seq-R agacgtgtgctcttccgatctacgatcgatacacgatctcgeegtccagetegaccag

(Reporter-3)

(SEQ ID NO: 274)

10-deep-seq-R
(Reporter-3)

agacgtgtgctcttccgatcttacgatcgatggtecagategeegtecagetcgaccag
(SEQ ID NO: 275)

s | S
ST3GAL1-deep-seq-R (gsgggﬁstgg)‘fc;;%g
EHD2-deep-seq-F Eggéﬂig]‘)gcgglg;%g)da
EHD2-deep-seq-R %;%%gfgg;%%g;%)cccc
el b
OSTM1-AS1-deep-seq-R ?;CE%I?CDTJE)C;C%%C)C%
vewcn |
IL6-GPCR-R1 E‘gg%cigfclzfgg;g%ﬂ
e R
INF-$-gPCR-R1 E%gECéaIggaﬁg:tcztggz;ca
e[
GAPDH-RI1 Egséaéc?scgaéfg;ggc
Reporter-1-qPCR-F Eg;‘z}gtfgt;g\%%éasgsa)agacc
s | g
KRAS-gPCR-R ?Sgéfgcla])taﬁ%tfng;;wagag
R P i
sworcn |GG
ttctctetgagticagacget

FANCC-gPCR-R

(SEQ ID NO: 297)

PPIB-deep-seq-F (AAG
site)

tacacgacgctcticcgatettaagtagagtggeacaggaggaaagageate
(SEQ ID NO: 298)

PPIB-deep-seq-R (AAG
site)

agacgtgtgctcttcegatcttaagtagaggeaccacctccatgeecte
(SEQ ID NO: 299)

PPIB-deep-seq-F (CAG
site)

tacacgacgctcticegatettaagtagageatcgeagactgeggeaag
(SEQ ID NO: 300)

PPIB-deep-seq-R (CAG
site)

agacgtgtgcicticcgatcttaagtagagagtccatgggectgtggaatgt
(SEQ ID NO: 301)

FANCC-deep-seq-F2 gaaaaactggeecgagage
(AAG/CAG site) (SEQ ID NO: 302)
FANCC-deep-seq-R2 ctgagtetgggetgagggac
(AAG/CAG site) (SEQ ID NO: 303)
cgcticcaggtcaacaacac
IDUA~deep-seq-F (ngQ IDg§[O: 304) -
ctcgegtagatcageace
IDUA-deep-seq-R (SEgQgIt]asgNO :g3 05) g
cccetetgagtcaggaaacat

p53-deep-seq-F

(SEQ ID NO: 306)
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p53-deep-seq-R %ﬁ%&%ﬁ%%gfg%gg
IFN-B-qPCR-F (S;géalcggi%g:%%agag
IFN--qPCRR SEQIDNO: 309
ISGS6-GPCR-F SEQIDONO 310
ISG36-qPCR-R SEOTONO: 311y
I1SG54-gPCR-F (§§5aﬁ§°§t§?g§f§>g "
ISG54-gPCR-R (g];g%%i%c}gﬁ?wg
IL-6-qPCR-F (Sg];g:}g];l‘g]s?;gtig?f )acat
IL6PCR R SEQIING 515)
IL-8-GPCR-F (gé%?%liggf? fégfa
IL8PCRR SEQIDNO: 317
RANTES-qPCR-F (sf?g%ﬁcﬁ%cf?fst;“
RANTES-qPCR-R (é%cgt?DtaNcht:c:;t]C ;C)Caaﬁ
IL-12-GPCRF (SEQ D NG: 3200
L-12-PCRR ( ggg;}astla\]c(t;c;aaﬁ%gcacagg
IL-1-qPCRF SEO D No: 322)
IL-1B-gPCR-R f&ggigstsg? 3g§;g)gat
MCP1-qPCR-F fggg%%cﬁgg%aia)mg
MCPLPCRR chosggtegtiyct
MIP1A-gPCR-F Egggc%c];%tggg)cg
WPiAqrCRR | tsstacases
[P10-GPCRF (SEO 1D X6 28
[P10-GPCRR SEOD NO: 320
GAPDIGPCR T2 | CABECmeatsseg
GAPDH-qPCR-R2 fsg;gtigﬁgggg}gl[)gaagac

The PCR products were purified for Sanger sequencing or NGS (Illumina HiSeq X Ten).

Deep sequencing

[00216] For endogenous mRNA editing experiments, 293T-WT cells were seeded on 6 wells plates (6x10°
cells/well), When approximately 70% confluent, HEK293 cells were transfected with 3 pg dRNA using the
X-tremeGENE HP DNA transfection reagent (Roche). 72 hours later, sorted GFP-positive or BFP-positive
cells (according to the corresponding fluorescence marker) via FACS, followed by RNA isolation. Then the
isolated RNA was reverse-transcribed into ¢cDNA via RT-PCR, and specific targeted gene locus were amplified

with the corresponding primer pairs (23 PCR cycles) and sequenced on an Illumina NextSeq.
Testing in multiple cell lines

[00217] Besides HEK293T (positive control) and HEK293T ADARI1™ (negative control) cells, one mouse
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cell line (NIH3T3) as well as seven human cell lines (RD, HeLa, SF268, A549, HepG2, HT-29, SW13)
originating from different tissues and organs were selected to perform the experiment. For the cell lines with
higher transfection efficiency, about 8-9 x 10 cells (RD, HeLa, SF268) or 1.5 x 10° (HEK293T) were plated
onto each well of 12-well plate, as for the ones (A549, HepG2, HT-29, SW13, NIH3T3) which are difficult to
transfect, 2-2.5x10° cells were plated in 6-well plate. And all these cells were maintained in Dulbecco’s
modified Eagle’s medium (DMEM, Corning) supplemented with 10% fetal bovine serum (FBS, CellMax) with
5% CO, in 37°C. 24 hrs later, CG2 reporter and 71nt dRNA (35-C-35) plasmid were co-transfected into
different type of cells with X-tremeGENE HP DNA transfection reagent (Roche). 48 hrs after transfection,
cells were trypsinized and analyzed through FACS (BD). Because the cells with low transfection efficiency
had quite fewer mCherry and BFP positive cells, we increased the total cell number for FACS analysis to 1 x
10° for those cells plated onto 6-well plate.

RNA editing analysis for targeted sites

[00218] For deep sequencing analysis, an index was generated using the targeted site sequence (upstream and
downstream 20-nt) of arRNA covering sequences. Reads were aligned and quantified using BWA version
0.7.10-r789. Alignment BAMs were then sorted by Samtools, and RNA editing sites were analyzed using
REDitools version 1.0.4. The parameters are as follows: -U [AG or TC] -t 8 -n 0.0 -T 6-6 -¢ -d -u. All the
significant A>G conversion within arRNA targeting region calculated by Fisher’s exact test (p-value < 0.05)
were considered as edits by arRNA. The conversions except for targeted adenosine were off-target edits. The

mutations that appeared in control and experimental groups simultancously were considered as SNP.
Transcriptome-wide RNA-sequencing analysis

[00219] The Ctrl RNAs; or arRNAs;-PPIB-expressing plasmids with BFP expression cassette were
transfected into HEK293T cells. The BFP" cells were enriched by FACS 48 hours after transfection, and RNAs
were purified with RNAprep Pure Micro kit (TIANGEN, DP420). The mRNA was then purified using
NEBNext Poly(A) mRNA Magnetic Isolation Module (New England Biolabs, E7490), processed with the
NEBNext Ulira II RNA Library Prep Kit for Illumina (New England Biolabs, E7770), followed by deep
sequencing analysis using [llumina HiSeq X Ten platform (2x 150-bp paired end; 30G for each sample). To
exclude nonspecific effect caused by transfection, we included the mock group in which we only treated cells
with transfection reagent. Each group contained four replications.

[00220] The bioinformatics analysis pipeline was referred to the work by Vogel ef a”>. The quality control of
analysis was conducted by using FastQC, and quality trim was based on Cutadapt (the first 6-bp for each reads
were trimmed and up to 20-bp were quality trimmed). AWK scripts were used to filtered out the introduced
arRNAs. After trimming, reads with lengths less than 90-nt were filtered out. Subsequently, the filtered reads
were mapped to the reference genome (GRCh38-hg38) by STAR software®’. We used the GATK
Haplotypealler™ to call the variants. The raw VCF files generated by GATK were filtered and annotated by
GATK VariantFiltration, beftools and ANNOVAR®. The variants in dbSNP, 1000 Genome®’, EVS were
filtered out. The shared variants in four replicates of each group were then selected as the RNA editing sites.
The RNA editing level of Mock group was viewed as the background, and the global targets of Ctrl RNA s,
and arRNA 5,-PPIB were obtained by subtracting the variants in the Mock group.
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[00221] To assess if LEAPER perturbs natural editing homeostasis, we analyzed the global editing sites
shared by Mock group and arRNA5;-PPIB group (or Ctrl RNA s, group). The differential RNA editing rates at
native A-to-I editing sites were assessed with Pearson’s correlation coefficient analysis. Pearson correlations of
editing rate between Mock group and arRNA;s5-PPIB group (or Ctrl RNA,s5; group) were calculated and
annotated in FIG. 6.
ERX —pe ¥ —pe 1}
00222) FETI = - i"lxﬁ’} =
[00223] X means the editing rate of each site in the Mock group; Y means the editing rate of each site in

theCtrl RNA 5, group (FIG 6a) or arRNA5,-PPIB group (FIG 6b); g,is the standard deviation of X, ayis the

standard deviation of ¥; uxis the mean of X, uyis the mean of ¥; E is the expectation.

[00224] The RNA-Seq data were analysed for the interrogation of possible transcriptional changes induced
by RNA editing events. The analysis of transcriptome-wide gene expression was performed using HISAT2 and
STRINGTIE software®. We used Cutadapt and FastQC for the quality control of the sequencing data. The
sequencing reads were then mapped to reference genome (GRCh38-hg38) using HISAT?2, followed by

Pearson’s correlation coefficient analysis as mentionedabove.
Western blot

[00225] We used the mouse monoclonal primary antibodies respectively against ADARI (Santa Cruz,
sc-271854), ADAR2 (Santa Cruz, sc-390995), ADAR3 (Santa Cruz, sc-73410), p53 (Santa Cruz, sc-99),
KRAS (Sigma, SAB1404011), GAPDH (Santa Cruz, sc-47724) and B-tubulin (CWBiotech, CW0098). The
HRP-conjugated goat anti-mouse IgG (H+L, 115-035-003) secondary antibody was purchased from Jackson
ImmunoResearch. 2x10° cells were sorted to be lysed and an equal amount of each lysate was loaded for
SDS-PAGE. Then, sample proteins were transferred onto PVDF membrane (Bio-Rad Laboratories) and
immunoblotted with primary antibodies against one of the ADAR enzymes (anti-ADAR1, 1:500; anti-ADAR2,
1:100; anti-ADAR3, 1:800), followed by secondary antibody incubation (1:10,000) and exposure. The
B-Tubulin was re-probed on the same PVDF membrane after stripping of the ADAR proteins with the stripping
buffer (CWBiotech, CW0056). The experiments were repeated three times. The semi-quantitative analysis was
done with Image Lab software.

Cytokine expression assay

[00226] HEK293T cells were seeded on 12 wells plates (2x10° cells/well). When approximately 70%
confluent, cells were transfected with 1.5 pg of arRNA. As a positive control, 1 pg of poly(I:C) (Invitrogen,
tlrl-picw) was transfected. Forty-eight hours later, cells were collected and subjected to RNA isolation
(TIANGEN, DP430). Then, the total RNAs were reverse-transcribed into cDNA via RT-PCR (TIANGEN,
KR103-04), and the expression of IFN- and IL-6 were measured by quantitative PCR (TAKARA, RR820A).

The sequences of the primers were listed in Tablel.
Transcriptional regulatory activity assay of p53

[00227] The 7P53%** cDNA-expressing plasmids and arRNA-expressing plasmids were co-transfected into
HEK293T 7P53™ cells, together with p33-Firefly-luciferase cis-reporting plasmids (YRGene, VXS0446) and
Renilla-luciferase plasmids (a gift from Z. Jiang’s laboratory, Peking University) for detecting the
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transcriptional regulatory activity of p53. 48 hrs later, the cells were harvested and assayed with the Promega
Dual-Glo Luciferase Assay System (Promega, E4030) according to the manufacturer protocol. Briefly, 150
uLDual-Glo Luciferase Reagent was added to the harvested cell pellet, and 30 minutes later, the Firefly
luminescence was measured by adding 100 pL Dual-Glo Luciferase Reagent (cell lysis) to 96-well white plate
by Infinite M200 reader (TECAN). 30 min later, 100 uL Dual-Glo stop and Glo Reagent were sequentially
added to each well to measure the Renilla luminescence and calculate the ratio of Firefly luminescence to

Renilla luminescence.
Electroporation in primary cells

[00228] For arRNA-expressing plasmids electroporation in the human primary pulmonary fibroblasts or
human primary bronchial epithelial cells, 20 ug plasmids were electroporated with Nucleofector™ 2b Device
(Lonza) and Basic Nucleofector ™ Kit (Lonza, VPI-1002), and the electroporation program was U-023. For
arRNA-expressing plasmids electroporation in human primary T cells, 20 pg plasmids were electroporated into
human primary T with Nucleofector™ 2b Device (Lonza) and Human T cell Nucleofector™ Kit (Lonza,
VPA-1002), and the clectroporation program was T-024. Forty-cight hours post-clectroporation, cells were
sorted and collected by FACS assay and were then subjected to the following deep-sequencing for targeted
RNA editing assay. The electroporation efficiency was normalized according to the fluorescence marker.

[00229] For the chemosynthetic arRNA or control RNA electroporation in human primary T cells or primary
GMO06214 cells, RNA oligo was dissolved in 100 uL opti-MEM medium (Gbico, 31985070) with the final
concentration 2 uM. Then 1x10E6 GM06214 cells or 3x10E6 T cells were resuspended with the above
electroporation mixture and electroporated with Agile Pulse In Vivo device (BTX) at 450 V for 1 ms. Then the

cells were transferred to warm culture medium for the following assays.
o-L-iduronidase (IDUA) catalytic activity assay

[00230] The harvested cell pellet was resuspendedand lysed with 28 uL 0.5% Triton X-100 in 1xPBS buffer
on ice for 30 minutes. And then 25 uL of the cell lysis was added to 25 uL 190 uM
4-methylumbelliferyl-a-L-iduronidase substrate (Cayman, 2A-19543-500), which was dissolved in 0.4 M
sodium formate buffer containing 0.2% Triton X-100, pH 3.5, and incubated for 90 minutes at 37°C in the dark.
The catalytic reaction was quenched by adding 200 pul 0.5M NaOH/Glycine buffer, pH 10.3, and then
centrifuged for 2 minutes at 4°C. The supernatant was transferred to a 96-well plate, and fluorescence was
measured at 365 nm excitation wavelength and 450 nm emission wavelength with Infinite M200 reader
(TECAN).

Example 1. Testing the RNA editing method of the invention on a reporter

[00231] It has been reported that Casl3 family proteins (C2c2) can edit RNA in mammalian cells. We further
tested this system under various conditions. First, we constructed a dual fluorescence reporter system based on
mCherry and EGFP fluorescence by introducing 3xGS linker targeting sequence containing stop codon
between mCherry and EGFP gene. In addition, we deleted the start codon ATG of EGFP in order to reduce the
leakage of EGFP translation.

[00232] Dual fluorescence reporter-1 comprises sequence of mCherry (SEQ ID NO:1), sequence comprising
3x@GS linker and the targeted A (SEQ ID NO:2), and sequence of eGFP (SEQ ID NO:3).
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atggtgagcaagggcgaggaggataacatggccatcatcaaggagttcatgegceticaaggtgcacatggagggetccgtgaacggecacgagttcgagate
gagggegagggegagggecgeccctacgagggeacccagacegecaagetgaaggtgaccaagggtggeeccetgeecttegeetgggacatectgteee
ctcagttcatgtacggctccaaggcectacgtgaageaccecgecgacatecccgactacttgaagetgtecttceccecgagggcttcaagtgggagegegtgatg
aacttcgaggacggceggegtggtgaccgtgacccaggactceetecetgecaggacggcegagticatctacaaggtgaagetgegeggeaccaacttceectee
gacggecccegtaatgeagaagaagaccatgggetgggaggectectcegageggatgtacccegaggacggegecctgaagggegagatcaageagagg
ctgaagctgaaggacggceggccactacgacgcetgaggtcaagaccacctacaaggccaagaageccgtgcagetgeccggegectacaacgtcaacatcaa
gttggacatcacctcccacaacgaggactacaccatcgtggaacagtacgaacgegecgagggecgecactccaccggeggceatggacgagetgtacaag
(sequence of mCherry) (SEQ ID NO:1)
ctgcagggeggaggaggeageggeggaggaggeageggeggaggaggeageagaaggtatacacgecggaagaatetgtagagatceecggtegee
acc(sequence comprising 3xGS linker (shown as italic and bold characters) and the targeted A (shown as larger
and bold A)) (SEQ ID NO:2)
gtgagcaagggcgaggagctgttcaccggggtegtgcccatectggtegagetggacggcgacgtaaacggecacaagttcagegtgteccggegagggcg
agggcgatgcecacctacggceaagetgaccctgaagttcatctgecaccaccggeaagetgecegtgecetggeccaccetegtgaccaccctgacctacggegt
gcagtgettcagecgetacecegaccacatgaageageacgacttcticaagtecgecatgeccgaaggetacgtccaggagegeaccatctteticaaggacg
acggcaactacaagacccgegecgaggtgaagticgagggegacaccetggtgaaccgeatcgagetgaagggeatcgactticaaggaggacggcaacat
cctggggcacaagetggagtacaactacaacagecacaacgtctatatcatggecgacaageagaagaacggcatcaaggtgaacttcaagatcecgecacaa
catcgaggacggcagcgtgeagetcgecgaccactaccageagaacacccccatcggegacggeccegtectgetgeccegacaaccactacctgageace
cagtccgcecectgagcaaagaccccaacgagaagegegatcacatggtectgetggagttcgtgaccgecgecgggatcacteteggeatggacgagetgtac
aagtaa (sequence of ¢GFP) (SEQ ID NO:3)

[00233] Dual fluorescence reporter-2 comprises sequence of mCherry (SEQ ID NO:1), sequence comprising
3xGS linker (shown as italic and bold characters) and the targeted A (shown as larger and bold A) (SEQ ID
NO:4), and sequence of eGFP (SEQ ID NO:3).
ctgcagggeggaggaggcageggeggaggaggeageggeggaggaggeagegcctgetcgegatgetagagggctictgeca (sequence
comprising 3xGS linker (shown as italic and bold characters) and the targeted A (shown as larger and bold
characters)) (SEQ ID NO:4))

[00234] Dual fluorescence reporter-3 comprises sequence of mCherry (SEQ ID NO:1), sequence comprising
1xGS linker (shown as italic and bold characters) and the targeted A (SEQ ID NO:5), and sequence of eGFP
(SEQ ID NQO:3).

ctgcagggeggaggaggcagegcctgctegegatgetagagggctetgeca (sequence comprising 1xGS linker (shown as italic
and bold characters) and the targeted A (shown as larger and bold A)) (SEQ ID NO:5)

[00235] We cloned mCherry-3xGS linker-TAG-EGFP into pLenti-backbone, and the reporter plasmid was
packed into lentivirus, which infected 293T cells constructing stable cell line expressing the dual fluorescence
reporter. Then, we selected a single clone with low EGFP fluorescence background as the reporter system. We
tiled LbucC2¢2 crRNA guides with spacers from 28 to 78 nucleotides long across the targeting adenosine to
test the optimal crRNA design. We found that longer crRNA guides conferred higher EGFP positive efficiency.
Strikingly, when we transfected targeting crRNA plasmids without co-transfection of any
dC2c2-ADARDD-expressing plasmids, the EGFP protein is substantially expressed. For example, the crRNA
guide
withthesequence:ggaccaccccaaaaaugaauanaaccaaaacugaacagcuccucgcocuugeucacuggcagageccuccageaucecgag

caggcgcugccuccucegee (SEQ ID NO: 6) conferred over 25% EGFP positive efficiency. This indicates that
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adenine in the stop codon UAG is largely edited. In contrast, the random ¢rRNA could not render the EGFP
negative cells into positive (FIGs. 6A, 6B and 6C). Based on these results, we inferred that overexpression of a
RNA transcript alone could leverage endogenous ADAR enzyme to edit RNA.

[00236] Further, we deleted the scaffold RNA sequence on the RNA guides, creating a linear guide RNA. We
found 70-nucleotides long RNA
(aaaccgagggaucanaggggacugaauccaccauucuucucccaaucccugeaacuccuucuuccccugc(SEQ ID NO: )
complementary to the targeting RNA with an A-C mismatch could efficiently convert the EGFP negative cells
into EGFP positive cells, while the 70-nt random RNA
(ugaacagcuccucgcccuugeucacuggcagageccuccageaucgegageaggegeugecuccuccgec(SEQ ID NO: 8)) could not
(FIGs. 1A, 1B, 1C, and 1D). We thus designate this RNA as dRNA (Deaminase-recruiting RNA). To verify
that the cellular endogenous ADAR could be recruited to conduct adenine deamination by dRNA, we
performed experiments in the ADAR1 p110 and ADAR1 p150 double knockout 293T cell lines (FIGs. 6E and
6F). Because ADARI is ubiquitously expressed while ADAR?2 is mainly expressed in brain at high level. So
we proposed the targeting Adenine deamination by dRNA was mainly mediated by ADARI but not ADAR2.
As expected, the targeting dRNA could not trigger EGFP expression in 293T-ADARI-/- cells, but
overexpressing cither exogenous ADARI1 pl10, p150 or ADAR2 could rescue the EGFP expression in
293T-ADARI-/- cells (FIGs. 1E and 1F), suggesting that in 293Tcells, the dRNA could recruit ADAR]1 or
ADAR?2 to mediate adenine deamination on a target RNA. Moreover, we found ADAR1-p110 and ADAR2
have higher editing activity than ADAR1-p150 (FIG 1G and FIG 6G), possible due to the different cell
localization of ADAR1-p110 and ADAR1-p150.

[00237] In order to determine the restoration of EGFP fluorescence was due to the targeting RNA editing
events, we directly measured the dRNA-mediated editing of Reporter-2 transcripts via RT-PCR followed by
targeted Sanger sequencing and Next-generation sequencing. The sequencing results showed the A to G base
conversion in the targeted Adenine (A-C mismatch site) and the editing rate could reach to 13% (FIG. 6H and
FIG. 1H). Besides, we also observed slightly A to G editing during the sequence windows near the targeted
Adenine, most possibly due to the increased duplex RNA regions, later, we would try to get rid of the

unexpected editing with several strategies.

Example 2. Optimizing the factors for designing dRNAs

[00238] Next, we set out to optimize the dRNA to achieve higher editing efficiency. First, we aimed to
determine whichbasein theoppositesiteofthe targeted adenine favors editing. Previous studies showed
theoppositebaseoftargetedadenosinewouldaffecttheeditingefficiently. We thus designed 7Int dRNAs with a
mismatch N (A, U, C and G) in the middle position opposite to targeted A. Based on the FACS results, we
found that the fourdifferent dARNAs editing efficiently asfollow:C> A> U> G (FIGs. 2A and 2B). Recently, it
has been reported that little bubble in the target UAG site may be of benefit to the editing efficiency. Therefore,
we designed dRNAs containing two or three mismatch bases with target UAG site to test our hypothesis. 16
different 71 nt dRNAs were designed and constructed on the dRNA vector with BFP marker using Golden
Gate cloning method. We found that the dRNAs with CCA and GCA sequence are of the highest efficiency,
which means the little bubble contribute little to A-I editing, at least in the case of UAG target site. Besides,
four dRNAs of NCA sequence have higher percentage of GFP positive cells, leading to the conclusion that

55



WO 2020/211780 PCT/CN2020/084922

complementary U-A base pair may be important for ADAR editing (FIGs. 2C and 2D). Subsequently, we test
the efficiency of different lengthof dRNA based on Reporter. dRNAs were designed a mismatch C in the
middle position with different length ranging from 31 nt to 221 nt. We found that editing efficiency increases
withlongerdRNA. The peak of editing of reporter system is located at 171 nt dRNA. 51ntdRNA could lightup
reporter system withagood efficiency (18%) (FIGs. 2E and 2F). Finally, we examined whether the position of
mismatch C of dRNA affecttheeditingefficiency. dRNAs were kept the same 71 nt length, a mismatch C in
different position from transcription beginning was designed. Based on the FACS results, we found that the
location of the opposite mismatch C couldaffect theeditingefficiency, and the mismatch C locatedinthe 5° or 3°
ofdRNA hasalower efficiency (FIGs. 2G and 2H).

[00239] 16 different reporter comprisingtarget sequences containing all possible 3 base motifs were
constructed through Gibson cloning, and then cloned into pLenti backbone (pLenti-CMV-MCS-SV-Bsd,
Stanley Cohen Lab, Stanford University). The target sequences are shown as follows.

