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COMPOSITIONS, SYSTEMS AND M ETHODS OF RNA EDITING USING DKC1 

CROSS-REFERENCE TO RELATEDAPPLICATIONS 

[0001] This application claims priority benefit of International Patent Application No.  

PCT/CN2021/096122 filed May 26,2021, the content of which is incorporated herein by 

reference in its entirety.  

INCORPORATION BY REFERENCE OF SEQUENCE LISTING 

[0002] 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: 

165392000441SEQLIST.TXT, date recorded: May 24, 2022, size: 75,959 bytes).  

FIELD 

[0003] The present application relates to compositions, systems and methods for editing RNA 

via targeted pseudouridylation using DKC1.  

BACKGROUND 

[0004] Pseudouridine () is the most abundant post-transcriptionally modified nucleotide in 

stable RNAs, including tRNA, rRNA, snRNA and mRNA, constituting approximately 5% of total 

ribonucleotides. The conversion of uridine to'P (pseudouridylation) requires two distinct chemical 

reactions: the breaking of the C]'-NI glycosydic bond and the making of a new carbon-glycosydic 

(C1'-C5) bond that relinks the base to the sugar. Pseudouridylation is a true isomerization reaction, 

which creates an extra hydrogen bond donor and influences a wide variety of functional aspects 

depending on the type of RNA that carries the 'F and the position within the RNA sequence, such 

as protein synthesis and increased stop-codon read-through (Yu and Meier, 2014, RNA Biology 

11:1483-1494). Many of the mRNA 'Ps reside in coding regions, and the majority of them respond 

to environmental stress, indicating functional significance (Carille et al. 2014, Nature 515:143).  

[00051 In eukaryotes and archaea, pseudouridylation can be introduced by box -/ACA 

ribonucleoproteins (RNI3s), each of which contains a unique small RNA (box I/ACA RNA, one 

of the two major classes of small nucleolar RNAs, or'snoRNAs') and four core proteins (dyskerin 

(DKC), NHP2, NOP10 and GARI). Dyskerin (DKC1; also known as NAP57/CBF5) is a highly 
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conserved multifunctional protein that acts as RNA-guided pseudouridine synthase, directing the 

enzymatic conversion of specific uridines to pseudouridines. It concentrates in the nucleoli and the 

Cajal bodies (CBs) where, in association with three other highly conserved proteins -Nop10, Nhp2, 

Garl- composes a tetramer able to enter in the composition of different nuclear RNPs playing key 

biological functions. Within the nucleolus, the tetramer associates with H/ACA small nucleolar 

RNAs (snoRNAs) to compose the -/ACA snoRNPs, that regulate rRNA processing and 

pseudouridylate RNA targets by snoRNA-guided base complementarity. Within the CBs, it 

associates with CB specific small RNAs (scaRNAs) to compose the scaRNPs, that direct 

pseudouridylation of spliceosomal snRNAs. NAP57/dyskerin (DKC1)/CBF5 catalyzes the 

chemical reactions, converting the target uridine to T. The RNA component serves as a guide that 

specifies, through base-pairing interaction with its substrate RNA, the target uridine for 

pseudouridylation (Ge and Yu, 2013, Trends Biochem Sci 38(4):210-218). Based on this guide

substrate base-pairing scheme, Karijolich and Yu (2011, Nature 474:395-398) designed an 

artificial box H/ACA RNA to introduce Tinto rnRNA at a Premature Termination Codon (PTC) 

in S. cerevisiae. They demonstrated that v was indeed incorporated into TRM4 mRNA at the PTC.  

Pseudouridylated PTC promoted nonsense suppression by altering ribosome decoding (Fernandez 

et al. 2013, Nature 500:107-110; Wu et al. 2015, Methods in Enzymology 560:187-217;US 

8,603,457). Using a similar strategy, others showed that artificial HIACA RNAs could site

specifically pseudouridylate pre-mRNA after microinjection into Xenopus oocytes (Chen et al.  

2010, Mol Cell Biol 30:4108-4119). In both examples, the artificial -/ACA RNAs were modified 

to alter the loops that serve as the guide sequence, but otherwise these snoRNAs were unaltered.  

100061 Although site-specific pseudouridylation or target RNAs is a potentially powerful 

technique, the methods available thus far have resulted in low editing efficiency of target RNAs.  

Accordingly, there is a need in the art for optimized gsnoRNAs, gsnoRNA-based gene editing 

systems, and methods of editing a target RNA by pseudouridylation.  

BRIEF SUMMARY 

[00071 The present application provides methods for editing target RNAs in host cells using 

gsnoRNA and DKCI protein. Emboidments of the methods are also referred herein as the 

"RESTART" method, which can be used to allow read-through of RNA transcripts having a 

premature termination codons (PTC).  
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100081 In some aspects, the present application provides a method for editing a target RNA in a 

host cell, comprising introducing a guide small nucleolar RNA (gsnoRNA) and a nucleic acid 

molecule encoding a DKCI protein into the host cell, wherein the gsnoRNA comprises a guide 

sequence that hybridizes to a sequence comprising a target uridine residue in the target RNA, and 

wherein the gsnoRNA recruits the DKC1 protein to modify the target uridine residue into a 

pseudouridine residue in the target RNA. In some embodiments, the gsnoRNA comprises a 

scaffold sequence derived from a wildtype H/ACA-snoRNA selected from the group consisting of 

ACA19, ACA2b, ACA36, ACA44, ACA27, E2, ACA3, and ACAI7.  

[0009] In some aspects, provided herein is a method for editing a target RNA in a host cell, 

comprising introducing an engineered gsnoRNA into the host cell, wherein the gsnoRNA 

comprises a guide sequence that hybridizes to a sequence comprising a target uridine residue in 

the target RNA, wherein the gsnoRNA comprises a scaffold sequence derived from wildtype 

ACA2b, ACA36, ACA44, ACA27, E2, ACA3, or ACA17, and wherein the gsnoRNA recruits a 

DKCI protein in the host cell to modify the target uridine residue into a pseudouridine residue in 

the target RNA. In some embodiments, the DKC Iprotein is an endogenous DKC Iprotein of the 

host cell. In some embodiments, the method further comprises introducing a nucleic acid encoding 

the DKCI protein into the host cell.  

[0010] In some aspects, provided herein is a method for editing a target RNA in a host cell, 

comprising introducing an engineered gsnoRNA into the host cell, wherein the gsnoRNA 

comprises a guide sequence that hybridizes to a sequence comprising a target uridine residue in 

the target RNA, wherein the gsnoRNA comprises a nucleotide sequence selected from the group 

consisting of the nucleotide sequences provided in Table 2, Table 3, or Table 4, and wherein the 

gsnoRNA recruits a DKC1 protein in the host cell to modify the target uridine residue into a 

pseudouridine residue in the target RNA.  

[00111 In some aspects, provided herein is a method for editing a target RNA in a host cell, 

comprising introducing an engineered gsnoRNA into the host cell, wherein the gsnoRNA 

comprises a guide sequence that hybridizes to a sequence comprising a target uridine residue in 

the target RNA, wherein the gsnoRNA comprises a nucleotide sequence selected from the group 

consisting of SEQ ID NOs: 4-6, 9-12, 15-19, 22-36, and 177-179 and wherein the gsnoRNA 

recruits a DKC1 protein in the host cell to modify the target uridine residue into a pseudouridine 

residue in the target RNA.  
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[00121 In some aspects, provided herein is a method for editing a target RNA in a host cell, 

comprising introducing an engineered gsnoRNA into the host cell, wherein the gsnoRNA 

comprises a guide sequence that hybridizes to a sequence comprising a target uridine residue in 

the target RNA, wherein the gsnoRNA comprises a nucleotide sequence selected from the group 

consisting of SEQ ID NOs: 20-21 and 145-150, and whereinthe gsnoRNA recruits aDKC1 protein 

in the host cell to modify the target uridine residue into a pseudouridine residue in the target RNA.  

In some embodiments, the DKC Iprotein is an endogenous DKC Iprotein of the host cell. In some 

embodiments, the method further comprises introducing a nucleic acid encoding the DKC Iprotein 

into the host cell.  

[0013] In some embodiments according to any of the methods described above, the DKC1 

protein has cytoplasmic localization in the host cell.  

[0014] In some embodiments according to any of the methods described above, the DKC1 

protein comprises a DKC1 protein fragment corresponding to amino acid residues 41 to 420 of a 

human DKC1 isoform 3 protein, wherein the amino acid numbering is according to SEQ ID NO: 

2.  

[0015] In some embodiments according to any of the methods described above, the DKCI 

protein comprises an amino acid sequence having at least 85% (e.g., at least about any one of 90%, 

91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more) identity to SEQ ID NO: 88. In some 

embodiments, the DKC1 protein comprises the amino acid sequence of SEQ ID NO: 88. In some 

embodiments according to any of the methods described above, the DKCl protein comprises a 

naturally occurring DKCi isoform with cytoplasmic localization in the host cell.  

[00161 In some aspects, provided herein is a method for editing a target RNA in a host cell, 

comprising introducing an engineered gsnoRNA into the host cell, wherein the gsnoRNA 

comprises a guide sequence that hybridizes to a sequence comprising a target uridine residue in 

the target RNA, wherein the host cell expresses a DKC1 isoform with cytoplasmic localization, 

and wherein the gsnoRNA recruits the DKCI isoform to modify the target uridine residue into a 

pseudouridine residue in the target RNA.  

100171 In some aspects, provided herein is a method for editing a target RNA in a host cell, 

comprising introducing (a) an engineered gsnoRNA and (b) a splice-switching antisense 

oligonucleotide (ASO) into the host cell, wherein the gsnoRNA comprises a guide sequence that 

hybridizes to a sequence comprising a target uridine residue in the target RNA, wherein the ASO 
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enhances expression of a DKC1 protein that is an endogenous DKCI isoform with cytoplasmic 

localization in the host cell, and wherein the gsnoRNA recruits the DKC1 protein to modify the 

target uridine residue into a pseudouridine residue in the target RNA. In some embodiments, the 

gsnoRNA comprises a scaffold sequence derived from a wildtype H/ACA-snoRNA selected from 

the group consisting of ACA19, ACA2b, ACA36, ACA44, ACA27, E2, ACA3, and ACA17.  

[00181 In some embodiments according to any of the methods described above, the DKC1 

isoform corresponds to isoform 3 of human DKCI protein.  

[0019] In some embodiments according to any of the methods described above, the DKC1 

proteincomprisesanaminoacidsequence having at least 85% (e.g., at least about any one of 90%, 

91%, 92%, 93%, 94%, 95%, 96%, 97%.,98%, 99%, or more) identity to SEQ ID NO: 2. In some 

embodiments, the DKC Iprotein comprises the amino acid sequence of SEQ ID NO: 2.  

[0020] In some embodiments according to any of the methods described above, the DKC1 

protein comprises a DKCI protein fragment corresponding to amino acid residues I to 419 of a 

full-length human DKC1isoform1 protein, wherein the amino acid numbering is according to 

SEQ ID NO: 1.  

[0021] In some embodiments according to any of the methods described above, the gsnoRNA 

comprises a scaffold sequence is derived from ACA2b. In some embodiments according to any of 

the methods described above, the gsnoRNA comprises a scaffold sequence derived from ACA36.  

In some embodiments, the gsnoRNA comprises a mutation in the 3' hairpin of the ACA36 scaffold.  

100221 In some embodiments according to any of the methods described above, the gsnoRNA 

comprises a scaffold sequence derived from ACA19.  

100231 In some embodiments according to any of the methods described above, the gsnoRNA 

comprises one or more guide sequences each located in a region corresponding to a hairpin 

structure of the wildtype H/ACA-snoRNA. In some embodiments, at least one of the one or more 

guide sequencesis loatedin hairpin structure at the 3'terminal part (also referred herein as "3' 

hairpin structure") of the wildtype H/ACA-snoRNA. In some embodiments, at least one of the one 

or more guide sequences is located in a hairpin structure at the 5' terminal part (also referred herein 

as "5' hairpin structure") of the wildtype H/ACA-snoRNA. In some embodiments, the gsnoRNA 

comprises a single guide sequence. In some embodiments, the gsnoRNA comprises two or more 

(e.g., 2, 3, 4, 5, 6, or more) guide sequences.  
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100241 In some embodiments according to any of the methods described above, the gsnoRNA 

comprises one or more mutations (e.g., substitution, insertion and/or deletion) in one or more 

hairpin structures (e.g., the 3' and/or 5' hairpin structures) of the wildtype ACAI9.  

[00251 In some embodiments according to any of the methods described above, the engineered 

gsnoRNA comprises one or more substitution mutations in nucleotides of a polyU sequence in the 

wildtype H/ACA-snoRNA, wherein the polyU sequence comprises at least 4 consecutive U 

residues.  

[0026] In some embodiments according to any of the methods described above, the engineered 

gsnoRNA comprises one or more insertion or deletion mutations positioned between the 

nucleotide residue in the guide region that hybridizes to the target uridine and an H/ACA box of 

the wildtype H/ACA snoRNA, whereby the engineered gsnoRNA comprises 14 or 15 nucleotides 

between the nucleotide residue in the guide region that hybridizes to the target uridine and the 

HJACA box.  

[0027] In some embodiments, the one or more mutations are selected from the group consisting 

of substitution of residues 26-29 with UUCU substitution of residues 26-29 with UGUU,addition 

of G to the 3' hairpin structure after residue 115, and addition of a dinucleotide sequence (XX, 

e.g., CU) to the 5' hairpin after residue 8, wherein X is a nucleotide selected from A, U, C, and G, 

and wherein the numbering is according to SEQ ID NO: 37. In some embodiments, the 

dinucleotide sequence is part of the guide RNA designed to hybridize to the target RNA.  

100281 In some embodiments according to any of the methods described above, the gsnoRNA 

comprises a nucleotide sequence selected from the group consisting of SEQ ID NOs: 3-12, 15-19, 

22-36, and 177-179. In some embodiments, the gsnoRNA comprises a nucleotide sequence 

selected from the group consisting of SEQ ID NOs: 15-19.  

100291 In some embodiments according to any of the methods described above, the gsnoRNA 

comprises a nucleotide sequence selected from the group consisting of SEQ ID NOs: 20-21 and 

145-150.  

[00301 In some embodiments according to any of the methods described above, the method 

comprises introducing a nucleic acid molecule encoding the gsnoRNA into the host cell. In some 

embodiments, the nucleic acid molecule encoding the gsnoRNA is under a small RNA promoter.  

In some embodiments, the nucleic acid molecule encoding the gsnoRNA is under a promoter 

selected from the group consisting of U6 (e.g., transcribed by Polymerase III) and U1 (e.g., 
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transcribed by Polymerase 11) promoters. In some embodiments, the nucleic acid molecule 

encoding the gsnoRNA is embedded in an intron sequence located between a first exon sequence 

and a second exon sequence, and wherein the first exon sequence, the intron sequence and the 

second exon sequence are derived from a naturally-occurring gene. In some embodiments, the 

intron sequence is from an intron of an endogenous gene in the host cell, wherein the gene is 

selected from the group consisting of EIF3A, SNHG12, RPL21, and RPSA. In some embodiments, 

the intron sequence is from an intron of an exogenous gene, such as HBB. In some embodiments, 

the nucleic acid encoding the gsnoRNA is not embedded in an intron sequence.  

[0031] In sone embodiments accordingto any of themethods described above, thenucleic acid 

molecule encoding the DKC Iprotein is present in a viral vector. In some embodiments, the nucleic 

acid molecule encoding the gsnoRNA is present in a viral vector.  

In some embodiments according to any of the methods described above, the method comprises 

introducing into the host cell a vector comprising a first nucleic acid sequence encoding the DKCI 

protein and a second nucleic acid sequence encoding the gsnoRNA. In some embodiments, the 

nucleic acid molecule encoding the DKCI protein and the nucleic acid molecule encoding the 

gsnoRNA are present in separate vectors. In some embodiments, the vector is a viral vector. In 

some embodiments, the vector is an adeno-associated viral (AAV) vector.  

[0032] In some embodiments according to any of the methods described above, the gsnoRNA 

comprises one or more chemically modified nucleosides and/or inter-nucleosidic linkages. In some 

embodiments, the gsnoRNA comprises one or more nucleosides having 2'-OMe or 2'-MOE 

modifications. In some embodiments, the gsnoRNA comprises no more than 10, no more than 8, 

no more than 6, or no more than 4 chemically modified nucleosides. In some embodiments, the 

gsnoRNA comprises one or more phosphorothioate inter-nucleosidic linkages. In some 

embodiments, the gsnoRNA comprises no more than 10, no more than 9, no more than 8, or no 

more than 6 phosphorothioate inter-nucleosidic linkages. In some embodiments, the gsnoRNA 

comprises a 5' cap modification. In some embodiments, the 5' cap modification is a 7

methylguanosine (m 7G) cap. In some embodiments, the gsnoRNA does not comprise one or more 

chemically modified nucleosides or inter-nucleosidic linkages.  

cap.  
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100341 In some embodiments according to any of the methods described above, efficiency of 

editing the target RNA is at least 10% (e.g., at least about any one of 15%, 20%, 25%, 30%, 35%, 

40%, 45%, 50%, 60%, or higher).  

[00351 In some embodiments according to any of the methods described above, wherein the 

sequence comprising the target uridine in the target RNA is a premature termination codon in a 

sequence encoding a protein, the method results in expression of the full-length protein in the host 

cell of at least 4% (e.g., at least 5%, at least 6%, at least 7%, at least 8%, at least 9% or at least 

10%) of the expression level of the full-length protein without a premature termination codon.  

[0036] In some embodiments according to any of the methods described above, wherein the 

sequence comprising the target uridine in the target RNA is a premature termination codon in a 

sequence encoding a protein, the method results in expression of the full-length protein, wherein 

the expression of the protein is detectable without enrichment (e.g., without enrichment by 

immunoprecipitation). In some embodiments, the protein is detected via a tag (e.g., via a 

fluorescent tag). In some embodiments, the protein is detected by immo-staining according to 

methods known in the art.  

[0037] In some embodiments according to any of the methods described above, wherein the 

sequence comprising the target uridine in the target RNA is a premature termination codon in a 

sequence encoding a protein, the method results in expression of the full-length protein in at least 

20% of host cells (eg., at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, or at 

least 50% of host cells).  

[00381 In some embodiments according to any of the methods described above, the target RNA 

is not a ribosomal RNA (rRNA) such as an endogenous rRNA of the host cell.  

[00391 In some embodiments according to any of the methods described above, the target RNA 

is a messenger RNA (mRNA). In some embodiments, the sequence comprising the target uridine 

in the target RNA is a stop codon, and modification of the target uridine to pseudouridine causes 

the stop codon to be translated as a coding codon. In some embodiments, the stop codon is a 

premature termination codon (PTC). In some embodiments, the PTC is associated with a genetic 

disease or condition. Insome embodiments, thesequence comprising the target uridine inthetarget 

RNA is a stop codon, and modification of the target uridine to pseudouridine reduces or prevents 

nonsense-mediate decay (N'ID).  
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100401 In some embodiments according to any of the methods described above, the DKC1 

protein is part of a ribonucleoprotein (RNP) complex that associates with the gsnoRNA. In some 

embodiments, the RNP complex comprises NOP10, GARI, and NHP2.  

[00411 In some embodiments according to any of the methods described above, the host cell is 

an archaeal cell. In some 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.  

100421 In some embodiments according to any of the methods described above, the method is 

carried out in vivo. In some embodiments, the method is carried out ex vivo.  

[0043] In some aspects, provided herein is a method of treating a disease or condition associated 

ithaPTC in a target RNAin a subject, comprising editing the target RNA in a cell of the subject 

using any of the methods described above, wherein the gsnoRNA comprises a guide sequence that 

hybridizes to the PTC in the target RNA, and wherein modification of the uridine residue in the 

PTC to a pseudouridine residue causes translation read-through of the PTC in the target RNA, 

thereby treating the disease or condition in the subject.  

[0044] In some embodiments, the disease or condition is selected from the group consisting of 

Cystic fibrosis, Hurler Syndrome, alpha-i-antitrypsin (AlAT) deficiency, Parkinson's disease, 

Alzheimer's disease, albinism, Amyotrophic lateral sclerosis, Asthma, 8-thalassemia, Cadasil 

syndrome, Charcot-Marie-Tooth disease, Chronic Obstructive Pulmonary Disease (COPD), Distal 

Spinal Muscular Atrophy (DSMA), Duchenne/Becker muscular dystrophy, Dystrophic 

Epidermolysis bullosa, Epidermolysis bullosa, Fabry disease, Factor V Leiden associated 

disorders, Familial Adenomatous Polyposis, Galactosemia, Gaucher's Disease, Glucose-6

phosphate dehydrogenase, Haemophilia, Hereditary Hemochromatosis, Hunter Syndrome, 

Huntington's disease, Inflammatory Bowel Disease (IBD), Inherited polyagglutination syndrome, 

Leber congenital amaurosis, Lesch-Nyhan syndrome, Lynch syndrome, Marfan syndrome, 

Mucopolysaccharidosis, Muscular Dystrophy, Myotonic dystrophy types I and 11, 

neurofibromatosis, Niemann-Pick disease type A, B and C, NY-esol related cancer, Peutz-Jeghers 

Syndrome, Phenylketonuria, Pompe's disease, Primary Ciliary Disease, Prothrombin mutation 

related disorders, such as the Prothrombin G20210A mutation, Pulmonary Hypertension, 

(autosomal dominant) Retinitis Pigmentosa, Sandhoff Disease, Severe Combined Immune 

Deficiency Syndrome (SCID), Sickle Cell Anemia, Spinal Muscular Atrophy, Stargardt's Disease, 
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Tay-Sachs Disease, Ushersyndrome, X-linked immunodeficiency, Sturge-Weber Syndrome, and 

cancer.  

100451 In some aspects, provided herein is an engineered gsnoRNA comprising a guide sequence 

that hybridizes to a sequence comprising a target uridine residue in a target RNA in a host cell. In 

some embodiments, the gsnoRNA comprises a nucleotide sequence selected from the group 

consisting of SEQ ID NOs: 4-6, 9-12, 15-19, 22-36, and 177-1 79, and the gsnoRNA is capable of 

recruiting a DKC1 protein in the host cell to modify the target uridine residue into a pseudouridine 

residue in the target RNA. In some embodiments, the gsnoRNA comprises a nucleotide sequence 

selected from the group consisting of SEQ ID NOs: 20-21 and 145-150, and the gsnoRNA is 

capable of recruiting a DKCI protein in the host cell to modify the target uridine residue into a 

pseudouridine residue in the target RNA.  

[0046] In some aspects, provided herein is an engineered gsnoRNA comprising a guide sequence 

that hybridizes to a sequence comprising a target uridine residue in a target RNA in a host cell, 

wherein the gsnoRNA comprises a scaffold sequence derived from a wildtype HIACA-snoRNA 

selected from the group consisting of ACA2b, ACA36, ACA44, ACA27, E2, ACA3, and ACA17, 

and wherein the gsnoRNA is capable of recruiting a DKC1 protein in the host cell to modify the 

target uridine residue into a pseudouridine residue in the target RNA.  

[0047] In some embodiments according to any of the engineered gsnoRNAs described above, 

the gsnoRNA comprises a 5' cap modification. In some embodiments, the 5' cap modification is 

a 7-methylguanosine (mG) cap. In some embodiments according to any of the engineered 

gsnoRNAs described above, the gsnoRNA comprises one or more chemically modified 

nucleosides and/or inter-nucleosidic linkages. In some embodiments according to any one of the 

engineered gsnoRNAs described above, the gsnoRNA comprises one or more nucleosides having 

2'-OMe or 2'-MOE modifications. In some embodiments, the gsnoRNA comprises no more than 

10, no more than 8, no more than 6, or no more than 4 chemically modified nucleosides. In some 

embodiments, the gsnoRNA comprises one or more phosphorothioate inter-nucleosidic linkages.  

In some embodiments, the gsnoRNA comprises no more than 10, no more than 9, no more than 8, 

or no more than 6 phosphorothioate inter-nucleosidic linkages.  

[00481 In some embodiments according to any of the engineered gsnoRNAs described above, 

the gsnoRNA comprises a scaffold sequence is derived from ACA2b. In some embodiments 

according to any of the engineered gsnoRNAs described above, the gsnoRNA comprises a scaffold 

10



WO 2022/247896 PCT/CN2022/095172 

sequence derived from ACA36. In some embodiments, the gsnoRNA comprises a mutation in the 

3' hairpin of the ACA36 scaffold.  

100491 In some embodiments according to any of the engineered gsnoRNAs described above, 

the gsnoRNA comprises a scaffold sequence derived from ACAI9.  

100501 In some embodiments according to any of the engineered gsnoRNAs described above, 

the gsnoRNA comprises one or more guide sequences each located in a region corresponding to a 

hairpin structure of the wildtype H/ACA-snoRNA. In some embodiments, at least one of the one 

or more guide sequences is located in a hairpin structure at the 3' terminal part of the wildtype 

HJACA-snoRNA. In some embodiments, at least one of the one or more guide sequences is located 

in a hairpin structure at the 5' terminal part of the wildtype H/ACA-snoRNA. In some 

embodiments, the gsnoRNA comprises a single guide sequence. In some embodiments, the 

gsnoRNA comprises two or more (e.g. 2, 3, 4, 5, 6, or more) guide sequences.  

[0051] In some embodiments according to any of the engineered gsnoRNAs described above, 

the gsnoRNA comprises one or more mutations (e.g., substitution, insertion and/or deletion) in one 

or more hairpin structures (e.g., the 3' and/or 5' hairpin structures) of the wildtype ACA19.  

[0052] In some embodiments according to any of the engineered gsnoRNAs described above, 

the engineered gsnoRNA comprises one or more substitution mutations in nucleotides of a poyU 

sequence in the wildtype I/ACA-snoRNA, wherein the polyU sequence comprises at least 4 

consecutive Uresidues.  

100531 In some embodiments according to any of the engineered gsnoRNAs described above, 

the engineered gsnoRNA comprises one or more insertion or deletion mutations positioned 

between the nucleotide residue in the guide region that hybridizes to the target uridine and an 

-/ACA box of the wildtype H/ACA snoRNA, whereby the engineered gsnoRNA comprises 14 or 

15 nucleotides between the nucleotide residue in the guide region that hybridizes to the target 

uridine and the -/ACA box.  

100541 In some embodiments, the one or more mutations are selected from the group consisting 

of substitution of residues 26-29 with UUCU, substitution of residues 26-29 with UGUU, addition 

of G to the 3' hairpin structure after residue 115, and addition of a dinucleotide sequence (XX, 

e.g., CU) to the 5' hairpin after residue 8, wherein X is a nucleotide selected from A, U, C., and G, 

and wherein the numbering is according to SEQ ID NO: 37. In some embodiments, the engineered 
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gsnoRNA comprises a nucleotide sequence selected from the group consisting of SEQ ID NOs: 

15-19.  

100551 In some aspects, provided herein is an engineered gsnoRNA comprising a guide sequence 

that hybridizes to a sequence comprising a target uridine residue in a target RNA in a host cell, 

wherein the gsnoRNA comprises a scaffold sequence derived from a wildtype ACA19, wherein 

the engineered gsnoRNA comprises one or more insertion or deletion mutations positioned 

between the nucleotide residue in the guide region that hybridizes to the target uridine and an 

H/ACA box of the wildtype ACA19, wherein the engineered gsnoRNA comprises 14 or 15 

nucleotides between the nucleotide residue in the guide region that hybridizes to the target uridine 

and the H/ACA box, and wherein the gsnoRNA is capable of recruiting a DKCI protein in the host 

cell to modify the target uridine residue into a pseudouridine residue in the target RNA. In some 

embodiments, the one or more mutations are selected from the group consisting of the one or more 

mutations are selected from the group consisting of substitution of residues 26-29 with UUCU, 

substitution of residues 26-29 with UGUU, addition of G to the 3' hairpin structure after residue 

115, and addition of a dinucleotide sequence (XX, e.g., CU) to the 5' hairpin after residue 8, 

wherein X is a nucleotide selected from A, U, C, and G, and wherein the numbering is according 

to SEQ ID NO: 37. In some embodiments, the gsnoRNA comprises a nucleotide sequence selected 

from the group consisting of SEQ ID NOs: 15-19.  

[0056] In some aspects, provided herein is an isolated nucleic acid molecule comprising a 

sequence encoding the engineered gsnoRNA of any of the preceding embodiments. In some 

embodiments, provided herein is a vector (e.g., viral vector) comprising the nucleic acid molecule.  

100571 In some aspects, provided herein is an engineered RNA-editing system comprising: (a) a 

gsnoRNA comprising a guide sequence that hybridizes to a sequence comprising a target uridine 

residue in a target RNA in a host cell, or a nucleic acid molecule encoding the gsnoRNA; and (b) 

a DKC1 protein, or a nucleic acid molecule encoding the DKC1 protein, wherein the gsnoRNA is 

capable of recruiting the DKCI protein to modify the target uridine residue into a pseudouridine 

residue in the target RNA.  

100581 In some embodiments, the DKC1 protein has cytoplasmic localization in the host cell. In 

some embodiments according to any of the methods described above, the DKCI protein comprises 

a DKCI protein fragment corresponding to amino acid residues 41 to 420 of a human DKCI 

isoform 3 protein, wherein the amino acid numbering is according to SEQ ID NO: 2.  
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100591 In some embodiments according to any of the methods described above, the DKCI 

protein comprises an amino acid sequence having at least 85% (e.g., at least about any one of 90%, 

91%, 92%, 93% 94%. 95%, 96%, 97%, 98%, 99%, or more) identity to SEQ ID NO: 88. In some 

embodiments, the DKC1 protein comprises the amino acid sequence of SEQ ID NO: 88. In some 

embodiments according to any of the methods described above, the DKC1 protein comprises a 

naturally occurring DKC1 isoform with cytoplasmic localization in the host cell.  

100601 In some embodiments according to any of the engineered RNA-editing systems described 

above, the DKC1 isoform corresponds to isoform 3 of human DKC1 protein.  

[0061] In some embodiments according to any of the engineered RNA-editing systems described 

above, the DKCI protein comprises an amino acid sequence having at least 85% (e.g.,at least 

about any one of 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more) identity to 

SEQ ID NO: 2. In some embodiments, , the DKCI protein comprises the amino acid sequence of 

SEQ ID NO: 2.  

[0062] In some embodiments according to any of the engineered RNA-editing systems described 

above, the DKCI protein comprises a DKC1 protein fragment corresponding to amino acid 

residues I to 419 of a full-length human DKCI isoform I protein, wherein the amino acid 

numbering is according to SEQ ID NO: 1.  

[0063] In some embodiments according to any of the engineered RNA-editing systems described 

above, the gsnoRNA comprises a scaffold sequence is derived from ACA2b. In some embodiments 

according to any of the engineered RNA-editing systems described above, the gsnoRNA comprises 

a scaffold sequence derived from ACA36. In some embodiments, the gsnoRNA comprises a 

mutation in the 3' hairpin of the ACA36 scaffold.  

[00641 In some embodiments according to any of the engineered RNA-editing systems described 

above, the gsnoRNA comprises a scaffold sequence derived from ACA19.  

[00651 In some embodiments according to any of the engineered RNA-editing systems described 

above, the gsnoRNA comprises one or more guide sequences each located in a region 

corresponding to a hairpin structure of the wildtype H/ACA-snoRNA. In some embodiments, at 

least one of the one or more guide sequences is located in a hairpin structure at the 3' terminal part 

of the wildtype H/ACA-snoRNA. In some embodiments, at least one of the one or more guide 

sequences is located in a hairpin structureatthe 5'terminal part of the wildtypeHJACA-snoRNA.  
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In some embodiments, the gsnoRNA comprises a single guide sequence. In some embodiments, 

the gsnoRNA comprises two or more (e.g., 2, 3, 4, 5, 6, or more) guide sequences.  

100661 In some embodiments according to any of the engineered RNA-editing systems described 

above, the gsnoRNA comprises one or more mutations (e.g., substitution, insertion and/or deletion) 

in one or more hairpin structures (e.g., the 3' and/or 5' hairpin structures) of the wildtype ACA19.  

[00671 In some embodiments according to any of the engineered RNA-editing systems described 

above, the engineered gsnoRNA comprises one or more substitution mutations in nucleotides of a 

polyU sequence in the wildtype H/ACA-snoRNA, wherein the polyU sequence comprises at least 

4 consecutive U residues.  

[0068] In some embodiments according to any of the engineered RNA-editing systems described 

above, the engineered gsnoRNA comprises one or more insertion or deletion mutations positioned 

between the nucleotide residue in the guide region that hybridizes to the target uridine and an 

HJACA box of the wildtype H/ACA snoRNA, whereby the engineered gsnoRNA comprises 14 or 

15 nucleotides between the nucleotide residue in the guide region that hybridizes to the target 

uridine and the 1/ACA box.  

[0069] In some embodiments of the engineered RNA-editing system, the DKC Iprotein is part 

of a ribonucleoprotein (RNP) complex that associates with the gsnoRNA. In some embodiments, 

the ribonucleoprotein complex comprises NOPI0, GAR1, and/or NHP2.  

[0070] In some embodiments, the one or more imitations are selected from the group consisting 

of the one or more mutations are selected from the group consisting of substitution of residues 26

29 with UUCUsubstitution of residues 26-29 with JGUU, addition of G to the 3' hairpin structure 

after residue 115, and addition of a dinucleotide sequence (XX, e.g., CU) to the 5' hairpin after 

residue 8, wherein X is a nucleotide selected from A, U, C, and G and wherein the numbering is 

according to SEQ ID NO: 37.  

[00711 In some embodiments according to any of the engineered RNA-editing sytemsdescribed 

above, the gsnoRNA comprises a nucleotide sequence selected from the group consisting of SEQ 

ID NOs: 3-12, 15-19, 22-36, and 177-179. In some embodiments, the gsnoRNA comprises a 

nucleotide sequence selected from the group consisting of SEQ ID NOs: 15-19.  

[00721 In some embodiments according to any of the engineered RNA-editing systems described 

above, the gsnoRNA comprises a nucleotide sequence selected from the group consisting of SEQ 

ID NOs: 20-21 and 145-150.  
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100731 In some aspects, provided herein is a pharmaceutical composition comprising any of the 

gsnoRNA, the nucleic acid molecules, or the engineered RNA-editing systems described above, 

and a pharmaceutically acceptable carrier.  

[00741 In some aspects, provided herein is a host cell comprising any of the gsnoRNA, the 

nucleic acid molecules. or the engineered RNA-editing systems described above.  

[00751 In some aspects, provided herein is a kit for editing a target RNA in a host cell, 

comprising any of the gsnoRNA, the nucleic acid molecules, or the engineered RNA-editing 

systems described above.  

[0076] Also provided are compositions, kits and articles of manufacture for use in any one the 

methods described above.  

BRIEFDESCRIPTION OFTHE DRAWINGS 

[0077] FIGS. IA-IF show readthrough of premature termination codon mediated by engineered 

guide snoRNA. FIG. IA provides schematics of the"RESTART" method design. The snoRNP 

complex is indicated in dashed box. FIG. 1B provides schematics showing the structure of 

Reporter-1 and guide snoR-NA constructs. In the Reporter-1, 15 bases are inserted into the position 

between the codons of 154' and 55amino acids. The DNA sequences of 15 bases are shown, 

and the premature termination codon (PTC) site (TAG) is indicated. A positive control (Venus

GGT) is included. FIGS. 1C-1D, HEK293T cells were co-transfected with Reporter-] and guide 

snoRNA constructs. Venus expression was detected by high-content imaging system. FIG. IC 

shows representative fluorescence images of cells showing the expression levels of Venus. Bar, 

200 pm. FIG. 1D shows a dot plot showing the relative fraction of Venus positive cells. FIG. IE, 

Western blot analysis showing expression levels of DKC Iproteins upon DKC Istable knockdown.  

FIG. IF, Bar plot showing the relative fraction of Venus positive cells in shControl and DKCI 

stable knockdown cells co-transfected with Reporter-I and gsnoRNA constructs.  

10078] FIGS. 2A-2C show the PTC-readthrough effects mediated by gsnoRNAs of different 

constructs. Dot plots showing the relative fraction of Venus positive cells co-transfected with 

Reporter-1 and gsnoRNAs within the host intron (FIG. 2A), gsnoRNAs within HBB intron 

(FIG. 2B), or gsnoRNAs transcribed from small RNA promoter (FIG. 2(). The structure of 

gsnoRNA constructs were indicated in bottom of each panel.  
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100791 FIGS. 3A-3F show predicted secondary structure of gsnoRNA scaffolds used in 

Figs.IA-IF. The secondary structures and base pair probabilities are predicted using the RNAfold 

server, as described in Gruber et al. (The Vienna RNA websuite. Nucleic Acids Res 36, W70-4 

(2008)), the contents of which are herein incorporated by reference in their entirety.  

100801 FIGS. 4A-4F show optimization of gsnoRNA scaffolds improves the efficiency of PTC

readthrough. FIG. 4A, Predicted secondary structure of gACA19, gACA2b, and gACA36 

scaffolds. The secondary structures and base pair probabilities are predicted using the RNAfold 

server. In the structure of gACA19 scaffold, seven mutations are indicated. FIG. 4B, Structure of 

the gsnoRNA construct. FIG. 4C, Dot plot showing the relative fraction of Venus positive cells 

co-transfected with Reporter-1 and gsnoRNAs of (FIG. 4B) constructs. FIG. 4D, Representative 

fluorescence images of cells co-transfected with Reporter- and gsnoRNAs of (FIG. 4B) 

constructs. Bar, 200 im. FIG. 4E, Dot plot showing the relative fraction of Venus positive cells 

co-transfected with Reporter-i and engineered gACA19 scaffolds with different mutations. The 

engineered positions of gACA19 are annotated in (FIG. 4A). FIG. 4F, Representative 

fluorescence images of (FIG. 4E). Bar, 200 pm.  

[0081] FIGS. 5A-5D show predicted secondary structure of gsnoRNA scaffolds used in FIGS.  

4A-4F. The secondary structures and base pair probabilities are predicted using the RNAfold 

server.  

[0082] FIGS. 6A-6B show engineering of gACA36 scaffolds. FIG. 6A, Predicted secondary 

structure of engineered gACA36 scaffolds. The secondary structures and base pair probabilities 

are predicted using the RNAfold server. FIG. 6B, Dot plot showing the relative fraction of Venus 

positive cells co-transfected with Reporter-I and different gsnoRNAs constructs.  

[00831 FIGS. 7A-71 show that exogenous DKC1-isoform3 protein improves the efficiency of 

PTC-RT. FIG. 7A, Structure of two isoforms of human DKC transcripts. Exons are numbered 

on top, coding regions are represented by filled boxes, and UTRs are represented by white boxes.  

NLS, nuclear localization signal. FIG. 7B, Schematic showing the structure of Reporter-3 

construct, inwhich gsnoRNA is arranged in tandem with reporter. The sequences surrounding the 

PTC sites and the PTC sites (TAA/TAG/TGA) are shown. FIG. 7C, Western blot analysis showing 

expression levels of DKCI proteins in HEK293TDKC1 stable overexpression cells. Santa Cruz 

and Abcam anti-DKC1 antibodies target the C-terminal and N-terminal region of DKC Iprotein, 

respectively. FIGS. 7D-7F, Indicated Reporter-3 constructs were transfected into control 
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HEK293T, DKC-isoforml stable overexpression, and DKC1-isoform3 stable overexpression 

cells, respectively. FIG. 71D, Representative fluorescence images of cells. Bar, 200 Lm. FIG. 7E, 

Bar plot showing the relative fraction of EGFP positive cells. FIG. 7F, Bar plot showing the 

relative fraction of EGFP intensities. FIG. 7G, Bar plot showing the relative fraction of EGFP 

positive cells in HEK293T cells transfected with different Reporter-3 constructs, and co

transfected with different Reporter-3 and DKCi-isoform3 (200 ng) constructs. FIG. 7, Bar plot 

showing the relative fraction of EGFP intensities in HEK293T cells transfected with different 

Reporter-3 constructs, and co-transfected with different Reporter-3 and DKCI-isoform3 (200 ng) 

constructs. FIG.71, Locus-specific T modifications in Reporter-3 transcripts were detected by a 

radiolabeling-free, qPCR-based method. The curves were obtained by high-resolution melting 

analysis. T site is specifically labeled by CMC chemical; after reverse transcription, the T-CMC 

adduct cause a mutation/deletion at or around T site in cDNA, thus giving rise to a shift in the 

melting temperature. HEK293T cells were co-transfected with different Reporter-3 and DKC1

isoform3 (200 ng) constructs.  