Target sequences containing all possible 3 base motifs:

TAT:
atggacgagctgtacaagctgcagggcggaggaggceagegcectgetegegatgetatagggetctgecagtgagecaagggegaggagctgticaccggggt
getecccatc(SEQ ID NO: 9)

TAA:
atggacgagctgtacaagctgcagggcggaggaggceagcegcectgetcgegatgetaaagggcetctgecagtgagecaagggegaggagcetgticaccgggg
tggtgcccatc(SEQ ID NO: 10)

TAC:
atggacgagctgtacaagcetgecagggceggaggaggceagegectgetecgegatgctacagggcetetgecagtgageaagggcegaggagcetgttcacegggg
tggtgeccate(SEQ ID NO: 11)

TAG:
atggacgagctgtacaagctgecagggcggaggaggeagegcectgetcgegatgetagagggcetetgecagtgageaagggegaggagetgttcacecgggg
tggtecccate (SEQ ID NO: 12)

AAT:
atggacgagctgtacaagcetgcagggeggaggaggcagegectgetcgegatgcaatagggctetgecagtgageaagggcgaggagcetgttcacegggg
tegtecccatc(SEQ ID NO: 13)

AAA:
atggacgagctgtacaagctgcagggcggaggaggcagegectgetegegatgcaaaagggetctgecagtgagecaagggegaggagetgticaccgggg
tggtecccate (SEQ ID NO: 14)

AAC:
atggacgagctgtacaagcetgeagggcggaggaggcagegectgetcgegatgeaacagggetctgeecagtgagcaagggcgaggagetgticaccgggg
tggtgeecatc(SEQ ID NO: 15)

AAG:
atggacgagctgtacaagcetgecagggeggaggaggeagegectgetcgegatgcaagagggeteteccagtgagcaagggegaggagcetgticaceggg
stegetgcccate (SEQ ID NO: 16)

CAT:
atggacgagctgtacaagcetgcagggcggaggaggcagegectgctcgegatgecatagggctetgecagtgageaagggcegaggagcetgttcacegggg
tggtgcccate (SEQ ID NO: 17)
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CAA:
atggacgagctgtacaagcetgecagggeggaggaggeagegectgetcgegatgecaaagggctetgecagtgageaagggcgaggagetgitcaccggeg
tggtgcccate(SEQ ID NO: 18)

CAC:
atggacgagctgtacaagetgeagggcggaggaggeagegectgetcgegatgecacagggetctgecagtgagcaagggegaggagetgticaccgggg
tggtgeecate (SEQ ID NO: 19)

CAG:
atggacgagctgtacaagcetgeagggeggaggaggcagegectgetegegatgecagagggetetgccagtgagcaagggegaggagcetgticaccggg
gtggtgeecate (SEQ ID NO: 20)

GAT:
atggacgagctgtacaagetgcagggcggaggaggcagegectgetegegatgegatagggcetetgeccagtgagecaagggcgaggagetgticacegggge
tggtgcecate(SEQ ID NO: 21)

GAA:
atggacgagctgtacaagetgeagggcggaggaggeagegectgetcgegatgegaaagggctetgecagtgageaagggegaggagcetgtticaceggg
gtggtgcccate (SEQ ID NO: 22)

GAC:
atggacgagctgtacaagetgeagggcggaggaggcagegectgetcgegatgegacagggctetgccagtgageaagggcgaggagetgticaccgeg
gtggtecccate (SEQ ID NO: 23)

GAG:
atggacgagctgtacaagctgcagggcggaggaggcagegectgetegegatgegagagggcetetgccagtgagcaagggegaggagcetgticaceggg
gtggtgeccate (SEQ ID NO: 24)

[00240] dRNAs were kept same 111 bp length and designed a mismatch C at the center towards the target A.
[00241] In 12-well cell culture cluster, 2x10° cells HEK293T were plated to the each well and each
experiment was performed for three replicates. 24 hrs later, 0.5 ug dRNA plasmid and 0.5 pg reporter target
plasmid were co-transfected to the cells using the X-tremeGENE HP DNA transfection reagent (Roche). 48 hrs
later, cells were trypsinized and selected for mCherry positive cells through FACS (BD). A total of 4x 10° cells
were harvested and total RNA was extracted using RNAprep pure Cell/Bacteria Kit (TTANGEN DP430). The
cDNAs were synthesized from 2 pg of total RNA using Quantscript RT Kit (TTANGEN KR103-04). And the
111 target regions were amplified through PCR and sent for deep sequencing.

[00242] We found that all 16 different 3 base motifs can be edited through an exemplary RNA editing method
of the present application, albeit with a variable efficiency. In sum, the results indicate the 5 nearest neighbor

of A to be edited has the preference U>C=*A > G and 3’ nearest neighbor of A to be edited has the preference
G>C>A=U. Datawere presented as bar chart in FIG. 3A or heatmap of FIG 3B.

Example 3. Editing RNA transcribed from endogenous genes

[00243] Next, we tested whether dRNA could mediate mRNA transcribed from endogenous genes. We
designed dRNA targeting four genes KRAS, PPIB, f-Actin and GAPDH. For KRAS mRNA, we designed 91,
111, 131, 151, 171 and 191 nucleotides long dRNAs (FIG 4A) with sequences as shown below.

91-nt KRAS-dRNA

uagcuguaucgucaaggeacucuugccuacgecaccageuccaaccaccacaaguuuanauucagucanuuucageaggecucucuccegc(SE
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QID NO: 25)

111-nt KRAS-dRNA
gauucugaauuagcuguancgucaaggeacucuugecuacgecaccageuccaacuaccacaaguuuauauucagucauluucageaggccucu
cucccgcaccugggage (SEQ ID NO: 26)

131-nt KRAS-dRNA
uccacaaaaugauucugaauuagcuguaucgucaaggeacucuugecuacgecaccageuccaacuaccacaaguuuanauucagucauuuucag
caggccucucuccegeaccugggagecgeugagecu(SEQ ID NO: 27)

151-nt KRAS-dRNA
aucauauucguccacaaaaugauucugaaulagcuguancgucaaggcacucuugecuacgceaccageuccaaccaccacaaguuuanauucag
ucauuuucageaggecucucuccegeaccugggagecgeugagecucuggeeccge (SEQ ID NO: 28)

171-nt KRAS-dRNA
cuauuguuggaucauauucguccacaaaaugauucugaauuagcuguaucgucaaggeacucuugecuacgecaccageuccaaccaccacaagu
uuauauucagucauuuucagcaggccucucuccegeaccugggagecgeugagecucuggecccgeegecgecuuc(SEQ ID NO: 29)
191-nt KRAS-dRNA
uaggaauccucuauuguuggaucauauucguccacaaaaugauucugaauuageuguaucgucaaggeacucuugeeuacgecaccageuccaa
ccaccacaaguuuauauucagucauuuucageaggceucucCuccegcaccugggeageegcugageceucuggcececgecgecgecuucagugccu
gcg(SEQ ID NO: 30)

The Next-generation sequencing results showed that the dRNAs could edit the targeted KRAS mRNA with up
to 11.7% editing efficiency (FIG 4B). For endogenous PPIB mRNA, the targeted three sites: sitel, site2 and
site3. We designed 151 nucleotides long dRNA for each site (FIG 4C) with sequences as shown below.

151-nt PPIB-dRNA (site 1)
gaggcgcageauccacaggcggaggcsaaagcagecesgacageugageccegaagagegugsseccacgguggccagggagecggceccgeca
cgegegggugggggggacugggguugcucgegggeuccgggegggeggegggegecg (SEQ ID NO: 31)

151-nt PPIB-dRNA (site 2)
uccuguagcuaaggccacaaaauuauccacuguuuulggaacagucuuuccgaagagaccaaagauncacccggeccacaucuucaucuccaauuc
guaggucaaaauacaccuugacggugacuuugggecccuucuucuucucaucggcc(SEQ ID NO: 32)

151-nt PPIB-dRNA (site 3)
gcccuggaucaugaaguecuugauuacacgauggaauuugcuguuuuuguagecaaaucCuuucucuccuguagecaageccacaaaauuance
acuguuuuuggaacagucuuuccgaagagaccaaagaucacccggecuacaucuuca(SEQ ID NO: 33)

[00244] The Next-generation sequencing results showed that the dRNA could edit PPIB mRNA sitel
efficiently with up to 14% editing rate (FIG. 4D). For PPIB mRNA site2 and site3, the editing efficiency was
1.5% and 0.6% (FIG. 4E and 4F). For endogenous B-Actin mRNA, we selected two targeted site and designed
dRNA for each site (FIG. 4G) with sequences as shown below.

72-nt B-Actin-dRNA (site 1)
gegcaaguuagguuuugucaagaaaggguguaacgcaaccaagucaunaguccgecuagaagcauuugeggug (SEQ ID NO: 34)

131-nt p-Actin-dRNA (site 1)
gCcaugecaalcucauCulguIuuCugCecaaguuagguInigucaagaaageeuguaacgcaaccaagucauaguccgccuagaagcauunge
gguggacgauggagggeccggacucgucauacuccug(SEQ ID NO: 35)

70-nt B-Actin-dRNA (site 2)

ggacuuccuguaacaacgcaucucavauuuggaaugaccauuaaaaaaacaacaaungugcaaucaaaguc (SEQ ID NO: 36)
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We found that dRNA could edit B-Actin mRNA both sitel and site2, with up to 1.4% editing efficiency for
cach site (FIG 4H and FIG 8A). We also observed longer dRNA conferred higher editing efficiency, with
0.6% for dARNA-71nt and 1.4% for dRNA-131nt (FIG 3H). For another housekeeping gene GAPDH, we used
71nt dRNA (caaggugcggcuccggceecuccccucuucaagggguccacauggcaacugugaggaggggagauucagug (SEQ ID NO:
37)), and the editing efficiency is 0.3%, maybe due to the short dRNA length (FIG. 8B).

Example 4. Off-targeting analysis on an exemplaryLEAPER method

[00245] For therapeutic application, the precision of editing is pivotal. Next, we tried to characterize the
specificity of an exemplary RNA editing system of the present application. We selected endogenous PPIB sitel
and KRAS site for analysis. For PPIB sitel, we could see during the dRNA covered regions, there were several
A bases flanking the targeted A76, such as A22, A30, A33, A34, A39, A49, A80, A91, A107 and A140. It
revealed that those flanking A bases were barely edited, while the targeted A76 base (A-C mismatch) showed
up to 14% editing efficiency (FIG 5A and 5B).

[00246] As for KRAS site, we could sce in the dRNA covered region, there are many adenines flanking the
targeted A56 base, up to 29 flanking A bases. From the KRAS mRNA editing results, we found that while the
targeted AS56 base (A-C mismatch) showed up to 11.7% editing efficiency, the flanking adenine could be edited
(FIG 5Cand 5D). A variety of the off-targeted adenines were edited, while adenines such as A41, A43, A45,
A46, A74, A79 showed more editing. We found the 5° nearest neighbor of those unedited A bases were G or C,
whereas the 5’ nearest neighbor of those efficiently edited adenines was T or A. Based on this observation, we
set out to design dRNA to minimize the off-target editing of those adenines that are prone to be edited. In our
study, we have found ADAR preferred A-C mismatch to A-A, A-U, and, the A-G mismatch was the least
preferred. So, we proposed that for the off-targeting A bases to which the 5° nearest neighbor was U or A, A-G
mismatch might reduce or diminish the off-targeting effects. Previous study has reported A-G mismatch could
block the deamination editing by ADAR.

[00247] So next we designed three kinds of 91-nt dRNA variants and four kinds of 111-nt dRNA variants
(with sequences as shown below) containing different A-G mismatch combinations based on the statistical
results in FIG 5D and existing knowledge: dRNA-AG1 (A41, A46, A74); dARNA-AG2 (A41, Ad3, Ad5, A46,
A74, A79); dRNA-AG3 (A31, A32, A33, Adl, Ad3, A45, Ad6, A47, A74, A79); dRNA-AG4 (A7, A31, A32,
A33,A40, Ad1, A43, A45, A46, Ad7, A74, A79, A95) (FIG, 4E).

KRAS-dRNA-91-AG2
UAGCUGUAUCGUCAAGGCACUCgUGCCgACGCCACCAGCUCCAACCACCACAAGeggAgAgUCAG
UCAgggUCAGCAGGCCUCUCUCCCGC (SEQ ID NO: 38)

KRAS-dRNA-91-AG3
UAGCUGUAUCGUCAAGGCACUCUUGCCgACGCCACCAGCUCCAACCACCACAAGUgUAUAgUCA
GUCAUUUUCAGCAGGCCUCUCUCCCGC (SEQ ID NO: 39)

KRAS-dRNA-91-AG4
UAGCUGGAUCGUCAAGGCACUCGUGCCGACGCCACCAGCUCCAACCACCACAAGGGGAGAGGC
AGUCAGGGUCAGCAGGCCUCUCUCCCGC (SEQ ID NO: 40)

KRAS-dRNA-111-AG1
GAUUCUGAAUUAGCUGUAUCGUCAAGGCACUCUUGCCgACGCCACCAGCUCCAACCACCACAA
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GUgUAUAgUCAGUCAUUUUCAGCAGGCCUCUCUCCCGCACCUGGGAGC (SEQ ID NO:41)
KRAS-dRNA-111-AG2
GAUUCUGAAUUAGCUGUAUCGUCAAGGCACUCgUGCCgACGCCACCAGCUCCAACCACCACAAG
UggAgAgUCAGUCAUUUUCAGCAGGCCUCUCUCCCGCACCUGGGAGC (SEQ ID NO:42)
KRAS-dRNA-111-AG3
GAUUCUGAAUUAGCUGUAUCGUCAAGGCACUCgUGCCgACGCCACCAGCUCCAACCACCACAAG
222AgAgUCAGUCAgggUCAGCAGGCCUCUCUCCCGCACCUGGGAGC (SEQ ID NO:43)
KRAS-dRNA-111-AG4
GCUCCCCGGUGCGGGAGAGAGGCCUGCUGACCCUGACUGCCUCUCCCCUUGUGGUGGUUGGAG
CUGGUGGCGUCGGCACGAGUGCCUUGACGAUCCAGCUAAUUCAGAAUC(SEQ ID NO: 44)

[00248] Then these dRNAs were transfected into HEK293T cells, and empty vector and 71-nt non-targeting
dRNA control: (tctcagtccaatgtatggtccgageacaagetctaatcaaagtcegegggtetagaccggttgccatagga (SEQ ID NO: 45))
were used as negative controls. For 91-nt dRNAs, the deep sequencing results showed that the on-target
editing (A56) was reduced to 2.8% for dRNA-91-AG2, 2.3% for dRNA-91-AG3 and 0.7% for dRNA-91-AG4,
compared to the on-target editing (A56) efficiency 7.9% for dRNA-91 without A-G mismatch (FIG. 4F). For
91-nt dRNAs, the on-target editing (A56) was reduced to 5.1% for dRNA-111-AG2 and 4.9% for
dRNA-111-AG3 compared to the on-target editing (A56) efficiency 15.1% for dRNA-111 without A-G
mismatch (FIG. 4F), which indicating longer dRNA could bear more A-G mismatch. So next we selected
111-nt dRNA for detailed off-target analysis. The flanking A bases editing were wiped out dramatically except
for A7 and A79 (FIG 4G). For A7 base, the off-target effect could be prevented by a further A-G mismatch
design at this site, which is absent in the current dRNA design. For A79 base, introducing adjacent two A-G
mismatch A78/A79 might help to wipe out the off-target effects. Based on such results, applying the RNA

editing systems of the present application to cure genetic diseases is very promising and encouraging.

Example S. Testing an exemplary LEAPER method in multiple cell lines

[00249] Through the results in HEK293T cells, we supposed that the double strand RNA formed by linear
dRNA and its target RNA could recruit endogenous ADAR protein for A-I editing. To confirm the hypothesis,
we chose more cell lines to test our RNA editing method. The results are shown in FIG 9. Those results in
multiple cell lines proved the universalityof our RNA editing method. Firstly, despite of the various editing
efficiency, using dRNA to recruit endogenous ADAR was suitable for multiple human cell lines, which was
originated from 7 different tissues and organs. Furthermore, this method could not only work in human cells,

but also in mouse cells, providing the possibility to conduct experiments on a mouse.

Example 6. Leveraging endogenous ADAR for RNA editing

[00250] In an attempt to explore an efficient RNA editing platform, we fused the deaminase domain of the
hyperactive E1008Q mutant ADARI (ADARIDD)40 to the catalytic inactive LbuCasl3 (dCasl3a), an
RNA-guided RNA-targeting CRISPR effector® (FIG10A). To assess RNA editing efficiency, we constructed a
surrogate reporter harbouring mCherry and EGEP genes linked by a sequence comprising a 3%
GGGGS-coding region and an in-frame UAG stop codon (Reporter-1, FIG.10B). The reporter-transfected cells
only expressed mCherry protein, while targeted editing on the UAG of the reporter transcript could convert the
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stop codon to UIG and consequently permit the downstream EGFP expression. Such a reporter allows us to
measure the A-to-I editing efficiency through monitoring EGFP level. We then designed hU6 promoter-driven
crRNAs (CRISPR RNAs) containing 57 scaffolds subjected for Cas13a recognition and variable lengths of
spacer sequences for targeting (chNAcaSBa, following LbuCas13 crRNA sequences).

[00251] Table2.LbuCas13 crRNA sequences

Name Sequence Source
LbuCas13/Casl3a crRNA ggaccaccccaaaaaugaaggggacuaaaac FIG. 10
scaffold (SEQ ID NO: 46) :

Ctrl crRN A, 22acCgagggaucauaggggacgaauccaccauliCulcucCcaaucccugeaacucCulcCuiccccuge FIG, 10

(SEQ ID NO: 47)

Spacer of ctRNA 5 (gé:;%a %CDC llt?gafg) FIG 10

cucacuggcagagecucCage

Spacer of crRNA,, (SEQ ID NO: 49) FIG. 10
Spacer of crRNAg E(S:}% %(:Duls:\?g:lgﬁ%s;agagccuc Cage FIG 10
Spacer of ctRNA, cucncgecepeucacugpeagpeoncCage FIG 10
Spacer of ctRNALp T FIG 10
Spacer of ctRNA 4 ?Sg;:gzillgjc;%czzgsc;c)cuugcucacuggcagagccucCagcaucgc FIG. 10
Spacer of crRNAs ugaacageuccucgeccuugeucacuggeagageccucCageaucgegageaggegeugeeuccuccgee FIG. 10

(SEQ ID NO: 54)

[00252] The sequences complementary to the target transcripts all contain CCA opposite to the UAG codon
s0 as to introduce a cytidine (C) mis-pairing with the adenosine (A) (FIG 10B) because adenosine deamination
preferentially occurs in the A-C mismatch site™". To test the optimal length of the crRNA, non-targeting or
targeting ctRNAs of different lengths were co-expressed with dCas13a-ADAR1pp proteins in HEK293T cells
stably expressing the Reporter-1. Evident RNA editing effects indicated by the appearance of EGFP expression
were observed with crRNAs containing matching sequences at least 40-nt long, and the longer the crRNAs the
higher the EGFP positive percentage (FIG.10C). Surprisingly, expression of long crRNA®"* alone appeared
sufficient to activate EGFP expression, and the co-expression of dCas13a-ADARIpp rather decreased crRNA
activity (Figs. 10C, 10D). The EGFP expression was clearly sequence-dependent because the 70-nt (exclusive
of the 5’ scaffold for the length calculation) control RNA could not activate EGFP expression (Figs. 10C,
10D).

[00253] With the surprising finding that certain long engineered crRNA®*"® cnabled RNA editing
independent of dCas13a-ADARI1pp, we decided to remove the Casl3a-recruiting scaffold sequence from the
crRNA. Because the crRNA7 had the highest activity to trigger EGFP expression (FIG10C, 10D), we chose
the same 70-nt long guide RNA without the Casl3a-recruiting scaffold for further test (FIG11A and the
Sequences of arRNAs in Table 3 and control RNAs used in the examples).

Table 3
Name Sequence (5' —>3") Source
Ctrl RNA. Aaaccgagggaucauaggggacugaauccaccauucuucucccaaucccugeaacuccuucuuccccuge
o (SEQ ID NO: 55) FIG 11

ARNA ugaacagcuccucgeccuugeucacuggeagageccucCageaucgegageaggegcugecuccuccgec )

70 (SEQ ID NO: 56)

Ucucaguccaauguau, cCgagcacaagcucuaaucaaaguccge, acc jugccauagga

Ctrl RNA, 5o IgSNO: 5gl71) gguccgag g gUCCECgEUZUagaccgguug: 28 FIG.14
ARNA. acagecuccucgeccuugeucacuggeagageccucCageaucgegageaggegeugecuccuccgeegeug ;Ifé 16

i (SEQ ID NO: 58) )
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acagcuccucgeccuugeucacuggeagageccucAageaucgegageaggegeugecuccuccgecgeug
(SEQ ID NO: 59)

acagcuccucgeccuugeucacuggeagageccucUageaucgegageaggegeugecuccuccgecgeug

arRNA,-CUA (SEQ ID NO: 60) FIG16A
) acagcuccucgeccuugeucacuggeagageccucGageaucgegageaggegeugecuccuccgecgeug
) acagcuccucgeccuugeucacuggeagageccuGCA geaucgegageaggegeugecuccuccgeegeug
B acagcuccucgeccuugeucacuggeagagecculU CA gecaucgegageaggegeugecuccuccgecgeug
arRNA,-UCA (SEQ ID NO: 63)
) acagecuccucgeccuugeucacuggeagageccuA CA geaucgegageagge geugecuccuccgecgeug
} acagcuccucgeccuugeucacuggeagageccuCCUgcaucgegageaggegeugeeuccuccgecgeug
arRNA,-CCU (SEQ ID NO: 65)
} acagcuccucgeccuugeucacuggeagageccuGCUgeaucgegageaggegeugecuccuccgecgeug
arRNA71 GCU (SEQ ID NO: 66)
g acagcuccucgeccuugeucacuggeagagecculUCUgcaucgegageaggegeugecuccuccgecgeug
arRNA,-UCU (SEQ ID NO: 67)
} acagcuccucgeccuugeucacuggeagageccuACUgcaucgegageaggegeugecuccuccgecgeug
ATRNA-CCC acagcuccucgeccuugeucacuggeagageccuCCCgeaucgegageaggegeugecuccuccgecgeug FIG16B,
7 (SEQ ID NO: 69) c
) acagcuccucgeccuugeucacuggeagageccuGCCgeaucgegageaggegeugecuccuccgecgeug
arRNA,-GCC (SEQ ID NO: 70)
g acagcuccucgeccuugeucacuggeagagecculU CCgeaucgegageaggegeugeeuccuccgecgeug
arRNA,,-UCC (SEQ ID NO: 71)
) acagcuccucgeccuugeucacuggeagageccuACCgeaucgegageaggegeugeeuccuccgecgeug
arRNA;-ACC (SEQ ID NO: 72)
i} acagcuccucgeccuugeucacuggeagageccuCCGgeaucgegageaggegeugeeuccuccgecgeug
arRNA71 CCG (SEQ ID NO: 73)
i} acagcuccucgeccuugeucacuggeagageccuGCU geaucgegageaggegeugecuccuccgecgeug
arRNA-GCG (SEQ ID NO: 74)
g acagcuccucgeccuugeucacuggeagageccuU CGgeaucgegageaggegeugecuccuccgeegeug(SE
arRNA71 UCG Q D NO: 75)
i} acagcuccucgeccuugeucacuggeagageccuACGgeaucgegageaggegeugecuccuccgecgeug(SE
arRNA71 ACG Q D NO: 76)
g 1 | acuggeagageecucCageaucgegageagg
arRNA;;-Reporter-1 (SEQ ID NO: 77)
geccuugeucacuggeagageccucCageaucgegageaggegeugecuce
arRNAs;-Reporter-1 (SEQ ID NO: 78)
acagcuccucgeccuugeucacuggeagageccucCageaucgegageaggegeugecuccuccgecgeug(SEQ
arRNAy -Reporter-1 D NO: 79)
ArRNA, 1 -Reporter- accceggugaacageuccucgeccuugeucacuggeagageccucCageaucgegageaggegcugecuccucege
1 11=8ep CECULCCUCCUCCEC
(SEQ ID NO: 80)
ARNA + -Reporter- geucgaccaggaugggeaccaccecggugaacageuccucgeccuugeucacuggeagageecucCageaucgega
1 1317R€P geaggegeugcecuccuccgecgeugecuccuccgecgeugecuccuccgeccuge
(SEQ ID NO: 81)
arRNA,« Reporter- | UCECCEUCcageucgaccaggaugggeaccaccecggugaacageuccue geccuugeucacuggeagageecucC
1 150D agecaucgegageaggcgeugecuccuccgecgeugecuccuccgecgeugecuccuccgeccugeageuuguaca
(SEQ ID NO: 82) FIG16D
gecguuuacguegecguccageucgaccaggaugggeaccaccecggugaacageuceucgeecuugeucacugge | d.
arRNA;;;-Reporter- | agageccucCageaucgegageaggegeugecuccuccgecgeugecuccuccgecgeugeeucecuccgeccugea FIG27
1 .

geuuguacageucguccau
(SEQ ID NO: 83)

arRNA jg;-Reporter-
1

UgaacuugUEECccguUUAcUCECCEUCCageUCACCAZEANEEECACCACCCCEEUZAACAZCUCCUCECCCUL
geucacuggceagageccucCageaucgegageaggegeugecuccuccgecgeugeCuccucegecgeugecuccu
CCgCCcuEeageuuguacageucguccaugecgecggug

(SEQ ID NO: 84)

arRNA,;-Reporter-
1

ccggacacgeugaacuuguggccguuuacgucgccguccageucgaccaggangggcaccaccecggugaacageu
ceucgeccuugeucacuggeagageceucCageaucgegageaggegeugecucCuccgecgeugeCuccuccgce

£CUZCCUCCUCCZCCCUZCAZCUNZUACAZCUCSUCCAUZCCZCCEEUEZZAZUEECSLC
(SEQ ID NO: 85)

arRNA; -Reporter-2

gegaccggggaucucCacagauucuuccgge
(SEQ ID NO: 86)

arRNAs;-Reporter-2

geucacgguggegaccggggaucucCacagauucuucc ggeguguauaccu
(SEQ ID NO: 87)

arRNA;-Reporter-2

ccucgeccuugeucacgguggegaccggggaucucCacagauucuuccggeguguauaccuucugeugecu(SE
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gugaacageuccucgeecuugeucacgguggegaccggggaucucCacagauucuuccggeguguaunaccuucug

arRNAg-Reporter-2 | cugccuccuccgecge

(SEQ ID NO: 89)

arRNAj-Reporter-
2

caccaccccggugaacageuccucgeccuugeucacgguggegaccggggaucucCacagauucuuccggegugu
AUACCUUCUECUECCUCCUCCECCECULZCCUCCUCT
(SEQ ID NO: 90)

arRNA ;,-Reporter-
2

ccaggaugggeaccacceecggugaacageuccucgeecungeucacgguggegaccggggaucucCacagauucu
UCCEECRUZUAUACCULCILZCUZCCUCCUCCECCZCUZCCUCCUCCECCECUZCCU
(SEQ ID NO: 91)

arRNA 151 -RepOITC 1=
2

UCCAZCUCLACCAZZAUZZLCACCACCCCEUZAACAZCUCCUCECCCUUZCUCACEZUZECLACCEZZZaucUc
CacagauucuuccggeguguaunaccuucugeugecucCuce geegCugecucCucCgecgeugecuccuccgece

u
(SEQ ID NO: 92)

arRNA 5;-Reporter-
2

€ggCgaAcEUAUCCAZCUCLACCAZZAUZZLCACCACCCCZZUZAACAZCUCCUCECCCUUZCUCACSZUEECEACC
ggggaucucCacagauucuuccgge guguataccuucugeugecucCuCCgecgeugeCuCCucCgeegeugeecu
ccuccgeccugeageuugua

(SEQ ID NO: 93)

arRNA |4, -Reporter-
2

UGUEECCIUUIACZUCECCZUCCAZCUCZACCAZZAUEESCACCACCCCEZUZAACAZCUCCUCZCCCUUZCUCAC
gguggegaccggggaucucCacagauucuuccggeguguauaccuucugeugecucCuccgeCgCugecuccuce
£CCECULCCUCCUCCECCCUZCAZCUZUACAZCUCEUCC