[0084] FIGS. 8A-8D show that exogenous DKC1-isoform3 protein improves the efficiency of 

PTC-RT. FIGS. 8A-8C, Reporter-1 and gsnoRNA constructs were co-transfected into control 

HEK293T, DKCI-isoform stable overexpression, and DKC1-isoform3 stable overexpression 

cells, respectively. FIG. 8A, Representative fluorescence images of cells. Bar, 200 pi. FIG. 8B, 

Bar plot showing the relative fraction of Venus positive cells. FIG. 8C, Bar plot showing the 

relative fraction of Venus intensities. FIG. 8D, Dot plot showing the relative fraction of EGFP 

positive cells co-transfected with Reporter-3 together with empty vector (Vec), DKCi-isoform 

(DKC1 isol) or DKC1-isoform3 (DKC1 iso3) constructs. The statistical analyses of bar plots are 

unpaired Student's t-tests.  

100851 FIG. 9 shows readthrough efficiency of different truncation of DKCI-isoform3. Dot plot 

showing the relative fraction of EGFP positive cells co-transfected with Reporter-3 and different 

DKC1-isoform3 truncation constructs.  

[00861 FIGS. 10A-10E show comparison of readthrough efficiencies on different stop codons.  

FIG. 10A, Representative fluorescence images of cells transfected with different Reporter-3 

constructs. Bar, 200 m. FIG. 10B, Representative fluorescence images of cells co-transfected 

with indicated Reporter-3 andDKC1-isoform3 (200 ng) constructs. Bar, 200 pm. FIGS. IOC-10E, 

Bar plots showing the relative fraction of the EGFP positive cells co-transfected with Reporter-3

17



WO 2022/247896 PCT/CN2022/095172 

TAA (FIG. 10C), Reporter-3-TAG (FIG. 10D), or Reporter-3-TGA (FIG. I1E) together with 

decreasing amount of DKC1-isoform3 constructs.  

100871 FIGS. I1A-I1C show detection of locus-specific T modifications. HEK293Tcells were 

co-transfected with different Reporter-3 and DKCI-isoform3 (200 ng) constructs. Locus-specific 

T modifications in Reporter-3 transcripts (FIG. 11A) and T1045 sites in IS rRNA (FIGS. 11B

11C) were detected by a radiolabeling-free, qPCR-based method. The curves were obtained by 

high-resolution melting analysis.  

[0088] FIG. 12 Guide snoRNAs target genetic disorders caused by nonsense mutations.  

Schematic of the PTC-disease reporter and gsnoRNA constructs. Complementarity regions 

between gsnoRNAs (top) and target sites in PTC-disease gene (bottom).  

[0089] FIG. 13 Complementarity regions between gsnoRNAs (top) and target sites in PTC

disease gene (bottom).  

[0090] FIGS. 14A-C show that RESTART corrects nonsense mutations that can cause genetic 

disorders. FIGS. 14A-B, Dot plots showing the relative fraction of EGFP positive cells co

transfected with indicated gsnoRNA and RESTART v1 PTC-disease reporter constructs (FIG.  

14A) and RESTART v2 DKCi-isoform3 constructs (FIG. 14B). FIG. 14C, Bar plot showing the 

relative fraction of EGFP positive cells co-transfected with indicated gsnoRNA and PTC-disease 

reporter with or without DKCI-isoform3 constructs.  

[0091] FIGS. I5A-E show the delivery of RESTART by RNA oligonucleotides. FIG. 15A-C, 

The structures of gsnoRNAs prepared by in vitro transcription. FIG. 15D, Bar plots showing the 

relative fraction of EGFP positive cells transfected with the indicated gsnoRNA constructs, in vitro 

transcribed gsnoRNA oligonucleotides, or chemically synthesized gsnoRNA oligonucleotides.  

FIG. 15E, The structures of chemically synthesized gsnoRNA oligonucleotides.  

DETAILED DESCRIPTION 

[00921 The present application provides methods and compositions for editing a target RNA in 

a host cell, comprising introducing an engineered guide small nucleolar RNA (gsnoRNA) into the 

host cell, wherein the gsnoRNA comprises a guide sequence that hybridizes to a sequence 

comprising a target uridine residuein the target RNA, and wherein the gsnoRNA recruits a DKC1 

protein to modify the target uridine residue into a pseudouridine residue in the target RNA. In 

some aspects, the gsnoRNA is an engineered gsnoRNA comprising one or more mutations 
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compared to a wildtype H/ACA scaffold. In some embodiments, the one or more mutations 

increase the editing efficiency of the gsnoRNA. In some aspects, the method further comprises 

increasing the cellular levels of a DKC Iprotein with cytoplasmic localization, whereby the editing 

efficiency of the gsnoRNA/DKC1 protein complex is increased. In some aspects, the methods and 

compositions provided herein can be used to edit a premature termination codon (PTC) in a target 

gene mRNA, thereby suppressing nonsense-mediated decay of the mRNA and promoting 

translation of the full-length protein. In some embodiments, the methods disclosed herein can be 

used to treat a disease associated with a PTC in a target gene.  

[0093] In some aspects, the present disclosure provides engineered gsnoRNAs and gsnoRNA 

scaffolds, or nucleic acid molecules encoding the gsnoRNAs. In some embodiments, the 

engineered gsnoRNA scaffolds are based on wildtype H/ACA snoRNA scaffolds identified by the 

present inventors as having higher editing efficiency compared to other scaffolds. In some 

embodiments, the engineered gsnoRNA scaffolds comprise mutations that increase their editing 

efficiency.  

[0094] The methods and compositions described in the present application are based at least in 

part on the unexpected discovery that expression of an isoform of DKC1 with cytoplasmic 

localization (e.g., isoform 3 of human DKCI) significantly increases the editing efficiency of a 

target RNA using a gsnoRNA/DKC Isystem. In one aspect, the present inventors realized that by 

introducing an exogenous DKCl isoform with cytoplasmic localization, the editing efficiency of 

a gsnoRNA could be increased. In another aspect, the present inventors identified truncation and 

deletion variants of the DKCI protein that can be used to increase the editing efficiency of a 

gsnoRNA.  

[00951 In some aspects, provided herein are nucleic acid constructs encoding gsnoRNA for use 

according to the methods described herein. In some embodiments, the present inventors identified 

promoters and construct configurations for gsnoRNA expression that provide increased editing 

efficiency of the gsnoRNA.  

I. Definitions 

100961 Terms are used herein as generally used in the art, unless otherwise defined as follows.  

[00971 The terms "polynucleotide," "nucleic acid," "nucleotide sequence," and nucleicc acid 

sequence" are used interchangeably. They refer to a polymeric form of nucleotides of any length, 

either deoxyribonucleotides or ribonucleotides, or analogs thereof 
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100981 As used herein, "complementarity" refers tothe ability of a nucleic acid to form hydrogen 

bond(s) with another nucleic acid by traditional Watson-Crick and Wobble base-pairing. A percent 

complementarity indicates the percentage of residues in a nucleic acid molecule which can form 

hydrogen bonds (i.e., Watson-Crick and Wobble base pairing) with a second nucleic acid (e.g., 

about 5, 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%, 95%, 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.  

[0099] References to "hybridization" typically refer to specific hybridization, and exclude non

specific hybridization. Specific hybridization can occur under experimental conditions chosen, 

using techniques well known in the art, to ensure that the majority of stable interactions between 

probe and target are where the probe and target have at least 70%, preferably at least 80%, more 

preferably at least 90% sequence identity.  

[0100] The term "mismatch" is used herein to refer to opposing nucleotides in a double stranded 

RNA complex which do not form perfect base pairs according to the Watson-Crick and Wobble 

base pairing rules. Mismatching nucleotides are G-A, C-A, U-C, A-A, -,C-C,U-U pairs 

Wobble base pairs are: G-U, I-U,I-A, andI-Cbasepairs.  

[01011 The present disclosure provides several types of compositions that are polynucleotide 

or polypeptide based, including variants and derivatives. These include, for example, 

substitutional, insertional, deletion and covalent variants and derivatives. The term "derivative" 

is synonymous with the term "variant" and generally refers to a molecule that has been modified 

and/or changed in any way relative to a reference molecule or a starting molecule.  

101021 As such, polynucleotides encoding peptides or polypeptides containing substitutions, 

insertions and/or additions, deletions and covalent modifications with respect to reference 

sequences, in particular, the polypeptide sequences disclosed herein, are included within the 

scope of this disclosure. For example, sequence tags or amino acids, such as one or more lysines, 

can be added to peptide sequences (e.g., at the N-terminal or C-terminal ends). Sequence tags 

can be used for peptide detection, purification or localization. Lysines can be used to increase 
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peptide solubility or to allow for biotinylation. Alternatively, amino acid residues located at the 

carboxy and amino terminal regions of the amino acid sequence of a peptide or protein may 

optionally be deleted providing for truncated sequences. Certain amino acids (e.g., C-terminal 

residues or N-terminal residues) alternatively may be deleted depending on the use of the 

sequence, as for example, expression of the sequence as part of a larger sequence that is soluble, 

or linked to a solid support.  

101031 The term "identity" refers to the overall relatedness between polymeric molecules, for 

example, between polynucleotide molecules (e.g. DNA molecules and/or RNA molecules) and/or 

between polypeptide molecules. Calculation of the percent identity of two polynucleic acid 

sequences, for example, can be performed by aligning the two sequences for optimal comparison 

purposes (e.g., gaps can be introduced in one or both of a first and a second nucleic acid sequences 

for optimal alignment and non-identical sequences can be disregarded for comparison purposes).  

In certain embodiments, the length of a sequence aligned for comparison purposes is at least 30%, 

at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, or 

100% of the length of the reference sequence. The nucleotides at corresponding nucleotide 

positions are then compared. When a position in the first sequence is occupied by the same 

nucleotide as the corresponding position in the second sequence, then the molecules are identical 

at that position. The percent identity between the two sequences is a function of the number of 

identical positions sharedby thesequences, takinginto account the number of gaps, and the length 

of each gap, which needs to be introduced for optimal alignment of the two sequences. The 

comparison of sequences and determination of percent identity between two sequences can be 

accomplished using a mathematical algorithm. For example, the percent identity between two 

nucleic acid sequences can be determined using methods such as those described in Computational 

Molecular Biology, Lesk, A. M., ed., Oxford University Press, New York, 1988; Biocomputing: 

Informatics and Genome Projects, Smith, D. W., ed., Academic Press, New York, 1993; Sequence 

Analysis in Molecular Biology, von Heinje, G., Academic Press, 1987; Computer Analysis of 

Sequence Data, Part 1, Griffin, A. M., and Griffin, H. G., eds., Humana Press, New Jersey, 1994; 

and Sequence Analysis Primer, Gribskov, M. and Devereux, J., eds., M Stockton Press, New York, 

1991; each of which is incorporated herein by reference. For example, the percent identity between 

two nucleic acid sequences can be determined using the algorithm of Meyers and Miller (CABIOS, 

1989, 4:11-17), which has been incorporated into the ALIGN program (version 2.0) using a PAM 
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120 weight residue table, a gap length penalty of 12 and a gap penalty of 4. The percent identity 

between two nucleic acid sequences can, alternatively, be determined using the GAP program in 

the GCG software package using an NWSgapdna.CMP matrix. Methods commonly employed to 

determine percent identity between sequences include, but are not limited to those disclosed in 

Carillo, H., and Lipman, D., SIAM J Applied Math., 48:1073 (1988); incorporated herein by 

reference. Techniques for determining identity are codified in publicly available computer 

programs. Exemplary computer software to determine homology between two sequences include, 

but are not limited to, GCG program package, Devereux, J., et al., Nucleic Acids Research, 12(1), 

387 (1984)), BLASTP, BLASTN, and FASTA Altschul, S. F. et al., J. Molec. Biol., 215, 403 

(1990)).  

[0104] "Percent (%)amino acid sequence identity" with respect to the polypeptide sequences 

identified herein is defined as the percentage of amino acid residues in a candidate sequence that 

are identical with the amino acid residues in the polypeptide being compared, after aligning the 

sequences considering any conservative substitutions as part of the sequence identity. Alignment 

for purposes of determining percent amino acid sequence identity can be achieved in various ways 

that are within the skill in the art, for instance, using publicly available computer software such as 

BLAST, BLAST-2, ALIGN, Megalign (DNASTAR), or MUSCLE software. Those skilled in the 

art can determine appropriate parameters for measuring alignment, including any algorithms 

needed to achieve maximal alignment over the full-length of the sequences being compared. For 

purposes herein, however, % amino acid sequence identity values are generated using the sequence 

comparison computer program MUSCLE (Edgar, R.C., Nucleic Acids Research 32(5):1792-1797, 

2004; Edgar, R.C., BMC Bioinformatics 5(1):113, 2004, each of which are incorporated herein by 

reference in their entirety for all purposes).  

101051 The terms "non-naturally occurring" or "engineered" are used interchangeably and 

indicate the involvement of the hand of man. The terms, when referring to nucleic acid molecules 

or polypeptides mean that the nucleic acid molecule or the polypeptide is comprises at least one 

modification (e.g., at least one mutation, such as a substitution, insertion, or deletion, or at least 

one non-naturally occurring chemical modification) compared to a naturally-occurring nucleic 

acid molecule or polypeptide, or is at least substantially free from at least one other component 

withwhich they are naturally associated in nature and as found in nature.  
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101061 The term "wildtype" as used herein in reference to an ACA scaffold sequence refers to 

the sequence of a naturally occurring box /ACA small nucleolar RNA.  

101071 As used herein, "expression" refers to the process by which a polynucleotide is 

transcribed from a DNA template (such as into and mRNA or other RNA transcript) and/or the 

process by which a transcribed mRNA is subsequently translated into peptides, polypeptides, or 

proteins. Transcripts and encoded polypeptides may be collectively referred to as "gene product." 

if the polynucleotide is derived from genomic DNA, expression may include splicing of the mRNA 

in a eukaryotic cell.  

[0108] The terms "polypeptide" or "peptide" are used herein to encompass all kinds of naturally 

occurring and synthetic proteins, including protein fragments of all lengths, fusion proteins and 

modified proteins, including without limitation, glycoproteins, as well as all other types of 

modified proteins (e.g., proteins resulting from phosphorylation, acetylation, myristoylation, 

palmitoylation. glycosylation, oxidation, formulation, amidation, polyglutamylation, ADP

ribosylation, pegylation, biotinylation, etc.).  

[0109] The term "pharmaceutical composition" refers to a preparation which is in such form as 

to permit the biological activity of an active ingredient contained therein to be effective, and which 

contains no additional components which are unacceptably toxic to a subject to which the 

formulation would be administered.  

[0110] A "pharmaceutically acceptable carrier" refers to one or more ingredients in a 

pharmaceutical formulation, other than an active ingredient, which is nontoxic to a subject. A 

pharmaceutically acceptable carrier includes, but is not limited to, a buffer, excipient, stabilizer, 

cryoprotectant, tonicity agent, preservative, and combinations thereof. Pharmaceutically 

acceptable carriers or excipients have preferably met the required standards of toxicological and 

manufacturing testing and/or are included on the Inactive Ingredient Guide prepared by the U.S.  

Food and Drug administration or other state/federal government or listed in the U.S. Pharmacopeia 

or other generally recognized pharmacopeia for use in mammals, and more particularly in humans.  

[01111 The term "package insert" is used to refer to instructions customarily included in 

commercial packages of therapeutic products, that contain information about the indications, usage, 

dosage, administration, combination therapy, contraindications and/or warnings concerning the 

use of such therapeutic products.  
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101121 An "article of manufacture" is any manufacture (e.g., a package or container) or kit 

comprising at least one reagent, e.g., a medicament for treatment of a disease or condition (e.g., 

coronavirus infection), or a probe for specifically detecting a biomarker described herein. In certain 

embodiments, the manufacture or kit is promoted, distributed, or sold as a unit for performing the 

methods described herein.  

[01131 It is understood that embodiments described herein include "consisting" and/or 

"consisting essentially of' embodiments.  

[0114] Reference to "about" a value or parameter herein includes (and describes) variations that 

are directed to that value or parameter per se. For example, description referring to "about X" 

includes description of "X".  

[0115] As used herein, reference to "not" a value or parameter generally means and describes 

"other than" a value or parameter. For example, the method is not used to treat disease of type X 

means the method is used to treat disease of types other than X.  

[0116] The term "about X-Y" used herein has the same meaning as "about X to about Y." 

[01171] As used herein and in the appended claims, the singular forms "a,"' "an," or "the" include 

plural referents unless the context clearly dictates otherwise.  

[0118] The term "and/or" as used herein a phrase such as "A and/or B" is intended to include 

both A and B; A or B; A (alone); and B (alone). Likewise, the term "and/or" as used herein a 

phrase such as "A, B, and/or C" is intended to encompass each of the following embodiments: A, 

B, and C; A, B, or C; A or C; A or B; B or C; A and C; A and B; B and C; A (alone); B (alone); 

and C (alone).  

I. Compositions and systems 

[01191 In some aspects, provided herein is an engineered gsnoRNA comprising a guide 

sequence that hybridizes to a sequence comprising a target uridine residue in a target RNA in a 

host cell, wherein the gsnoRNA comprises a nucleotide sequence selected from the group 

consisting of SEQ ID NOs: 4-6, 9-12, 15-19, 22-36, and 177-179, and wherein the gsnoRNA is 

capable of recruiting a DKCI protein in the host cell to modify the target uridine residue into a 

pseudouridine residue in the target RNA. In some embodiments, the gsnoRNA comprises one or 

more nucleosides having 2'-OMe or 2'-MOE modifications. In some embodiments, the 

engineered gsnoRNA comprises no more than 10, no more than 8, no more than 6, or no more 

than 4 chemically modified nucleosides. In some embodiments, the engineered gsnoRNA 
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comprises one or more phosphorothioate inter-nucleosidic linkages. In some embodiments, the 

gsnoRNA comprises no more than 10, no more than 9, no more than 8, or no more than 6 

phosphorothioate inter-nucleosidic linkages. In some embodiments, the gsnoRNA comprises a 5' 

cap modification (e.g., a 7-methylguanosine (nG) cap modification). In some embodiments, the 

5' cap modification is introduced by in vitro transcription using an m 7G(5')ppp(5')G cap analog.  

[01201 In some embodiments, the engineered gsnoRNA is produced by in vitro transcription.  

In some embodiments, the engineered gsnoRNA produced by in vitro transcription is a full

length gsnoRNA (e.g., comprising a 3' hairpin, a 5' hairpin, an H box, and an ACA box). In 

some embodiments, the engineered gsnoRNA produced by in vitro transcription comprises a 5' 

cap modification (e.g., a 7-methylguanosine (m7G) cap modification).  

[0121] In some embodiments, the engineered gsnoRNA comprises a single hairpin and an H 

box, but does not comprise an ACA box. In some embodiments, the engineered gsnoRNA 

comprises the sequence of SEQ ID NO: 179. In some embodiments, the engineered gsnoRNA 

comprises a single hairpin and an ACA box, but does not comprise an H box. In some 

embodiments, the engineered gsnoRNA comprises the sequence of SEQ ID NO: 180. In some 

embodiments, the gsnoRNA comprises one or more nucleosides having 2'-OMe or 2'OE 

modifications. In some embodiments, the engineered gsnoRNA comprises no more than 10, no 

more than 8, no more than 6, or no more than 4 chemically modified nucleosides. In some 

embodiments, the engineered gsnoRNA comprises one or more phosphorothioate inter

nucleosidic linkages. In some embodiments, the gsnoRNA comprises no more than 10, no more 

than 9, no more than 8, or no more than 6 phosphorothioate inter-nucleosidic linkages.  

101221 In some aspects, provided herein is an engineered gsnoRNA comprising a guide 

sequence that hybridizes to a sequence comprising a target uridine residue in a target RNA in a 

host cell, wherein the gsnoRNA comprises a scaffold sequence derived from wildtype ACA2b or 

ACA36, andwherein the gsnoRNA is capable of recruiting a DKCI protein in the host cell to 

modify the target uridine residue into a pseudouridine residue in the target RNA. In some 

embodiments, the gsnoRNA comprises a scaffold sequence derived from the sequence of SEQ 

ID NOs: 11 or 12. In some embodiments, the gsnoRNA comprises one, two, three, or four 

substitution, deletion, and/or insertion mutations compared to SEQ ID NOs: 11 or 12. In some 

embodiments, the gsnoRNA comprises one or more nucleosides having 2'-OMe or 2'-MOE 

modifications. In some embodiments, the engineered gsnoRNA comprises no more than 10, no 
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more than 8, no more than 6, or no more than 4 chemically modified nucleosides. In some 

embodiments, the engineered gsnoRNA comprises one or more phosphorothioate inter

nucleosidic linkages. In some embodiments, the gsnoRNA comprises no more than 10, no more 

than 9, no more than 8, or no more than 6 phosphorothioate inter-nucleosidic linkages. In some 

embodiments, the gsnoRNA comprises a 5' cap modification (e.g., a 7-methylguanosine (m'G) 

cap modification). In some embodiments, the 5' cap modification is introduced by in vitro 

transcription using an m7G(5')ppp(5')G cap analog.  

[0123] In some aspects, provided herein is an isolated nucleic acid molecule comprising a 

sequence encoding a gsnoRNA provided herein. In some embodiments, the gsnoRNA comprises 

a scaffold sequence derived from a wildtype H/ACA-snoRNA selected from the group consisting 

of ACA19, ACA2b, ACA36, ACA44, ACA27, E2, ACA3, and ACA17. In some embodiments, 

the gsnoRNA comprises a scaffold sequence derived from a wildtype H/ACA-snoRNA selected 

from the group consisting of ACA2b, ACA36, ACA44, ACA27, E2, ACA3, and ACA17. In 

some embodiments, the gsnoRNA comprises a scaffold sequence derived from ACA36. In some 

embodiments, the gsnoRNA comprises a scaffold sequence derived from ACA2b. In some 

embodiments, the gsnoRNA comprises a scaffold sequence derived from ACA19. In some 

embodiments, the nucleic acid molecule further comprises a sequence encoding an agent that 

promotes expression of isoform 3 of a DKCI protein (e.g., a splice-switching antisense 

oligonucleotide (ASO), wherein the ASO enhances expression of a DKCI protein that is an 

endogenous DKCI isoform with cytoplasmic localization in the host cell). In some 

embodiments, the nucleic acid molecule further comprises a sequence encoding a DKC1 isoform 

or DKCI protein variant, wherein the isoform or variant has cytoplasmic localization. Exemplary 

DKCI proteins are described in Section 11 A below.  

101241 In some aspects, provided herein is an engineered RNA-editing system comprising: (a) 

a gsnoRNA (such as any one of the gsnoRNAs described in Section II B below) comprising a 

guide sequence that hybridizes to a sequence comprising a target uridine residue in a target RNA 

in a host cell, or a nucleic acid molecule encoding the gsnoRNA; and (b) a DKC1 protein (such 

as any one of the DKCi proteins described in Section II A below), or a nucleic acid molecule 

encoding the DKCI protein, wherein the gsnoRNA is capable of recruiting the DKC1 protein to 

modify the target uridine residue into a pseudouridine residue in the target RNA. In some 

embodiments, the DKCI protein is a DKC1 isoform with cytoplasmic localization.  
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101251 In some aspects, provided herein is a host cell comprising any of the gsnoRNAs, 

nucleic acid constructs/molecules, or engineered RNA-editing systems described herein.  

101261 In some aspects, provided herein is a kit for editing a target RNA in a host cell, 

comprising any of the gsnoRNAs, nucleic acid constructs/molecules, or engineered RNA-editing 

systems described herein.  

A. DKC1 protein 

101271 The present application in some embodiments provides engineered DKC1 proteins or 

nucleic acid constructs encoding a DKC1 protein.  

101281 Dyskerin (DKC1) is a highly conserved multifunctional protein that acts as RNA

guided pseudouridine synthase, directing the enzymatic conversion of specific uridines to 

pseudouridines. It concentrates in the nucleoli and the Cajal bodies (CBs) where, in association 

with three other highly conserved proteins (NopI0. Nhp2, Gar]), DKC Icomposes a tetramer 

able to enter in the composition of different nuclear RNPs playing key biological functions.  

Within the nucleolus, the tetramer associates with HJACA small nucleolar RNAs (snoRNAs) to 

compose the HJACA snoR-NPs, that regulate rRNA processing and pseudouridylate RNA targets 

by snoRNA-guided base complementarity. Within the CBs, it associates with CB specific small 

RNAs (scaRNAs) to compose the scaRNPs, that direct pseudouridylation of spliceosomal 

snoRNAs.  

[0129] There are two DKC1 isoforms in human cells: DKCI isoform I is the canonical DKCI 

form containing the bipartite N- and C-terminal nuclear localization signals (NLSs); DKC1 

isoform 3 is an alternative splicing variant, which is produced by retention of the intron 12 and 

lacks C-terminal NLS (FIG. 9A). The endogenous mRNA expression level of isoform1 is 

approximately 20-foldgreater than that of isoform 35. Surprisingly, the present inventors found 

that increasing the level of DKCI isoform 3 enhances the target pseudouridylation editing 

efficiency (e.g., editing efficiency of target mRNAs) guided by gsnoRNAs.  

101301 In some aspects, compositions of the present disclosure comprise nucleic acid 

constructs for expression of a DKCI protein. In some aspects, compositions of the present 

disclosure comprise a DKCI protein (e.g., a DKC1 protein in complex with a gsnoRNA). In 

some embodiments, the DKCI protein is isoform 3 of a mammalian DKC1 protein. In some 

embodiments, the DKC Iprotein is homologous to isoform 3 of a human DKCI protein. In some 

embodiments, the DKCI protein has at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 

27



WO 2022/247896 PCT/CN2022/095172 

99% sequence identity to isoform 3 of human DKC protein. In some embodiments, the DKC 

protein is isoform 3 of human DKC1 protein. In some embodiments, the DKCI protein 

comprisesan aminoacidsequence having at least 85% (e.g., at least any of 90%, 95%, 96%, 

97%, 98%, 99%, or 100%) sequence identity to SEQ ID NO: 2. The sequence of full-length 

DKCI (isoform 1) and isoform 3 DKCi are shown inTable I below.  

[01311 In some embodiments, the DKCI protein is part of a ribonucleoprotein (RNP) complex 

that associates with the gsnoRNA. In some embodiments, the ribonucleoprotein complex 

comprises NOPI0, GARI, and/or NHP2.  

[0132] In some aspects, provided herein are truncated DKCI protein variants and nucleic acid 

constructs encoding the same. In some embodiments, the DKCi protein comprises a deletion of a 

nuclear localization signal (NLS) relative to a wildtype DKCI protein of the same species. In 

some embodiments, the DKCi protein comprises a deletion of amino acid residues 9-21 of 

DKCI isoform 3, wherein the amino acid numbering is based on SEQ ID NO: 2. In some 

embodiments, the DKCI protein comprises amino acid residues 22-420 of DKCi isoform 3, 

wherein the amino acid numbering is based on SEQ ID NO: 2. In some embodiments, the DKCI 

protein comprises amino acid residues 35-420 of DKCI isoform 3, wherein the amino acid 

numbering is based on SEQ ID NO: 2. In some embodiments, the DKC1 protein comprises 

amino acid residues 41-420 of DKCi isoform 3, wherein the amino acid numbering is based on 

SEQ ID NO: 2. Although the DKC1 sequence in SEQ ID NO: 2 is isoform 3 of human DKC1, 

the person of ordinary skill in the art will understand how to generate corresponding truncation 

and deletion variants of homologous DKC1 proteins based on sequence alignments (e.g., 

corresponding deletion/truncation variants of DKC1 proteins from other mammalian species).  

[01331 In some embodiments, the DKCI protein comprises an amino acid sequence having at 

least 85% (e.g., at least any of 90%, 95%, 96%, 97%,98%, 99%, or 100%) sequence identity to 

SEQ ID NO: 85. In some embodiments, the DKCI protein comprises an amino acid sequence 

having at least 85% (e.g., at least any of 90%, 95%, 96%, 97%, 98%, 99%, or 100%) sequence 

identity to SEQ ID NO: 86. In some embodiments, the DKC1 protein comprises an amino acid 

sequence having at least 85% (e.g., at least any of 90%,95%, 96%, 97%, 98%, 99%, or 100%) 

sequenceidentity to SEQ ID NO: 87. In some embodiments, the DKCI protein comprises an 

aminoacid sequence having at least 85% (e.g., at least any of 90%, 95%, 96%, 97%, 98%, 99%, 

or 100%) sequence identity to SEQ ID NO: 88.  
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Table 1. DKC1 protein sequences 

DKC i Sequence SEQD 
protein NO.  

MADAEVIILPKKHKKKKERKSLPEEDVAEIQHAEEFLIKPESKVAKLDTSQWPL 

LLKNFDKLNVRT THYTPLACGSNPLKRE IGDYIRTGFTNLDKPSNPSSHEVAW 
IRRILRVEKTGHSGTLDPKVTGCLI.VClERATRLVKSQQSAGKEYVGIVRLHNA 

full-length IEGGTQLSPALETL TGALFQRPPLIT AAVKRQLRVRT IYESKMIEYDPERRLGIF 

human WVSCEAGTYIRT:LVHLGLLLGVGGQMQELRRVRSGVMSEKDHMVTMHDVLDAQ 

DKC1 WLYDNHKDESYLRRVVYPLEKLLTSHKRLVMKDSAVNAICYGAKIMLPG`VLRYE 
DGIEVNQEIVVIT TKGEAICMAIALMT TAVISTCDHGIVAKIKRVIMERDTYPR 

protein - - 1-
KWGLGPKASQKKLMIKQGLLDKHGKPTDSTPATWKQEYVDYSESAKKEVVAEVV 
KAPQVVAEAAT:AKRKESESESDE TPPAAPQLIKKEKKKSKKDKKAKAGLESG 

AEPGDGDSDTTKKKKKKKKAKEVELVSE 

MADAEVIILPKKHKKKKERKSLPEEDVAEIQHAEEFLIKPESKVAKLDTSQWPL 
LLKNFDKLNVRT THYTPLACGSNPLKREIGDYIRTGFINLDKPSNPSSHEVVAW 

human IRRILRVEKTGHSGTLDPKVTGCLIVCIERATRLVKSQQSAGEYVGIVRLHNA 

DKCI IEGGTQLSRALETLTGALFQRPPLIAAVKRQLRVRT IYESKMIEYDPERRLGIF 
WVSCEAGTY RTLCVHLGLLLGVGGQMQELRRVRSGVMSEKDHMVTMHDV'LDAQ 2 

isoform 3 WLYDNHKDESYLRRVVYPLEKLLTSHKRLVMKDSAVNAIDYGAKIMLPGVLRYE 

DGIEVNQEIVVITITKGEAICMAIALMT TAVISTCDHGIVAKIRVIMERDTYPR 

KWGLGPKASQKKLMIKQGLLDKHGKPTDSTPATWKQEYVDYR 

MADAEVIILPKKHKKKKERKSLPEEDVAEIQHAEEFLIKPESKVAKLDTSQWPL 
LLKNFDKLNVRT THYTPLACGSNPLKREIGDYIRTGFINLDKPSNPSSHEVVAW 

Amino IRRILRVEKTGHSGTLDPKVTGCLIVCIERATRLVKSQQSAGKEYVGIVRLHNA 

acids 1-419 IEGGTQLSRALETLTGALFQRPPLIAAVKRQLRVRTIYESKMIEYDPERRLGIF 

of human ,VDSCEAGTY RTLCVHLLLLGLVGGQMQE LRRVRSGVMSEKDHMVTMHDVLDAQ 

DKC WLYDNHKDESYLRRVVYPLEKLLTSHKRLVMKDSAVNAICYGAKIMLPGVLRTE 
DOIEVNQSEIVVITTKGEAICMAIALMT TAVISTCDHGIVAKIKRVIMERD TYPR 

KWGLGPKASQKKLMIKQGLLDKHSGKPTDS TPA TWKQEYVDY 

MADAEVI ILP EEDiAEIQHAEEFL IKPESKVAKLDTSQWP LLLKNFDKLNVRT T 
HY TEPLACGSNPLKREIGDYITINLDKEPSNPSSHEVVAWIRRILRVEKITGHS 

human GTLDPKVTCLIVDIERATRLKSQQSAGKEYVGIVRL-INAIEGGTQLSRALET 

DKCi LTGALFQRPPLIAAVKRQLRVRTIYESKMIEYDPERRLIFWVSSCEAGTYIRTL 
86 

isoform 3 DVHLGLLLGVGGQMQELRRVRSVMSEKDHMVTMHDVLDAQWLYDNHKDESYLR 86 

A9-21 RVVYPLEKLLTSHKRLVMKDSAVNAICYGAKIMLPGVLRYEDGIEVNQEIVVT 
TKGEAICMATALMTTAVISTCDHGIVAKIKRVIMERD TYPRKWGLGPKASQKKL 

MIKQGLLDKHGKPTDSTPATWKQEYVDYR 

MLPEEDVAETIQHAEEFL IKPESKVAKLD TSQWPLLLKNFDKLNVRT T HYTPLAC 

Truncation GSNPLKREIGDYIRTGFINLDKPSNPSSHEVVAWIRRILRVEKTSSGTLDPKV 

22-420of DGCLIVC.IERATRLVKSQQSAGKEYVGIVRLHNAIEGGTQLSRALETLTGALFQ 

human RPPLIAAVKROLRVRTIYESKM EYDPERRLGIFWVDSCEATYIILCVHLGLL 13 
LGVGGQMQELRRVRSGVMSEKD.HMVTMHDVLDAQWLYDNRHKDESYLRVVYPLE 

DKC1 KLLTSHKRLVMKDSAVNAICYGAKIMLPGVLRYEDGIEVNQEIVVITTKGEAIC 

isoform 3 MAIALMT TAVISTCDHGIVAKKRVIMERDTYPRKWGLGPKASQKKLMIKQGL 
DKHGKPT DSTPATWKQEYVDYR 

MEFLIKPESKVAKL DT SQWPLLLKNFDKLNVR T T HYITPLADGSNPLKRE IGDYI 

Truncation RTGFINLDKPSNPSSHEVVAWIRRILRVEKTGHSGTLDPKViGCLIVCIERATR 

35-420of LVKSQQSAGKEYVGIVRL HNAIEGG TQL SRAL E TLTGALFQRPPLIAAVKRQLR 
VRTIYESKMIEYDPERRLGIFWYSCEAGTYITRTLCVI-LGLLLGVGGQMQELRRYV ,.  

human RSGVMSEKDHMVTMHDVLDAQWLYDNHKDESY LRRVVYPEKL LLTSHKRLVMKD 
DKC1 SA`VNAICYGAKIMLPGVLRYEDGIEVNQEIVVITTKGEAICMAIALMTTAVIST 

isoform 3 CDHGIVAKIKRVIMERDTYPRKWGLRPKASQKLMIKQGLLDKHGKPTDSTPAT 
WKQEYVDYR 
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MESKVAKLDT&QWPLLLKNFDKLNVRTHYTPLACGSNPLKREIGDYIRTGFIN 

LDKPSNPSSHEVVAWIRRILRVEKTGHSGTLDPKVTGCLIVCIERATRLVKSQQ 
Truncation SAGKEYVGIVRLHNAIEGGTQLSRALETLTGALFQRPPLIAAVKRQLRVRTIYE 

41-420 of SKMIEYDPERRLGIFWVSCEAGTYIRTLCVHLGLLLGVGGQMQELRRVRSGVMS 

DKCI EKDHMVTMHDVLDAQWLYDNHKDESYLRRVVYPLEKLLTSHKRLVMKDSAVNAI 

isoform3 CYGAKIMLPGVLRYEDGIEVNQEIVVITTKGEAICMAIALMTTAVISTCDHGIV 
AKIKRVIMERDTYPRKWGLGPKASQKKLMIKQGLLDKHGKPTDSTPATWKQEYV 

DYR 

[01341 In some embodiments, amino acid sequence variants of the DKCI proteins provided 

herein are contemplated. For example, it may be desirable to improve the stability and/or other 

biological properties of DKCI (e.g., of the catalytic domain of DKCI) or of its interaction with 

other proteins in a ribonucleoprotein complex. Structures of DKC Iand other proteins in the 

ribonucleoprotein complex have been described, for example in Rashid et al. (Molecular Cell 

(2006) 21(2): 249-260) and Czekay et al. (Front. Microbiol. (2021) 12:654370), the contents of 

which are herein incorporated by reference in their entirety. Amino acid sequence variants of a 

DKCI protein may be prepared by introdcing appropriate modifications into the nucleotide 

sequence encoding the target-binding moiety, or by peptide synthesis. Such modifications 

include, for example, deletions from, and/or insertions into and/or substitutions of residues 

within the amino acid sequences of the target-binding moiety. Any combination of deletion, 

insertion, and substitution can be made to arrive at the final construct, provided that the final 

construct possesses the desired characteristics.  

[0135] In some embodiments, DKCI protein variants having one or more amino acid 

substitutions are provided. Amino acid substitutions may be introduced into a DKCI protein and 

the products screened for a desired activity 

101361 Conservative substitutions are shown in Table A below.  

TABLE A: CONSERVATIVE SUBSTITITIONS 

Original Exemplary Preferred 
Residue Substitutions Substitutions 

Ala (A) Val; Leu; lie Val 

Arg (R) Lys; Gin; Asn Lys 

Asn (N) Gln; His; Asp, Lys; Arg Gin 

Asp (D) Glu; Asn Glu 

Cys (C) Ser; Ala Ser 

Gln (Q) Asn; Glu Asn 

Glu(E) Asp; Gn Asp 
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Gly (G) Ala Ala 

His (H) Asn; Gln; Lys; Arg Arg 

Ile (I) Leu; Val; Met; Ala; Phe; Norleucine Leu 

Leu (L) Norleucine; Ile; Val; Met; Ala; Phe Ile 

Lys (K) Arg; Gln; Asn Arg 

met (M) Leu; Phe; Ile Leu 

Phe (F) Trp; Leu; Val; Ile; Ala; Tyr Tyr 

Pro (P) Ala Ala 

Ser (S) Thr Thr 

Thr (T) Val; Ser Ser 

Trp (W) Tyr; Phe Tyr 

Tyr (Y) Trp; Phe; Thr; Ser Phe 

Val (V) Ile; Leu; Met; Phe; Ala; Norleucine Leu 

101371 Amino acids may be grouped into different classes according to common side-chain 

properties: 

a. hydrophobic: Norleucine, Met, Ala, Val, Leu, Ile; 

b. neutral hydrophilic: Cys, Ser, Thr, Asn, Gin; 

c. acidic: Asp, Glu; 

d. basic: His, Lys, Arg; 

e. residues that influence chain orientation: Gly, Pro; 

f. aromatic: Trp, Tyr, Phe.  

[0138] Non-conservative substitutions will entail exchanging a member of one of these classes 

for another class.  

[0139] Also contemplated are fusion proteins comprising a fragment of a naturally occurring 

DKCI protein or a functional variant thereof and a heterologous amino acid sequence, e.g., at the 

N-terminus, the C-terminus, or an internal location of the DKCI fragment.  