(SEQ ID NO: 94)

arRNA,-Reporter-
2

acgeugaacuuguggecguuuacgucgccguccageucgaccaggaugggcaccacceeggugaacageuccucge
ccuugeucacgguggcgaccggggaucucCacagauucuuccggeguguanaccucugegecucCuccgecge
UZCCUCCUCCECCECUZCCUCCUCCECCCUZCagCUUgUACageucCgUCCaugecgeess

(SEQ ID NO: 95)

arRNA,(C+70)-Re
porter-1

Cagcaucgcgageaggegeugecuccuccgecgeugeecuccuccgecgeugeeuccuccgeccugeageun
(SEQ ID NO: 96)

arRNA,(5+C+65)- | cccucCageaucgegageaggegeugecuccuccgecgeugecucCucCgecgCugeCucCuccgeecuge
Reporter-1 (SEQ ID NO: 97)

arRNA;(10+C+60) | cagagcccucCageaucgegageaggegeugecuccuccgecgeugecuccuccgecgeugecuccucege
-Reporter-1 (SEQ ID NO: 98)

arRNA7(15+C+55) | acuggeagageccuccCageaucgegageaggegeugecuccuccgecgeugecuccuccgecgeugecuce
-Reporter 1 (SEQ ID NO: 99)

arRNA,(20+C+50) | ugcucacuggeagageccucCageaucgegageaggegeugecuccuccgecgeugecuccuccgeegeug
-Reporter-1 (SEQ ID NO: 100)

arRNA7(25+C+45) | geccuugcucacuggeagageccucCageaucgegageaggcgeugeeucCuccgececiugecuccuccge
-Reporter-1 (SEQ ID NO: 101)

arRNA-(30+C+40) | uccucgceccuugecucacuggeagageccucCageaucgegageaggegeugecuccuccgeegeugeeuce
-Reporter-1 (SEQ ID NO: 102)

arRNA;1(40+C+30) | ggugaacagcuccucgceccuugeucacuggeagageccucCageaucgegageaggegcugecuccuccse
-Reporter-1 (SEQ ID NO: 103)

arRNA,(45+C+25) | accceggngaacagcuccucgeccuugeucacuggeagageccucCageaucgegageaggegeugecuce
-Reporter-1 (SEQ ID NO: 104)

arRNA7(50+C+20) | geaccaccceggugaacageuccucgeccuugeucacuggeagageccucCageaucgegageaggegeug
-Reporter-1 (SEQ ID NO: 105)

atRNA,(55+C+15) | gaugggcaccaccecggugaacageuccucgeeccuugeucacuggeagageccucCageaucgegageagg
-Reporter-1 (SEQ ID NO: 106)

arRNA,(60+C+10) | accaggaugggcaccaccceggugaacageuccucgeecuugeucacuggeagageecucCageaucgega
-Reporter-1 (SEQ ID NO: 107)

arRNA;(65+C+5)- | geucgaccaggaugggeaccacceeggugaacageuccucgeccuugeucacuggeagageecucCageau
Reporter-1 (SEQ ID NO: 108)

arRNA(70+C)-Re
porter-1

guccageucgaccaggaugggeaccaccceggugaacageuccucgeeccuugeucacuggeagageecucC
(SEQ ID NO: 109)

arRNA7(C+70)-Re

CacagauucuuccggeguguanaccuucugeugecucCucc gecgeugecucCuccgecgCugecuccuce

porter-2 (SEQ ID NO: 110)
arRNA,(5+C+65)- | aucucCacagauucuuccggeguguauaccuucugeugecuccuccgecgcugecuccuccgecgeugecu
Reporter-2 (SEQ ID NO: 111)
arRNA7(10+C+60) | cggggaucucCacagauucuuccggeguguanaccuucugeugecuccuccgecgeugecuccuccgeege
-Reporter-2 (SEQ ID NO: 112)
arRNA7(15+C+55) | gegacecggggaucucCacagauucuuccggeguguauaccuucugeugecuccuccgeegeugecuccuce
-Reporter-2 (SEQ ID NO: 113)
arRNA;(20+C+50) | cgguggegaccggggaucucCacagauucuuccggeguguauaccuucugcugecuccuccgecgcugecu
-Reporter-2 (SEQ ID NO: 114)
arRNA7(25+C+45) | geucacgguggegaccggggaucucCacagauucuucc gge guguanaccuucugeugecuccucegecge
-Reporter-2 (SEQ ID NO: 115)
arRNA(30+C+40) [ cccuugcucacgguggegaccggggaucucCacagauucuuccgge guguauaccuucugeugecuccuce
-Reporter-2 (SEQ ID NO: 116)
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arRNA,(40+C+30) | cagcuccucgeccuugeucacgguggegaccggggaucucCacagauucuuccggeguguauaccuucuge
-Reporter-2 (SEQ ID NO: 117)
arRNA7(45+C+25) | gugaacageuccucgeccuugeucacgguggcgaccggggaucucCacagauucuuccggeguguanaccu
-Reporter-2 (SEQ ID NO: 118)
arRNA7(50+C+20) | ccccggugaacageuccucgeccuugeucacgguggegaccggggaucucCacagauucuuccggegugua
-Reporter-2 (SEQ ID NO: 119)
arRNA7(55+C+15) | caccaccecggugaacageuccucgeccuugeucacgguggegaccggggaucucCacagauucuuccgge
-Reporter-2 (SEQ ID NO: 120)
arRNA,(60+C+10) | augggcaccaccccggugaacageuccucgeccuugeucacgguggegaccggggaucucCacagauucuu
-Reporter-2 (SEQ ID NO: 121)
arRNA,(65+C+5)- | ccaggaugggeaccaccecggugaacageuccucgeccuugeucacgguggegaccggggaucucCacaga
Reporter-2 (SEQ ID NO: 122)

arRNA,(70+C)-Re
porter-2

cucgaccaggaugggeaccacceccggugaacageuccucgeccuugeucacgguggegaceggggaucucC
(SEQ ID NO: 123)

arRNAm -CCA-RCP
orter-3 (UAG)

gaugggcaccaccccggugaacagcuccucgcccuugcucacuggcagagcccucCagcaucgcgagcaggc gecug
ccuccuccgeccugeageuuguacageucguccau
(SEQ ID NO: 124)

arRNA;;-GCA-Re
porter-3 (UAC)

gaugggcaccaccecggugaacageuccucgeccuugeucacuggeagageccugCageaucgegageaggegeu
gecuccuccgeccugeagouuguacageucguccau
(SEQ ID NO: 125)

erRNAll] -UCA-Re
porter-3 (UAA)

gaugggcaccaccecggugaacageuccucgeccuugeucacuggeagageccuuCageaucgegageaggegeu
gecuccuccgeecugeageuuguacageucguccau
(SEQ ID NO: 126)

arRNA ;;-ACA-Re
porter-3 (UAU)

gaugggeaccacceccggugaacageuccucgeccuugeucacuggeagageccuaCageaucgegageaggegeug
ceuccuccgeccugeageuuguacageucguccau
(SEQ ID NO: 127)

arRNA;;-CCG-Rep
orter-3 (CAG)

gaugggeaccaccceggugaacageuccucgeecuugeucacuggeagageecucCggeaucgegageaggegeu
gecuccuccgeccugeageuuguacageucguccau
(SEQ ID NO: 128)

arRNA1 11 -GCG-Re
porter-3 (CAC)

gaugggeaccaccecggugaacageuccucgeccuugeucacuggeagageccugCggeaucgegageaggegeu
geecuccuccgeccugeagouuguacageucguccau
(SEQ ID NO: 129)

arRNA;,-UCG-Re
porter-3 (CAA)

gaugggeaccaccecggugaacageuccucgeccuugeucacuggeagageccuuCggeaucgegageaggegeu
gecuccuccgeecugeageuuguacageucguccau
(SEQ ID NO: 130)

arRNA1 11 -ACG-Re
porter-3 (CAU)

gaugggcaccaccccggugaacageuccucgeecuugeucacuggeagageccuaCggeaucgegageaggegeu
gecuccuccgeccugeageuuguacageucguccau

(SEQ ID NO: 131) FIG.16F,
arRNA,,,-CCU-Rep gaugggeaccaccceggugaacageuccucgeccuugeucacuggeagageecucCugeaucgegageaggegeu | G
orter-3 (AAG) gecuccuccgeecugeageuuguacageucguccau
(SEQ ID NO: 132)
RN All] -GCU-Re gglgﬁfgggggﬁgﬁ;igglglflﬁgiggﬂzgigﬁgcucacuggcagagcccugCugcauc gcgageaggegeu
porter-3 (AAC) (SEQ ID NO: 133)
AatRNA;;-ACU-Re g:Efgfsggszz;ﬁag;cgssgiggﬁzgzgigcucacuggcagagcccuaCugcauc gegageaggegeu
porter-3 (AAA) (SEQ ID NO: 134)
arRNA,,;-UCU-Re gig 5 ffgssgczlgsﬁ; ggg flz:s;il i(él;;zﬂz gl:l f; (;iigcucacuggcaga gcccuuCugcaucgegageaggegeu
porter-3 (AAU) (SEQ ID NO: 135)
arRN. A11] _ C C C'Rﬁp ggsgcguggjcgsg&cggggfsacag;ugfzcgiizﬁugcucacuggcagagcccucchcaucgcgagcaggcgcug
orter-3 (GAG) ” g ECAgCUIEUACAECUCEN
(SEQ ID NO: 136)
arRNA ;;-GCC-Rep gaugggcaccaccceggugaacageuccucgeccuugeucacuggeagageccugCegeaucgegageaggegeu
orter-3 (GAC) gecuccuccgececugeageuuguacageucguccau
(SEQ ID NO: 137)
arRNA;-UCC-Rep gaugggcaccaccecggugaacageuccucgeecuugeucacuggeagageccuuCcegeaucgegageaggegeu
orter-3 (GAA) gecuccuccgeccugeageuuguacageucguccan
(SEQ ID NO: 138)
arRNA;-ACC-Rep f:gfffgfcgszsczgggfsaca%;ugixcg(c;::llllugcucacuggcagagcccuachcaucgcgagcaggcgcug
orter-3 (GAU) BOCCUSCABCIUEUACAECUCEN
(SEQ ID NO: 139)
Uaccgcuacagecacgeugauuucageuauaccugeccgguanaaagggacguucacaccgegauguucucugeu
Ctrl RNAyy, ggggaauugegegauauucaggauuaaaagaaguge
(SEQ ID NO: 140) FIGI7
Acuacaguugcuccgauauuuaggeuacgucaauaggeacuaaculauugge geuggugaacggacuuccucucy )
Ctrl RNA5¢ aguaccagaagaugacuacaaaacuccuuiccauugegaguaucggagiucugecucaguuuggccagggaggcac

u
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(SEQ ID NO: 141)

arRNA;,-PPIB

cggaagagggugggeccecgguggcCagggagecggeaceeeeacgegegs
(SEQ ID NO: 142)

arRNA,-PPIB

cagcugaggecggaagaggeuggeeccecsgugecCagegagecggcaceaccacecaceseugeeegeea
(SEQ ID NO: 143)

arRNA,,,-PPIB

ggaggegaaageageocggacageugaggeoggaagaggguggggccgegguggeCagggageeggegeegecac
£CECEEgUgEEEeegacugEgguUZCUCECegEcuc
(SEQ ID NO: 144)

arRNA 5,-PPIB

gaggcegcageauccacaggeggagecaaagcageccggacagCugageccggangagegugsgeeccecegugsc
Cagggageeggegeegecacgegegggugggggssacugggguugcucecegscuccegecegscescegacse
cg

(SEQ ID NO: 145)

arRNA;-KRAS

ucuugccuacgecaccageuccaac Caccac aaguuuauauucagucauuu
(SEQ ID NO: 146)

arRNA;-KRAS

gucaaggcacucuugecuacgecaccageuccaacCaccacaaguuuauauucagucauuuucageaggce

arRNA;;-KRAS

GauucugaauuagcuguaucgucaaggeacucuugecuacgecaccageuccaacCaccacaaguuuauauucag
UCAUIIUCAZCAEECCUCUCUCCCECACCUZEEAEC
(SEQ ID NO: 147)

arRNA151 -KRAS

aucauauucguccacaaaaugauucugaauuageuguaucgucaaggeacucuugecuacgecaccageuccaacC
accacaaguuuaualucagucauliiicageaggecucucuccegeaccugggagecgeugagecucuggeceegce
(SEQ ID NO: 148)

} ucggcangguaugaaguacuucgucCaggageuggagggccegguguaagu FIG17B
arRNA;-SMAD4 (SEQ ID NO: 149)
) gggucugecaaucggeaugguaugaaguacuucgucCaggageuggagggeccgguguaagugaauuucaau
arRNA;-SMAD4 (SEQ ID NO: 150)
gaccucagucuaaagguugugggucugeaaucggeaugguaugaaguacuucgucCaggageuggagggcecegg
arRNA;;-SMAD4 uguaagugaauuucaauccagcaagguguuucuuuga
(SEQ ID NO: 151)
uaagggecccaacgguaaaagaccucagucuaaagguugugggucugeaaucggeaugguaugaaguacuucguc
arRNA 5 -SMAD4 Scaggagcuggagggcccgguguaagugaauuucaauocagcaagguguuucuuugaugcucugucuuggguaau
(SEQ ID NO: 152)
arRNA5-FANCC ugggggguucggeugecgacaucagCaauugeucugecaccaucucagece
(TAC site) (SEQ ID NO: 153)
arRNA7-FANCC agcagggccgugggeggguucggeugecgacaucagCaauugeucugecaccaucucageccauccuccgaa
(TAC site) (SEQ ID NO: 154)
arRNA,;,-FANCC aguagaaggccaagagecacageagggecgugggggguucggcugecgacaucagCaauugeucugecaccaucu
(TAC site) cagcccauccuccgaagugaaugaacaggaaccage
) (SEQ ID NO: 155)
AIRNA < FANCC ccucccaucacgggggeeguaguagaaggecaagagecacageagggecgugggggguucggeugecgacaucag
(TAC S}fé) Caauugcucugccaccaucucageccauccuccgaagugaaugaacaggaaccageucucaaagggaccuccgeag
(SEQ ID NO: 156)
arRNA. - -PPIB gccaaacaccacatgettgecatctagecaggctgtettgactgte gtgatgaagaactgggageegttggtgtcCttgectgeg
(AAG Slftle) ttggecatgetcacccagecaggecegtagtgcttcagtttgaagttctcatcggggaagegetca
(SEQ ID NO: 157)
ArRNA, <, -PPIB gggagtgggiccgeliccaccagatgecageaccggggecagtgeagetcagagecctgtggeggactacagggecCgea
(CAG Slistle) cagacggtcactcaaagaaagatgtceetgtgecctactecttggegatggeaaagggctictccacetega
(SEQ ID NO: 158)
arRNA <, -FANCC tgcattttgtaaaatagatactagcagattgtcccaagatgtgtacagetcattctcacageccagegagggeacCtactccacaa
(AAG slftlc) atgcgtggecacaggtcatcacctgtectgtggecctggegagectgatecctcacgecgggeac FIG17C
(SEQ ID NO: 159)
getecattetcacageccagegagggeacttactccacaaatgegtggccacaggteatcacctgtectgtggeccCggegage
arRNA5,-FANCC
(CAG site) ctgatccctecacgecgggeacccacacggectgegtgectictagacttgagttcgeagetctttaag
(SEQ ID NO: 160)
aRNA < -IDUA tcggeegggeectggggacggtgggcgctggecaggacgeecacegtgtggttgctgtecaggacggteceggecCgeg
(CAG Slfé) acacttcggeccagagetgetecteatccageagegecageagececatggecgtgageaceggcettgegea
(SEQ ID NO: 161)
ugaccagucuuaagaucuuucuugaccugeaccavaagaacuucuccaaagguacCaaaauacucuuucagguecu
arRNA[;;-TARDBP | guucgguuguuuuccaugggagacccaacacuauu FIG17D
(SEQ ID NO: 162)
arRNA;;-CGA-Re | SAUBEECACCACCCCERUZAACAZCICCUCECCCUECUCACUBECagAgoceuc Gagcaucgcgageaggegeu
) gecuccuccgeccugeageuuguacageucguccau
porter-3 (UAG) (SEQ ID NO: 163)
AarRNA,;;-GGA-Re gaugggeaccaccceggugaacageuccucgeecuugeucacuggeagageccugGageaucgegageaggegeu FIG17G

porter-3 (UAC)

gecuccuccgeccugeageuuguacageucguccau
(SEQ ID NO: 164)

arRNA[;1-UGA-Re
porter-3 (UAA)

gaugggcaccaccecggugaacageuccucgeccuugeucacuggeagageccuuGageaucgegageaggegeu
gecuccuccgeecugeageuuguacageucguccau
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(SEQ ID NO: 165)

arRNA;1-AGA-Re
porter-3 (UAU)

gaugggeaccaccecggugaacageuccucgeccuugencacuggeagageccuaGageaucgegageaggegen
gecuccuccgeecugeageuuguacageucguccau
(SEQ ID NO: 166)

arRNAm -CGG-Re
porter-3 (CAG)

gaugggcaccaccceggugaacageuccucgeecuugeucacuggeagageecucGggeaucgegageaggegeu
gecuccucegeccugeageuuguacageucguccau
(SEQ ID NO: 167)

arRNA [;;-GGG-Re
porter-3 (CAC)

gaugggcaccaccceggugaacageuccucgeecuugeucacuggeagageecugGggeaucgegageaggegeu
gecuccuccgeccugeageuuguacageucguccau
(SEQ ID NO: 168)

arRNAm -UGG-Re
porter-3 (CAA)

gaugggcaccaccccggugaacageuccucgeccuugeucacuggeagageo cuuGggcaucgcgagcaggcgcu
gecuccuccgeccugeageuuguacageucguccau
(SEQ ID NO: 169)

arRNA[;;-AGG-Re
porter-3 (CAU)

gaugggcaccacceccggugaacageuccucgeccuugeucacuggeagageccuaGggeaucgegageaggegou
gecuccuccgeecugeagouuguacageucguccau
(SEQ ID NO: 170)

arRNA ;1-CGU-Re
porter-3 (AAG)

gaugggeaccaccceggugaacageuccucgeecuugeucacuggeagageccucGugeaucgegageaggegeu
gecuccuccgeccugeageuuguacageucguecal
(SEQ ID NO: 171)

arRNA[11-GGU-Re
porter-3 (AAC)

gaugggcaccaccecggugaacageuccucgeccuugeucacuggeagageccugGugeaucgegageaggegeu
gecuccuccgeccugeageuuguacageucguccau
(SEQ ID NO: 172)

arRNA ;-AGU-Re
porter-3 (AAA)

gaugggeaccaccecggugaacageuccucgeccuugeucacuggeagageccuaGugeaucgegageaggegeu
gecuccuccgeecugeageuuguacageucguccau
(SEQ ID NO: 173)

arRNA 111 -UGU-Re
porter-3 (AAU)

gaugggeaccaccceggugaacageuccucgeccuugeucacuggeagageccuuGugeaucgegageaggegeu
gecuccuccgeccugeageuuguacageucguccau
(SEQ ID NO: 174)

arRNA;;-CGC-Rep
orter-3 (GAG)

gaugggeaccaccecggugaacageuccucgeccuugeucacuggeagageccucGegeaucgegageaggegeu
gecuccuccgeecugeageuuguacageucguccau
(SEQ ID NO: 175)

al’RNAu] -GGC-Re
porter-3 (GAC)

gaugggeaccaccceggugaacageuccucgeecuugeucacuggeagageecugGegeaucgegageaggegeu
gecuccuccgeccugeageuuguacageucguccan
(SEQ ID NO: 176)

arRNAH] -UGC-Re
porter-3 (GAA)

gaugggeaccaccecggugaacageuccucgeccuugeucacuggeagageccuuGegeaucgegageaggegeu
gecuccuccgeecugeageuuguacageucguccau
(SEQ ID NO: 177)

arRNA [;;-AGC-Re
porter-3 (GAU)

gaugggeaccaccecggugaacageuccucgeccuugeucacuggeagageccuaGegeaucgegageaggegeu
gecuccuccgeecugeageuuguacageucguccau
(SEQ ID NO: 178)

al‘RNAn] -CGA-Re
porter-3 (UAG)

gaugggcaccaccecggugaacageuccucgeccuugeucacuggeagageccucGageaucgegageaggegeu
gecuccuccgeecugeageuuguacageucguccau
(SEQ ID NO: 179)

arRNA ;-GGA-Re
porter-3 (UAG)

gaugggcaccaccecggugaacageuccucgeccuugeucacuggeagageccuGGageaucgegageaggegeu
gecuccuccgeecugeageuuguacageucguccau
(SEQ ID NO: 180)

arRNAm -UGA-Re
porter-3 (UAG)

gaugggcaccaccccggugaacageuccucgeccuugeucacuggeagageccul Gageaucgegageaggegeu
gecuccuccgeecugeageuuguacageucgucean
(SEQ ID NO: 181)

arRNA|;;-AGA-Re
porter-3 (UAG)

gaugggcaccacceccggugaacageuccucgeccuugeucacuggeagageccuA Gageaucgegageaggegeu
gecuccuccgeccugeagouuguacageucguccau
(SEQ ID NO: 182)

arRNA |;;-CGU-Re
porter-3 (UAG)

gaugggcaccaccecggugaacageuccucgeccuugeucacuggeagageccucGUgcaucgegageaggegen
gecuccuccgeccugeageuuguacageucguccau
(SEQ ID NO: 183)

arRNA;;-CGG-Re
porter-3 (UAG)

gaugggcaccaccecggugaacageuccucgeccuugeucacuggeagageccucGGgeaucgegageaggegeu
gecuccuccgeccugeagouuguacageucguccau
(SEQ ID NO: 184)

arRNA;;-CGC-Rep
orter-3 (UAG)

gaugggeaccaccecggugaacageuccucgeccuugeucacuggeagageecucGCgeaucgegageaggegeu
gecuccuccgeccugeageuuguacageucguccau
(SEQ ID NO: 185)

a[RNAu] -CGU-Re
porter-3 (AAG)

gaugggeaccaccecggugaacageuccucgeccuugeucacuggeagageccucGugeaucgegageaggegeu
gecuccuccgeecugeageuuguacageucguccau
(SEQ ID NO: 186)

arRNA;-GGU-Re
porter-3 (AAG)

gaugggeaccaccecggugaacageuccucgeccuugeucacuggeagageccuGGugeaucgegageaggegeu
gecuccuccgeecugeageuuguacageucguccau
(SEQ ID NO: 187)

arRNA 111 -UGU-Re

gaugggcaccaccccggugaacageuccucgeccuugeucacuggeagageccull Gugeaucgegageaggegeu
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porter-3 (AAG) gecuccuccgececugeageuuguacageucguccau
(SEQ ID NO: 188)
arRNA, - -AGU-Re gaugggcaccaccceggugaacageuccucgeccuugeucacuggeagageccuAGugeaucgegageaggegeu
a 1™ -
) gecuccuccgeccugeageuuguacageucguccau
porter-3 (AAG) (SEQ ID NO: 189)
ARNA | 11-CGA. gaugggeaccacccecggugaacageuccucgeccuugeucacuggeagageccucGAgeaucgegageaggegeu
11~ -
. geeuccuccgeccugeageuuguacageucguccau
Reporter-3 (AAG) (SEQ ID NO: 190)
aRNA, -CGC-Re gaugggcaccaccceggugaacageuccucgeccuugeucacuggeagageccucGCgeaucgegageaggegeu
orter-3 1(1{; A’G) P geeuccuccgeccugeageuuguacageucguccau
(SEQ ID NO: 191)
arRNA ;;-CGG-Re gaugggeaccacccecggugaacageuccucgeccuugeucacuggeagageccucGGgeaucgegageaggegeu
gecuccuccgeccugeageuuguacageucguccau
porter-3 (AAG) (SEQ ID NO: 192)
arRNA ;- -KRAS-A gauucugaauuageuguaucgucaaggeacucgugecgacgecaccageuccaacCaccacaaguggagagucagu
G6 cauuuucageaggecucucucccgeaccugggage
(SEQ ID NO: 193) FIG 17T
arRNA ;- KRAS-A gauucugaauuageuggaucgucaaggeacucgggecgacgecaccageuccaacCaccacaaguggagagucagu )
G9 cauuuucageaggecucucucccgeaccggggage
(SEQ ID NO: 194)
gggageagecucuggeauucugggageuucaucuggaccugggucuucagugaacCauuguucaauaucguccg
arRNA ;-TP53 gggacagcaucaaaucauccauugeuugggacggeaa
(SEQ ID NO: 195)
arRNA ;;-TP53-AG gggagcagecucuggeauucugggageuucaucuggaccugggucuucagugaacCauuguucaagaucguecg
1 gggacagcaucaaaucauccauugeuugggacggeaa FIG23
(SEQ ID NO: 196)
arRNA 11;-TP53-AG gggageagecucuggeagucggggageuucaucuggaccugggucuucagugaacCauuguucaagaucguccg
4 gggacagcaucaaaucauccagugeuugggacggeaa
(SEQ ID NO: 197)
cauauuacagaauaccuugauageauccaauuugeauccuugguuagggucaaccCaguauucuccacucuugag
arRNA[;;-COL3A1 | uucaggauggcagaauuucaggucucugeaguuucu
(SEQ ID NO: 198)
gugaagauaagecaguccucuaguaacagaaugageaagacggeaagageuuaccCagucacuuguguggagacu
arRNA;1-BMPR2 uaaavacuugcauaaagauccauugggauaguacuc
(SEQ ID NO: 199)
gugaacgucaaacugucggaccaauauggeagaaucuucucucaucucaacuuucCavauccguaucauggaauc
arRNA;1-AHI1 auagcauccuguaacuacuageucucuuacageugg
(SEQ ID NO: 200) FIG26
arRNA,;-FANCC gccaaugaucucgugaguuaucucageagugugagecaucagggugaugacauccCaggegaucguguggecuce )
(Site 2) aggagcccagageaggaaguugaggagaaggugecu
(SEQ ID NO: 201)
caagacggugaaccacuccauggucuucuugucggeuuucugeacuguguaccecCagageuccguguugecgac
arRNA;;1-MYBPC3 | auccugggguggcuuccacuccagagecacauuaag
(SEQ ID NO: 202)
aggauucucuuuugaaguaunugeucceecaguggauuggguggeuccauucacucCaaugeugageacuuccaca
arRNA;,-IL2RG gaguggguuaaageggeuccgaacacgaaacgugua
(SEQ ID NO: 203)
arRNA - IDUA-V gacgeccaccgugugguugeuguccaggacggucccggecugegacacuucggecCagageugeuccucauccag
1 cagcgccageagecccauggecgugageaccggeuu
(SEQ ID NO: 204) FIG29
arRNA;,-IDUA-V gacgcccaccgugugguugeuguccaggacggucceggecugegacacuucggecCagageugeuccucaucuge )
2 B88ECE28E8EEECCIUCECCECEUSZZBuCSuug
(SEQ ID NO: 205)

[00254] It turned out that this linear guide RNA induced strong EGFP expression in close to 40% of total
cells harboring the Reporter-1 (FIG11B, upper). Because endogenous ADAR proteins could edit
double-stranded RNA (dsRNA) substratesu, we reasoned that the long guide RNAs could anneal with the
target transcripts to form dsRNA substrates that in turn recruit endogenous ADAR proteins for targeted editing.
We thus designated such guide RNA as arRNA (ADAR-recruiting RNA).