B. Nucleic acid constructs and engineered gsnoRNA 

[0140] In some aspects, provided herein are engineered gsnoRNA based on /ACA snoRNAs.  

In some embodiments, the gsnoRNA comprises a single guide sequence. In some embodiments, 

the gsnoRNA comprise two guide sequences. In some embodiments, the engineered gsnoRNA 

comprises more than two (e.g., 3, 4, 5, 6, or more) guide sequences. For example, H/ACA 
31



WO 2022/247896 PCT/CN2022/095172 

snoRNAs contain two hairpins followed by the H and ACA box motifs. In some embodiments, 

both hairpins of the engineered gsnoRNAs provided herein contain guide sequences that are 

capable of targeting the target pseudouridylation site. In other embodiments, only one hairpin of 

an engineered gsnoRNA contains a guide sequence capable of targeting the target 

pseudouridylation site. Exemplary engineered gsnoRNA sequences are provided inTables 2 and 

3 below.  

101411 In some aspects, gsnoRNAs disclosed herein are synthetic oligonucleotides, which can 

be synthesized according to methods known in the art. In some embodiments, gsnoRNAs 

according to the present disclosure are oligoribonucleotides (full RNA). However, in some 

embodiments, gsnoRNAs of the present disclosure may comprise DNA. In some embodiments, 

especially when exclusively consisting of nucleotides or linkages that can be expressed in a 

biological system, gsnoRNAs may be expressed insitu, e.g. from a plasmid or a viral vector.  

[0142] In some aspects, the gsnoRNA comprises a scaffold sequence derived from a wildtype 

H/ACA-snoRNA selected from the group consisting of ACA2b and ACA36. In some aspects, 

the editing efficiency of a.gsnoRNA derived from a wildtype H/ACA scaffold is at least 5% 

(e.g., between or between about 5%-15% or 5-10%) inmammalian cells (eg., in human cells 

such as HEK293T cells), In some embodiments, the gsnoRNA comprises a scaffold sequence 

derived from ACA2b. In some embodiments, the gsnoRNA comprises a scaffold sequence 

derived from ACA36. In some embodiments, the gsnoRNA comprises a scaffold sequence 

derived from ACA19.  

[01431 In some aspects, disclosed herein are engineered gsnoRNA and engineered gsnoRNA 

scaffolds derived from wildtype -/ACA-snoRNA (e.g., from ACA2b, ACA36, or ACA19), 

wherein the gsnoRNA are capable of modifying a PTC in an RNA encoding a protein, wherein 

said modification results in expression of the full-length protein. In some embodiments, the 

engineered gsnoRNA is capable of causing expression of the full-length protein in the host cell of 

at least 4% (e.g., at least 5%, at least 6%, at least 7%, at least 8%, at least 9% or at least 10%) of 

the expression level of the full-length protein without a premature termination codon. In some 

embodiments, the engineered gsnoRNA is capable of causing expression of the full-length protein, 

wherein the expression of the protein is detectable without enrichment (e.g., without enrichment 

by immunoprecipitation). In some embodiments, the protein is detected via a tag (e.g., via a 

fluorescent tag). In some embodiments, the protein is detected by immo-staining according to 
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methods known in the art. In sorne embodiments, the engineered gsnoRNA is capable of causing 

expression of the full-length protein in at least 20% of host cells (e.g., at least 25%, at least 30%, 

at least 35%, at least 40%, at least 45%, or at least 50% of host cells).  

[01441 In some embodiments, the gsnoRNA comprises one or more guide sequences each 

located in a region corresponding to a hairpin structure of the wildtype H/ACA-snoRNA. In 

some embodiments, the gsnoRNA comprise one or more guide sequences located in a hairpin 

structure at the 3' terminal part of the wildtype H/ACA-snoRNA. In some embodiments, the 

gsnoRNA comprise one or more guide sequences located in a hairpin structure at the 5' terminal 

part of the wildtype H/ACA-snoRNA.  

[0145] In some embodiments, the gsnoRNA comprises one or more mutations (e.g., 

substitution, insertion and/or deletion) in one or more hairpin structures (e.g., the 3' and/or 5' 

hairpin structures) of the wildtype ACA19. In some embodiments, the gsnoRNA comprises one 

or more mutations that alter the distance between the nucleotide residue in the guide region that 

hybridizes to the target uridine and the H/ACA box compared to a wildtype scaffold. In some 

embodiments, the one or more mutations comprise insertion or deletion of one or more 

nucleotide residues, In some embodiments, the engineered gsnoRNA comprises 14 nucleotides 

between the nucleotide residue in the guide region that hybridizes to the target uridine and the 

H/ACA box. In some embodiments, the engineered gsnoRNA comprises 15 nucleotides between 

the nucleotide residue in the guide region that hybridizes to the target uridine and the /ACA 

box. In some embodiments, said mutations increase the efficiency of pseudouridylation (e.g., the 

efficiency of PTC-readthrough) by at least 1.2-, 1.3-, 1.4-, 1.5-, or 1.6- fold compared to the 

wildtype scaffold.  

[01461 In some embodiments, the one or more mutations comprise substitutions in a small 

polyU sequence (e.g., a sequence of 4 or more, or 5 or more consecutive uridine (U) residues). In 

some embodiments, the one or more mutations comprise altering a small polyU sequence so that 

it comprises no more than two consecutive U residues. In some embodiments, the one or more 

mutations comprise a single base mutation in a "UUUU" sequence. In some embodiments, the 

mutation is a "UUCU" mutation or a "UGUU" mutation. In some embodiments, the mutated 

polyU sequence is located in a loop region of the gsnoRNA scaffold. In some embodiments, the 

engineered gsnoRNA comprises the sequence of SEQ ID NO. 49 or 50. In some embodiments, 

the engineered gsnoRNA comprises the sequence of SEQ ID NO. 15 or 16. In some 
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embodiments, said mutations increase the efficiency of pseudouridylation (e.g., the efficiency of 

PTC-readthrough) by at least 1.2-, 1.3-, 1.4-, 1.5-, or 1.6- fold compared to the wildtype scaffold.  

101471 In some embodiments, the one or more mutations comprise mutations that increase the 

openness of a guide region compared to the guide region of a wildtype scaffold. In some 

embodiments, the one or more mutations reduce the base-pairing probability of one or more 

residues within a guide region of the gsnoRNA scaffold (e.g., the 5' guide region of the gACA19 

scaffold). In some embodiments, the one or more mutations comprise insertion or one or more 

nucleotides. In some embodiments, the one or more mutations comprise the addition of CU after 

residue 8, wherein the numbering is according to SEQ ID NO: 37. In some embodiments, the 

engineered gsnoRNA is the gsnoRNA of SEQ ID NO: 53. The predicted secondary structure of 

gACAI9-5addCU (SEQ ID NO: 53) is shown in FIG.5D. In some embodiments, said mutations 

increase the efficiency of pseudouridylation (e.g. the efficiency of PTC-readthrough) by at least 

1.2-, 1.3-, 1.4-,1.5-, or 1.6- fold compared to the wildtype scaffold.  

[0148] In some embodiments, the one or more mutations are selected from the group 

consisting of substitution of residues 26-29 with UUCU, substitution of residues 26-29 with 

UGUU, addition of G to the 3' hairpin structure after residue 115, and addition of a dinucleotide 

sequence (XX, e.g., CU) to the 5' hairpin after residue 8, wherein X is a nucleotide selected from 

A, U, C, and G, and wherein the numbering is according to SEQ ID NO: 37.  

[0149] In some embodiments, gsnoRNA comprises a nucleotide sequence selected from the 

group consisting of SEQ ID NOs: 17-19 and 22-29.  

[01501 In some embodiments, the gsnoRNA comprises a nucleotide sequence selected from 

the group consisting of SEQ ID NOs. 4-6, 9-12, 15-19, 22-36, and 177-179.  

[01511 In some embodiments, the gsnoRNA comprises a nucleotide sequence selected from 

the group consisting of SEQ ID NOs: 15-19.  

[01521 In some embodiments, the gsoRNA comprises a nucleotide sequence selected from the 

group consisting of SEQ ID NOs: 20-21 and 145-150.  

[01531 In some embodiments, the gsnoRNA is a disease-targeting gsnoRNA (e.g., any of the 

gsnoRNA sequences provided in Table 4).  

[01541 In some embodiments, the gsnoRNA comprises one or more chemically modified 

nucleosides and/or inter-nucleosidic linkages. In some embodiments, the gsnoRNA comprises 

one or more nucleosides having 2' O-methyl (2-OMe) or 2'-O-methoxyethyl (2'-MOE) 
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modifications. In some embodiments, a gsnoRNA according to the present disclosure may be 

chemically modified almost in its entirety, for example by providing nucleotides with a 2'-0

methylated sugar moiety (2'-OMe) and/or with a 2'-0-methoxyethyl sugar moiety (2'-MOE). In 

some embodients, the gsnoRNA comprises no more than 20, no more than 15, no more than 10, 

no more than 8, no more than 6, or no more than 4 2'-OMe or 2'-MOE modifications. In some 

embodiments, the gsnoRNA comprises between about 2 and about 6 2'-OMe or 2'-MOE 

modifications. In some embodiments, the gsnoRNA comprises about 4 2'-OMe or 2'-MOE 

modifications. In some embodiments, the gsnoRNA comprises no more than 5 modified sugars.  

In some embodiments, the gsnoRNA comprises two nucleosides comprising modified sugar 

moieties (e.g., 2'-OMe) at the 5' end and two nucleosides comprising modified sugar moieties 

(e.g., 2'-OMe) at the 3' end of the gsnoRNA. In some embodiments, the gsnoRNA comprises no 

more than four, three, or two nucleosides comprising modified sugar moieties (e.g., 2'-OMe) at 

the 5' end and no more than four, three, or two nucileosides comprising modified sugar moieties 

(e.g., 2'-OMe) at the 3' end of the snoRNA. In some embodiments, the gsnoRNA comprises 

one or more phosphorothioate inter-nucleosidic linkages. In some embodiments, the gsnoRNA 

comprises no more than 20, no more than 15, no more than 10, no more than 8, or no more than 

6 phosphorothioate linkages. In some embodiments, the gsnoRNA comprises between about 2 

and about 10 phosphorothioate linkages. In some embodiments, the gsnoRNA comprises about 6 

phosphorothioate linkages. In some embodiments, the gsnoRNA comprises about three 

phosphorothioate linkages at the 5' end and about three phosphorothioate linkages at the 3' end 

of the gsnoRNA. In some embodiments, the gsnoRNA comprises no more than five, four, or 

three phosphorothioate linkages at the5' end and no more than five, four, or three 

phosphorothioate linkages at the 3' end of the gsnoRNA. Example 7 provides results 

demonstrating that a limited number of modifications is sufficient for stability and function of 

gsnoRNA oligonucleotides.  

101551 In some embodiments, the gsnoRNA comprises one or more chemically modified 

nucleosides and/or inter-nucleosidic linkages. In some embodiments, the gsnoRNA comprises 

one or more nucleosides having 2' O-methyl (2'-OMe) or 2'--methoxyethyl (2'-MOE) 

modifications. In some embodiments, a gsnoRNA according to the present disclosure may be 

chemically modified almost in its entirety, for example by providing nucleotides with a 2'-0

methylated sugar moiety (2'-OMe) and/or with a 2'-0-methoxyethyl sugar moiety (2'-MOE). In 

35



WO 2022/247896 PCT/CN2022/095172 

some embodientshn some embodiments, the gsnoRNA comprises a 5' hairpin, an H box 

(consensus sequence ANANNA), a 3' hairpin, and an ACA box (consensus sequence ANA). In 

some embodiments, the gsnoRNA comprises a single hairpin and an H box (referred to herein as 

a gH5 or rH5 for 5' half gsnoRNA encoding sequence or gsnoRNA oligonucleotide, 

respectively), and lacks an ACA box. In some embodiments, the gsnoRNA comprises a single 

hairpin and an ACA box (referred to herein as a gH3 or rH3 for 3' half gsnoRNA encoding 

sequence or gsnoRNA oligonucleotide, respectively), and lacks an H box. In some embodiments, 

the gsnoRNA comprising a single hairpin is between 60 and 70 nucleotides in length. In some 

embodiments, the gsnoRNA comprising a singlehairpin is about 65 nucleotides in length.  

[0156] In some embodiments, the gsnoRNA is prepared by in vitro transcription. In some 

embodiments, the gsnoRNA prepared by in vitro transcription comprises the sequence of any one 

of SEQ ID NOs: 4-6,9-12, 15-19, 22-36. In some embodiments, the gsnoRNA prepared by in 

vitro transcription comprises a 5' cap modification or a 5' hairpin (e.g., of a U6+U27 expression 

cassette). In some embodiments, the gsnoRNA prepared by in vitro transcription comprises a 5' 

cap modification. In some embodiments, the 5' cap modification is is a mG modification (e.g., a 

cap 0, cap 1, or cap 2 modification) or an mAm modification. Suitable methods for adding a 5' 

cap to an RNA oligonucleotide have been described, for example, in U.S. Patent No. 10,494,399, 

the contents of which are herein incorporated by reference in their entirety. In some 

embodiments, the gsnoRNA further comprises a 3' hairpin (e.g., the gsnoRNA comprises the 

sequence of any one of SEQ ID NOs: 4-6, 9-12, 15-19 and 22-36 and a 3' hairpin). In some 

embodiments, the gsnoRNA comprises a 5' cap modification and does not comprise a 3' hairpin 

(e.g., as shown in FIG. 15A). In some embodiments, the 5' cap modification is introduced by in 

vitro transcription using an mG(5')ppp(5')G cap analog.  

101571 Various chemistries and modification are known in the field of oligonucleotides that 

can be readily used in accordance with the disclosure. The regular internucleosidic linkages 

between the nucleotides may be altered by mono- or di-thioation of the phosphodiester bonds to 

yield phosphorothioate esters or phosphorodithioate esters, respectively. Other modifications of 

the internucleosidic linkages are possible, including amidation and peptide linkers. In a preferred 

aspect the gsnoRNAs of the present disclosure have one, two, three, four, five, six or more 

phosphorothioate linkages between the most terminal nucleotides of the gsnoRNA (hence, 

preferably at both the 5' and 3' end), which means that in the case of three phosphorothioate 
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linkages, the ultimate four nucleotides are linked accordingly. It will be understood by the skilled 

person that the number of such linkages may vary on each end, depending on the target 

sequence, or based on other aspects, such as toxicity. However, it is some embodiments of the 

disclosure that the gsnoRNA does comprise one or more PS linkages between any position at its 

terminal seven nucleotides.  

[01581 The ribose sugar may be modified by substitution of the 2-0 moiety with a lower alkyl 

(Cl -4, such as 2'-OMe), alkenyl (C2-4), alkynyl (C2-4), methoxyethyl (2'-methoxyethoxy; or 

2'-O-methoxyethyl; or 2'-MOE), or other substituent. In some embodiments, substituents of the 

2' OH group are a methyl, methoxyethyl or 3,3'-dimethylallyl group. The latter is known for its 

property to inhibit nuclease sensitivity due to its bulkiness, while improving efficiency of 

hybridization. Alternatively, locked nucleic acid sequences (LNAs), comprising a 2' -4 

intramolecular bridge (usually a methylene bridge between the 2'oxygen and 4'carbon) linkage 

inside the ribose ring, may be applied. Purine nucleobases and/or pyrimidine nucleobases may be 

modified to alter their properties, for example by amination or deamination of the heterocyclic 

rings.Other modifications that may be present in the gsnoRNAs of the present disclosure are 2'

F modified sugars, BNA and cEt. The exact chemistries and formats may depend from 

oligonucleotide construct to oligonucleotide construct and from application to application, and 

may be worked out in accordance with the wishes and preferences of those of skill in the art.  

[0159] Examples of chemical modifications in the gsnoRNAs of the present disclosure are 

modifications of the sugar moiety, including by cross-linking substituents within the sugar 

(ribose) moiety (e.g. as in LNA or locked nucleic acids, BNA, cEt and the like), by substitution 

of the 2'- atom with alkyl (e.g. 2'-O-methyl), alkynyl (2'-O-alkynyl), alkenyl (2' -O-alkenyl), 

alkoxyalkyl (e.g. 2'-O-methoxyethyl, 2'-MOE) groups, having a length as specified above, and 

the like. In the context of the present disclosure, a sugar 'modification' also comprises 2' 

deoxyribose (as in DNA). In addition, the phosphodiester group of the backbone may be 

modified by thioation, dithioation, amidation and the like to yield phosphorothioate, 

phosphorodithioate, phosphoramidate, etc., internucleosidic linkages. The internucleosidic 

linkages may be replaced in full or in part by peptidic linkages to yield in peptidonucleic acid 

sequences and the like. Alternatively, or in addition, the nucleobases may be modified by 

(de)amination, to yield inosine or 2'6'-diaminopurines and the like. A further modification may 
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be methylation of the C5 in the cytidine moiety of the nucleotide, to reduce potential 

immunogenic properties known to be associated with CpG sequences.  

101601 In some embodiments, the gsnoRNA does not comprise one or more chemically modified 

nucleosides and/or inter-nucleosidic linkages. In some embodiments, the gsnoRNA does not 

comprise any non-natural inter-nucleosidic linkages.  

[01611 Mammalian H/ACA snoRNAs are generally embedded (positioned) within pre-mRNA 

intronic regions of protein-coding genes. During transcription elongation, several proteins with a 

functional role in pseudouridylation, such as NOPIO, dyskerin (DKCI) or NHP2 bind to the 

nascent HJACA snoRNA sequences. Following splicing, the guide RNAs are processed through 

debranching and exonucleolytic processing, resulting in a RNA-protein complex called 'small 

nuclear ribonucleoproteins' (snRNPs. or snRNP complex). Box H/ACA snoRNAs have no 

preference for localization relative to the 5' or 3' ends of the intron and can be present in small or 

very large introns, as opposed to box C/D snoRNAs, which are usually localized 60-90 nucleotides 

upstream the 3'-splice site and are encoded in relatively small introns. It has been suggested by 

Kiss and Filipowicz (1995, Genes Dev 9 (11): 141 1-1424) that a given snoRNA sequence could 

be excised and fully processed from an intronic region of any given actively spliced mRNA. To 

show the feasibility of this snoRNA processing independently from the host intron context, Kiss 

and Filipowicz artificially imbedded several snoRNAs (I1 7a, U17b and U19) into the second 

intron of the human f3-globin gene and expressed the resulting vector in fibroblast-like cells. After 

transfection, they found that the artificial, intronically delivered snoRNAs were properly processed 

from the human r-globin intron and the [-globin pre-mRNA was correctly spliced. Darzacq et al.  

(2002, EMBO J 21(11);2746-2756) corroborated that other guide RNAs could be inserted into the 

second intron of the human P-globin gene using an expression vector under the control of the 

cytomegalovirus (CMV) promoter and be delivered to mammalian cells via transfection.  

[01621 The inventors of the present application unexpectedly identified divergent host intron 

context-dependent effects on the pseudouridylation editing efficiency of different gsnoRNAs (as 

discussed in Example 1). For example, the present inventors tested the PTC readthrough 

efficiency of gsnoRNAs based on wildtype ACAI9 (embedded in the host intron of EIF3A), 

ACA-44 (embedded in the host intron of SNHG12), ACA27 (embedded in the host intron of 

RPL21), and E2 (embedded in the host intron of RPSA) host genes, and embedded in a non-host 

intron of the HIB gene (FIGs. 2A and 2B). Surprisingly, the present inventors found that the 

38



WO 2022/247896 PCT/CN2022/095172 

editing efficiency of gsnoRNAs based on an E2 scaffold was lower when the gE2 was embedded 

in an HBB intron compared to the host RPSA intron, whereas the editing efficiency of gACAI9 

was similar when embedded in an HBB intron compared to the host EIF3A intron. Based on this 

observation that host gene sequences have divergent effects on different gsnoRNAs, the 

inventors envisioned that directly expressing the gsnoRNAs without host gene effects might 

further increase the efficiency of PTC-readthrough. Therefore, the inventors designed a series of 

gsnoRNA expression constructs wherein the nucleic acid molecule encoding the gsnoRNA is not 

embedded in an intron. As discussed in Example 1, the present inventors demonstrated enhanced 

pseudouridylation activity of gsnoRNAs not embedded in an intron, wherein the nucleic acid 

molecule encoding the gsnoRNA is driven by hU6 (type III RNA polymerase III promoter) and 

hU1 (snRNA-type RNA polymerase II promoter) promoters. Thus, in one aspect, provided 

herein is a nucleic acid molecule encoding a gsnoRNA, wherein the nucleic acid molecule is 

under the control of a small RNA promoter (e.g., a U6 or U1 promoter). In some embodiments, 

the nucleic acid encoding the gsnoRNA is not embedded in an intron sequence.  