[00255] To verify if endogenous ADAR proteins are indeed responsible for above observation, we set out to
examine the arRNA-mediated RNA editing in ADAR-deficient cells. Since ADAR2 mRNA was barely
detectable in HEK293T cells (FIG12A), we generated HEK293T ADARI 7 cells, rendering this cell line
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deficient in both ADAR1 and ADAR2 (FIG11C, d). Indeed, the depletion of ADARI1 abrogated
arRNA-induced EGFP signals (FIG 11B, lower). Morcover, exogenous expression of ADAR1IP'®, ADAR1?'
or ADAR2 in HEK293T ADARI™ cells (FIG11C, d) successfully rescued the loss of EGFP induction by
arRNA7 (FIG11E, FIG12B), demonstrating that arRNA-induced EGFP reporter expression solely depended
on native ADARI, whose activity could be reconstituted by its either isoforms (p110 and p150) or ADAR2.
Sanger sequencing analysis on the arRNA7p-targeting region showed an A/G overlapping peak at the predicted
adenosine site within UAG, indicating a significant A to I (G) conversion (FIG11F). The next-generation
sequencing (NGS) further confirmed that the A to I conversion rate was about 13% of total reporter transcripts
(FIG11G). The quantitative PCR analysis showed that arRNA7, did not reduce the expression of targeted
transcripts (FIG. 13), ruling out the possible RNAi effect of the arRNA. Collectively, our data demonstrated
that the arRNA is capable of generating significant level of editing on the targeted transcripts through the

engineered A-C mismatch.
Example 7. LEAPER enables RNA editing in multiple cell lines

[00256] Because the expression of endogenous ADAR proteins is a prerequisite for LEAPER-mediated RNA
editing, we tested the performance of LEAPER in a panel of cell lines originated from distinct tissues,
including HT29, A549, HepG2, RD, SF268, SW13 and HeLa. We first examined the endogenous expression of
all three kinds of ADAR proteins using Western blotting analyses. ADARI1 was highly expressed in all tested

7~ line

cell lines, and its identity in the Western blots was confirmed by the negative control, HEK293T ADAR!
(FIG14A, b). ADAR3 was detected only in HepG2 and HeLa cells (FIG14A, b). ADAR2 was non-detectable
in any cells, a result that was not due to the failure of Western blotting because ADAR2 protein could be
detected from ADAR2-overexpressing HEK293T cells (FIG14A, b). These findings are in consistent with
previous reports that ADARI is ubiquitously expressed, while the expressions of ADAR2 and ADAR3 are
restricted to certain tissues'".

[00257] We then set out to test the editing efficiencies of a re-designed 71-nt arRNA (arRNA7) targeting the
Reporter-1 (FIG15A and Sequences of arRNAs and control RNAs used in this study listed above) in these cell
lines.

[00258] LEAPER worked in all tested cells for this arRNA7;, albeit with varying efficiencies (FIG14C).
These results were in agreement with the prior report that the ADAR1/2 protein levels correlate with the RNA
editing yield?, with the exception of HepG2 and HeLa cells. The suboptimal correlations of editing
efficiencies with ADAR1 levels were likely due to the abundant ADAR3 expressions in these two lines
(FIG14A, b) because it has been reported that ADAR3 plays an inhibitory role in RNA editing. Importantly,
LEAPER also worked in three different cell lines of mouse origin (NIH3T3, Mouse Embryonic Fibroblast
(MEF) and B16) (FIG14D), paving the way for testing its therapeutics potential through animal and disease
models. Collectively, we conclude that LEAPER is a versatile tool for wide-spectrum of cell types, and for

different organisms.
Example 8. Characterization and optimization of LEAPER

[00259] To better characterize and optimize LEAPER, we investigated the choices of nucleotide opposite to
the adenosine within the UAG triplet of the targeted transcript. In HEK293T cells, Reporter-1-targeting
arRNA7, showed variable editing efficiencies with a changed triplet (5’-CNA, N denotes one of A/U/C/G)
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opposite to the targeted UAG (Sequences of arRNAs and control RNAs used in this study listed above). A-C
mismatch resulted in the highest editing efficiency, and the A-G mismatch yielded the least but evident edits
(FIG16A). We then investigated the preference of nucleotides flanking the A-C mismatch in arRNA. We tested
all 16 combinations of 5” and 3’ neighbor sites surrounding the cytidine (5’-N1CN2) (Sequences of arRNAs and
control RNAs used in this study listed above), and found that the 3° neighboring adenosine was required for
the efficient editing, while adenosine is the least favorable nucleotide at the 5° site (FIG16B, ¢). We thus
concluded that CCA motif on the arRNA confers the highest editing efficiency targeting the UAG site. It is
worthwhile to note that the 3” neighboring guanosine (5°-N'CG) in arRNA showed a dramatic inhibitory effect
(FIG16B, c).

[00260] Length of RNA appeared relevant to arRNA efficiency in directing the editing on the targeted
transcripts (FIG 10C), consistent with a previous report®. To fully understand this effect, we tested arRNAs
with variable lengths targeting two different reporter transcripts -Reporter-1 and Reporter-2 (FIG15A, b). For
either reporter targeting, arRNAs of 10 different sizes were designed and tested, ranging from 31-nt to 211-nt,
with CCA triplet (for UAG targeting) right in the middle (Sequences of arRNAs and control RNAs used in this
study listed above). Based on the reporter EGFP activities, the length of arRNA correlated positively with the
editing efficiency, for both reporters, peaking at 111- to191-nt (FIG.16D). Although one arRNAjs, appeared
working, 71-nt was the minimal length for arRNA to work for both reporters (FIG.16D).

[00261] Next, we investigated the effect of the A-C mismatch position within an arRNA on editing efficiency.
We fixed the lengths of all arRNAs for testing to 71-nt, and slided the UAG-targeting ACC triplet from 5° to 3’
within arRNAs (Sequences of arRNAs and control RNAs used in this study listed above). It turned out that
placing the A-C mismatch in the middle region resulted in high editing yield, and arRNAs with the mismatch
sites close to the 3” end outperformed those close to the 5” end in both reporters (FIG16E). For convenience,
we placed the A-C mismatch at the center of arRNAs for all of our subsequent studies.

[00262] We also tested the targeting flexibility of LEAPER and tried to determine whether UAG on target is
the only motif subjected to RNA editing. For all 16 triplet combinations (53’-N'AN?) on Reporter-3 (FIG15C),
we used the corresponding arRNAs with the fixed lengths (111-nt) and ensured the perfect sequencing match
for arRNA and the reporter except for the editing site (A-C mismatch) (FIG16F and Sequences of arRNAs and
control RNAs used in this study listed above). NGS results showed that all N'AN? motifs could be edited. The
UAN? and GAN? are the most and the least preferable motifs, respectively (FIG 16F, g). Collectively, the
nearest neighbor preference of the target adenosine is 5° U>C=A>G and 3° G>C>A=U (FIG 16G).

Example 9. Editing endogenous transcripts using LEAPER

[00263] Next, we examined if LEAPER could enable effective editing on endogenous transcripts. Using
arRNAs of different lengths, we targeted the UAG motifs in the transcripts of PPIB, KRAS and SMAD4 genes,
and an UAC motif in FANCC gene transcript (FIG17A, Sequences of arRNAs and control RNAs used in this
study listed above). Encouragingly, targeted adenosine sites in all four transcripts were edited by their
corresponding arRNAs with all four sizes, albeit with variable efficiencies according to NGS results (FIG.17B).
In consistent with our prior observation, longer arRNAs tended to yield higher editing rates. Of note, the
151-nt arRNAP"™® edited ~50% of total transcripts of PPIB gene (FIG17B). No arRNAs showed RNA1 effects
on their targeted transcripts (FIG18A) or ultimate protein level (e.g. KRAS, FIG18B). Besides, LEAPER is
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able to achicve desirable editing rate on non-UAN sites (FIG.17C and Sequences of arRNAs and control RNAs
used in this study listed above), showing the flexibility of LEAPER on editing endogenous transcripts. To
further explore the power of LEAPER, we tested whether it could simultaneously target multiple sites. We
observed multiplex editing of both 7ARDBP and FANCC transcripts by co-expression of two arRNAs
(Sequences of arRNAs and control RNAs used in this study listed above), with the efficiency even higher than
those with individual arRNAs (FIG17D), indicating that LEAPER 1s well suited for editing multiple targets in
parallel.

[00264] It is noteworthy that ADAR1/2 tend to promiscuously deaminate multiple adenosines in an RNA
duplex44 and the A-C mismatch is not the only motif to guide the A-to-I switch (FIG16A). It is therefore
reasonable to assume that all adenosines on target transcripts within the arRNA coverages are subjected to
variable levels of editing, major sources of unwanted modifications. The longer the arRNA, the higher the
possibility of such off-targets. We therefore examined all adenosine sites within the arRNA covering regions in
these targeted transcripts. For PPIB transcripts, very little off-target editing was observed throughout the
sequencing window for variable sizes of arRNAs (FIG17E, f). However, in the cases of targeting KRAS,
SMAD4 and FANCC genes, multiple off-target edits were detected (FIG 19A-f). For KRAS in particular, 11 out
of 30 adenosines underwent substantial A to I conversions in the sequencing window of arRNAj; (FIG19A,
b).

[00265] We next attempted to develop strategies to minimize such unwanted off-target effects. Because an
A-G mismatch suppressed editing for UAG targeting (FIG.16A), we postulated that pairing a guanosine with a
non-targeting adenosine might reduce undesirable editing. We then tested the effect of the A-G mismatch on
adenosine in all possible triplet combinations (5°-N"AN?) as in Reporter-3 (FIG.15C and Sequences of arRNAs
and control RNAs used in this study listed above). A-G mismatch indeed decreased the editing on adenosine in
all tested targets, except for UAG or AAG targeting (~2%) (FIG17G), in comparison with A-C mismatch
(FIG16F). To further reduce editing rates at unwanted sites, we went on testing the effect of two consecutive
mismatches. It turned out that the additional mismatch at the 3” end nucleotide of the triplet opposite to either
UAG or AAG, abolished its corresponding adenosine editing (FIG.17H and Sequences of arRNAs and control
RNASs used in this study listed above). In light of these findings, we attempted to apply this rule to reduce
off-targets in KRAS transcripts (FIG19A). We first designed an arRNA (arRNA;;-AG6) that created A-G
mismatches on all “editing-prone” motifs covered by arRNA, |, (FIG171, FIG19A and Sequences of arRNAs
and control RNAs used in this study listed above), including AAU (the 61%), UAU (the 63™), UAA (the 65),
AAA (the 66"™), UAG (the 94™) and AAG (the 99™). This arRNA;;;-AG6 climinated most of the off-target
editing, while maintained an on-target editing rate of ~ 5%. In consistent with the findings in FIG17G, the
single A-G mismatch could not completely minimize editing in AAG motif (99) (FIG.171 and FIG.19A). We
then added more mismatches on arRNA;;;-AG6, including a dual mismatch (5°-CGG opposite to the targeted
motif 5°-AAG), plus three additional A-G mismatches to mitigate editing on the 27" 98" and the 115"
adenosines (arRNA[;1-AG9) (Sequences of arRNAs and control RNAs used in this study listed above).
Consequently, we achieved a much improved specificity for editing, without additional loss of editing rate on
the targeted site (A76) (FIG17I). In summary, engineered LEAPER incorporating additional rules enables

efficient and more precise RNA editing on endogenous transcripts.
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Example 10. RNA editing specificity of LEAPER

[00266] In addition to the possible off-target effects within the arRNA-covered dsRNA region, we were also
concerned about the potential off-target effects on other transcripts through partial base pairing of arRNA. We
then performed a transcriptome-wide RNA-sequencing analysis to evaluate the global off-target effects of
LEAPER. Cells were transfected with a Ctrl RNA,s; or a PPIB-specific arRNA(arRNA5,-PPIB) expressing
plasmids before subjected to RNA-seq analysis. We identified six potential off-targets in the Ctrl RNA,s; group
(FIG20A) and five in the arRNA ;5,-PPIB group (FIG20B), and the PPIB on-target rate based on NGS analysis
was ~37% (FIG20B). Further analysis revealed that all sites, except for the two sites from FIF2AK2
transcripts, were located in either SINE (Alu) or LINE regions (FIG20A, b), both are prone to
ADAR-mediated editing®, suggesting that these off-targets may not be derived from pairing between the target
transcripts and the arRNA or control RNA. Of note, two off-targeting transcripts, WDR73 and SMYDA4,
appeared in both groups, suggesting they are unlikely sequence-dependent RNA editing. Indeed, minimum free
energy analysis suggested that all these possible off-target transcripts failed to form a stable duplex with either
Ctrl RNA 5, 0r arRNA,5,-PPIB (FIG20C). To further test if arRNA generates sequence-dependent off-targets,
we selected potential off-target sites by comparing sequence similarity using NCBI BLAST for both
arRNA5,-PPIB and arRNA,;-FANCC. TRAPPCI12 transcripts for arRNA;s,-PPIB and three sites in the
ST3GALI, OSTMI-AS] and FHDZ2 transcripts for arRNA,;;-FANCC were top candidates (FIG20D and
FIG21A). NGS analysis revealed that no editing could be detected in any of these predicted off-target sites
(FIG20D and FIG21B). These results indicate that LEAPER empowers efficient editing at the targeted site,

while maintaining transcriptome-wide specificity without detectable sequence-dependent off-target edits.
Example 11. Safety assessment of LEAPER in mammalian cells

[00267] Because arRNAs rely on endogenous ADAR proteins for editing on target transcripts, we wondered
if the addition of exogenous arRNAs affects native RNA editing events by occupying too much of ADARI or
ADAR?2 proteins. Therefore, we analyzed the A-to-I RNA editing sites shared by mock group and
arRNA 5;-PPIB group from the transcriptome-wide RNA-sequencing results, and the comparison between the
mock group and Ctrl RNA 5, group was also analyzed. Neither Ctrl RNA s, group nor arRNA5,-PPIB group
showed a significant difference compared to the mock group (FIG22A, B), indicating that LEAPER had little
impact on the normal function of endogenous ADARI to catalyze the native A-to-I editing events.

[00268] Meanwhile, we performed differential gene expression analysis using RNA-seq data to verify
whether arRNA affects global gene expression. We found that neither Ctrl RNA;s; nor arRNA,s;-PPIB
affected the global gene expression in comparison with the mock group (FIG22C, D). In consistent with our
prior observation (FIG18A), arRNAs did not show any RNA1 effect on the expression of PPIB (F1IG22C, D).
[00269] Considering that the arRNA forms RNA duplex with the target transcript and that RNA duplex might
elicit innate immune response, we investigated if the introduction of arRNA has such an effect. To test this, we
selected arRNAs targeting four gene transcripts that had been proven effective. We did not observe any mRNA
induction of interferon-f (IFN-B) (FIG22E) or interleukin-6 (IL-6) (FIG22F), which are two hallmarks of
innate immune activation. As a positive control, a synthetic analog of double-stranded RNA - poly(I:C)
induced strong IFN-f and IL-6 expression (FIG22E, f). LEAPER does not seem to induce immunogenicity in

target cells, a feature important for safe therapeutics.
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Example 12. Recovery of transcriptional regulatory activity of pS3 by LEAPER

[00270] Now that we have established a novel method for RNA editing without the necessity of introducing
foreign proteins, we attempted to demonstrate its therapeutic utility. We first targeted the tumor suppressor
gene 7P353, which is known to play a vital role in the maintenance of cellular homeostasis, but undergo
frequent mutations in >50% of human cancers’®. The ¢.158G>A mutation in TP53 is a clinically-relevant
nonsense mutation (Trp53Ter), resulting in a non-functional truncated protein46, We designed one arRNAj;
and two alternative arRNAs (arRNA;11-AG1 and arRNA;;-AG4) (Sequences of arRNAs and control RNAs
used in this study listed above), all targeting 7P53%>°F transcripts (FIG23A), with the latter two being
designed to minimize potential off-targets. We generated HEK293T TP53cell line to eliminate the effects of
native p53 protein. All three forms of 7P353%>>*-targeting arRNAs converted ~25-35% of 7P53%>* transcripts
on the mutated adenosine site (FIG.23B), with variable reductions of unwanted edits for arRNA;;-AG1 and
arRNA;;-AG4 (FIG 24). Western blot showed that arRNA,j;, arRNA;;-AG1 and arRNA;;;-AG4 could all
rescue the production of full-length p33 protein based on the 7P53%>>% transcripts in HEK293T 7P537" cells,
while the Ctrl RNA,;; could not (FIG23C).

[00271] To verify whether the repaired p53 proteins are fully functional, we tested the transcriptional
regulatory activity of p53 with a p33-luciferase cis-reporting system’**. All three versions of arRNAs could
restore p33 activity, and the optimized version arRNA |;;-AG1 performed the best (FIG.23D). In conclusion,
we demonstrated that LEAPER is capable of repairing the cancer-relevant pre-mature stop codon of 7P53 and

restoring its function.
Example 13. Corrections of pathogenic mutations by LEAPER

[00272] We next investigated whether LEAPER could be used to correct more pathogenic mutations. Aiming
at clinically relevant mutations from six pathogenic genes, COL341 of Ehlers-Danlos syndrome, BMPR?2 of
Primary pulmonary hypertension, AHI! of Joubert syndrome, FANCC of Fanconi anemia, MYBPC3 of Primary
familial hypertrophic cardiomyopathy and /Z2RG of X-linked severe combined immunodeficiency, we
designed 111-nt arRNAs for each of these genes carrying corresponding pathogenic G>A mutations (FIG 25
and Sequences of arRNAs and control RNAs used in this study listed above, and the disease-relevant cDNAs
used in this studyare shown in Table 4).
Table 4.Disecase-related cDNAs used in this study

Candidate Disease Mutant Adenosine
NM_000090.3 (COL341) | Ehlers-Danlos syndrome, type 4 c.3833G>A (p.Trp1278Ter)
NM_001204.6 (BMPR2) Primary pulmonary hypertension c.893G>A (p.Trp298Ter)
NM_017651.4 (4HII) Joubert syndrome 3 c.2174G>A (p.Trp725Ter)

NM_000136.2 (FANCC) Fanconi anemia, complementation group C c.1517G>A (p.Trp506Ter)
NM_000256.3 (MYBPC3) | Primary familial hypertrophic cardiomyopathy | ¢.3293G>A (p.Trp1098Ter)

NM_000206.2 (IL2RG) X-linked severe combined immunodeficiency ?ﬁ7ll"orpcz}§¢Ter)

[00273] By co-expressing arRNA/cDNA pairs in HEK293T cells, we identified significant amounts of target
transcripts with A>G corrections in all tests (FIG24). Because G>A mutations account for nearly half of
known disease-causing point mutations in humans'**’, the A>G conversion by LEAPER may offer immense

opportunities for therapeutics.

Example 14. RNA editing in multiple human primary cells by LEAPER
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[00274] To further explore the clinical utility of LEAPER, we set out to test the method in multiple human
primary cells. First, we tested LEAPER in human primary pulmonary fibroblasts and human primary bronchial
epithelial cells with 151-nt arRNA (Sequences of arRNAs and control RNAs used in this study listed above) to
edit the Reporter-1 (FIG15A). 35-45% of EGFP positive cells could be obtained by LEAPER in both human
primary cells (FIG27A). We then tested LEAPER in editing endogenous gene PPIB in these two primary cells
and human primary T cells, and found that arRNA5;-PPIB could achieve >40%, >80% and >30% of editing
rates in human primary pulmonary fibroblasts, primary bronchial epithelial cells (FIG27B) and primary T cells
(FIG27C), respectively. The high editing efficiency of LEAPER in human primary cells is particularly

encouraging for its potential application in therapeutics.
Example 15. Efficient editing by lentiviral expression and chemical synthesis of arRNAs

[00275] We then investigated if LEAPER could be delivered by more clinically-relevant methods. We first
tested the effect of arRNA through lentivirus-based expression. Reporter-1-targeting arRNA ;5; induced strong
EGFP expression in more than 40% of total cells harboring the Reporter-1 in HEK293T cells 2 days post
infection (dp1). At 8 dpi, the EGFP ratio maintained at a comparable level of ~38% (FIG28A and Sequences of
arRNAs and control RNAs used in this study listed above), suggesting that LEAPER could be tailored to
therapeutics that require continuous administration. For native gene editing, we delivered PPIB-targeting
arRNA s, through lentiviral transduction in HEK293T cells and observed over 6% of target editing at 6 dpi
(FIG28B).

[00276] We next tested synthesized arRNA oligonucleotides and electroporation delivery method for
LEAPER. The 111-nt arRNA targeting PPIB transcripts as well as Ctrl RNA were chemically synthesized with
2°-O-methylation and phosphorothioate linkage at the first three and last three nucleotides of arRNAg
(F1IG28C). After introduced mnto T cells through electroporation, arRNA ;;-PPIB oligos achieved ~20% of
editing on PPIB transcripts (FIG28D), indicating that LEAPER holds promise for the development of
oligonucleotide drugs.

Example 16. Restoration of a-L-iduronidase activity in Hurler syndrome patient-derived primary
fibroblast by LEAPER

[00277] Finally, we examined the potential of LEAPER in treating a monogenic disease - Hurler syndrome,
the most severe subtype of Mucopolysaccharidosis type I(MPS 1) due to the deficiency of o-L-iduronidase
(IDUA), alysosomal metabolic enzymeresponsible for the degradation of mucopolysaccharides™. We chose a
primary fibroblast GM06214 that was originally isolated from Hurler syndrome patient. The GMO06214 cells
contain a homozygous TGG>TAG mutation in exon 9 of the IDUA gene, resulting in a Trp402Ter mutation in
the protein. We designed two versions of arRNAs by synthesized RNA oligonucleotides with chemical
modifications of 2’-O-methylations and internucleotide phosphorothiatelinkages in the first and last 3
nucleotides of the sequences,arRNA;-IDUA-V1 and arRNA;;-IDUA-V2, targeting the mature mRNA and
the pre-mRNA of IDUA, respectively (FIG29A and Sequences of arRNAs and control RNAs used in this study
listed above). After introduction ofarRNA;;-IDUA-V1 or arRNA;;-IDUA-V2 into GM06214 cells via
electroporation, we measured the targeted RNA editing rates via NGS analysis and the catalytic activity of
a~L-iduronidase with 4-MU-a-L-iduronidase substrate at different time points. Both arRNA ;;-IDUA-V1 and
arRNA,;-IDUA-V2 significantly restored the [IDUA catalytic activity in IDUA-deficient GM06214 cells
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progressively with time after eclectroporation, and arRNA;;-IDUA-V2 performed much better than
arRNA|;-IDUA-V1, while no o-L-iduronidase activity could be detected in three control groups (FIG.29B).

[00278] To further evaluate the extent to which the restored IDUA activity in GM06214 by LEAPER relieves
the Hurler syndrome, we examined the IDUA activity in GMO01323 cells, another primary fibroblasts from
patient with Scheie syndrome, a much milder subtype of MPS I than Hurler syndrome due to the remnant
IDUA activity resulting from heterozygous genotype on /DUA gene. We found that the catalytic activity of
IDUA in GM06214 cells harboringarRNA;;-IDUA-V2 was higher than GMO01323 cells 48 hr post
electroporation (FIG29B). Consistent with these results, NGS analysis indicated that arRNA,;;-IDUA-V2
converted nearly 30% of A to I editing, a much higher rate than arRNA;;;-IDUA-V1 (FIG29C). Further
analysis revealed that minimal unwanted edits were detected within the arRNA covered regions of /DUA
transcripts (FIG29D). Importantly, LEAPER did not trigger immune responses in primary cells as we
demonstrated that, unlike the RNA duplex poly(I:C) serving as a positive control, neither arRNA,;-IDUA-V1
nor arRNA;-IDUA-V2 induced expressions of a panel of genes involved in type-I interferon and
pro-inflammatory responses (FIG29E). These results showed the therapeutic potential of LEAPER in targeting

certain monogenetic diseases.
Example 17. Detection of GM06214 mutant genotype

[00279] GMO06214 cells was cultured in a fibroblast culture medium (ScienCell, FM medium, Cat. No. 2301)
containing 15% serum and 1% fibroblast growth additive (ScienCell, GFS, Cat. No. 2301), in an incubator of
37° C and 5% CO,, for 2-3 days.When cells are 90% confluent, they are digested with 0.25% trypsin, then the
digestion is terminated by fibroblast culture medium containing 15% serum . DNA extraction was performed
using a TianGene® (TIANGEN Biotech (Beijing) Co., Ltd.) cell DNA extraction kit (Cat. No. DP304-03)
according to the operating instructions.

[00280] Primers for sequences upstrecam and downstream of the IDUA mutation site was designed using
NCBI-Primer blast (website: https://www.ncbi.nlm.nih. gov/tools/primer-blast/). SEQ ID NO:304:
CGCTTCCAGGTCAACAACAC (forward primer hIDUA-F1); SEQ ID NO 305:
CTCGCGTAGATCAGCACCG (reverse primer hIDUA-R1). A PCR was performed, and the PCR products
were subjected to Sanger sequencing. As shown in FIG34, the mutation of the cells was comfirmed to be a G

to A mutation which results in the disease.
Example 18. Test of GM06214 cell transfection conditions

[00281] GMO06214 cells were digest when the GM06214 at 90% confluency, and were counted after the
terminating of digestion. For electrotransfection, 6 million cells were resuspend with 400ul of pre-mixed
electrotransfection solution (Lonza, Cat. No. V4XP-3024), and added with 20ug of GFP plasmid (Lonza, Cat.
No. V4XP-3024). After mixing, 20ul of the suspension is taken as an electrotrasfection system for the test of
each of the 8 conditions, comprising 7 test electrotransfection conditions (see FIG. 35) and one negativecontrol,
using a Lonza Nucleofector™ instrument. The test of each condition is duplicated. After electrotransfection,
the cells are rapidly transferred into 2ml fibroblast culture medium (ScienCell, FM medium, Cat. No. 2301)

containing 15% serum. Cells of each condition wereplated into 2 wells (6 well culture plates) and culturedin an

incubator of 5% CO2 and 37° C. 24 hours after clectrotransfection, cellsin one of the 2 wells of each
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clectrotransfection condition were digested, and the proportion of GFP-positive cells was measured by flow
cytometry. 48 hours after electrotransfection, thecells in the other well of the 2 wells of each
electrotransfection condition are digested, and the proportion of GFP-positive cells was measured by flow

cytometry. The optimal electrotransfection conditions for the cells are CA-137 conditions, as shown in FIG 335.
Example 19. Detection of IDUA Enzyme Activity and A to G mutation Rate

[00282] The oligo dRNAsare designed and synthesized for targeting the sequence with the mutation site of
the pre-mRNA and mature RNA transcripted from IDUA gene. The sequence of the dRNAs are shown as
follows. All the dRNA sequences were modified in CMO pattern (2°-O-methylations were in the first and last 3
nucleotides of the sequences and the first and last 3 internucleotide linkages in the sequences were
phosphorothiated).