[0163] In some aspects, provided herein is a nucleic acid construct encoding the gsnoRNA. In 

some embodiments of the methods described herein, the method comprises introducing a nucleic 

acid molecule encoding the gsnoRNA intothe host cell. In some embodiments, the nucleic acid 

molecule encoding the gsnoRNA is under the control of a small RNA promoter. In some 

embodiments, the small RNA promoter is a U6 (transcribed by Polymerase III) or U 

(transcribed by Polymerase II) promoter. In some embodiments, the expression of the gsnoRNA 

from the small RNA promoter according to the methods disclosed herein provides an increased 

pseudouridylation efficiency (e.g., an increased PTC-read-through efficiency) compared to the 

same gsnoRNA embedded in a host intron sequence or other intron sequence. In some 

embodiments, the pseudoridylation efficiency of the gsnoRNA expressed from a nucleic acid 

under the control of the small RNA promoter is 1.2-, 1.3-, 1.4-, 1.5-, 1.6-, 1.7-, 1.8-, 1.9- or 2

fold higher compared to the same gsnoRNA embedded in a host intron. Example I (FIGS. 1A

1E and FIGS. 2A-2C) provides results demonstrating enhanced PTC-read-through by a 

gsnoRNA expressed from a nucleic acid under the control of a small RNA promoter compared to 

an intron-embedded gsnoRNA.  

[0164] In some embodiments, the nucleic acid molecule encoding the gsnoRNA is embedded 

in an intron sequence located between a first exon sequence and a second exon sequence. In 
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some embodiments, the first exon sequence, the intron sequence and the second exon sequence 

are derived from a naturally-occurring gene. In some embodiments, the intron may comprise 

(besides the nucleic acid molecule of the present disclosure, comprising the guide region) 

additional nucleotides. Since the guide region is expressed from the intron sequence, such 

additional nucleotides may be selected to render the most efficient expression from the intron. In 

some embodiments, the exon A / intron / exon B sequence is present in a vector, such as a 

plasmid or a viral vector. Such a vector can be used to deliver the exon-intron-exon sequence to 

the cell. Additional introns and exons may be present in such a vector. In some embodiments, the 

exon A sequence (upstream of the intron that carries the nucleic acid encoding the gsnoRNA 

(which is expressed after transcription)) comprises or consists of exon I of the human B-globin 
gene, and the exon B sequence (downstream of the intron that carries the nucleic acid encoding 

the gsnoRNA (which is expressed after transcription)) comprises or consists of exon 2 of the 

human f-globin gene. In some embodiments, the exon A sequence (upstream of the intron that 

carries the nucleic acid encoding the gsnoRNA (which is expressed after transcription)) 

comprises or consists of exon 2 of the human Hemoglobin subunit f(HBB) gene, and the exon B 

sequence (downstream of the intron that carries the nucleic acid encoding the gsnoRNA (which 

is expressed after transcription)) comprises or consists of exon 3 of the human Hemoglobin 

subunit f(HBB) gene. In some embodiments, the nucleic acid molecule encoding the gsnoRNA 

is embedded in an intron sequence between a first exon sequence and a second exon sequence, 

wherein the intron sequence, first exon sequence, and second econ sequence correspond to the 

sequences of a naturally-occurring snoRNA-carrying host gene. In some embodiments, the 

construct comprising the intron-embedded gsnoRNA encoding sequence is under the control of a 

CMV promoter.  

101651 In some aspects, provided herein are engineered gsnoRNA targeting disease-associated 

PTCs. In some embodiments, the engineered gsnoRNA targeting disease-associated PTCs 

comprise one or more mutations to enhance the editing efficiency and/or expression of the 

gsnoRNAs. In some embodiments, the engineered gsnoRNA targeting disease-associated PTCs 

are selected from SEQ ID NOs: 71-84 (shown in FIGs. 14-15). Sequences of exemplary 

engineered gsnoRNAs targeting disease-associated PTCs are shown inTable 4 below.  

[0166] In some embodiments, the gsnoRNA may be administered in a free form (or 'naked', 

without the context of a vector), or being delivered to a cell by other means, such as liposomes, 
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or nanoparticles, or by using iontophoresis. In some embodiments, the gsnoRNA can be 

administered in a ribonucleoprotein complex (e.g., in a complex comprising DKCI, HNP2, 

NOP1, and/or GARI). In some embodiments, the free gsnoRNA comprises one or more 

chemically modified nucleosides and/or inter-nucleosidic linkages as described above.  

101671 In some aspects, provided herein is a nucleic acid construct encoding DKCI (e.g., any 

of the DKCI proteins described in Section 11 A above). In some embodiments of the methods 

described herein, the method comprises introducing a nucleic acid molecule encoding the DKCI 

protein into the host cell. In some embodiments, the nucleic acid molecule comprises a promoter 

operably linked to a nucleotide sequence encoding the DKC. In some embodiments, the 

promoter is a Pol II promoter. In some embodiments, the promoter is a CAW promoter.  

[0168] As disclosed herein, vectors may carry DNA or RNA, and are generally used to express 

the gsnoRNA and/or DKCI protein constructs of the present disclosure after the vector is 

processed in the cell in which it is introduced. Such is generally through transcription of the 

DNA or RNA present in the vector. In some embodiments, vectors are viral vectors (that may be 

used to infect target cells to be treated), or plasmids, that may be introducedintothe cell in a 

variety of ways, known to the person skilled in the art.  

[0169] In some embodiments, the nucleic acid molecule encoding the DKCi protein and/or the 

nucleic acid molecule encoding the gsnoRNA are present in a viral vector. In some 

embodiments, the method comprises introducing into the host cell a vector (e.g., a. plasmid or 

viral vector) comprising a first nucleic acid sequence encoding the DKCI protein and a second 

nucleic acid sequence encoding the gsnoRNA. In some embodiments, the vector is an adeno

associated viral (AAV) vector.  

[01701 Exemplary engineered ACA scaffold sequences are shown in Table 2 below. The guide 

sequence is indicated as (Xn) and underlined, wherein Xn is a sequence of X nucleotides of 

length n, wherein X is any of A, U, G, or Cand n is 4, 5, 6, 7, 8, 9, 10, 11, or 12. The guide 

sequence (Xn) can be modified to target the gsnoRNA to the desired target site, as will be 

understood by one of ordinary skill in the art. In some embodiments, n is an integer of a suitable 

length for the guide region. In some embodiments, n is 4, 5, 6, 7, 8, or 9.  

[01711 Exemplary engineered gsnoRNA sequences, including exemplary guide sequences are 

shown in Table 3 below.  
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101721 Exemplary engineeredgsnoRNAsequencestargetingexemplarydisease-associated 

PTCs are shown in Table 4 below.  

Table 2. ACA scaffold sequences.  

ISEQ ID) Name Sequence 
NO.  

GUGCACA (Xn) GACCUGCUUUCUUUUAUGUGAGUAGUGUU (Xn) GUG 

gACA19 CUAUACAAAUAAUUGAAGGC_(Xn)_GCAGUAU7AACUAUAAAUAGUAAU 3 

GCUGC (Xn) CCUUCAGACAAAA 

CAGCA (Xn) GGGCUGUGGCUGGUCAUAGCCAUGGGAUC (Xn) GCAUG 
gACA44 CAAGAGCAACCUGGAAAGA_(Xn ) ACAGCGCAGGUCAGUACAAUACCU 4 

GCAAGCUGC (Xn) AGCUUUCUAUAAUG 

UACCCC (Xn) GCCAGUUGGACUUAUGUCUUUAUUGGU (Xn)AGUGGG 
gACA27 GCAAAGGAAAUAUCCUU (Xn) UCAGGCAAACUGGGUGUUUGUCUGUA 5 

(Xn) GAGGAAACAAAU 

UGUGCACA_(Xn)_GCUUGGAGUUGAGGCUACUGACUGGCCGAUGAACU 

gE2 CCA7(Xn_) ) GUGCUACAUGAGGGGCAAGU (Xn) AOCCACAAGGG 6 
UCUCUGGC0CAAUGAGUGGAGUU.GA (Xn) AUUCUUGCUACAAGUA 

CACA (Xn) GACCUGCUUUCUUUUAUGUGAGUAGUGUU (Xn) UGUGCU 
gACA19-S AUACAAAUAAUUGAAGGC (Xn) GCAGUAUAACUAUAAAUAGUAAUG0 7 

UGO (Xn) CCUUCAGACAAAA 

UCAGUAUUUGUGCACA (Xn) GACCUGCUUUCUUUAUGUGAGUAGUG 

gACA19-L UU_(Xn)_GUGCUAUACAAAUAAUUGAAGGC_(Xn)_GCAGUAUAACUAUA 8 
AAUAGUAAUGCUGC (Xn) CCUUCAGACAAAAAUUCUAUAA 

AUCGA (Xn) ACGCUUGGGUAUCGGCUAUUGCCUGAGUGU (Xn) CCUC 
gACA3 GAAGAtUAACUGCUGAC_(Xn)_ACUGGCUGUGGGCCUUAUGGCACAGU 9 

CAGU (Xn) CAGGUUAGAGACAUGC 

ACUGCOCCU (Xn) GCAGCUGUGGCUGCCGUGUCACAUCUGU (Xn) GU 
gACA17 GGCAGAGAUUAGAGAGGCUAUGU(Xn)CAAGCGUUCUGCCCGUGAA 10 

CGUUUG (Xn) GUCCACUC 

UUGGCUCU (Xn) GGCCAGCAGUUUGCUGAAGCUGUUGGcc (Xi )CAG 
gACA2b GAGOCUAAAGAAUUGUCUUUCUA (Xn) UUGGCCAUUUCAUAACUUUG 11 

GAAAUGUAAUGGUCAA (Xn) AGAAAGAAACAUGA 

UUCCAAA (Xn ) UCAGUCCAGGGCAGCUUCCCUGUUCUGA(Xn) UUUG 

gACA36 GGACAUUAAAAUGGG'CUAAGGGAG (Xn) GGGUAGAAAGUAUUAUUCU 12 
AUUC (Xn) CCUCCCAGCCUACAAAA 

GUGCACA (Xn ) GACCUCUUUJUCUAUGUGAGUAGUGUU (Xn ) GUG 
gACA19- 77AA U 7i CUAUACAUAAUUGGC (Xn ) GCAGUAUAACUAUAUAUAGUAAU 15 

UUCU GCUGC (Xn) C4CUUCAGACAAA 
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ACi-GUGCACA (Xn)GACCUGCUUU7CUG7 UA7 UGA CUAGUGU (Xn.)CUG 
CUA T7ACAAkUAAUUC7A.ACGC (Xn) GCACUATAA _-7AUAAkUACUA.AU 116 
GCUC (Xii) (CCUUCAGACATAA 

gAA9G UCCACAil IACCU CUUCUUU.UAUCUCGAGUAGUCUU(Xfi)CGUG 
CUAUACA2/AU-AAU-UC-AYC (Xii) CC-ACUAUACAAAUCAU 1 

3addG GUO(i)CCUAAAA 

CUAUACAAAUAAUX) '"7C,-UG- -A(-ACU Xii CAUAAAUUAUCAA1 

gAA9- UGCACAUCU^ (X.ii) ACCUC"zCUUCUU7TUATUGAUAC;-UGUU (Xi)U 
ClCLJUCAAAUUACC Xi)CAUAACUUAUAU 1 

5addCU AACCUC(Xn)CUUCAICAAA 

5Un GAAUAAAUGCAAGGA (Xii) G GUAAAAG AUUAUUC 22A 
UU,7, (X) CUCAGCUCAA 

AUUC (ii)C UCACACAAAA 

GUCCAC (Xi UCACUCCCCACUUCCC ,7UUUCUCAGU 7Xi CUUC.  
gACA 19- C:.:UAAUCCACCC(i)CCAAAUUA U 2 

5C~bpAUCC (n) CCUCC CAICACAAAA 

UAA6 UUC C ATUA(X n UcAC, GU C C AGGCCA GCUU, CCCUGUUCUCA(Xn ) U.U7 

gACA36- UCAAXiUAUCCCACUCUUCC(nUU 
3G-rU- CACAUU'--AAAAUCCCCUCCC'A(Xri)CCCUAC "-o( A-AACAGUAUUCU AU -U 122 

deIAA C (X CC - C CA CCr'rAAAA 

UUC CAAA(Xi) UCACUC CAGCACCr-UU7CCCUGUUCUCA( Xn) UCUC 
g-ACA3)6- CCCUAAUCCACAXi)CUCA.UUAUUU 2 

CCGACAUUAAAAU GCCU AACCC AG(Xi.i)CCCGUAAAAC;^IU\-UAUUr AUUrCU 28 

3UC~ AUCC (Xri), CUCCACCCUACAA 

oAA3 j UCCAAA (X1 ) tJ-ACUCCACCCCA.CUU7C-CUCU.CUCA (Xii UU7UCQ 
GGm- CACAUU.'AAAAUCCCCUCCA.IG(Xn)CCUACA,) AAU-AUUACAC 2 

delAA C(X) CUC A/CCUAAAA\A 

7rn _CA A(~. J ,AGJ- A--G ('G- 77,Cj 77 

..4t'3J
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gACA36- UU C C AA (Xn) UCAGUCC AG GCAGCUU_-C CCU GU CGA(X j' UC 

UUCCAAA~~~~ ~~~ (X)UAUCCGACUCUUCG(UCUC gACA36-GIGACAU7 AAAAUJGGCAACCGAC (Xn) GGGUACAAAUAR7CC 
3delGC 7,C_'~C'ACCAAAA3 

LJUCCA (X UCAGUACGGCaGCUCUUCG X)UU 

gACA36- GC,-ACAUU&7A.W\UIJ.UGOUIAACGGAG (Xn) GIG7 AGAAAGCUAUCC 

3GrUdei CC(Xn) CUCC'ACCACAAA. 32 

gACA19 UC\A( ,ICUCUCUCACCCACCU(n C 

IJIJCJ- GUUAXCUACAAGCUUCA.A X) CGAAACCJP.~ 

oACAI9- CUCCCAC (Xri) ACCUCUCCCCCCAUCCCACACCCI U (Xn) Cu"UI 
IJJCIJ- GCU-',"AUACAAAC-IAA- 'UCoAA"-'CC(X)CGUACAAJV YP 

7adC -- 7- u Xn ____UJCACACAAAA 
½)dd 33 

cACAI9- CUCCACAU (Xri)CACCUUUUAUTAZAU (Xn) CU 
3ad(> CC[J',"AUACAAAU-IAA- 'UGoAA"-'CC(n CCAIAUUAUC 

7aC -- CCU-- (Xn) C(lU7CACACAAAA 3 

UUACU1- GUCCACAU(Xl) GACCUGCU7UUCUUUAUGUGAGUACC GUXn I 
)addG3- UCCAUACAA IUAA. UUAA'CC(Xn)CCAC"^\-UA;\UA-ACUAUAAA_ 1 UCUA 

5addCUJ ACCOCCCG(_(Xn) CC-UU-_CACACAAAA 3 

5addC G -CAAAUAAUCCA.\G (Xi,) ACACAACAUC 

5C~rnG G CAUCUAAUCCrAA.(U)ACAAAAAACAUC 

AAb-UUCCC"UCUC (Xn) CCCC, ACC, AG.UUCCUAACUC,-UUCcc (Xn) CC 
GadC- CCCAACAA t ,llpUUCUCUUrCUA(X)UUCCCUUCAUAC UU 1460 

GC mUG AAA UlUAAUC-CA (Xn) AAAA7AAAACA 

gCb-UUGCCU (Xn) CCC'-CAC 'CAC 'L UUCUCAACC-G -,7UUUCcc (Xn) CACC 
5C~ ~G(GC- CUAAA.AAl UCU CU UCT 1Xn 2UCCUUAACUCAA 1 

5C~mUGUUAAUCUCAA(Xn) AAAAAACAUA 

UU~rUC (rl t.~r'A r-AGJU7 '-G-AG44',
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UUGGCUCU (Xn) GGCCAGCAGUUUGCUGAAGCUGUUGGcc (Xn ) CAG 
gACA2b GAGCCUAAACAAUUGUCUUUCU (Xn) UUGGCCAUUUCAUAACUUUG 148 

3delA 
A AAAUGUAAUGGUCAA (Xn) AGAAAGAAACAUGA 

gACA2b- UUGGCUCU (Xn) GGCCAGCAGUUUGCUGAAGCUGUUGGcc (Xn ) CAG 
3deiA- GAGCCUAAAGAAUUGUCGUUCU (Xn ) UUGGCCAUUUCAUCUUUGG 149 

GCbp-2 AAAUGUAAUGGUCAA (Xn ) AAACGAOJCAUGA 

- UUGGCUCU(Xn)GCCAGCAGUUUGCUGAAGCUGUUGGcc (Xn) CAG OACA2b
GAGCCUAAAGAAUUGUCUUUCUA (Xn) GU]GGCCAUUUCAUAACUUUG 150 

GCbp'-7 GAAAUGUAAUGGUCAC (Xn) AGAAAGAAACAUGA 

GUGCACAU (Xn) GACCUGCUUUCUUCUAUGUGAGUAGUGUU (Xi) GU 

rACA19- GCUAUACAAAUAAUUGAAGGC (Xn) GCAGUAUAACUAUAAAUAGUAA 177 
Xj-j) CIjj7 77C 7177 

3'hairpin UGUGC (Xn) CCUUCAGACAAAAUCUAUCUAUCUAGAGCGGACUUCG 
GUCCGCUU 

GUGCUCGCUUCGGCAGCACAUAUACUAGUGCACAU (Xn) GACCUGCU 

rACAI9- UUCUUCUAUGUGAGUAGUGUU (Xn) GUGCUAUACAAAUAAUUGAAGG 
-- 178 

U6+27 C (Xn ) GCAGUAUAACUAUAAAUAGUAAUGCUGC (Xn) CUCAACA 
AAAUCUAGAGCGGACUUCGGUCCGCUGUG 

GUGCACAU (Xi) GACCUGCUUUCUUCUAUGUGAGUAGUGUU(Xn) GU 
rH-5 179 

G CCUAUACAA 179 

GGAAUUGAAGGC (Xr) GCAGAUA ACUAUAAAUAGUAAUGCUGC (Xn 
rH3 - -- 180 

), CCUAGACAAAAA 

Table 3. Exemplary gsnoRNA constructs (guide sequences are underlined) 

Name Sequence 
NO.  