[00283] SEQ ID NO 204:
2aCcgCccaccgugugguugcuguccaggacggucceggccugegacaculcggeccagageugcuccucauccageagegocageagececang
gcegugageaccggeuu(Pre-55nt-¢-55nt);

[00284] SEQ ID NO 205:
£aCcgCcCaccgugugguUgcugUcCaggacggucccggccugcgacacuucggcccagagcugeuccucaucugcegeecegeeeessscesu
cgeegeguggggucguug (m- 55nt-c-35nt);

[00285] SEQ ID NO 341:
uaccgeuacagecacgeugaulucagcuauaccugeccgguauaaagggacguucacaccggauguucuccgegggganaucgcgauaunucagg
auuaaaagaaguge (Random-111nt).

[00286] Whereinthe base corresponding to the mutatedbase in the synthesized dRNAis a C, which forms an
A-C mismatch with the mutated base when binding. The length of the synthesizeddRNA is preferably 111
nt.The cells were electrotransfected using the optimal electrotransfection condition obtained in Example 2. 48
hours after electrotransfection, the cells were collected for enzyme activity determination and A to G mutation
rate detection.

Determination of A to G mutation rate:

[00287] The designed dRNAwas dissolvedto the required concentration in RNase-free water (TransGene
Biotech, Cat. No. GI201-01) and stored at -80 °C. Cells were digested when the GM06214 cells grow to about
90% confluence and counted after the terminating of the digestion. 1 million cells and 200 pmol of dRNAwere
mixed and diluted to 100 ul, and then electrotransfected under the condition of CA-137. 48 hours after
electrotransfection, cells were counted and their viability was measured. The cells were transferred to a
RNase-free centrifuge tube and centrifuged. The supernatant was discarded. RNA was extracted using a
QIAGEN RNA extraction kit (QIAGEN, Cat. No. 74134). According to the instructions, 0.35ml of Buffer RLT
Plus wasmixed with 5 x 10° cells (if the RNA is directly extracted from frozen cells, it is recommended that
cells be washed with PBS once) by pipetting. The cell lysate was transferred to the gDNA Eliminator spin
column and centrifuged at =8000 g for 30 s. The column was discarded and the liquid was remained.
Thesamevolumeof70% ethanol astheliquidwasadded. Immediatedly after mixing, the mixture was transferred
to the RNeasyMinElute spin column and centrifuged at =8000 g for 15 sand the waste liquid was discarded.
700 11 of Buffer RW1 was added to the RNeasyMinElute spin column and centrifuged at =>8000 g for 15 s.

Waste solution was discarded and 500 n1 of Buffer RPE was added, and then the RNeasyMinElute spin
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column was centrifuge at =8000 g for 15 s. Waste solution was discarded and 500 1 of 80% ethanol was
added, and then the RNeasyMinElute spin column was centrifuged at =8000 g for 2 minutes. Waste solution
was discarded. The RNeasyMinElute spin column was placed into a new 2 ml collection column and
centrifuged with the lid at maximum speed for 5 minutes to dry the column. The RNeasyMinElute spin column
was placed into a new 1.5 ml collection column and 14 pl of RNase-free water was added dropwise to the
center of the column membrane, then the columns are centrifuged at maximum speed for 1 minute to elute the
RNA.

[00288] The consentrition of the extracted RNA was determined by Nanodrop (Thermo, Nanodrop2000), and
1 ug of RNA was used for reverse transcription(Thermo, reverse transcriptase, Cat. No. 28025013). The
reverse transcription system was shown in Table 5-6. After incubation at 65°C for 5 minutes, the reverse
transcription system was immediately cooled in an ice bath. Incubation was continued at 37°C for 50 minutes.
Reverse transcriptase was inactivated at 70°C for 15 minutes. PCR was performed under the conditions shown
in Table 7. After PCR, 2ul of the PCR product was taken for agarose gel electrophoresis. According to the
results of the electrophoresis, the concentration of the PCR product and whether the band size is correct is
determined. After purification, the PCR products were used to preparing the library which was sent for

next-generation sequencing,.

[00289] Table 5.Reverse transcription system-1

Volume (ul)
Total RNA(lug) X
Oligo dT 1
10nM dNTP 1
RNase-Free Water 10-X
Total volume 12

65°C, 5min, and immediately transferring to the ice

[00290] Table 6.Reverse transcription system-2

Volume (ul)
The product from Table 5 12ul
5X First-Strand Buffer 4
0.1 MDTT 2
RNaseQUT™ Recombinant Ribonuclease Inhibitor | 1
M-MLV 1
Total volume 20
[00291] Table 7.PCR conditions

Steps Time Cycle

98°C 2min 1 cycle

98°C 155

63°C 30s 28-35 cycle

72°C 155

72°C 2min 1 cycle

Enzyme activity assay in this example:
[00292] GM06214 cells were digested, centrifuged, and resuspended in 28 ul of 1 x PBS containing 0.1%
Triton X-100 and lysed on ice for 30 minutes. Then 25ul of cell lysate was added to 25ul of substrate

containing 190um 4-methylumbelliferyl-o-L-iduronidase (Cayman, 2A-19543-500, Dissolved in 0.4 M
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sodium formate buffer containing 0.2% Triton X-100, pH 3.5) andincubated in the dark at 37 © C for 90
minutes. 200ul 0.5M NaOH / Glycine solution (Beijing Chemical Works, NAOH, Cat. No.AR500G:; Solarbio,
Glycine, Cat. No.G8200), pH 10.3, was added to inactivate the catalytic reaction. After centrifuging at 4 °C for
2 minutes,its supernatant was transferred to a 96-well plate for the determination of fluorescence values using
Infinite M200 instrument (TECAN).The wavelength of the excitation light was 365 nm and 450 nm.The
fluorescence represents the enzyme activity which in the figures 1s expressed as a multiple of the enzyme
activity in GM01323,

[00293] As shown in FIG 36, the results were that dRNA targeting pre-mRNAleading to significantly higher
enzyme activity and A to G mutation rate than those targeting mature-mRNA. Therefore, the dRNAs used in
the following examples are targeted to pre-mRNA.

Example 20. Detection of editing efficiency in IDUA-reporter cell line after electrotransfection of
chemically modified dRNA

[00294] As shown in FIG 37A, a plasmid was constructed by inserting a sequence with an IDUA mutation
site flanked with about 100 bp on each side, respectively, between the sequences expressing mcherry and GFP
proteins on the lentiviral plasmid. The constructed plasmids were packaged into viruses used to infect 293T
cells later. After integration into the genome, IDUA-reporter monoclonal cells were selected. Because the
monoclonal cellswere affected by the TAG stop codon of the IDUA mutation site in the inserted sequence, they
only expressed the mcherry protein. When the cellsare edited by dRNA, the GFP behind TAG which has then
been mutated to TGG can express normally. Thus, the expression of GFP was viewed as the editing efficiency
of dRNA in cells. 4 preferabledRNAs with different lengths from 51nt to 111nt were designed, as shown in
Table 8 below. All the dRNA sequences were modified in CMO pattern.Cells were electrotransfected with
dRNAs of different lengths under the conditions of clectrotransfection in Example 18. On each day from the
1th day to the 7thday after the transfection, the editing efficiency was preliminarily evaluatedby determining
the ratio of GFP in the cells. As shown inFIG 37B, the peak of editing efficiency appeared on the second day
(48h). The sequence with the highestediting efficiencywas 91nt: 45-c-45 which is higher than that of 111nt:
55-c-55.Accordingly, it’s not in all casesthat the longer the dRNA, the higher the editing efficiency. Besides,
the editing efficiency of dRNAs of 51nt was very low.

Table 8.

SEQ ID NO : 140:

uaccgcuacagecac geugautucageuauaccugeeegguanaaagggacguucacaccgegauguucucugeuggggaauugegegauauucaggan
uaaaagaaguge

91nt-rando [SEQ ID NO : 342:

m uaauccugaavaucgegeaauuccccageagagaacaucgeggugugaacgucccuuuauaccgggeagguauageugaaaucagegugac

7 1nt-rando
m SEQ ID NO : 343: uuucagcuauaccugeccgguauaaagggacguucacacegegauguucucugeuggggaauugegegaua
S 1nt-rando
m SEQ ID NO 8: uuccccagcagagaacaucgcggugugaacgucccuuuauaccgggeaggu

SEQ ID NO : 205:

55nt-c-55nt [gacgcecaccgugugguugcuguccaggacgguccegeccugegacacic ggeccagageugeuccucaucugegggeceggegeegeccguceccy
cguggggucguug

SEQ ID NO : 344:
gugugguugcuguccaggacggucCCggecugegacacuucggeecagagcugeuccucaucugegeggceegesgggaccgucgccecsu
35nt-c-35nt |[SEQ ID NO : 345: uguccaggacggucccggecugegacacuucggeecagageugeuccucaucugeggagcsggssggsgce

111nt-rando
m

45nt-c-45nt

25nt-c-25nt [SEQ ID NO: 346: ggucccggecugegacacuucggeccagageugeuccucaucugegggecy
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Example 21.Determination of the intracellular IDUA enzyme activity and RNA editing efficiency in
GMO06214 cells at different time points after transfection with chemically modifieddRNAs of different
lengths.

[00295] The conditions in Example 18 (see Table 7) for electrotransfectingdRNAs of different lengths into
GMO06214 cells and the methods in Example 19for determiningenzyme activity and editing efficiency were
used. On the 2th, 4th, 6th, $th, 10™, 12" and 14™ after the electrotransfection,the intracellular enzyme activity
was tested.And on the 2th and 4" day,the efficiency of RNA editing in the cells was tested. As shown in
FIG38A, 91nt: 45-c-43 led to the highestenzyme activity, and the IDUA enzyme activity had been maintained
at a high level tillthe 6th day after clectrotransfection. In FIG 38B, dRNA of 91nt and dRNA of 111nt
presented roughly the same editing efficiency. Again, the dRNA of 51nt showed a low editing efficiency.

Example 22. Screening for preferable sequences of chemically modified dRNAs

[00296] Through literature research, we believe electrotransfection is not suitable for disease treatment in the
future. Therefore, we turned electrotransfection toLipofectamine RNAIMAX ((Invitrgen, Cat. No. 13778-150))
for transfecting dRNA into cells. It turned out that the Lipofectamine RNAIMAX has a higher transfection
efficiency than that of electrotransfection. The sequence was first truncatedon both termini at the same time,
and then one terminus of the sequence is fixed and the other terminus was truncated. In this way, 14 dRNAs
and 4 random sequences of equal length are obtained, as shown in Table 9 below. All the dRNA sequences
were modified in CMO pattern.As shown in FIG 39, the IDUA enzyme activity (FIG 39A, using the method
described in Example 19) and RNA editing efficiency (FIG 39B,using NGS) were determined 48 hours after
transfection. The IDUA enzyme activities and RNA editing efficienciesled by 81nt: 55-c-25 (SEQ ID NO 24)
and 71nt: 55-c-15 (SEQ ID NO 235) turned out to be higher than that led by the other dRNAs. AndRNA with a
shorter 3” terminus and a longer 5° terminus always had a higher efficiency. In addition, it seems that the
editing efficiency of dRNA decreased dramatically when its length was reduced to 61nt or less, no matter how

the 37 or 5” terminus changed.

Table 9.

SEQ ID NO :140:
[uaccgcuacagecacgeugauuucageuauaccugeccgguauaaagggacguucacaccgegauguucucugeuggggaauugegegauauucaggau
luaaaagaaguge

91nt-rando |SEQ ID NO : 342:

m [uaauccugaavaucgcgcaauucceccageagagaacaucgeggugugaacgucccuuuauaccgggeagguauageugaaaucageguggc

7 1 nt-rando
m SEQ ID NO : 343: uuucagcuauaccugcccgguauaaagggacguucacaccgegauguucucugeuggggaauugegegaua
5 1nt-rando
m SEQ ID NO 8: uuccccagcagagaacaucgeggugugaacgucccuuuauaccgggeaggu

SEQ ID NO : 205:

55nt-c-55nt [gacgceccaccgugugguugeuguccaggacggucceggeclgegacacliicggeccagageugeuccucaucugegggecegggggggeccguceccy
cguggggucguug

SEQ ID NO : 344:

111nt-rando
m

4 5nt-c-45nt

35nt-c-35nt |SEQ ID NO : 345: uguccaggacggucccggecugegacacuicggeecagageugeuccucaucugeggggcggggggggecce

25nt-c-25nt |SEQ ID NO: 346:  ggucccggecugegacacuucggeccagageugeuccucaucugegpgscs
SEQ ID NO : 347:

55nt-c-45nt gacgeccaccgugugguugecuguccaggacggucceggecugegacacuucggeccagageugeuccucaucugegggecggegaaapacCaucecey
cgu
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SEQ ID NO : 348:
gacgeecaccgugugeuugcuguccaggacgeuccegeccugegacacuucgecceagageugcuccucaucugcgeeoceooooooooce

55nt-c-35nt

55nt-c-25nt |SEQ ID NO : 349:  gacgeceaccgugugguugcuguccaggacggucceggccugegacacuucggeccagageugcuccucaucugegggecy

55nt-c-15nt |SEQ ID NO : 350: gacgeccaccgugugguugcuguccaggacggucceggecugegacacuucggeecagageugeuccucan

S5nt-c-5nt |SEQ ID NO : 351: gacgcccaccgugugguugeuguccaggacggucccggecugegacacuucggeccagage

SEQ ID NO : 352:

4 5nt-c-551t |gugugguugeuguccaggacggucceggecugegacacuucggeecagageugeuccucaucugeggggcsssgsggssccgucgeceeguggssucy]
ung

SEQ ID NO: 353:
uguccaggacggucccggecugegacacuucggcccagageugeuccucaucugegeaacggaasoooaccgucgecgegugggaoucguug

35nt-c-55nt

25nt-c-55nt |SEQ ID NO : 354:  ggucccggreugegacacuucggeceagageugeuccucaucugegggacegegsegsscceucgecgcguggggucguug

15nt-c-35nt [SEQ ID NO : 355: ugcgacacuucggeccagageugeucCucaucugegggecesegeeegecceuceccgeauggggucguug
SEQ ID NO: 356:
cggcccagageugeuccucaucugegggeceegeegeegccgucgecgcguggggucguug

Snt-c-35nt

Example 23. Determination of the optional length of the 3' terminus of chemically modified dRNA

[00297] In Example 22, higher IDUA enzyme activity and editing efficiency were detected in cells edited by
dRNAs with 81nt: 55-c-25 and 7Int: 55-c-15 sequences. In order to find out the shortest and optimal lengthof
the 3' terminus, the sequence at 3' terminus of was truncated from 25nt (81nt: 55-¢-25) to 5nt (61nt: 55-¢-5), as
shown in Table 10. All the dRNA sequences were modified in CMO pattern. Two IDUA enzyme activity assays
were conducted on cells separately transfected with dRNAs from 81nt: 55-c-25 to 66nt: 55-c-10 (FIG 40A)
and cells separately transfected with dRNAg from 72nt: 55-c-16 to 61nt: 55-c-5 (FIG 40B). The dRNAs with
the3’ terminus lengths from 235nt to 9nt easily raised the enzymatic activity in GM06214 cells to more than 20
times of that in GM0123 cells. Accordingly, the optimal length of the 3’ terminus was 23nt-7nt.Besides,
compared to 45nt-c-45nt having equal length of 3” and 5’ termini, the dRNAs with shorter 3” termini always
had higher editing efficiency.

[00298] The IDUA enzyme activity assayused herein is described as below. One day before transfection, 3 X
10° cells per well were plated in a 6-well plate. Medium was refreshed on the day of transfection. 48hrs after
transfection using 20nM Lipofectamine RNAIMAX reagent, GM06214 cells were digested, centrifuged, and
resuspended in 33 ul of 1 x PBS containing 0.1% Triton X-100 and lysed on ice for 30 minutes. Then the
lysate was centrifuged at 4°Cfor2min.25ul of cell lysate was added to 25ul of substrate containing 190um
4-methylumbelliferyl-a-L-iduronidase (Glycosynth, 44076) dissolved in 0.4 M sodium formate buffer
containing 0.2% Triton X-100 (pH 3.5) and incubated in the dark at 37°C for 30 minutes. 200ul 0.5M NaOH /
Glycine solution (Beijing Chemical Works, NAOH, Cat. No. AR500G; Solarbio, Glycine, Cat. No. G8200),
pH 10.3, was added to inactivate the catalytic reaction. Allof its supernatant was detected using Infinite M200
instrument (TECAN). The wavelength of the excitation light was 365 nm and 450 nm.The enzyme activity is
expressed as a multiple of the enzyme activity in GM01323.

Table 10.
55nt-c-25nt SEQ ID NO : 349:
gacgeccaccgugugguugeuguccaggacggucceggecugegacacuucggeccagageugeuccucaucugegesscs
55nt-c-24nt SEQID NO : 357:
gacgcccaccgugugguugeuguccaggacggucceggecugegacacuucggeccagageugeuccucaucugegggec
55nt-c-23nt SEQ ID NO: 358:
£AcECCCaccaugUEEUNECUBUCCAZEACERUCCCEECCUSCEACACUICE SCCCARASCUSCUCCUCAUCUECERTE
55nt-c-22nt SEQ ID NO: 359:
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£acgeccaccguguggUUgCUgUCCaggacggUCcCegECcugegacacuucggeccagageugeuccucaucugesss

55ntc-2 Int SEQ ID NO: 360:
gacgeccaccgugugguugeuguccaggacggucccggecugegacacuucggeccagageugeuccucaucugegg
$5nt-c-20nt SEQ ID NO: 361:
gacgeccaccgugugguugcuguccaggacggucceggecugegacacuucggcccagageugeuccucaucugesg
$5ntc-19nt SEQ ID NO: 362:
gacgeceaccgugugguugeuguccaggacggucceggecugegacacuucggeccagageugeuccucaucuge
55nt-c-18nt SEQ ID NO: 363:
gacgeceaccgugugguugeuguccaggacggucccggecugegacacuucggeeccagageugeuccucaucug
$5nt-c-17nt SEQ ID NO: 364:
£aCgCCcaccguguggUUZcugUCCaggacggueccggccugegacacuucggeceagageugeuccucaucu
$5ntc-16nt SEQ ID NO: 365:
gacgeccaccgugugguugeuguccaggacggucccggecugegacacuucggeccagageugeuccucauc
$5n-c-15nt SEQ ID NO : 350:
gacgeccaccgugugguugeuguccaggacggucccggecugegacacuucggeccagageugeuccucau
$5nt-c-14nt SEQ ID NO: 366:
gacgeccaccgugugguugeuguccaggacggucccggecugegacacuucggeeccagageugeuccuca
$5nt-c-13nt SEQ ID NO: 367:
gacgeccaccgugugguugeuguccaggacggucccggecugegacacuucggeccagageugeuccue
$5ntc-12nt SEQ ID NO: 368:
gacgeccaccgugugguugeuguccaggacggucceggecugegacacuucggeccagageugeuccu
55nt-c-11nt SEQ ID NO: 369: gacgcccaccgugugguugeuguccaggacggucccggecugegacacuucggeccagageugeuce
55nt-c-10nt SEQ ID NO: 370: gacgcccaccgugugguugeuguccaggacggucccggecugegacacuucggeccagageugeuc
55nt-c-9nt SEQ ID NO: 371: gacgcccaccgugugguugeuguccaggacggucceggecugegacacuucggeccagageugeu
55nt-c-8nt SEQ ID NO: 372: gacgcccaccgugugguugeuguccaggacggucceggecugegacacuucggeccagageuge
55nt-c-7nt SEQ ID NO: 373: gacgcccaccgugugguugeuguccaggacggucceggecugegacacuucggeccagageug
$5ntc-6nt SEQ ID NO: 374:
gacgeccaccgugugguugeuguccaggacggucccggecugegacacuucggeccagageu
55 nt-co5nt SEQ ID NO: 375:
£aCcgCCcaccgugUEggUULCUZUCCAZEACEEUCCCELECCULZCZACACUUCZECCCagage
SEQ ID NO: 376:
random-70nt
uaccgecuacagecacgeugauuucageuauaccugeccgguauaaagggacguucacaccgegauguucu
SEQ ID NO: 377:
random-67nt

uaccgeuacageeacgeugauuucageuauaccugeccgguauaaagggacguucacaccgegaug

Example 24. Determination of the optional length of 5' terminus of chemically modified dRNAwhen the
length of its 3’ terminus was fixed

[00299] The truncation of 3° terminus was separately conducted ondRNAs of two different lengths: 76nt:

55-¢-20 and 71nt: 55-c-15. With the fixed length of 3 terminus, their 5' termini were gradually truncated, as
shown in Table 11. All the dRNA sequences were modified in CM0 pattern. According to the result of IDUA
enzyme activity assay, cells transfected withdRNAs with 5° terminals between 55nt and 450t had higher IDUA

enzyme activity, as shown in FIG 41.Lipofectamine RNAIMAX was used in the transfection. In accordance

with FIG 39, when the length was reduced to less than 61nt.the editing efficiency of dRNAs, even those with

unequal lengths of 3 and 5° termini, decreased dramatically.

Table 11.

55nt-c-20nt SEQ ID NO:361: gacgcccaccgugugguugeuguccaggacggueccggecugegacacuucggeccagagcugeuccucaucugeg
50nt-c-20nt SEQ ID NO: 378: ccaccgugugguugcuguccaggacggucccggeeugegacacuucggeccagageugeuccucaucugeg
45nt-c-20nt SEQ ID NO: 379: gugugguugcuguccaggacggucccggeeugegacacuucggeccagageugeuccucaucugeg
40nt-c-20nt SEQ ID NO: 380: guugcuguccaggacggucccggecugegacacuucggeccagageugeuccucaucugeg

35nt-c-20nt SEQ ID NO: 381: uguccaggacggucccggecugegacacuucggcccagageugeuccucaucugeg

S5nt-c-15nt SEQ ID NO : 350: gacgcccaccgugugguugeuguccaggacgglcecggeecugegacacuucggeecagageugeuccucau
50nt-c-15nt SEQ ID NO: 382: ccaccgugugguugcuguccaggacggucccggecugegacacuucggeecagageugeuccucau
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45nt-c-15nt SEQ ID NO: 383: gugugguugcuguccaggacggucccggecugegacacuucggeccagagcugeuccucau
40nt-c-15nt SEQ ID NO: 384: guugcuguccaggacgguccecggecugegacacuicggeccagageugeuccucan
35nt-c-15nt SEQ ID NO: 385: uguccaggacggucccggecugegacacuucggeecagageugeuccucau

Example 27.Determination of the relation betweenthe targeting nucleotide location and the editing
efficiency of chemically modified dRNAs to the IDUA mutation site

[00300] According to the data above, the editing efficiency of dRNA is related to the length and the location
of the targeting nucleotide on the dRNA. Usually, the closer the targeting nucleotide is to the 5” end, the lower
the editing efficiency is. Thus, in this example, 3groups of dRNAsof 3 fixed lengths were designed. dRNAs in
each group were designed by gradually moving the targeting nucleotide from the middle of the sequence
towardthe 5” end.Structures that are not easy to synthesize are avoided.Sequences are shown in Table. 12. All
the dRNA sequences were modified in CM0 pattern. The dRNAs were transfected into GM06214 cells using
Lipofectamine RNAIMAX. 48hrs later, the cells were harvested and the enzyme activities were tested
according to the methods described in Example 23. According to the data shown in FIG 42, at least when the
total length of dRNA was fixed to 67nt, 70nt or 72nt, the location change of the targeting nucleotide didn’t

seem to affect the enzyme activity which represented the editing efficiency.