GUGCACAUGAUCCCGACCUGCUUUCUUUUAUGUGAGUAGUGUUUCCG 

gACA19 GUGAUGUGCUAUACAAAUAAhJU'GAA'3GCGAUCCCGCAGUAUAACUAU 37 
AAAUAGUAAUGCUGCUCCGGUCCUUCAGACAAAA 

CAGCAGCUGAUCCCGGGCUGUGGCUGGCAUAGCAUGGGAUCUCCG 

gACA44 GU3GGAGGCAAGAGCAACCUGGAAAGAAUCCCACAGCGCAGGUCAGU 38 
ACAAUACCUGCAAGCUGCUCCGGAGCUUUCCUAUAAUG 

UACCCCCGGCUGAUCCCGCCAGUUGGACUUAUGUCUUUAUUGGUUCC 
gACA27 GGU A-GUGGGGCAAAAAU AUCCUUUGAUCCCUCAGGCAAACUGCGG 39 

UJGUUUGUCUGUAUCCGGUGAGAGGAAACAAAU 

45



WO 2022/247896 PCT/CN2022/095172 

UGUGCACACUGAUCCCGCUUGGAGUUGCGGCUIACUG ACUGCCGAUG 

AACUCCAAGUUCCGGUGAUGUCCACAUGAGGGCAAGUCUGAUCC 40 
CACACCACAAGGGUCUGCCCAAUGAGUGGAGUUUGAUCCGGAUU 
CUUGCUACAAGUA 

CACAUGAIUCCCCACCUCCUUUCUUUUACUG AGUlAGUGUUUCCGUG 

gACAI9-S AUGUGCUAUACAAAUAAUUGAAGGCGAUCCCGCAGUAUAACUAUAAA 41 

UAGUAAUGCUGCUCCGGUCCTTUCAGACAAAA 

UCAGUAUUUGUGCACAUGAUCCCGACCUGCUUUCUUUUAUGUGAGUA 

gAC~9~LGUGUUUCCGGUGAUGUGCUAUACAAAUAAUUGrAAGCGAUCOCCGC gACA19-L 42 
UAUAACUAUAAAUAGUAAUGCUGCUCCGGUCCUUCAGACAAAAAUUC 4 

UAUAA 

AUC-GAG-GCUG"'A.UCC-'-CAC-GCUU',"'--GGGU-AUC-.GGC1(.UAUU,---GrCCU.GAG UGUUC 

gACA3 CGGUGACCUCGAAGAGUAACUGCUGACUGAUCCCACUGGCUGUGGGC 43 
CUUAUGCAGCACACUCAGUUCCGCAGGUUAGAGACAUGC 

ACUGCCCCUCUGAUCCCGCAGCUGUGGCUGCCGUGUCAC'AUCUGUUC 

gACAI17 CGGUGAGUGGCAGAGAUUAGAGAGGCUAUGUUGAUCCCCAAGCGUUC 44 
UGCCCCGUCAACGUUUGUCCGGUGAUAGUCUCACACUC 

UUGGCUCUUGAUCCCGGCCAGCAGUUUGCUGAAGCUUUGYccUCCG 
gACA2b GCAGGAGCCUAAAGAAUUGUUCUCUAUGAUCCCUUGCCAUUUCAU 45 

AACUUUGGAAAUGUAAUGGUCAAUCCGGUAGAAAGAAACAUGA 

UUCCAAAGCUGAUCCCUCAGUCCAGGGCAGCUUCCCUGUUCUGAUCC 

gACA36 GGUGAUUUCGGACAUUAAAAUGOCUAAGGGAGGAUCCCGCGUAGAA 46 
AGUAUUAUUCUAUUCUCCGCCUCCCAGCCUACAAAA 

GUGCACAUGUGCUAGACCUCCUUUCUUUUAUGUCAGUAGUGUUGCUG 
ZoACA19 ACI UUAAUGUCCUAUACAAAUAA`TUG0AAGCCGAUCCCGCAGUAUAACUAU 47 

AAAUAGUAAUGCUGCUCCGGUCCUUCAGACAAAA 

GUGCACAUGAUCCCGACCUCCUUUCUUUUAUGUCAGUAGUGUUUCCG 
cACA19

G UGAUGUGCUAUACAAAUAA-TU'GAA0GGCGACCG7GCAGUAUAACUAU 48 
AAAUAGUAAUGCUGCAGCUAUCCUUCAGACAAAA 

gACAI9- GUGCACAUGAUCCCGACCUGCUUUCUUCUAUGUGAGUAGUGUUUCCG 
GUGAUGUCCUAUACAAAUAAUUGAAGGCGACir'CCCUAUAACUAU 49 
AAAUAGUAAUGCUGCUCCGUCCUUCAGACAAAA 

GUGCACAUGAUCCCGACCUCUUUCUUUAUGUGAGUAGUUUUCCG 
oACA19- -------------- -----

GUGAUGUCCUAUACAAAUAAUUGAAGGCGACir'CCCUAUAACUAU 5 
AAAUAGUAAUGCUGCUCCGGUCCUUCAGACAAAA 

GUGCACAUGAUCCCACCUCUUUCUUUUAUGUGAGUAGUUUUCCG 
gACA19- 77----------- JA U .A1 ----

GUGAUGUGCUAUACAAAUAAUUGAAGCGAUCCCGCAGUAUAACUAU 51 
3addG --- ----------------

AAAUAGUAAUGCUCCUCCGGUGCCUUCAGACAAA 
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gACA19- GUGCACAUGAUCCCGACCUGCCUUUCUUUUAUGUGAGUAGUGUUUCCC 
GUAUGCUGCUAUACAUAAAAUUGAAGGCUGAUCCCGCAGUAUAACUA 52 

3addUG 'AUAGUAAUGCUGCUCCGUGCCUUCAGACAAAA 

GUGCACAUCUGAUCCCGACCUGCUUUCUUUTAUGUGAGUAGUGUUUC gACA19- C,77- 77 
SCGUGAUGUGCUAUACAAAUAAUUGAAGGCGAUCCCCGCAGUAUAACU 53 

5addCUA 
AUAAAUAGUAAUGCUGCUCCGGUCCUUCAGACAAAA 

UUCCAAAGCUCUAAGAUCAGUCCACCCAGCUUCCCUGUUCUGAGUA 
UAUUGAUUUGGGACAUUAAAAUGGGCUAAGGGAGAUCCCGGUAGAA 54 

AGUAUUAUUCUAUUCUCCGCCUCCCAGCCUACAAAA 

gAUAC6C AUUCCAAAGCUGAUCCCUCA GUCCAGGCCAGCUUCCCUGUUCUGAUCC 
gACA363 CCUCAUUUGGGACAUUAAAAUCGGCUAACCGACGUAACAGGGUAGAA 55 

3m 
AGUAUUAUUCUAUUCCUAUCCUCCCAGCCUACAAAA 

UUCCAAAGCUGAUCCCUCAGUCCACGGCACCUUCCCUGUACUGAUCC 
gACA36 GGU UGAUUGCGACAUUAAAAUGGGCUAAGAGGAUCCCGGGUAGAA 56 

5UmA , ACUAUUAUUCUAUUCUCCCCCUCCCAGCCUACAAAA 

UUCCAAAGCUGAUCCCUACACAGGCAGCUUCCUCGGACUGAUCC 
gACA36 GGUGAUUUGGACAUUAAAAUGGGCUAAGGGAGAUCCCGGUAGAA 57 
5ULmGA --- -----

AGUAUUAUUCUAUUCUCCGCCUCCCACCCUACAAAA 

gA~ UUCA3-vUCAGGCCUGAUCCCUCAGUCCAGGGCAGCUUCCCUGUUCUGAUCC 

gACA36 GGUGAUT7-CUUGGGACAUUAAAAUGGCUAAGGGAGGAUCCCCGGUAGAA 58 
5CGbp AUAUUAUUCUAUUCUCCCCUCCCACCUACAAAA 

UUCCAAAGCUGAUCCCUCAGUCCAGGCAGCUUCCCUCUUCUGAUCC 
o-ACA3)6

GG UGAUUUGGGACAUUAAAAUGGGCUAAGGGAUCAUCCCGGGUACAA 59 
I AGUAUUAUUCUAUCCUCCGCCUCCCAGCCUACAAAA 

gACA36- UUCCAAACCUCAUCCCUCACUCCACCCCACCUUCCCUCUUCUCAUCC 

3Gm- CGUGAUUUCCCACAUUAAAAUCCCCUCCCAUCAUCCCGGGUACAAAG 63 

delA UAUUAUUCUAUCCUCCGCCUCCCACCCUACAAAA 

UCCAAAGUGAUCCCUCAGCAGGGCAGCUCCCUGUUCUGAUC 

gACA36- U C,) ) : U C11 11 
3G~iJ- GGUGAUuUGGGAC.AUUAAAAUGG-GCUGGGAGAUCCCGGUAGAAA 61 

3G delA - --- 

gAC36- UUCCAAAGCU GAU7CCCUCAGUCC) AGGG-CAGC7UCCCUGUUCUGUC 

gACA36-77 GIGUGAUU7UGGGACAU UAAMU~oGGGCUAA.GGGAGGATUCCCG GGUAGAA 162 
3UmC - -- 

AG UAU UA UUC UA UC CU CC GC CU CC CA GC CU A CAAAA 

oACA36 
"U UCCAAA-G CUG A UC C CUC AG UCCAG GGC AG CUU'CCC UG U UCU G A UC C 

G G U G A UUU1G GGA CAU U AAAAU JG 3GGCU GG G AU-G AU CC'CGGGU31,A GAAA.G 63 
delAA-7 

UAUU7AUU7C UAU71CCGCCCCCAGCCA('aAAA 
UmC 
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UUCCAAAGrCUGAUCCCUCAGUCCAGGCAGCUUCCCUGUUCUGAUCC 
oACA36- -- - - - --- 

3deiGC~- UAUUUUCUUCUCCCUCCCCCUAA64 GGUGAUUUGGGACAUUAAAAUGGCUAAAGGAAUCCCGGGUAGAAA 6 
3delGC 

3deC GUAUUAUUCUAUUCUCCGCUCCCAGCCUACAAAA UUCCAAAGCUGAUCCCUCACCAGGGCAGCUUCCCUGUUCUGAUCC 
gACA36- t 

GGUGAUUUGGGACAUUAAAAUGGGCUAAGGGAGGAUCCCGGGUAGAA 65 
3delC 

AGUAUUAUUCUAUUCUCCGCUCCCAGCCUACAAAA 

U UCCAAUACAUCCGCCCCUC CAGGGCAGCUCCCUUCUCUAUUCC 
gACA36

GGUGAUUGGGACAUUAAAUGAAAAU A GGAUGAUCCCUUAAA 67 
Gm0U-delC ---

AGUAUUAUUCUAUUCUCGCUCCCAGCCUACAAAA 

gACA19- GUGCACAUGACCCAC ACUGCUUCUUCUGAGUAGUGUUUCCG 
UUCU- GUGAUGUGCUAUACAAAUAAUUGAAGGCGAUCCCGCAGUAUAACAU 67 
3addG AAUAJAUGCUAAUGCUGCUCCCGGUCCUUCAACAAAA 

gACA19-. GUCCACAUCUGZAUCCACCUGUUCUUUAUGUGACUAGUGUUUC 
3UUCU- CGGTUAGUCUAUACAAUAUTTUUAAGCGAUCCCGCAGUAUAACU 68 
5addCU AUAAAUAUAAUCUCUCCCCUCCUAACAAAAA 

gACA19- UCCACAUCAUCCCCACCUGCUUUCUUUUAUGUGAGUAGUGUUUC 

gACA-9 ----------- --

U ,CU- CGUGAUGUGCUAUACAAA U7lUGAAGGCGAUCCCCAGUAUAACU 3add-- - - - --- - --
5addCU AUAAAUAGUAAUGCUGCUCCGGUGCCUUCAGACAAAA 

gACA19-UUCUUCACCCCCCUCUACUUCcCC 

GUCACAUCUAUCCGACCUGCUUUCUUCAUGUGAGUAUUUCA U 

CUUGAAGUGCUAUACAAAUAAUCUGAAGGCGAUCCCCAGUAUAACU 

AAUAGUAAUGCUGUCUCACGGUGCCUCAACA-Ar'AUC 
5addCU 

gACA- UUCCCUCUU ACCAGCAUUUCCUCAAGCUGUUCGccUC 
UCACCACCCUAAACAAUUCUCUUUCUAUCAUCCCUUGGCCAUUUCAU 154 

AACUUUCCAAAUGUAAUGGUCAAUCCCUACAAACAA'CAUCA 

gAC~b-UUGGCUCUUCAUCCCCGCCAGCAGUUUCCUCAAGCUGUUG~ccUCCC 
CUACCACCCUAAACAAUUCUCUUUCUAUCGUAGGAUUCCCCAUUUCAU 156 

3add& 
5ad~lT UAAUUUGGUAAUG7(.UAA(-U' -GGUCU'CGAGAA]AGAbAG 

UUGGU GGACCGGCCAGCAG7UUGCUGAAGCUGUUG77c-CCG 
gACA2b-77G7C,-7 7 

GCAGG-AGCC UAAkAGALAUUG-UCUU CUAUGAUCCUGGCCAUUCAU 15 

AACUUUGGAA.UGUAAUUGGCAAUCCGUAGAAAGAAACAUGA 

UUGGCCUUGAUCCCGGCCAGCAGUUGCUGAAGCUGUUG7c7UCCG 

gACA2b--)UGC GUvKJUGcu
GU--GGGAGC'UAAkAGAAUGUUUCUUGCCCGGCCA-,UUUCAU 1.56 

AACUUUGAAAU UGUAAUCGGUAGAAAGAAA CAUG 

All -48
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gACA2b- UUGGCUCUCUGAUCCCGGCCAGCAGUUUGCUGAAGCUGUUGCCUCC 
5addC- GGUGGGAGCUAAAGAAUUGUCUUUCUAUGAUCCCUUGGCCAUUUCA 157 

5CAmUG UAACUUUGGAAAUGUAAUGGUCAAUCCGGUAGAAAGAAACAUGA 

gACA2b- UUGGCUGCUGAUCCCGGCCAG-GUUUGCUGAAGCUGUUCGccUCCG 
5CUmGC- GUGGGAGCCUAACAAUUGUCUUUCUAUGAUCCCUUGGCCAUUUCAU 158 
5CAmUG AACUUUGGAAAUGUAAUGGUCAAUCCGGUAGAAAGAAACAUGA 

UUGGCUCUUGAUCCCGGCCAGCAGUUUGCUGAAGCUGUUG ccUCCG 
gACA2b- --------------- -----

GdCCAGGAGCCUAAAGAAUUGUCUUUCUUGAUCCCUUGGCCAUUUCAUA 159 
3delA -- 

ACUUUGGAAAUGUAAUGGUCAAUCCGCAGAJAAj\!GAAACAUGA, 

gACA2b- UUGGCUCUUGAUCCCGGCCAGCAGUUUGCUGAAGCUGUUGccUCCG 

3deiA- GCAGGAGCCUAAAGAAUUGUCGUUCUUGAUCCCUUGGCCAUUUCAUA 160 
GCbp-2 ACUUUGGAAAUGUAAUGGUCAAUCCGGUAGAACGAAACAUGA 

UUGGCUCUUGAUCCCGGCCAGCAGUUUGCUGAAGCUGUUGccUCC 
gCA~b- GCAGGAGCCUAAAGAAUUGUCUUUCUAUGAUCCCGUGGCCAUUUCAU 170 
GCbp - IA-------------

_ _AACUUUGGAAAUGUAAUCGUCACUCCGGUAACGAAACAUGA 

GUGCACAUCUGAUCCUGACCUGCUUUC U rU AUUGAGUAGUGUUUIC 

rACA19 CGGUGAUGUGCUAUACAAAUAAUUGGCG.AUC CUGCAGUAUAACU 171 
AUAAAUAGUAAUGCUGCUCCGGUCCUUCAGACAAAA 

GUGCACAUCUGAUCCUGACCUGCUUUCUU CUAUGGAGUAGUGUUUC 

rACA19- CGGUGAUGUGCUAUACAAAUAAU.JGAAG GCGU CUGCAGUAUJAACU 

3'hairpin AUAAAUAGUAAUCUCUC GGUCCUUCAACAAAAUCUAUCUAUCU 172 
AGAGCGGACUUCGGUCCGCUUUU 

GUGCUCGCUUCGGCAGCACAUAUACUAGUGCACAUCUGAUCCUCACC 
rACA19- UGCUUUCUUCUAUGUGAGUAGUGUUUCCGUGAUGUGCUAUACAAAU 

173 
U6+27 AAUUGAACGAUCCUGCAGUAUAACUUAAAUAGUAAUGCUGCUCC 

GGUCCUUCAGACAAAAUCUAGAGCGGACUUCGGUCCGCUUUU 

GUGCACAUCUGAUCCUGACCUGCUUUCUUCUAUGUGAGUAGUGUUUC 
rH5 174 

CGGUGAUGUCCUAUACAA 

GGAAUUGAGCGAUCCUGCAGUAUAACUAUA'AAUAGUAAUGCUGCU 
r-3 - 175 

CCOGUCCUUCAGACAAAA 

Table 4. Disease-associated PTC targeting gsnoRNA (guide sequences are underlined) 

Name Sequence SEQ M 
NO.  

gACA19- GUGCAAUcgcacUACCUGCUUUCUUCUAUGUGAGUAGUGUUcU 
ALDOB- UcccaAUGUGCUAUACAAUAAUGAAGGCgcacgUGCAGUAUAACU 71 
W148X AUAAAUACUAAUGCUGCcULiTccUCCUUCAGACAAAA 
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gACA36- UUCCAAAGccGgcacgUUCCAGUCCAGGGCAGCUUCCCUGUUCUCAUUU 
ALDOB- ccUaaUUUGGGACAUUAAAAUCGGCUGGUGagcaccgUGGACUAAGAA 72 
W148X AGUAUUAUUCAUAGUCCcUUcccGACCAGCCUACAAAA 

gACA19- GUGCACAUaagagUUUGACCUCUUUCUUCUAUGUGAGUAGUGUUUg 

SMN- qagUaAGUGCUUACAAAUAAUUGAAGGCaagUUUGCAGUAUAACU 73 
W190X AUAAAUAGUAAUGCUGCUggagUCCUUCAGACAAAA 

gACA36- UUCCAAAGaagagUUUACAGUCCAGGGCAGCUUCCCUGUUCUGUUgg 
SMN- agUagUUUGGGACAUUAAAAU CGGCUGGUGagagUUUGGACUAAGAA 74 
W190X AGUAUUUCAUAGUCCUggagcGAOCAGCUACAAAA 

gACA19- GUGCACAUUGgUUcUUGACCUGCUUUCUUCUAUGUGAGUAGUGUUC 
C8orf37- UaUacAUGUGCUAUACAAAUAAUUGAGGa7UUcUUGCAGUAUAACU 75 

W185X AUAAAUAGUAAUGCUGCgcUaUaCCUUCAGACAAAA 

gACA36- UUCCCAAACUagUUcUIUUCAGUCCAGGGCAGCU UCCCUGUUCUGAgcU 

C8orf37- acacAUUUGGGACAUUAAAAUGGGCUAAGGGUagUUcUUGGGUAGAA 76 
W185X AGUAUUAUUCUAUUCgcUaUaUCCCAGCCUACAAAA 

gACA19- GUGCACAUCgaUUcUU.IGACCUGCUUUCUUC[UAUGUGAGUAGUGUUUC 

CBS- cgggGAUGUGCUAUACAAAUAAU.GAAGGgaUUc[JUGCAGUAUAACU 77 

C275X AUAAAUA.GUAAUGCUGCUccgggCCUUCAGACAAAA 

gACA36- UUCCAAAUUgaUcUUUUCAGUCCAGGGCAGCUUCCCUGUUCUGAUcc 
CBS- gggacUUUGGGACAUUAAAAUCGGCUGGUGgaUUUUGGACUAAGAA 78 

C275X AGUAUUAUUCAUAGUCCUccgggaACCAGCCUACAAA 

gACA19- GUGCACAUgUagUgUUGACCUGCUUUCUUCUAUGGAGUAGUGUUcc 
CBS- UgUoCAUGUGCUUACAAUACAAAUMAUUGAAGGUagUgUUGCAGUAUAACU 79 

W390X AUAAAUAGUAAUGCUJCr'ccgUcCCUUCAGACAAAA 

UUC CAAUGgUggUgUUUCAGUCAGGGCAG CUUCCCUGUUCUGAc CU 
zo A CA 36- C-AC U 

cUcgAAUUGGGACAUUAAAAUC GGCUGGUgUagUgUUGGACUAAGAA 
CBS- 80 SAGUAUUAUUCAUAGUCC oUgUcgACCAGCCUACAAAA8 

W390XUU CCC 

gACA19- GUGCACAUUUoggccUGACCUGCUUUCUUCUAUGUGAGUAGUGUUUC 
PCCB- UaggaGUGCUAAAAU AAU7c GAUAAC 81 

R111X AUAAAUAGUAAUGCUGCUcUagUACUUCAGACAAAA 

gACA36- UUCCAAAUA\UcggccUUCAGUCCAGGGCAGCUUCCCUGUUCUGAUUU 
PCCB- agUUCUUUGGAACAUUAMAUCGGCUGGAAUcggccUGGACUAAGAA 82 
RI11X AGUAUUAUUCAUAGUCCUUcagUgUCCAGCUAAAAA 

gACA- UGCACAU c Ug g UUg UGA CUG C UUUCUUC UAUGUGAG UAGUG UCUa 
UA C A 9 - -----------------J j 

°E XUa UU GAU GUG CUAUACAAAUAAUGAAGG U g UUg UG CAGUAUAACU 
PEX7-R232 -83 

AUAAAUAGUAAUGCUGCUaUaUU. CU 
UCAGA CAAA 
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gACA36- UUCCAAAUcUggUUgUUAGCAGUCAGGGCAGCUUCCCUGUUCUGAUaU 
PEX7- a UUUcUUUGGACAUUAAAAUCG Gcg UG AG 84 
R232X AGUUAUUAUUCAUAGUCCUa I-UgUACCAGCUACAAAA 

gACAI9- GUGCACAUCCAUUAGUGCCCUGCUUUCUUCUAUGUGAGUAGUGGUGG 

LMNA- UCUCGAUGUGCUAUACAAAUAAU U GAAGGCAUUAGUGGAGUAUAACU 181 
R225X AUAAAUAGUAAUGCUUUGGUCUCCCUUCAGACAAAA 

gACA36- UUCCAGGUCCAUUAGUGCGGUCCAGGGCAGCUUCCCUGUUCUGUGGU 
LMNA- CUCAUCCUGGGACAUUAAAAU7CGGCUGGUCCAUUGGUUGACUAAGAA 182 
R225X AGUAUUAUUCAUAGUUCGGCUCAACCCUCAAAA 