Table 12.
Length Location of C Sequence No. | Sequence
SEQ ID NO:
55nt-c-11nt 360 gacgeecaccgugugguugCuguecaggacgguccegeccugegacacuucggcccagageugeuce
< SEQ ID NO:
54nt-c-12nt 386 acgeccaccgugugguugeuguccaggacggucccggecugegacacuucggeccagageugeucc
SEQ ID NO:
53nt-c-13nt 387 CgCCcaccgugUEgguUgCUgUCCAgEACEBUCCCEECCUSCEACACUIICEECCCAZAZCUGCUCCUC
SEQ ID NO:
52nt-c-14nt 388 geecaccgugugguugeuguccaggacggucccggecugegacacuucggeecagageugeuccuca
SEQ ID NO:
S1nt-c-15nt 380 CCCaccgugUgguUZCUgUCCaggacgaucceggecugegacacuucggeccagageugeuccucan
SEQ ID NO:
50nt-c-16nt 390 CCaccgUgUEZUIECUZUCCAZBACESUCCCEZCCULCEACACUUCEECCCAZAZCUZCUCCUCAUC
L SEQ ID NO:
67nt sliding | 49nt-c-17nt 391 CaccgugugguUUECIZUCCaggacgguUCCCEECCUECgacacuucggCeccagageugCuccucaucu
SEQ ID NO:
48nt-c-18nt 392 aACCZUZUZZUUECUZUCCAZZACZZUCCCEECCUZCLACACUUCEZCCCAZAZCUZCUCCUCAUCUY
SEQ ID NO:
47nt-c-19nt 393 ccgugugguugeuguccaggacggucccggecugegacacuucggeccagageugeuccucaucuge
SEQ ID NO:
46nt-c-20nt 304 CgUZUZZUUECUZUCCAgZACEZUCCCZECCUZCZACACUUCZECCCAZAZCUZCUCCUCAUCUZCE
SEQ ID NO:
45nt-c-2 1nt 395 gugugguugeuguccaggacggucccggecugegacacuucggeccagageugeuccucaucugegg
SEQ ID NO:
44nt-c-22nt 306 UgUZZUUECUZUCCAEZACEEUCCCZZCCUZCFACACUUCSECCCAZAZCUZCUCCUCAUCUECEES
SEQ ID NO:
43nt-c-23nt 397 SUZEUUECUZUCCAZZACEZUCCCZZCCULCLACACUUCSECCCAZAZCUZCUCCUCAUCUECEEES
SEQ ID NO:
55nt-c-14nt 366 gacgcecaccgugugguugeuguccaggacggucccggecugegacacuucggeecagageugeuccuca
SEQ ID NO:
S4nt-c-15nt 208 acgeccaccgugugguugeuguccaggacggucccggecugegacacuucggeccagageugeuccucau
g SEQ ID NO:
70nt silding | 53nt-c-16nt 399 cgeecaccgugugguugeuguccaggacggucceggecugegacaciucggeccagageugeuccucauc
SEQ ID NO:
52nt-c-17nt 400 geecaccgugugguugeuguccaggacggucceggecugegacacuucggeccagageugeuccucaucu
SEQ ID NO:
51nt-c-18nt 401 cccaccgugugguugeuguccaggacggucccggecugegacacuucggeccagageugeuccucaucug
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SEQ ID NO:
50nt-c-19nt 402 ccaccgugugguugeuguccaggacggucceggecugegacacuucggeccagageugeuccucaucuge
SEQ ID NO:
49nt-c-20nt 103 caccgugugguugecuguccaggacggucccggecugegacacuucggeccagageugeuccucaucugeg
SEQ ID NO:
48nt-c-2 1nt 404 accgugugguugeuguecaggacggucccggecugegacacuucggeccagageugeuccucaucugegg
SEQ ID NO:
47nt-c-22nt 105 ccgugugguugcuguccaggacggucccggecugegacacuucggeccagageugeuccucaucugeggs
SEQ ID NO:
46nt-c-23nt 106 cgugugguugeuguccaggacggucccggecugegacacuucggeccagageugeuccucaucugeggeg
SEQ ID NO: | gacgcccaccgugugguugeuguccaggacggucccggecugegacacuucggeccagageugeuccuca
55nt-c-16nt 365 e
SEQ ID NO: | acgcccaccgugugguugcuguccaggacggucccggecugegacacuucggeccagageugeuccucauc
S4nt-c-17nt 407 u
SEQ ID NO: | cgcccaccgugugguugcuguccaggacggucceggccugegacaculcggeccagagelgeuccucauc
53nt-c-18nt 408 ug
SEQ ID NO: | gcccaccgugugguugcuguccaggacggucceggecugegacacuucggeccagageugeuccucaucu
52nt-c-19nt 409 c
72nt sliding £
SEQ ID NO: | cccaccgugugguugeuguccaggacgguccecggecugegacacuucggeccagageugeuccucaucug
51nt-c-20nt 410 ce
SEQ ID NO: | ccaccgugugguugeuguccaggacggucceggecugegacacuucggeccagageugeuccucaucuge
50nt-c-2 1nt 411 o0
49 SEQ ID NO: | caccgugugguugcuguccaggacggucccggecugegacacuucggeccagageugeuccucancugeg
nt-c-22nt 412 .
SEQ ID NO: | accgugugguugcuguccaggacggucccggecugegacacuucggeccagageugeuccucaucugegs
48nt-c-23nt 413 oo

Example 28. Effect of chemical modification on editing efficiency of dRNA

[00301] Chemical modifications of synthesizedRNA increase RNA stability and reduce off-target potential.
The relatively common chemical modifications of RNA are 2'-O-methylation (2°-0O-Me) and phosphorothioate
linkage. The dRNAs with different combinationsof lengths: 7lnt or 76ntandchemical modifications were
shown in Table 13. GM06214 cells were transfected with the different dRNAs using Lipofectamine
RNAiMAXfor the editing of intracellular IDUA. Cells were collected 48 hours after transfection, and IDUA
enzyme activity weredetermined using the method shown in Example 23. According to the results shown in
FIG 42A, all the modifications led to excellent enzyme activities, except for CM5 (the 5th modification: all
nucleotides, except for the targeting nucleotide and 5nt on each side of it,were modified by2’-OMe).The
modification on the targeting nucleotide or the two nucleotides most adjacent to it didn’t reduce the editing
efficiency.

[00302] The editing efficiency was further determined by counting the A to G substitution rate. The method
was described as below: A sequence comprising the target adenosine in IDUA gene of GM06214 cells is CTAG,
which is mutated to CTGG after RNAediting using dRNAs. CTAG is the recognition site of restriction enzyme
Bfal. Thus, a successful A to G substitution doesn’t result in a digestion by Bfal, while the wild type does.
After editing, RNA of GM06214 cells were extracted and reverse transcribed into cDNA. PCR were conducted
using the ¢cDNA. Primers were hIDUA-62F: CCTTCCTGAGCTACCACCCG (SEQ ID NO: 415) and
hIDUA-62R: CCAGGGCTCGAACTCGGTAG (SEQ ID NO: 416). After PCR, the product was purified and
incubated with Bfal (NEB, Cat. No. R0568L). The A to G substitution rate, or the editing efficiency was
determined using agarose gel electrophoresis. The result was expressed as the percentage of the uncut sections
(with A to G substitution) to the total nucleic acid in the PCR product, calculated using the gray values of the
gel electrophoresis image. The result was shown in FIG 42B. It was similar to the result of enzyme activity

assay in FIG 42A.
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Table 13
Name Length | Modification pattern | Sequence
CM1: Gm*Am*Cm*G-C-C-C-A-C-C-G-Um-G-Um-G-G-Um-Um-G-C-U
HIV2-76-CM1 55nt-c-2 | Modifications @n CM0 | m-G-Um-C-C-A-G-G-A-C-G-G-Um-C-C-C-G-G-C-C-Um-G-C-G-
Ont and allU: arewith A-C-A-C-Um-Um-C-G-G-C-C-C-A-G-A-G-C-Um-G-C-Um-C-C-U
2'-OMe m-C-A-Um-C-Um*Gm*Cm*Gm (SEQ ID NO: 361)
CM2 : Gm*Am*Cm*G-C-C-C-A-C-C-G-Um-G-Um-G-G-Um-Um-G-C-U
HIV2-76-CM2 55nt-c-2 | Modifications in ' m-G-Um-C-C-A-G-G-A-C-G-G-Um-C-C-C-G-G-C-C-Um-G-C-G-
Ont CMland thetargeting | A-C-A-C-Um-Um-C-G-G-C-C-C-Am-G-A-G-C-Um-G-C-Um-C-C-
triplet is CCAm Um-C-A-Umn-C-Um*Gm*Cm*Gm (SEQ ID NO: 361)
CM3: Gm*Am*Cm*G-C-C-C-A-C-C-G-Um-G-Um-G-G-Um-Um-G-C-U
HIV2-76-CM3 55nt-c-2 | Modifications in . m-G-Um-C-C-A-G-G-A-C-G-G-Um-C-C-C-G-G-C-C-Um-G-C-G-
Ont CMland the targeting | A-C-A-C-Um-Um-C-G-G-C-Cm-C-A-G-A-G-C-Um-G-C-Um-C-C-
tripletis CmCA Um-C-A-Um-C-Um*Gm*Cm*Gm (SEQ ID NO: 361)
CM4: Gm*Am*Cm*G-C-C-C-A-C-C-G-Um-G-Um-G-G-Um-Um-G-C-U
HIV2-76-CM4 55nt-c-2 | Modifications in ' m-G-Um-C-C-A-G-G-A-C-G-G-Um-C-C-C-G-G-C-C-Um-G-C-G-
Ont CMland the targeting | A-C-A-C-Um-Um-C-G-G-C-C*C*A*G-A-G-C-Um-G-C-Um-C-C-
tripletis C*C*A* Um-C-A-Um-C-Um*Gm*Cm*Gm (SEQ ID NO: 361)
CMS:
Modifications m CML Gm* Am*Cm*Gm-Cm-Cm-Cm-Am-Cm-Cm-Gm-Um-Gm-Um-Gm-
and all nucleotides
S5ni-c2 | with 2’-OMe, cxcept Gm-Um-Um-Gm-Cm-Um-Gm-Um-Cm-Cm-Am-Gm-Gm-Am-Cm-
HIV2-76-CM5 ont for the Gm-Gm-Um-Cm-Cm-Cm-Gm-Gm-Cm-Cm-Um-Gm-Cm-Gm-Am-C
; . m-Am-Cm-Um-Um-C-G-G-C-C-C-A-G-A-G-C-Um-Gm-Cm-Um-C
targetingmucleotide | ) 0 1y Cim-Am-Um-Cm-Um*Gm*Cm*Gm (SEQ 1D NO: 361)
and 5nt on each side
of it
CM6:
5 terminal bases at
each terminus arewith | Gm*Am*Cm*Gm*Cm*C-C-A-C-C-G-U-G-U-G-G-U-U-G-C-U-G-
HIV2-76-CM56 55nt-c-2 | 2'-OMe, and the first | U-C-C-A-G-G-A-C-G-G-U-C-C-C-G-G-C-C-U-G-C-G-A-C-A-C-U-
Ont and last 5 U-C-G-G-C-C-C-A-G-A-G-C-U-G-C-U-C-C-U-C-A-U*Cm*Um*G
internucleotide m*Cm*Gm (SEQ ID NO: 361)
linkages were
phosphorothioated
CM1: Gm*Am*Cm*G-C-C-C-A-C-C-G-Um-G-Um-G-G-Um-Um-G-C-U
HIV2-71-CMI 55nt-c-1 | Modifications in CM0 | m-G-Um-C-C-A-G-G-A-C-G-G-Um-C-C-C-G-G-C-C-Um-G-C-G-
Snt and allU: are with A-C-A-C-Um-Um-C-G-G-C-C-C-A-G-A-G-C-Um-G-C-Um-C-C-U
2'-OMe m*Cm* Am*Um (SEQ ID NO: 350)
CM2 Gm*Am*Cm*G-C-C-C-A-C-C-G-Um-G-Um-G-G-Um-Um-G-C-U
HIV2-71-CM2 55nt-c-1 Modification_s inCM1 | m-G-Um-C-C-A-G-G-A-C-G-G-Um-C-C-C-G-G-C-C-Um-G-C-G-
Snt and thetargeting A-C-A-C-Um-Um-C-G-G-C-C-C-Am-G-A-G-C-Um-G-C-Um-C-C-
triplet is CCAm Um*Cm*Am*Um (SEQ ID NO: 350)
CM3: Gm*Am*Cm*G-C-C-C-A-C-C-G-Um-G-Um-G-G-Um-Um-G-C-U
HIV2-71-CM3 55nt-c-1 | Modifications in ' m-G-Um-C-C-A-G-G-A-C-G-G-Um-C-C-C-G-G-C-C-Um-G-C-G-
Snt CMland the targeting | A-C-A-C-Um-Um-C-G-G-C-Cm-C-A-G-A-G-C-Um-G-C-Um-C-C-
tripletis CmCA Um*Cm*Am*Um (SEQ ID NO: 350)
CM4. Gm*Am*Cm*G-C-C-C-A-C-C-G-Um-G-Um-G-G-Um-Um-G-C-U
HIV2-71-CM4 55nt-c-1 | Modifications in CM1 | m-G-Um-C-C-A-G-G-A-C-G-G-Um-C-C-C-G-G-C-C-Um-G-C-G-
Snt and the targeting A-C-A-C-Um-Um-C-G-G-C-C*C*A*G-A-G-C-Um-G-C-Um-C-C-
tripletis C*C*A* Um*Cm*Am*Um (SEQ ID NO: 350)
CMS:
Modifications in CM1 | Gm*Am*Cm*Gm-Cm-Cm-Cm-Am-Cm-Cm-Gm-Um-Gm-Um-Gm-
S5n-c-1 and all nucleotides are | Gm-Um-Um-Gm-Cm-Um-Gm-Um-Cm-Cm-Am-Gm-Gm-Am-Cm-
HIV2-71-CM5 ot with2'-OMe, except | Gm-Gm-Um-Cm-Cm-Cm-Gm-Gm-Cm-Cm-Um-Gm-Cm-Gm-Am-C
for the targeting m-Am-Cm-Um-Um-C-G-G-C-C-C-A-G-A-G-C-Um-Gm-Cm-Um-C
nucleotide and 5nt m-Cm-Um*Cm*Am*Um (SEQ ID NO: 350)
on each side of it
CM6:
5 terminal bases at
each terminus are Gm*Am*Cm*Gm*Cm*C-C-A-C-C-G-U-G-U-G-G-U-U-G-C-U-G-
HIV2-71-CM6 55nt-c-1 | with 2'-OMe and the | U-C-C-A-G-G-A-C-G-G-U-C-C-C-G-G-C-C-U-G-C-G-A-C-A-C-U-
Snt first and last 5 U-C-G-G-C-C-C-A-G-A-G-C-U-G-C-U-C*Cm*Um*Cm*Am*Um
internucleotide (SEQ ID NO: 350)
linkages were
phosphorothioated

P

Note: “m” refers to 2’-O-Me on the ribose of the nucleotide

G

refersto phosphorothioate linkage.
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Example 29.Further verificationof the modification pattern

[00303] The modification pattern of CM1 was tested on another sequence. A preferable modification pattern
in a prior art was used as a control. As shown in table 14, 55nt-c-15nt-CM1 was the test sequence, and
36nt-c-13nt-CM11 was a positive control,in which, all the nucleotides, except for the editing triplet “CCA”,
are modified with 2°-O-Me, and the first and last 4 internucleotide linkages were phosphorothioated.In
addition, 36nt-c-13nt-CM11 was only 51nt, which is not a preferable length in this invention but a preferable
length in the prior art. 48 hours after the transfection of the dRNAs into GM06214 cells using Lipofectamine
RNAIMAX, IDUA enzyme activity was detected using the method shown in Example23. As shown in FIG. 44,
55nt-c-15nt-CM1 had a significantly higher editing efficiency than that of 36nt-c-13nt-CM11.

Table. 14

Name Modification pattern Sequence

Gm*Am*Cm*G-C-C-C-A-C-C-G-Um-G-Um-G-G-Um
-Um-G-C-Um-G-Um-C-C-A-G-G-A-C-G-G-Um-C-C-
C-G-G-C-C-Um-G-C-G-A-C-A-C-Um-Um-C-G-G-C-C
-C-A-G-A-G-C-Um-G-C-Um-C-C-Um* Cm*Am*Um(S
EQ ID NO: 366)

Cm*Um*Gm*Um*Cm-Cm-Am-Gm-Gm-Am-Cm-Gm-
Gm-Um-Cm-Cm-Cm-Gm-Gm-Cm-Cm-Um-Gm-Cm-G
m-Am-Cm-Am-Cm-Um-Um-Cm-Gm-Gm-Cm-C-C-A-
Gm-Am-Gm-Cm-Um-Gm-Cm-Um*Cm*Cm*Um*Cm

(SEQ ID NO: 414)

55nt-c-15n | CM1
t-CM1

CM11:

All nucleotides, except for the targeting
36nt-c-13n | tripletCroCroAro, are modified with
t-CM11 2°-0-Me, the first and last 4
internucleotide linkages were
phosphorothioated

Note: “m” refers to 2’-O-Me on the ribose of the nucleotide. “*” refers to phosphorothioate linkage.

Example 30.Further test ofthe dRNAsin other cells

[00304] This example focused on the repair of USH2A ¢.11864 G>A (p.Trp3955 *) mutation using LEAPER
technology. The reporter system designed in this example is shown in Figure 45A. In the case of USH2A
c.11864 G> A (p.Trp3955 *, the normal TGG sequence was mutated to TAG which is a stop codon.Thus,
translation of the mutated mRNA will be terminated early at this TAGThe 293T (293T cells from C. Zhang’s
laboratory, Peking University)reporter system is a lentiviral vector, and the mRNA shown in FIG 45A above is
driven by a CMV promoter. The system comprises the following parts: 1) mCherry red fluorescent protein,
which can be stably expressed, 2) the mutation site of USH2A gene and the adjacent 100 base pairs on both
sides. 3) GFP green fluorescent protein.When the mutation site is successfully edited, the TAG codon is
converted TIG, which allows translation to continue, and the GFP after the USH2A sequence can be translated
normally. Thus, the expression of GFP represents the editing efficiency.

[00305] The dRNA were synthesized in vitro, and all the dRNA sequences used in this example were shown
in Table 15. All the dRNA sequences were modified in CMO pattern. The specific steps of the test were as
follows:

[00306] 293T reportercells were culturedin DMEM (Hyclone SH30243.01) with 10% FBS (Vistech,
SE100-011). When confluent, cells were transferred into 12 well plates at 15,000 cells /well. The time is
recorded as 0 hr.

[00307] At 24 hr, 293T cells in each well were transfected with 12.5 pmol of dRNA using Lipofectamine
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RNAIMAX reagent (Invitrogen 13778150). Transfection protocol was provided in theproduct manual.

[00308] At 72 hr, cells in each well were digested with trypsin (Invitrogen, 13778-150), and the intensity of
FITC (Fluorescein isothiocyanate) was detected using a flow cytometer.

[00309] As shown in FIG 45B, cells were he editing efficiency of dRNAs with 3” and 5° termini of equal
length. NC represents the control cells withoutdRNA transfection. In accordance with the above examples, the
GFP positive ratio of the cells transfected with dRNAs of 111nt, 91nt and 7Intexceed 90%, while cells
transfected with 51nt dRNA resulted in a very low GFP positive ratio. From the data of MFI (mean
fluorescence intensity) on the left, the 111nt dRNA led to the highest fluorescence intensity.

[00310] As shown in FIG 45C, dRNAs with 3” and 5’ termini of different lengths and a 111nt dRNA with
equal 3’ and 5’ termini were transfected into cells, separately. As used in this example, the dRNA with a 55nt 5°
terminus has a 3’ terminus of 535nt, 45nt, 35nt, 25nt, or 5nt. Similarly, the dRNA with a 55nt 3” terminus has a
57 terminus of 55nt, 45nt, 35nt, 25nt, or 5nt. According to the result in FIG 45C, the editing efficiency
decreased dramatically when the length of dRNA was reduced to 61nt, while the longer dRNAs had obviously
higher editing efficiency. Among them, dRNA 55nt-c-25nt had the highest editing efficiency. Thus, the 3°
terminus was fixed to 25nt, and dRNAs with 5° termini of different lengths from 55nt to 25nt. The result of
cells transfected with these dRNAs was shown in FIG 45D. Two 55nt-c-25nt dRNAs were from 2 different
batches. It was obvious thatthe shorter the 5' terminus, the lower the editing efficiency. In addition, result in
FIG. 45Donce again indicated that, to ensure the editing efficiency, the length of dRNA is preferablynot to be
less than 61nt.

Table 15.
Length IS\;:)quence Sequence
55nt-C-5 [ SEQID ageccaaggageuggaaaaucuugagguggageuuccagaguuuguguuaalgaccacagacucuccacugaacccuuggaguuaca
Snt NO: 414 | ggcucugacccgauauucguagag

45nt-C-4 | SEQID gouggaaaaucuugagguggageuuccagaguuuguguuaaugaccacagacucuccacugaacceuuggaguuacaggeucugacc
Snt NO: 415 | cgau

35nt-C-3 | SEQ ID
cuugagguggageuuccagaguIuguguuAaugaccacagacucuccacugaacccuuggaguuacaggcu

Snt NO: 416
25nt-C2 | SEQ ID
St NO: 417 | 38cuuccagaguuuguguuaaugaccacagacucuccacugaacceungga

55nt-C4 [ SEQID agceccaaggageuggaaaaucuugagguggageuuccagaguiuguguuaangaccacagacucuccacugaacccunggaguuaca
Snt NO: 418 [ ggcucugacccgau

55nt-C-3 | SEQID agcccaaggageuggaaaaucuugagguggageuuccagaguuuguguuaaugaccacagacucuccacugaacccuuggaguuaca
Snt NO: 419 | ggcu

55m-C-2 | SEQ ID
agcccaaggageuggaaaaucuugagguggageuuccagaguuuguguuaaugaccacagacucuccacugaacccuugga

Snt NO: 420

55nt-C-1 | SEQID

St NO: 421 agcccaaggageuggaaaaucuugagguggageuuccagaguuuguguuaaugaccacagacucuccacug
55nt-C-5 | SEQ ID

ot NO: 427 | 3B6CCAAZEAZCULEAAAAUCUUZAZLUZEAZCUCCAZABUUUZUZUUAAUZACCACAZA

45nt-C-5 | SEQID gecuggaaaaucuugagguggageuuccagaguuuguguuaaugaccacagacucuccacugaacccuuggaguuacaggeucugace
Snt NO: 423 | cgauauucguagag

35nt-C-5 | SEQID cuugagguggageuuccagaguuuguguuaaugaccacagacucuccacugaacccuuggaguuacaggeucugacccgauauuc gu
Snt NO: 424 agag

25n-C-3 | SEQ ID
ageuuccagaguuugugUUAANZACCACAZACUCUCCACUZAACCCUUEZAZUUACAZECUCIZACCCEAUAUUCSUAZAS

Snt NO: 425

15nt-C-5 | SEQID

St NO: 426 guuuguguuaaugaccacagacucuccacugaacccuuggaguuacaggeucugacccgauauucguagag
Snt-C-55 | SEQ ID

ot NO: 427 augaccacagacucuccacugaacccuuggaguuacaggeucugacccganauucguagag

50nt-C-2 | SEQID

St NO: 428 aaggagcuggaaaaucuugagguggageuuccagaguuuguguuaaugaccacagacucuccacugaacccuugga
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45nt-C2 | SEQ ID
geuggaaaaucuugagguggageuuccagaguuuguguuaaugaccacagacucuccacugaacccuugga

Snt NO: 429
40-C-25n | SEQ ID
¢ NO. 430 | 823aUCUUgagEugEaSCuICCagaguINZIZUIAAUZACCACAZACUCUCCACUZAACCCUUZEA

35n-C-2 | SEQ ID

St NO: 431 | cwugagsuggagcunccagaguuuguguuaaugaccacagacucuccacugaacceuugga
30-C-25n | SEQ ID
{ NO: 437 | 88uggageuuccagaguunguguuaaugaccacagacucuccacugaacceuugga

[00311] ADARI1(p110) cDNA
5°-atggccgagatcaaggagaaaatctgcgactatctcttcaatgtgtetgactcetetgecctgaatttggctaaaaatattggecttaccaaggcccgagatata
aatgctgtgctaattgacatggaaaggcagggggatgictatagacaagggacaacccctcccatatggeatttgacagacaagaagcgagagaggatgcaaa
tcaagagaaatacgaacagtgttcctgaaaccgcetccagetgeaatcectgagaccaaaagaaacgeagagticctecacctgtaatatacccacatcaaatgect
caaataacatggtaaccacagaaaaagtggagaatgggcaggaacctgtcataaagttagaaaacaggcaagaggcecagaccagaaccagcaagactgaaa
ccacctgttcattacaatggcccctcaaaageagggtatgttgactttgaaaatggecagtgggccacagatgacatcccagatgactigaatagtatcegegeag
caccaggtgagtttcgagccatcatggagatgecctectictacagtcatggettgecacggtgticaccctacaagaaactgacagagtgccagetgaagaace
ccatcagegggctgttagaatatgcccagttcgctagtcaaacctgtgagticaacatgatagagcagagtggaccaccccatgaacctcgatttaaatticcaggtt
gtcatcaatggcecgagagtitccececagetgaagetggaagcaagaaagtggecaageaggatgcagetatgaaagecatgacaattctgctagaggaageca
aagccaaggacagtggaaaatcagaagaatcatcccactattccacagagaaagaatcagagaagactgcagagtcccagacccccaccecttcagecacat
ccttcttttctgggaagagecccgtcaccacactgcetigagtgtatgcacaaattggggaactectgegaattcegtctectgtccaaagaaggcecctgeccatgaa
cccaagttccaatactgtgttgcagtgggageccaaactitccccagtgtgagtgctecccagecaagaaagtggcaaageagatggecgecagaggaagecatga
aggccctgeatggggaggcgaccaactccatggctictgataaccagectgaaggtatgatctcagagtcactigataactiggaatccatgatgeccaacaagg
tcaggaagattggcgagctegtgagatacctgaacaccaaccetgtgggtggcctittggagtacgccegeteccatggetttgetgctgaattcaagttggtega
ccagtcecggacctectcacgageccaagttcgtitaccaagcaaaagttgggggtegetggticccagecgtetgecgeacacagcaagaageaaggeaagea
ggaagcagcagatgcggcetetccgtgtctigattggegagaacgagaaggeagaacgcatgggtticacagaggtaaccccagtgacaggggccagtcetcag
aagaactatgctcctcctetcaaggtccccagaagcacagecaaagacactecctetcactggcageaccticcatgaccagatagecatgcetgagecaccggt
gcttcaacactctgactaacagceticcagecctecttgetcggecgeaagattetggecgecatcattatgaaaaaagactetgaggacatgggtetcgtegtcag
cttgggaacagggaatcgcetgtgtaaaaggagatictctcagectaaaaggagaaactgtcaatgactgccatgcagaaataatectcccggagaggcettcatcag
gtttctetacagtgagttaatgaaatacaactcccagactgegaaggatagtatatttgaacctgetaagggaggagaaaagetccaaataaaaaagactgtgteat
tccatctgtatatcagcactgetecgtgtggagatggegecctctttgacaagtectgecagegaccgtgetatggaaageacagaatcccgecactaccetgtctic
gagaatcccaaacaaggaaagcetccgeaccaaggtggagaacggagaaggcacaatecetgtggaatccagigacattgtgectacgtgggatggceaticgg
cteggggagagacteccgtaccatgtcctgtagtgacaaaatectacgetggaacgtgctgggcctgcaaggggcactgtigacccacttcctgcageccatttat
ctcaaatctgtcacattgggttaccttttcagccaagggcatctgacecgtgetatitgetgtegtgtgacaagagatgggagtgcatitgaggatggactacgacat
ccctttattgtcaaccaccccaaggttggcagagicageatatatgaticcaaaaggceaatccgggaagactaaggagacaagcegtcaactggtgtetggetgat
ggctatgacctggagatcctggacggtaccagaggeactgtggatgggecacggaatgaattgtccegggtctccaaaaagaacatttttctictatitaagaage
tetgetecttecgttaccgcagggatctactgagactetcetatggtgaggecaagaaagetgeccgtgactacgagacggcecaagaactacticaaaaaaggec

tgaaggatatgggctatgggaactggattagcaaaccccaggaggaaaagaacttttatetetgeccagta gattacaagoateacgaceataag(Flag tag)
TAG-3" (SEQ ID NO:332)

ADARI(p150) cDNA
5 atgaatccgeggcaggggtattcectcageggatactacacecatecatttcaaggctatgageacagacagetcagataccageagectgggecaggatet
tececccagtagtttectgettaagcaaatagaattictcaaggggceagetcccagaageaccggtgattggaaagcagacaccegtcactgecaccettcecteeca

ggactccggcecaaggtticcagtactacttgectccagtaccagaggcaggeaagtggacatcaggggtgiceccaggggcegtgeatctcggaagicagggg
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ctccagagagggticcagcatecttcaccacgtggcaggagictgecacagagaggtgttgatigectttcctcacatticcaggaactgagtatctaccaagate
aggaacaaaggatcttaaagticctggaagagettggggaagggaaggccaccacageacatgatetgictgggaaacttgggactccgaagaaagaaatca
atcgagttttatactccctggcaaagaagggcaagetacagaaagaggceaggaacacceectttgtggaaaatcgeggtetecactcaggcttggaaccageac
agcggagtggtaagaccagacggtcatagccaaggagecccaaactcagaccegagtttggaaccggaagacagaaactccacatetgtetcagaagatettc
ttgagccttttattgcagtetcagetcaggcttggaaccageacageggagtggtaagaccagacagtcatagecaaggatccccaaactcagacccaggtitgg
aacctgaagacagcaactccacatctgecttggaagatcectcttgagtitttagacatggecgagatcaaggagaaaatctgegactatctcticaatgtgtetgact
cctetgeectgaatttggctaaaaatattggecttaccaaggeccgagatataaatgetgtgctaattgacatggaaaggeagggggatgtctatagacaagggac
aaccccteccatatggeatttgacagacaagaagegagagaggatgcaaatcaagagaaatacgaacagtgttcetgaaaccgetecagetgcaatecctgag
accaaaagaaacgcagagttcctcacctgtaatatacccacatcaaatgcctcaaataacatggtaaccacagaaaaagtggagaatgggcaggaacctgtcat
aaagttagaaaacaggcaagaggccagaccagaaccagcaagactgaaaccacctgttcattacaatggeecctcaaaagcagggtatgttgactitgaaaatg
gecagtgggcecacagatgacatcccagatgacttgaatagtatccgegeageaccaggtgagtticgagecatcatggagatgecctectictacagtcatggct
tgccacggtgttcaccctacaagaaactgacagagtgccagetgaagaaccccatcagegggctgttagaatatgeccagttcgetagtcaaacctgtgagttca
acatgatagagcagagtggaccacccecatgaacctcgatttaaattccaggttgtcatcaatggecgagagtttcccccagetgaagetggaagcaagaaagtg
gccaagcaggatgcagctatgaaagceatgacaattctgctagaggaagecaaagecaaggacagtggaaaatcagaagaatcateccactattccacagag
aaagaatcagagaagactgcagagtcccagacccccaccecttcagecacatecttetttictgggaagageccegtecaccacactgettgagtgtatgcacaaa
ttggggaactcctgegaattcegtetectgtccaaagaaggecctgeccatgaacccaagticcaatactgtgttgcagtgggageccaaactttceccagtgtga
gtgctcccageaagaaagtggcaaageagatggecgeagaggaagecatgaaggecctgeatggggaggcgaccaactecatggcettctgataaccagect
gaaggtatgatctcagagtcacttgataacttggaatccatgatgcccaacaaggtcaggaagattggegagcetegtgagatacctgaacaccaaccetgtgggt
ggcctittggagtacgeccgcteecatggetttgetgetgaattcaagttggtegaccagtceggacetectcacgageccaagttcgtitaccaageaaaagttgg
gggtcgetggttcccagecgtctgegcacacagcaagaagcaaggcaagcaggaageageagatgeggcetetecgtgtettgatiggggagaacgagaagg
cagaacgcatgggtttcacagaggtaaccccagtgacaggggcecagtctcagaagaactatgetectectctcaaggtecccagaageacagecaaagacact
ccctetcactggeageaccttccatgaccagatagecatgetgagecaccggtgcticaacactetgactaacagceticcageectecttgcteggecgeaagatt
ctggccgcecatcattatgaaaaaagactctgaggacatgggtgicgtcgtcagettgggaacagggaategetgtgtaaaaggagattctctcagectaaaagga
gaaactgtcaatgactgccatgcagaaataatctcccggagaggcettcatcaggtttcictacagtgagttaatgaaatacaactcccagactgegaaggatagtat
atttgaacctgctaagggaggagaaaagctccaaataaaaaagactgtgtcaticcatetgtatatcageactgetecgtgtggagatggegecctetttgacaagt
cctgeagegaccgtgctatggaaageacagaatcecgecactacectgtettcgagaatcccaaacaaggaaagetccgeaccaaggtegagaacggagaa
ggcacaatcectgtggaatccagtgacattgtgectacgtgggatggeaticggeteggggagagactcegtaccatgtcctgtagtgacaaaatectacgetgg
aacgtgctgggcctgcaaggggcactgtigacceacticetgeageccatttatctcaaatetgtcacattgggttaccttttcagecaagggcatetgaccegtget
atttgctgtcgtgtgacaagagatgggagtgcatitgaggatggactacgacatcectttattgtcaaccaccccaaggttggcagagtcagceatatatgaticcaa
aaggcaatccgggaagactaaggagacaagcegtcaactggigtetggetgatggctatgacctggagatectggacggtaccagaggceactgtggatgggcee
acggaatgaattgtccegggtctccaaaaagaacattittetictatttaagaagcetetgetecticegttaccgcagggatctactgagactctectatggtgaggee

aagaaagctgeccgtgactacgagacggccaagaactacticaaaaaaggectgaaggatatgggctatgggaactggattagcaaaccccaggaggaaaa

gaacttttatctctgeccagta gattacaaggatgacgacgataag(Flag tag) TAG-3" (SEQ ID NO:333)

ADAR?2 ¢cDNA
5’-atggatatagaagatgaagaaaacatgagttccagcageactgatgtgaaggaaaaccgcaatctggacaacgtgtceecccaaggatggeageacacctg
ggcctggegagggctetcagetetccaatgggggtegtogtegccecggcagaaageggeccetggaggagggcageaatggecactccaagtaccgect
gaagaaaaggaggaaaacaccagggcccgtectccccaagaacgecctgatgeagetgaatgagatcaagectggtitgecagtacacactectgtcccagact
gggeccgtgeacgegectttgtttgtcatgtetgtggaggtgaatggccaggtttitgaggectetggtcccacaaagaaaaaggcaaaactccatgetgetgag
aaggccttgaggtetttcgttcagtitcctaatgectetgaggeccacctggecatggggaggaccectgictgtcaacacggacttcacatctgaccaggecgactt
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ccctgacacgcetcticaatggttttgaaactcctgacaaggeggagecteccttttacgtgggceteccaatggggatgactecticagticcageggggacctcaget
tgtetgeticeccggtgcctgecagectageccagectecteteectgecttaccaccattcccacceccgagtgggaagaateecegtgatgatettgaacgaact

gegeccaggactcaagtatgacttectetccgagageggggagagecatgecaagagcettegtcatgtetgtggtegtggatggteagtictttgaaggctegeg
gagaaacaagaagcttgccaaggceccgggcetgegeagtictgecctggecgcecatitttaacttgeacttggatcagacgcecatetcgecagectattecccagtga
gggtcttcagetgeatttaccgcaggttttagetgacgetgtctcacgectggtectgggtaagttiggtgacctgacecgacaacttetcetecceteacgetegeag
aaaagtgctggcetggagtcgtcatgacaacaggcacagatgttaaagatgccaaggtgataagtgtitctacaggaacaaaatgtattaatggtgaatacatgagt
gatcgtggcecttgcattaaatgactgecatgecagaaataatatctecggagatcecttgetcagatttctttatacacaacttgagcetttacttaaataacaaagatgatca

aaaaagatccatctttcagaaatcagagcgaggggggtitaggctgaaggagaatgtccagtitcatctgtacatcageacctetecctgtggagatgecagaate
ttetcaccacatgagccaatcetggaagaaccageagatagacacccaaatcgtaaagcaagaggacagcetacggaccaaaatagagtctggtgaggggacg
attccagtgcgctccaatgegageatccaaacgigggacggggtgctgcaaggggageggctgctecaccatgtcetgeagtgacaagattgecacgetggaac

gtggteggecatccagggatccctgetcagceattticgtggageccatttactictcgageatcatectgggcagectttaccacggggaccacctttccagggeca
tgtaccagceggatcetccaacatagaggacctgecacctetctacaccctcaacaagectttgetcagtggeatcagcaatgcagaageacggeagecagggaa

ggcecceccaacttcagtgtcaactggacggtaggcegacteegetattgaggtcatcaacgecacgactgggaaggatgagetgggecgegegtecegeetgtgt
aagcacgegttgtactgtcgctggatgegtgtgcacggcaaggticecteccacttactacgetccaagattaccaaacccaacgtgtaccatgagtecaagetg

geggcaaaggagtaccaggecgecaaggegegtetgticacagecticatcaaggeggggetgggggectgggtggagaageccaccgageaggaccagt
tetcactcacgeee gattacaaggatgacgacgataag(flag tag) tag-3" (seq id no:334)

Coding sequence (CDS) of the disease-relevant genes

COL3A1
5’-atgatgagctttgtgcaaaaggggagetggctactictcgctetgeticatcecactattattitggcacaacaggaagetgtigaaggaggatgticecatettg
gtcagtcctatgeggatagagatgtetggaagecagaaccatgecaaatatgtgtctgtgactcaggatecgtictetgegatgacataatatgtgacgatcaagaa
ttagactgccccaacccagaaattccattiggagaatgttgtgcagtttgeccacagectecaactgetectactegecctectaatggtcaaggacctcaaggece
caagggagatccaggecctcetggtaticctgggagaaatggtgaccetggtatticcaggacaaccagggtceectggtictectggeeccectggaatetgtga
atcatgccectactggtcctcagaactatictccccagtatgattcatatgatgtcaagtctggagtageagtaggaggactegeaggcetatcctggaccagetggec
ccccaggeccteccggteceecctggtacatctggtcatectggticeectggatetccaggataccaaggacceecctggtgaacctgggeaagetggtecticag
geectecaggacctectggtgetataggtecatetggtcctgetggaaaagatggagaatcaggtagacccggacgacctggagagegaggattgectggace
tccaggtatcaaaggiccagcetgggatacctggaticectggtatgaaaggacacagaggceticgatggacgaaatggagaaaagggtgaaacaggtgetect
ggattaaagggteaaaatggtcticcaggcgaaaatggagcetectggacccatgggtccaagaggggcteetggtgagegaggacggecaggacttcetggg
getgeaggtgctcggggtaatgacggtgctcgaggcagtgatggtcaaccaggeccteetggtectectggaactgecggaticectggatecectggtgctaa
gggtgaagttggacctgcagggtetectggttcaaatggtgeccctggacaaagaggagaacctggacctcagggacacgetggtgctecaaggtectectgge
cctectgggattaatggtagtectggtggtaaaggegaaatgggteccgctggeattectggagetectggactgatgggageccggggtectccaggaccage
cggtgctaatggtgctcctggactgcgaggtegtgcaggtgagectggtaagaatggteccaaaggagageccggaccacgtggtgaacgcggtgaggcts
gtattccaggtgttccaggagctaaaggegaagatggcaaggatggatcacctggagaacctggtgcaaatgggcticcaggagetgcaggagaaaggggte
cceetgggttccgaggacctgetggaccaaatggcatcccaggagaaaagggtectgctggagagegtggtgetccaggeectgcagggeccagaggaget
getggagaacctggeagagatggegtecctggaggtccaggaatgaggggcatgeccggaagteccaggaggaccaggaagtgatgggaaaccagggcect
cccggaagtcaaggagaaagtggicgaccaggtectectgggccatetggicececgaggtcagectggtgtcatgggcttceceggtectaaaggaaatgatg
gtgctcetggtaagaatggagaacgaggtegecctggaggacctggecctcagggtcctectggaaagaatggtgaaactggacctcagggacceccaggg
cctactgggcectggtggtgacaaaggagacacaggacccecctggtccacaaggattacaaggetigectggtacaggtggicetccaggagaaaatggaaaa
cctggggaaccaggtccaaagggtgatgecggtgcacctggagetccaggaggcaagggtgatgctggtgccectggtgaacgtggacctectggattggca
gggeccccaggacttagaggtggagctggteceectggtcccgaaggaggaaagggtgetgetggtectectgggecacctggtgctgctggtactectggte
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tgcaaggaatgectggagaaagaggaggtctiggaagtectggtccaaagggtgacaagggtgaaccaggeggteccaggtgctgatggtgtceccagggaaa

gatggcccaaggggtectactggtcctattggtectectggeccagetggccagectggagataagggtgaaggtggtegcceceggacticcaggtatagetgg
acctegtggtagecctggtgagagaggtgaaactggecctecaggacctgetggtitcectggtectectggacagaatggtgaacctggtggtaaaggagaaa
gaggggctccgggtgagaaaggtgaaggaggcecctectggagtigcaggaceeectggaggtictggacctgetggtectectggtecccaaggtgtcaaag

gtgaacgtggeagtectggtggacctggtgctgetggcettcectggtgctegtggteticctggtectcetggtagtaatggtaacccaggacceecaggteccag
cggttctccaggeaaggatgggeccccaggtectgegggtaacactggtgctectggeagecctggagtgtectggaccaaaaggtgatgetggecaaccagg

agagaagggatcgcectggtgeccagggeccaccaggagetccaggceccacttgggattgctgggatcactggageacggggtcttgcaggaccaccaggea
tgccaggtectaggggaagecctggccetcagggtgtcaagggtgaaagtgggaaaccaggagetaacggtctcagtggagaacgtggtecceetggacee

cagggtcticctggtctggetggtacagetggtgaacctggaagagatggaaaccetggatcagatggteticcaggccgagatggatctcctggtggcaaggg
tgatcgtggtgaaaatggetcteetggtgeccetggegceteetggtcatccaggeccacctggteetgteggtccagetggaaagagtggtegacagaggagaaa
gtggcectgetggecctgetggtectecceggtectgetggtticcecgaggtgctectggtecicaaggeccacgtggteacaaaggtgaaacaggtgaacgtgga
getgetggeatcaaaggacatcgaggattcectggtaatccaggtgecccaggtteteccaggecctgctggtcageagggtgcaatcggcagtccaggacctg

caggcceccagaggacctgttggacccagtggacctectggeaaagatggaaccagtggacatccaggteccatiggaccaccagggectcgaggtaacaga

gptgaaagaggatctgagggetccecaggecacccagggcaaccaggecctectggaccteetggtgeccetggtecttgetgtggtestottggagecgcetg
ccattgctgggattggaggtgaaaaagetggeggtittgecccegtattatggagatgaaccaatggatticaaaatcaacaccgatgagattatgacticactcaag
tetgttaatggacaaatagaaagcectcattagtcetgatggtictcgtaaaaaccecgetagaaactgecagagacctgaaattctgecatectgaactcaagagtgg
agaatactgggttgaccctaaccaaggatgcaaattggatgctatcaaggtattctgtaatatggaaactggggaaacatgeataagtgccaatcctttgaatgtic

cacggaaacactggtggacagattctagtgctgagaagaaacacgtttggtttggagagiccatggatggtggttttcagtttagctacggcaatcctgaacticet

gaagatgtccttgatgtgcagctggcattecticgacttctetccagecgagettcccagaacatcacatatcactgcaaaaatageattgeatacatggatcagge

cagtggaaatgtaaagaaggccctgaagetgatggggtcaaatgaaggtgaaticaaggctgaaggaaatagcaaattcacctacacagtictggaggatggtt

gcacgaaacacactggggaatggagcaaaacagtctttgaatatcgaacacgcaaggctgtgagactacctattgtagatattgeaccctatgacattggtggtcee
tgatcaagaatttggtgtggacgttggecctgttigctttttataa-3" (SEQ ID NO:333)

BMPR2
5’-atgacttcctegetgeageggecctggegggtgeectggetaccatggaccatectgetggteagegetgeggetgeticgcagaatcaagaacggcetatgt
gcgtttaaagatccgtatcagcaagaccttgggataggtgagagtagaatcictcatgaaaatgggacaatattatgctcgaaaggtagcacctgetatggectttg
ggagaaatcaaaaggggacataaatcttgtaaaacaaggatgttggtctcacattggagatccccaagagtgtcactatgaagaatgtgtagtaactaccacteet
ccctcaattcagaatggaacataccgtttctgctgttgtagcacagatttatgtaatgtcaactttactgagaattitccacctcctgacacaacaccactcagtccace
tcattcatttaaccgagatgagacaataatcattgetttggcatcagtetctgtattagetgtittgatagttgecttatgetitggatacagaatgttgacaggagaccgt
aaacaaggtcttcacagtatgaacatgatggaggcagcagcatccgaaccctetctigatctagataatctgaaactgtiggagcetgattggecgaggtcgatatg
gagcagtatataaaggctcecttggatgagegtccagttgetgtaaaagtgttticetitgcaaaccgtcagaattttatcaacgaaaagaacatttacagagtgecttt
gatggaacatgacaacattgccegcetttatagtiggagatgagagagtcactgcagatggacgcatggaatatttgettgtgatggagtactatcccaatggatctit
atgcaagtatttaagtctccacacaagtgactg@ggtaagctcttgecgtettgeteattetgttactagaggactggcttatctticacacagaattaccacgaggagat
cattataaacctgcaatttcccatcgagatttaaacagcagaaatgtcctagtgaaaaatgatggaacctgtgttattagtgacttiggactgtccatgaggcetgactg
gaaatagactggtecgcccaggggaggaagataatgcagecataagegaggtiggcactatcagatatatggcaccagaagtectagaaggagcetgtgaactt
gagggactgtgaatcagctttgaaacaagtagacatgtatgetcttggactaatctattgggagatatttatgagatgtacagacctettcccaggggaatcegtace
agagtaccagatggcttttcagacagaggtiggaaaccatcecacttttgaggatatgcaggtictcgtgtctagggaaaaacagagacccaagttcccagaage
ctggaaagaaaatagcctggcagtgaggtcactcaaggagacaatcgaagactgttgggaccaggatgcagaggcetcggcettactgecacagtgtgctgagga
aaggatggctgaacttatgatgatitgggaaagaaacaaatctgtgagcccaacagtcaatccaatgtctactgetatgcagaatgaacgcaacctgtcacataat

aggcgtgtgccaaaaattggtecttatccagattaticticctectcatacattgaagactctatccatcatactgacagceatcgtgaagaatatttectctgagcattet
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atgtccagcacacctttgactataggggaaaaaaaccgaaattcaattaactatgaacgacagcaagcacaagetcgaatccccagecctgaaacaagtgtcac
cagcctctccaccaacacaacaaccacaaacaccacaggactcacgcecaagtactggcatgactactatatctgagatgecatacccagatgaaacaaatctge
ataccacaaatgttgcacagtcaattgggccaaccectgtctgcttacagetgacagaagaagacttggaaaccaacaagctagacccaaaagaagttgataag
aacctcaaggaaagctctgatgagaatctcatggagceactctcttaaacagttcagtggcccagacccactgageagtactagttctagettgcetttacccactcat
aaaacttgcagtagaagcaactggacagcaggacttcacacagactgcaaatggecaageatgtttgattcctgatgttctgectactcagatctatectetcecca
agcagcagaaccttcccaagagacctactagtitgectttgaacaccaaaaattcaacaaaagagcecccggctaaaatttggcagcaagcacaaatcaaactiga
aacaagtcgaaactggagtigccaagatgaatacaatcaatgcagceagaacctcatgtggtgacagtcaccatgaatggtgtggeaggtagaaaccacagtgtt
aactcccatgetgecacaacccaatatgecaatgggacagtactatetggecaaacaaccaacatagtgacacatagggeccaagaaatgtigeagaatcagttt
attggtgaggacacccggctgaatattaattccagtcctgatgageatgagectttactgagacgagagcaacaagcetggecatgatgaaggtgttctggategte
ttgtggacaggagggaacggecactagaaggtggecgaactaaticcaataacaacaacageaatccatgticagaacaagatgticttgecacagggtgttcea
agcacagcagcagatcetgggccatcaaageccagaagagceacagaggcctaattetctggatctitcagecacaaatgtectggatggcagcagtatacagat
aggtgagtcaacacaagatggcaaatcaggatcaggtgaaaagatcaagaaacgtgtgaaaactcectattctettaageggtggegeccctecacctgggtca
tetecactgaategetggactgtgaagtcaacaataatggcagtaacagggceagttcaticcaaatccageactgcetgtttaccttgcagaaggaggcactgetac
aaccatggtgtctaaagatataggaatgaactgtctgtga-3° (SEQ ID NO:336)

AHI1
5’-atgcctacagetgagagteaagcaaaagtaaaaaccaaagttcgctttgaagaattgettaagacecacagtgatctaatgegtgaaaagaaaaaactgaag
aaaaaacttgtcaggtctgaagaaaacatctcacctgacactattagaagcaatcttcactatatgaaagaaactacaagtgatgatcccgacactattagaagcaa
tettccecatattaaagaaactacaagtgatgatgtaagtgetgetaacactaacaacctgaagaagageacgagagtcactaaaaacaaattgaggaacacaca
gttagcaactgaaaatcctaatggtgatgctagtgtagaggaagacaaacaaggaaagccaaataaaaaggtgataaagacggtgccccagttgactacacaa
gacctgaaaccggaaactcctgagaataaggttgattctacacaccagaaaacacatacaaagccacagecaggegttgatcatcagaaaagtgagaaggcaa
atgagggaagagaagagactgatttagaagaggatgaagaattgatgcaagcatatcagtgccatgtaactgaagaaatggcaaaggagattaagaggaaaat
aagaaagaaactgaaagaacagttgacttactticcctcagatactttattccatgatgacaaactaagcagtgaaaaaaggaaaaagaaaaaggaagticcagtc
ttctctaaagcetgaaacaagtacattgaccatctctggtgacacagtigaaggtgaacaaaagaaagaatcttcagttagatcagtttcttcagattctcatcaagatg
atgaaataagctcaatggaacaaagcacagaagacagcatgcaagatgatacaaaacctaaaccaaaaaaaacaaaaaagaagactaaagceagttgcagata
ataatgaagatgtteatggteatggtottcatgaaataacaagccgagatageccggtitatcccaaatgtitgettgatgatgaccttgtettgggagtttacattcac
cgaactgatagacttaagtcagattttatgatttctcacccaatggtaaaaattcatgtggttgatgagcatactggtcaatatgtcaagaaagatgatagtggacggc
ctgtttcatcttactatgaaaaagagaatgtggattatattcttcctattatgacccagccatatgattttaaacagttaaaatcaagacttccagagtgggaagaacaa
attgtatttaatgaaaattttccctatttgettcgaggcetetgatgagagtcctaaagtcatcctgttctttgagattettgattticttaagegtggatgaaattaagaataat
tctgaggttcaaaaccaagaatgtggctttcggaaaattgectgggcatttcttaagetictgggagecaatggaaatgcaaacatcaactcaaaacttegettgea
gctatattacccacctactaagectcgatccccattaagtgtigttgaggcatitgaatggtggtcaaaatgtccaagaaatcattacccatcaacactgtacgtaact
gtaagaggactgaaagttccagactgtataaagecatcttaccgetctatgatggcetcttcaggaggaaaaaggtaaaccagtgceattgtgaacgtcaccatgagt
caagctcagtagacacagaacctggattagaagagtcaaaggaagtaataaagtggaaacgactecetgggcaggettgeegtatcccaaacaaacacctettc
tcactaaatgcaggagaacgaggatgttittgtctigattictcccacaatggaagaatattagcagcagettgigecagecgggatggatatccaattatittatatg
aaattcettctggacgtttcatgagagaattgtgtggecacctcaatatcatttatgatetttcctggtcaaaagatg atcactacatecttacttcatcatetgatggeac
tgccaggatatggaaaaatgaaataaacaatacaaatactttcagagttttacctcatecttettitgtitacacggctaaattccatccagetgtaagagagcetagtag
ttacaggatgctatgattccatgatacggatatggaaagtigagatgagagaagatictgecatattggtccgacagtttgacgttcacaaaagttttatcaactcact
ttgttttgatactgaaggtcatcatatgtattcaggagattgtacaggggtgattgttgtitggaatacctatgtcaagattaatgatttggaacattcagtgcaccactg
gactataaataaggaaattaaagaaactgagtttaagggaattccaataagttatttggagattcatcccaatggaaaacgtttgttaatccataccaaagacagtact

ttgagaattatggatctccggatattagtagcaaggaagtttgtaggagcagcaaattatcgggagaagattcatagtactttgactccatgtgggacttttetgtttoc
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tggaagtgaggatggtatagtgtatgtitggaacccagaaacaggagaacaagtagecatgtattctgactigecattcaagtcacccattcgagacatttcttatca
tecatttgaaaatatggttgcattetgtgeatttgggcaaaatgagecaattctictgtatatitacgatttccatgtigeccageaggaggctgaaatgttcaaacgeta
caatggaacatttccattacctggaatacaccaaagtcaagatgecctatgtacctgtccaaaactaccccatcaaggctcttttcagattgatgaatttgtccacact
gaaagticticaacgaagatgcagctagtaaaacagaggcttgaaactgtcacagaggtgatacgttcctgtgetgcaaaagtcaacaaaaatctctcatttacttc
accaccagcagtttcctcacaacagtctaagttaaagcagtcaaacatgetgaccgctcaagagattctacatcagtttggtticactcagaccgggattatcageat
agaaagaaagccttgtaaccatcaggtagatacagcaccaacggtagtggctctttatgactacacagegaatcgatcagatgaactaaccatccatcgeggag
acattatccgagtgtttticaaagataatgaagactggtggtatggcageataggaaagggacaggaaggttattttccagctaatcatgtggctagtgaaacactg
tatcaagaactgcctcctgagataaaggagcegatecectectttaagecctgaggaaaaaactaaaatagaaaaatctccagetectcaaaagcaatcaatcaata
agaacaagtcccaggacticagactaggcetcagaatctatgacacattctgaaatgagaaaagaacagagccatgaggaccaaggacacataatggatacacg

gatgaggaagaacaagcaagcaggeagaaaagtcactctaatagagta-3’ (SEQ ID NO:337)

FANCC
5’-atggctcaagattcagtagatctttctigtgattatcagttttggatgcagaagctttctgtatgggatcaggcttceactitggaaacccageaagacacetgtett
cacgtggctcagticcaggagttcctaaggaagatgtatgaagecttgaaagagatggattctaatacagtcattgaaagattccceacaattggtcaactgttggc
aaaagcttgtiggaatccttttattttagcatatgatgaaagccaaaaaattctaatatggtgcttatgtigtctaattaacaaagaaccacagaattctggacaatcaaa
acttaactcctggatacagggtgtattatctcatatactitcagcactcagatttgataaagaagttgetcettitcactcaaggtctigggtatgecacctatagattactat
cctggtttgcttaaaaatatggtittatcattagegtctgaactcagagagaatcatcttaatggatttaacactcaaaggegaatggetceccgagegagtggcgtee
ctgtcacgagtitgtgtcccacttattaccetgacagatgttgaccecctggtggaggctctecteatetgtcatggacgtgaacctcaggaaatectecagecaga
gttctitgaggetgtaaacgaggcecattttgetgaagaagatttetctceecatgtcagetgtagtetgectetggeticggeaccticceagecttgaaaaageaatg
ctgcatctittigaaaagctaatctccagtgagagaaattgtctgagaaggatcgaatgctttataaaagaticatcgetgectcaagcagectgccaccetgecata
ttecgggttgttgatgagatgticaggtgtgcactectggaaaccgatggggccetggaaatcatagecactattcaggtgtttacgcagtgctttgtagaagetetg
gagaaagcaagcaagcagcetgeggtttgecactcaagacctactttcettacacttctecatctettgecatggtgctgctgcaagacectcaagatatecctegggg
acactggctccagacactgaagcatatttctgaactgetcagagaagceagtigaagaccagactcatgggtectgeggaggteectttgagagetggttcetgttc
attcacttcggaggatgggctgagatggtggcagagcaattactgatgtcggcagecgaaccecccacggecectgetgtggetettggectictactacggecce
cgtgatgggaggcagcagagagceacagactatggtccaggtgaaggccegtgctgggccacctectggeaatgteccagaageageagecetctcageccagga
cctgeagacggtagcaggacagggceacagacacagacctcagagetcctgecacaacagcetgatcaggeaccttetectcaacttectgetetgggctectgga
ggccacacgatcgectgggatgtcatcaccctgatggetcacactgetgagataactcacgagatcattggetttettgaccagaccttgtacagatggaategtcet
tggcattgaaagcectagatcagaaaaactggeccgagagetccettaaagagetgegaactcaagtetag-3° (SEQ ID NO:338)

MYBPC3
5’°-atgcctgagecggggaagaagcecagtcteagcttitageaagaagecacggteagtggaagtggccgeaggeageectgeegtgticgaggcegagaca
gagecgggcaggagtgaaggtgcgctggcagegeggaggcagtgacatcagegecageaacaagtacggectggccacagagggcacacggceatacgct
gacagtgegggaagtgggccctgecgaccagggatcttacgcagteattgetggetectccaaggtcaagttcgacctcaaggtcatagaggcagagaagge
agagcccatgetggececctgeccetgecectgctgaggecactggageceetggagaageeccggecccagecgetgagetgggagaaagtgecccaagt
cccaaagggtcaagetcageagcetetcaatggtectaceectggageccecgatgaceecattggectcticgtgatgeggccacaggatggegaggteacceg
tgggtggcagcatcacctictcageccgegtggecggegecagectectgaagecgectgtggtcaagtggticaagggeaaatgggtggacctgageagea
aggtgggoccagcacctgcagetgcacgacagcetacgaccgegecageaaggtctatetgticgagetgeacatcaccgatgeccagectgccticactggcag
ctaccgcetgtgaggtgtccaccaaggacaaatttgactgetecaacttcaatctecactgteccacgaggecatgggeaccggagacctggacctectatcagecttc
cgcegeacgagectggcetggaggtggtcggcggatcagtgatagecatgaggacactgggattctggacticagetcactgetgaaaaagagagacagtttce
ggaccccgagggactcgaagetggaggeaccageagaggaggacgtgigggagatectacggcaggeaceeccatctgagtacgagegeatcgecttcca
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gtacggcgtcactgacctgegeggeatgctaaagaggcetcaagggeatgaggegegatgagaagaagageacagectitcagaagaagetggageeggect
accaggtgagcaaaggccacaagatccggetgaccgtggaactggctgaccatgacgetgaggtcaaatggctcaagaatggecaggagatccagatgage
ggcagcaagtacatctttgagtccatcggtgccaagegtaccetgaccatcagecagtgcteatiggeggacgacgeagectaccagtecgtggtgggtegcg

agaagtgtagcacggagctctitgtgaaagagececcctgtgctcatcacgegeccctiggaggaccagetggtgatggtgggocagegggtggagtitgagtat
gaagtatcggaggaggggocgcaagicaaatggetgaaggacggggtggagetgaccegggaggagaccticaaataccggticaagaaggacgggeag

agacaccacctgatcatcaacgaggccatgetggaggacgeggggcactatgcactgtgcactagegggggccaggegetggcetgagetcattgtgcagga

aaagaagctggaggtgtaccagagcatcgeagacctgatggtgggegcaaaggaccaggceggtgticaaatgtgaggtctcagatgagaatgticggggtet

gtggctgaagaatgggaaggagetggtgcccgacagecgeataaaggtgteccacatcgggegggtecacaaactgaccattgacgacgtcacacctgecg

acgaggctgactacagctttgtgecccgagggcticgectgeaacctgtcagecaagetecacticatggaggtcaagattgacttegtacccaggeaggaacctc
ccaagatccacctggactgeccaggecgcataccagacaccatigtggtigtagetggaaataagetacgtetggacgtecctatetetggggacectgetecea
ctgtgatctggcagaaggctatcacgcaggggaataaggccccagecaggcecagecccagatgecccagaggacacaggtgacagegatgagtgggtattt

gacaagaagctgctgtetgagaccgagggecgggtecgegtggagaccaccaaggaccgeageatettcacggtcgagggggcagagaaggaagatgag
ggcgtetacacggtcacagtgaagaaccctgtgggcgaggaccaggtcaacctcacagtcaaggtcatcgacgtgecagacgeacctgeggeccecaagat

cagcaacgtgggagaggactcctgecacagtacagtgggagecgectgectacgatggcgggcageccatectgggctacatcctggagegeaagaagaag

aagagctaccggtggatgeggcetgaactticgacctgattcaggagetgagtcatgaagegeggegeatgatcgagggegtggtgtacgagatgegegtetacg
cggtcaacgcecatcggceatgtccaggeccagecctgecteccageccttcatgectateggtecceccagegaacccacceacctggeagtagaggacgtete
tgacaccacggtetecctcaagtggeggeccccagagegegtgggageaggaggcctggatgectacagegtggagtactgeccagagggctgctcagagt
gggtggctgecctgecaggggctgacagageacacatcgatactggtgaaggacctgeccacgggggeccggctgcettitccgagtgegggcacacaatatgg
cagggcctggageccctgttaccaccacggagecggigacagtgcaggagatcetgecaacggecacggcttcagetgeeccaggeacetgegecagaccatt

cagaagaaggtcggggagcectgtgaacctictcatecctticcagggcaagecceggectcaggtgacctggaccaaagaggggcagecectggeaggega
ggaggtgagcatccgeaacagecccacagacaccatectgttcatccgggecgetegecgegtgeattcaggeacttaccaggtgacggtgegeattgagaac
atggaggacaaggcecacgctggtgctgeaggtigttgacaagecaagtcctecccaggatctecgggteactgacgectggggtcttaatgtggetetggagty
gaagccaccccaggatgtcggeaacacggagetetgggegtacacagtgcagaaagecgacaagaagaccatggagtggttcaccgtettggageattace

gecgeacccactgegtggteccagagcetcatcattggeaatggctactacticcgegteticagecagaatatggttggctitagtgacagageggecaccacca
aggagcccgtctttatccccagaccaggeatcacctatgagecacccaactataaggecctggacttctcegaggecccaagcettcacceageccctggtgaac
cgeteggteatcgegggctacactgctatgetetgetgtgctgtcecggggtagecccaageccaagatttcetggticaagaatggectggacctgggagaaga

cgceecgetteccgeatgttcagcaageagggagtgttgactetggagattagaaageectgeccecttigacgggggcatctatgtetgecagggocaccaacttaca
gegcgaggcacggtgtgagtgcegectggaggtecgagteccteagtga-3” (SEQ ID NO:339)

IL2RG
5’-atgttgaagccatcattaccattcacatcectcttattcctgcagetgecectgctgggagtgggectgaacacgacaattctgacgcecaatgggaatgaaga
caccacagctgatticticctgaccactatgcccactgactccctecagigtticcactctgecectcccagaggticagtgtitigtgticaatgtcgagtacatgaatt
gcacttggaacagcagctctgagecccagectaccaacctcactetgeattattggtacaagaactcggataatgataaagtccagaagtgcagecactatctatt
ctctgaagaaatcacttctggetgtcagttgcaaaaaaaggagatccacctctaccaaacatttgttgttcagcteccaggacccacgggaacccaggagacagge
cacacagatgctaaaactgcagaatctggtgatceectgggctccagagaacctaacacticacaaactgagtgaatcccagetagaactgaactggaacaaca
gattcttgaaccactgtttggagcacttggtgcagtaccggactgactgggaccacagctggactgaacaatcagtggattatagacataagttctecttgectagt
gtggatgggcagaaacgctacacgtitcgtgticggagecgctttaacccactetgtggaagtgetcageatiggagtgaatggagecacccaatccactgggg
gagcaatacttcaaaagagaatcctttcctgttigecattggaagecegtggttatctetgttggctccatgggattgattatcagectteictgtgtgtatitctggetgga
acggacgatgccccgaattcccaccctgaagaacctagaggatettgttactgaataccacgggaactttticggectggagtggtgtgtectaagggactggctga
gagtctgcagcecagactacagtgaacgactetgectegtcagtgagattccceccaaaaggaggggccctiggggagggecctggggcctecccatgcaacca
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geatageecctactgggeccccccatgttacaccetaaagectgaaacctga-3’ (SEQ ID NO:340)

Discussion

[00312] Genome editing technologies are revolutionizing biomedical research. Highly active nucleases, such
as zinc finger nucleases (ZFNs)', transcription activator-like effector nucleases (TALENs)*, and Cas proteins
of CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats) system®” have been successfully
engineered to manipulate the genome in a myriad of organisms. Recently, deaminases have been harnessed to
precisely change the genetic code without breaking double-stranded DNA. By coupling a cytidine or an
adenosine deaminase with the CRISPR-Cas9 system, researchers created programmable base editors that
enable the conversion of C+G to T*A or AT to GeC in genomic DNA*', offering novel opportunities for
correcting disease-causing mutations.

[00313] Aside from DNA, RNA is an attractive target for genetic correction because RNA modification could
alter the protein function without generating any permanent changes to the genome. The ADAR adenosine
deaminases are currently exploited to achieve precise base editing on RNAs. Three kinds of ADAR proteins
have been identified in mammals, ADARI (isoforms pll0 and pl150), ADAR2 and ADAR3 (catalytic
inactive)'"'?, whose substrates are double-stranded RNAs, in which an adenosine (A) mismatched with a
cytosine (C) is preferentially deaminated to inosine (I). Inosine 1s believed to mimic guanosine (G) during
translation'>'. To achieve targeted RNA editing, the ADAR protein or its catalytic domain was fused with a
AN peptide’™"”, a SNAP-tag"®? or a Cas protein (dCas13b)>, and a guide RNA was designed to recruit the
chimeric ADAR protein to the specific site. Alternatively, overexpressing ADAR1 or ADAR2 proteins together
with an R/G motif-bearing guide RNA was also reported to enable targeted RNA editing™* ™.

[00314] All these reported nucleic acid editing methods in mammalian system rely on ectopic expression of
two components: an enzyme and a guide RNA. Although these binary systems work efficiently in most studies,
some inherent obstacles limit their broad applications, especially in therapics. Because the most effective in
vivo delivery for gene therapy is through viral vectors™, and the highly desirable adeno-associated virus (AAV)
vectors are limited with cargo size (~4.5 kb), making it challenging for accommodating both the protein and
the guide RNA. Over-expression of ADAR1 has recently been reported to confer oncogenicity in multiple
myelomas due to aberrant hyper-editing on RNAs™", and to generate substantial global off-targeting edits™. In
addition, ectopic expression of proteins or their domains of non-human origin has potential risk of eliciting
immunogenicity™*>*. Morcover, pre-existing adaptive immunity and p53-mediated DNA damage response may
compromise the efficacy of the therapeutic protein, such as Cas9**®. Although it has been attempted to utilize
endogenous mechanism for RNA editing, this was tried only by injecting pre-assembled target transcript: RNA
duplex into Xenopus embryos39, Alternative technologies for robust nucleic acid editing that don’t rely on
ectopic expression of proteins are much needed. Here, we developed a novel approach that leverages
endogenous ADAR for RNA editing. We showed that expressing a deliberately designed guide RNA enables
efficient and precise editing on endogenous RNAs, and corrects pathogenic mutations. This unary nucleic acid
editing platform may open new avenues for therapeutics and research.

[00315] In particular, we showed that expression of a linear arRNA with adequate length is capable of
guiding endogenous ADAR proteins to edit adenosine to inosine on the targeted transcripts. This system,

referred to as LEAPER, utilizes endogenous ADAR proteins to achieve programmable nucleic acid editing,
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thus possessing advantages over existing approaches.

[00316] The rare quality of LEAPER is its simplicity because it only relies on a small size of RNA molecule
to direct the endogenous proteins for RNA editing. This is reminiscent of RNAi, in which a small dsRNA
could invoke native mechanism for targeted RNA degradation“. Because of the small size, arRNA could be
readily delivered by a variety of viral and non-viral vehicles. Different from RNAi, LEAPER catalyzes the
precise A to I switch without generating cutting or degradation of targeted transcripts (FIG.18A). Although the
length requirement for arRNA is longer than RNAi, it neither induces immune-stimulatory effects at the
cellular level (FIG22E, f and FIG29E) nor affects the function of endogenous ADAR proteins (FIG22A, b),
making it a safe strategy for RNA targeting. Remarkably, it has been reported that ectopic expression of ADAR
proteins or their catalytic domains induces substantial global off-target edits®® and possibly triggers cancer’’.
[00317] Recently, several groups reported that cytosine base editor could generate substantial off-target
single-nucleotide variants in mouse embryos, rice or human cell lines due to the expression of an effector
protein, which illustrates the advantage of LEAPER for potential therapeutic application™>. Gratifyingly,
LEAPER empowers efficient editing while elicits rare global off-target editing (FIG 20 and FIG 21). In
addition, LEAPER could minimize potential immunogenicity or surmount delivery obstacles commonly
shared by other methods that require the introduction of foreign proteins.

[00318] For LEAPER, we would recommend using arRNA with a minimal size above 70-nt to achieve
desirable activity. In the native context, ADAR proteins non-specifically edit Alu repeats which have a duplex
of more than 300-nt>. Of note, Alu repeats form stable intramolecular duplex, while the LEAPER results in an
intermolecular duplex between arRNA and mRNA or pre-mRNA, which is supposed to be less stable and more
difficult to form. Therefore, we hypothesized that an RNA duplex longer than 70-nt is stoichiometrically
important for recruiting or docking ADAR proteins for effective editing. Indeed, longer arRNA resulted in
higher editing yield in both ectopically expressed reporters and endogenous transcripts (FIG16D and FIG17B).
However, because ADAR proteins promiscuously deaminate adenosine base in the RNA duplex, longer arRNA
may incur more off-targets within the targeting window.

[00319] While LEAPER could effectively target native transcripts, their editing efficiencies and off-target
rates varied. For PPIB transcript-targeting, we could convert 50% of targeted adenosine to inosine without
evident off-targets within the covering windows (FIG17B, f). The off-targets became more severe for other
transcripts. We have managed to reduce off-targets such as introducing A-G mismatches or consecutive
mismatches to repress undesired editing. However, too many mismatches could decrease on-target efficiency.
Weighing up the efficiency and potential off-targets, we would recommend arRNA with the length ranging
from 100- to 150-nt for editing on endogenous transcripts. If there is a choice, it’s better to select regions with
less adenosine to minimize the chance of unwanted edits. Encouragingly, we have not detected any off-targets
outside of the arRNA-targeted-transcript duplexes (FIG. 20).

[00320] We have optimized the design of the arRNA to achieve improved editing efficiency and
demonstrated that LEAPER could be harnessed to manipulate gene function or correct pathogenic mutation.
We have also shown that LEAPER is not limited to only work on UAG, instead that it works with possibly any
adenosine regardless of its flanking nucleotides (FIG 16F, g and FIG17C). Such flexibility 1s advantageous for
potential therapeutic correction of genctic discases caused by certain single point mutations. Interestingly, in

editing the IDUA transcripts, the arRNA targeting pre-mRNA is more effective than that targeting mature RNA,
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indicating that nuclei are the main sites of action for ADAR proteins and LEAPER could be leveraged to
manipulate splicing by modifying splice sites within pre-mRNAs. What’s more, LEAPER has demonstrated
high efficiency for simultancously targeting multiple gene transcripts (FIG.17D). This multiplexing capability
of LEAPER might be developed to cure certain polygenetic diseases in the future.

[00321] It is beneficial to perform genetic correction at the RNA level. First, editing on targeted transcripts
would not permanently change the genome or transcriptome repertoire, making RNA editing approaches safer
for therapeutics than means of genome editing. In addition, transient editing is well suited for temporal control
of treating discases caused by occasional changes in a specific state. Second, LEAPER and other RNA editing
methods would not introduce DSB on the genome, avoiding the risk of generating undesirable deletions of
large DNA fragments’’. DNA base editing methods adopting nickase Cas9 could still generate indels in the
genome®. Furthermore, independent of native DNA repair machinery, LEAPER should also work in
post-mitosis cells such as cerebellum cells with high expression of ADAR2'™.

[00322] We have demonstrated that LEAPER could apply to a broad spectrum of cell types such as human
cell lines (FIG14C), mouse cell lines (FIG14D) and human primary cells including primary T cells (FIG 27
and FIG28D). Efficient editing through lentiviral delivery or synthesized oligo provides increased potential for
therapeutic development (FIG 28). Moreover, LEAPER could produce phenotypic or physiological changes in
varieties of applications mcluding recovering the transcriptional regulatory activity of p53 (FIG 7), correcting
pathogenic mutations (FIG 26), and restoring the a-L-iduronidase activity in Hurler syndrome patient-derived
primary fibroblasts (FIG 29). It can thus be envisaged that LEAPER has enormous potential in discase
treatment.

[00323] Stafforst and colleagues reported a new and seemingly similar RNA editing method, named
RESTORE, which works through recruiting endogenous ADARs using synthetic antisense oligonucleotides5 g
The fundamental difference between RESTORE and LEAPER lies in the distinct nature of the guide RNA for
recruiting endogenous ADAR. The guide RNA of RESTORE is limited to chemosynthetic antisense
oligonucleotides (ASO) depending on complex chemical modification, while arRNA of LEAPER can be
generated in a variety of ways, chemical synthesis and expression from viral or non-viral vectors (FIG. 28 and
FIG 29). Importantly, being heavily chemically modified, ASOs is restricted to act transiently in disease
treatment. In contrast, arRNA could be produced through expression, a feature particularly important for the
purpose of constant editing.

[00324] There are still rooms for improvements regarding LEAPER’s efficiency and specificity. Because
LEAPER relies on the endogenous ADAR, the expression level of ADAR proteins in target cells 1s one of the
determinants for successful editing. According to previous report57 and our observations (FIG14A, b), the
ADARIP" is ubiquitously expressed across tissues, assuring the broad applicability of LEAPER. The
ADARI*™ is an interferon-inducible isoform™, and has proven to be functional in LEAPER (FIGIIE,
FIG.12B). Thus, co-transfection of interferon stimulatory RNAs with the arRNA might further improve editing

s

efficiency under certain circumstances. Alternatively, as ADAR3 plays inhibitory roles, inhibition of ADAR3
might enhance editing efficiency in ADAR3-expressing cells. Moreover, additional modification of arRNA
might increase its editing efficiency. For instance, arRNA fused with certain ADAR-recruiting scaffold may
increase local ADAR protein concentration and consequently boost editing yield.So far, we could only

leverage endogenous ADARI/2 proteins for the A to I base conversion. It is exciting to explore whether more
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native mechanisms could be hamessed similarly for the modification of genetic elements, especially to realize
potent nucleic acid editing.

[00325] Altogether, we provided a proof of principle that the endogenous machinery in cells could be
co-opted to edit RNA transcripts. We demonstrated that LEAPER is a simple, efficient and safe system,

shedding light on a novel path for gene editing-based therapeutics and rescarch.
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Claims

1. A deaminase-recruiting RNA (dRNA) of 60-200 nucleotides, wherein:
a) the dRNA comprises a complementary RNA sequence capable of hybridizing to a target RNA,;
b) the dRNA is capable of recruiting a deaminase or a construct comprising a deaminase or a construct
comprising a catalytic domain of a deaminase to deaminate a target adenosine in the target RNA; and
¢) the dRNA comprises one or more chemical modifications.

2. The dRNA of claim 1, wherein the dRNA is longer than about any of 60nt,65nt, 70nt, 80nt, 90nt, 100nt, or
110nt.

3. The dRNA of claim 1 or claim 2, comprising one or more mismatches, wobbles and/or bulges with the
complementary target RNA region.

4. The dRNA of any one of claims 1-3, wherein the complementary RNA sequence comprises a cytidine,
adenosine or uridine directly opposite to a target adenosine in the target RNA.

5. The dRNA of claim 4, wherein the cytidine, adenosine or uridine directly opposite to the target adenosine
locates at least about 7 nucleotides away from the 3” end, for example at least about 8, 9, orlOnucleotides
from the 3” end.

6. The dRNA of any one of claims4-5, wherein the cytidine, adenosine or uridine directly opposite to the target
adenosinelocates at least about 25 nucleotides away from the 5’ end, for example at least about 30,35, 40,
45,50 or 55 nucleotides from the 5 end.

7. The dRNA of any of claims 4-6, wherein the lengths of the 5 and 3’ sequences flanking the cytidine,
adenosine or uridine directly opposite to the target adenosine are unequal.

8. The dRNA of any of claims 4-7, wherein the length of the 5° sequence flanking the cytidine, adenosine or
uridine directly opposite to the target adenosine is longer than the 3° sequence.

9. The dRNA of any one of claims 1-8, comprising a cytidine directly opposite to the target adenosine in the
target RNA.

10. The dRNA of any one of claims 1-9, wherein the complementary RNA sequence comprises one or more
guanosines each opposite to a non-target adenosine in the target RNA.

11. The dRNA of any one of claims 1-10, wherein the complementary sequence comprises two or more
consecutive mismatch nucleotides opposite to a non-target adenosine in the target RNA.

12. The dRNA of any one of claims 1-11, wherein the 5’nearest neighbor of the target adenosine in the target
RNA is a nucleotide selected from U, C, A and G with the preference U>C~A>G and the 3 nearest
neighbor of the target adenosine in the target RNA is a nucleotide selected from G, C, A and U with the
preference G>C>A=U.

13. The dRNA of any one of claims 1-12, wherein the target adenosine is in a three-base motif selected from
the group consisting of UAG, UAC, UAA, UAU, CAG, CAC, CAA, CAU, AAG AAC, AAA, AAU, GAG
GAC, GAA and GAU in the target RNA.

14. The dRNA of claim 13, wherein the three-base motif is UAG, and wherein the dRNA comprises an A
directly opposite to the uridine in the three-base motif, a cytidine directly opposite to the target adenosine,
and a cytidine, guanosine or uridine directly opposite the guanosine in the three-base motif,

15. The dRNA of claim 14, comprising a 5°-CCA-3’ directly opposite to the three-base motif of UAG.
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16. The dRNA of any one of claims 1-15, wherein the chemical modification comprises methylation and/or
phosphorothioation.

17. The dRNA of claim 16, wherein the chemical modification comprises 2°-O-methylation and/or
internucleotide phosphorothioate linkage.

18. The dRNA of claim 16, wherein the chemical modification comprises a 2’-O-methylationin the first and
last 1-3, 2-5, 3-5, 4-5 nucleotides and/or phosphorothioations in the first and last 1-5, 2-5, 3-5, 4-5
internucleotide linkages.

19. The dRNA of any one of claims 16-18, wherein the chemical modification comprisesa 2’-O-methylation
and/or a 3’-phosphorothioation in the nucleotide opposite to the target adenosine and/or its 5” and/or 3°
most adjacent nucleotides.

20. The dRNA of any one of claims 1-19,the chemical modification is selected from a group consisting of*

1) 2’-O-methylations in the first and last 3 nucleotides and/or phosphorothiations in the first and last 3
internucleotide linkages;

2) 2’-O-methylations in the first and last 3 nucleotides and/or phosphorothiations in the first and last 3
internucleotide linkages, and 2°-O-methylations in a single or multiple or all uridines;

3) 2’-O-methylations in the first and last 3 nucleotides, phosphorothiations in the first and last 3
internucleotide linkages, 2°-O-methylations in a single or multiple or all uridines, and a modification
in the nucleotide opposite to the target adenosine, and/or its 5 and/or 3’ most adjacent nucleotides;

4) 2’-O-methylations in the first and last 3 nucleotides, phosphorothiations in the first and last 3
internucleotide linkages, 2°-O-methylations in a single or multiple or all uridines, and
2’-O-methylation in the nucleotide most adjacent to the 3° terminus and/or 5° terminus of the
nucleotide opposite to the target adenosine;

5) 2°-O-methylations in the first and last 3 nucleotides, phosphorothiations in the first and last 3
internucleotide linkages, 2°-O-methylations in a single or multiple or all uridines, and
phosphorothiation linkage in the nucleotide opposite to the target adenosine and/or its 5° and/or 3’
most adjacent nucleotides;

6) 2°-O-methylations in the first and last 1-5 nucleotides and/or phosphorothiations in the first and last
1-5 internucleotide linkages.

21. The dRNA of claim 20, wherein the modification in the nucleotide opposite to the target adenosine, and/or
one or two nucleotides most adjacent to the nucleotide opposite to the target adenosine is
2’-0O-methylation and/or phosphorothiation linkage.

22. The dRNA of any one of claims 1-21, which does not comprise an ADAR-recruiting domain capable of
forming an intramolecular stem loop structure for binding an ADAR enzyme.

23. A construct comprising or encoding a dRNA of any one of claims 1-22.

24. A method for editing a target RNA in a host cell, comprising introducing a dRNA of any one of claims
1-23 into host cells.

25. The method of claim 24, further comprises introducing an inhibitor of ADARS3 to the host cell.

26. The method of claim 24 or claim 25, further comprises introducing a stimulator of interferon to the host
cell.

27. The method of any one of claims 24-26, comprising introducing a plurality of the dRNAs cach targeting a
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different target RNA.

28. The method of any one of claims 24-27, wherein the dRNA does not induce immune response.

29. The method of any one of claims 24-28, further comprises introducing an exogenous ADAR to the host
cell.

30. The method of claim 29, wherein the ADAR is an ADAR1 comprising an E1008 mutation.

31. A construction,composition, cell, library or kit comprising the dRNAs of any one of claims 1-23.
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