GUGCACAUCGAGUAGCGACCUGCUUUCUUCUAUGUGAGUAGUGUC 
gACA19-F9- 77 CUGAGUGUG.CUAUACAAAUAAUGAAGCGAGUAGCGCAGUAUAACU 183 

Y22X ---------- ------------- -
AUAAAUAGUAAUGCUGCUCCUCUCAA'CAAJA 

gAC36~9~UUCCAAAGUGAGUAGCUCAGUCCAGGGCAG4CUUCCCUGUUCUGAUCC gACA36-F9 UGAAAUUUGGGACAUUAAAAUCGGCUGGUUGAGUAGCGGACUAAGAA 184 
Y22X AGUAUUAUUCAUAGUCCUCCUGAAAACCAGCCUACAAAA 

, GUGCACAUCUAGAUAUGACCUGCUUUCUUCUAUGUGAGUAGUGUUUA 
AAAUGAUGUGCUAUACAAAUAAUUGMGCUAGAUAUGCAGUAUAACU 185 

G21X AUAAAUAGUAAUGCUGCUAAAAUGCUUCAGACAAAA 

UUCCAAAGGUAGAUAUUCAGUCCAGGGCAGCUUCCCUGUUCUGAUAA 
zoACA3'6- l .-- AA A 

AAGGAUUUGGGACAUUAAAAUCGGCUGGUGUAAUAUGGACUAAGAA 186 
F9-G2 IX A" 

AG AUAUUAUUCAUAGUCCUAAAAGGAACCAGCCUACAAAA 

gACA19- GUCCACAUCUAUCCUUCACCUGCUUUCUUCUAUGGAGUAGUGUUUG 
ABCA4- CUGCGAUGUGCUAUACAAAUAAU.GAAGCUAUCCUUGCAGUAUAACU 187 
R408X AUAAAUAGUAAUGCUCUGCUGCGCUUCAGACAAAA 

gACA36- UUCCAAAGAUAUCCUUUCAGUCCACGGCAGCUUCCCUGUUCUGAUC 
ABCA4- UGCAGU1U88GGACAUUAAAACGGCUGGUGUAUCCUUGGACUAAGAA 188 
R408X AGUAUUAUUCAUAGUCCUGCUGCAGACCAGCCUACAAAA 

GUGCACAUCCUUGUGCGACCUCUUUCUUCUAUGU7GAGUAGUGUCUG 
gACA19- ------------- -

GGUUGAUGUGCUAUACAAAUAUUGAAGGCUUGUGCCAGUAUAACU 189 
RS1Y65X AUAAAUAGUAAUGCUGCUGGGUUCCUUCAGACAAAA 

gACACGC UUCCAGAUCCUUGUGCUGAGUCCAG-GCAGCUUCCCUGUUCUCAUGG 
gACA36- ----------- ---

GUAACUCUGGGACAUUAAAAUCGGCUGGUG TUUUGUGGGACUAAGAA 190 
RSI-G5XAGUAUUAUUCAUAGUCCUGGUGAACCAGCCUACAAAA 

gACA9- GUG~CACAUGGUUACAUGACCUGCUUUCUUCUAUGUGAGUJACUGUUGA gACA19- 
v 

GGAGAUAUGUGCUAUACAAAUAAUUGAAGGUUUACAUGCAGUAUAAC 191 
Rpe65-R44X --- ---------- ,7GIY U`C ACT%2\ 

UAUAAuR C AGUAAUGCUCUGAGGIG'CCUUCAGACAAA 

7UCAAAGACUUACAUGCAGUCCAGGGCAGCUUCCCUGUUCUGUGAG 
gACA36- U_7 Q,, ':v : . : 

GGCGAUU'UGGCGACAUUAAAAUCGGCUGGUGUUUACAUGGA UAAGAA 192 
Rpe65-R44X --- U----- ACAIG A 

Rpe5~RXAGUAUUAUUCAUAGUCUGAGGGAAACCAGCCUACAAAA 
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101731 In one aspect, the present inventors discovered that the editing efficiency of a gsnoRNA 

was surprisingly higher when the gsnoRNA was encoded in tandem with its target RNA.  

Example 3 provides results demonstrating the increased editing efficiency using a reporter 

construct encoding a gsnoRNA and a target RNA in tandem.  

101741 Thus, in some aspects, provided herein is a nucleic acid molecule comprising a 

nucleotide sequence encoding the guide small nucleolar RNA (gsnoRNA) in tandem with a 

nucleotide sequence encoding the target RNA. In some embodiments, the nucleotide sequence 

encoding the gsnoRNA is driven by a U6 or U1 promoter. In some embodiments, the nucleotide 

sequence encoding the target RNA is driven by the same or a different promoter. In some 

embodiments, the gsnoRNA encoded in tandem with a nucleotide sequence encoding the target 

RNA provides at least 11-, 1.2-, 1.3-, 1.4-, 1.5-, 1.6-, 1.7-, 1.8-, 1.9-, or 2-fold greater editing 

efficiency of the target RNA compared to the same gsnoRNA encoded in a separate nucleic acid 

molecule from the target RNA.  

HLI Methods 

[0175] In some embodiments, provided herein is a method for editing a target RNA in a host 

cell, comprising introducing an engineered guide small nucleolar RNA (gsnoRNA) and a nucleic 

acid molecule encoding a DKC1 protein into the host cell, wherein the gsnoRNA comprises a 

guide sequence that hybridizes to a sequence comprising a target uridine residue in the target 

RNA, and wherein the gsnoRNA recruits the DKCI protein to modify the target uridine residue 

into a pseudouridine residue in the target RNA. In some embodiments, the DKCi protein is a 

DKCI isoform (e.g., isoform 3) with cytoplasmic localization, In some embodiments, the DKCI 

protein is part of a ribonucleoprotein (RNP) complex that associates with the gsnoRNA. In some 

embodiments, the DKC1 protein comprises a deletion of a nuclear localization signal (NLS) 

relative to a wildtype DKC1 protein of the same species. In some embodiments, the DKC1 

protein is a truncated DKCI variant or a DKC1 variant comprising a deletion, such as any of the 

truncation or deletion variants described in Section II A above. In some embodiments, the 

gsnoRNA recruits NOP10, GAR1, and NRP2 in the host cell.  

101761 In some embodiments, the method comprises introducing a nucleic acid (e.g., a nucleic 

acid vector) encoding the gsnoRNA into the cell. In other embodiments, the method comprises 

introducing a gsnoRNA oligonucleotide into the cell. In some embodiments, the gsnoRNA 
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comprises a first hairpin and H box and a second hairpin and ACA box. In some embodiments, 

the gsnoRNA is prepared by in vitro transcription. In some embodiments, the gsnoRNA prepared 

by in vitro transcription comprises the sequence of any one of SEQ ID NOs: 4-6, 9-12, 15-19 and 

22-36.In some embodiments, the gsnoRNA prepared by in vitro transcription comprises a 5' cap 

modification or a 5' hairpin (e.g., of a U6+U27 expression cassette). In some embodiments, the 

gsnoRNA prepared by in vitro transcription comprises a 5' cap modification. In some 

embodiments, the 5' cap modification is is a m7G modification (e.g., a cap 0, cap 1, or cap 2 

modification) or an m6Am modification. Suitable methods for adding a 5' cap to an RNA 

oligonucleotide have been described, for example, in U.S. Patent No. 10,4941,399, the contents of 

which are herein incorporated by reference in their entirety. In some embodiments, the gsnoRNA 

further comprises a 3' hairpin (e.g., the gsnoRNA comprises the sequence of any one of SEQ ID 

NOs: 4-6, 9-12, 15-19 and 22-36 and a 3' hairpin). In some embodiments, the gsnoRNA 

comprises a 5' cap modification and does not comprise a 3' hairpin (e.g., as shown in FIG. 15A).  

In some embodiments, the in vitro transcripbed gsnoRNA is capable of guiding targeted 

pseudouridylation in the cell. In some embodiments, the 5' cap modification is introduced by in 

vitro transcription using an m7G(5')ppp(5')G cap analog.  

[01771] In some embodiments, the method comprises introducing a nucleic acid (e.g., a nucleic 

acid vector) encoding a gsnoRNA that is a half gsnoRNA (e.g, comprising a single hairpin and 

an H box, or comprising a single hairpin and an ACA box) into a cell. In other embodiments, the 

method comprises introducing a gsnoRNA that is a half gsnoRNA (e.g., comprising a single 

hairpin and'anHbox,or comprisingasingle hairpin and an ACA box) into a cell. In some 

embodients, the gsnoRNA comprises no more than 20, no more than 15, no more than 10, no 

more than 8, no more than 6, or no more than 4 2'-OMe or 2'-MOE modifications. In some 

embodiments, the gsnoRNA comprises between about 2 and about 6 2'-OMe or 2'-MOE 

modifications. In some embodiments, the gsnoRNA comprises about 4 2'-OMe or 2'-MOE 

modifications. In some embodiments, the gsnoRNA comprises no more than 5 modified sugars.  

In some embodiments, the gsnoRNA comprises two nucleosides comprising modified sugar 

moieties (e.g., 2'-OMe) at the 5' end and two nucleosides comprising modified sugar moieties 

(e.g., 2'-OMe) at the 3' end of the gsnoRNA. In some embodiments, the gsnoRNA comprises no 

more than four, three, or two nucleosides comprising modified sugar moieties (e.g., 2'-OMe) at 

the 5' end and no more than four, three, or two nucleosides comprising modified sugar moieties 
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(e.g., 2'-OMe) at the 3' end of the gsnoRNA. In some embodiments, the gsnoRNA comprises 

one or more phosphorothioate inter-nucleosidic linkages. In some embodiments, the gsnoRNA 

comprises no more than 20, no more than 15, no more than 10, no more than 8, or no more than 

6 phosphorothioate linkages. In some embodiments, the gsnoRNA comprises between about 2 

and about 10 phosphorothioate linkages. In some embodiments, the gsnoRNA comprises about 6 

phosphorothioate linkages. In some embodiments, the gsnoRNA comprises about three 

phosphorothioate linkages at the 5' end and about three phosphorothioate linkages at the 3' end 

of the gsnoRNA. In some embodiments, the gsnoRNA comprises no more than five, four, or 

three phosphorothioate linkages at the 5' end and no more than five, four, or three 

phosphorothioate linkages at the 3' end of the gsnoRNA. In some embodiments, the gsnoRNA 

comprises a 5' hairpin, an H box (consensus sequence ANANNA), a 3' hairpin, and an ACA box 

(consensus sequence ANA). In some embodiments, the gsnoRNA comprises a single hairpin and 

an H box (referred to herein as a gH5 or rH5 for 5' half gsnoRNA encoding sequence or 

gsnoRNA oligonucleotide, respectively), and lacks an ACA box. In some embodiments, the 

gsnoRNA comprises a single hairpin and an ACA box (referred to herein as a gH3 or r-3 for 3' 

half gsnoRNA encoding sequence or gsnoRNA oligonucleotide, respectively), and lacks an H 

box. In some embodiments, the gsnoRNA comprising a single hairpin is between 60 and 70 

nucleotides in length. In some embodiments, the gsnoRNA comprising a single hairpin isabout 

65 nucleotides in length.  

101781 The present disclosure is exemplified by, but not limited to, reversing the effect of 

nonsense stop mutations that usually lead to translation termination and mRNA degradation (via 

Nonsense Mediated Decay, see below). In another aspect, targeted pseudouridylation can act as a 

means to recode uridine-containing codons as a mean to modulate protein function via amino 

acid substitution, for instance in crucial protein regions such as protein kinase active centers.  

[01791 One of the consequences of mutations leading to PTCs in the coding sequence of a gene 

is the decrease of the mRNA levels. This is due to a mechanism known as the Nonsense 

Mediated Decay (NMD), which is a cellular surveillance mechanism that degrades aberrant 

mRNA transcripts, preventing transcripts that were not correctly processed from being 

translated. It is estimated that one-third of genetic disorders are a result of a mutation leading to a 

PTC (such as for instance in CF, retiniti pignentosa (RP), and beta-thalassemia). In a normal 

scenario, exon-junction complexes (EJCs) are formed during splicing. Then, during the first 
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translation round, ribosomes displace these EJCs. On the other hand, when a PTC is located 

more than 50-54 nucleotides upstream of the last EJC, the NMD pathway is triggered by 

formation of a termination complex consisting of EJC-associated NMD factors. When this 

happens during the first pioneer round of translation and the ribosomes co-exist with at least one 

EJC downstream their location, this triggers the de capping and 5'-to-3' exonuclease activity and 

also de-adenylation of the tail and 3'-to-5' exonuclease-mediated transcript decay. In order to 

tackle the aforementioned genetic disorders, or any disorder that is due to a similar mutation, 

inhibition of this pathway in a gene-specific and sequence-specific manner is therefore crucial.  

[0180] In some aspects, provided herein are methods for recoding a PTC, which results in an 

increase of mRNA levels, and in translational read-though of the recoded mRNA into a full

length protein. In some embodiments, the methods and compositions provided herein allow for 

PTC read-through of more than 4%, more than 5%, more than 10%, more than 12%, more than 

15%, more than 20%, or more than 30%. In some embodiments, the methods and compositions 

herein allow for suppression of nonsense-mediated decay (NMD) by more than 10%, more than 

12%, more than 15%, more than 20%, or more than 30%. PTC read-through can be assayed by 

evaluating protein levels, either by directly quantifying the protein expression or by assaying an 

activity of the expressed protein. Methods for assessing NMD suppression are also known in the 

art. For example, to assess NMD suppression, a known NMD- inhibition reporter assay (Zhang 

et al. 1998, RNA 4(7):801-815) can be used, and translational read-through of a gene carrying 

PTC can also be assessed. As exemplified herein, fluorescent reporter genes carrying nonsense 

mutations were used as the target sequence. Without correction, this nonsense mutation leads to a 

lower abundance of mRNA (as a result of NMD) as well as to a truncated protein, resulting in 

the absence of fluorescent signal. As shown herein, correction of the mutation via targeted 

pseudouridylation allows the full length protein to be translated from the mRNA. The skilled 

person understands that the PTC region of the fluorescent reporter constructs described herein 

can be exchanged by any other model or therapeutically relevant target RNA of interest.  

[01811 In some embodiments, provided herein are methods for recoding a PTC in an RNA 

encoding a protein, wherein the method results in expression of the full-length protein in the host 

cell of at least 4% (e.g., at least 5%, at least 6%, at least 7%, at least 8%, at least 9% or at least 

10%) of the expression level of the full-length protein without a premature termination codon. In 

some embodiments, the method results in expression of the full-length protein, wherein the 
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expression of the protein is detectable without enrichment (e.g., without enrichment by 

immunoprecipitation). In some embodiments, the protein is detected via a tag (e.g., via a 

fluorescent tag). In some embodiments, the protein is detected by immo-staining according to 

methods known in the art. In some embodiments, the method results in expression of the full

length protein in at least 20% of host cells (e.g., at least 25%, at least 30%, at least 35%, at least 

40%, at least 45%, or at least 50% of host cells).  

101821 In some aspects, provided herein are methods for treating, preventing, and/or blocking 

nonsense-mediated RNA decay of a target mRNA, the methods comprising introducing a guide 

small nucleolar RNA (gsnoRNA) and a nucleic acid molecule encoding a DKCI protein into the 

host cell, wherein the gsnoRNA comprises a guide sequence that hybridizes to a premature 

termination codon (PTC) sequence comprising a target uridine residue in the target mRNA, and 

wherein the gsnoRNA recruits the DKCI protein to modify the target uridine residue into a 

pseudouridine residue in the target RNA, whereby the pseudouridylation of the target uridine 

promotes read-through of the PTC. In some embodiments, the DKC1 protein is a DKCI isoform 

with cytoplasmic localization. In some embodiments, the DKC Iprotein is part of a 

ribonucleoprotein (RNP) complex that associates with the gsnoRNA. In some embodiments, the 

DKCI protein comprises a deletion of a nuclear localization signal (NLS) relative to a wildtype 

DKCI protein of the same species. In some embodiments, the DKC1 protein is a truncated 

DKCI variant or a DKCI variant comprising a deletion, such as any of the truncation or deletion 

variants described in Section II A above.  

[01831 In some embodiments, the DKCI protein is an endogenous protein of the host cell. In 

ome embodiments,theDKCprotein is an endogenous, naturally expressed DKCi isoform of 

the host cell, wherein the DKC1 isoform has cytoplasmic localization in the host cell. In some 

embodiments, the DKC Iprotein corresponds to isoform 2 of a human DKC Iprotein.  

[01841 In some embodiments, the DKCI and snoRNA can be delivered into the cell together 

(e.g., as part of a ribonucleoprotein (RNP) complex). In some embodiments, the snoRNP 

comprises the gsnoRNA and DKC1, NHP2, GARI, and/or NOP10.  

101851 In some embodiments, provided herein is a method for editing a target RNA in a host 

cell, comprising introducing an engineered gsnoRNA into the host cell, wherein the gsnoRNA 

comprises a guide sequence that hybridizes to a sequence comprising a target uridine residue in 

the target RNA (e.g., mRNA), wherein the host cell expresses a DKC isoform with cytoplasmic 
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localization, and wherein the gsnoRNA recruits the DKC1 isoform to modify the target uridine 

residue into a pseudouridine residue in the target RNA. In some embodiments, the method 

comprises introducing a splice-switching antisense oligonucleotide (ASO) into the host cell, 

wherein the ASO enhances expression of a DKCI protein that is an endogenous DKC1 isoform 

with cytoplasmic localization in the host cell.  

[01861 Splice-switching antisense oligonucleotides (ASOs) alter splicing by directing splice 

site selection. Splice-switching ASOs can modulate pre-mRNA splicing by binding to target pre

mRNAs and blocking access of the splicing machinery to a particular splice site, and can be used 

to produce novel splice variants, correct aberrant splicing or manipulate alternative splicing.  

Methods for the design and delivery of splice-switching antisense oligonucleotides to cells have 

been described, for example in U.S. Patent Publications US20180334677 and US20120040917, 

U.S. Patent No. 10,190,117, and Disterer et al. Hum Gene Ther. 2014 Jul;25(7):587-98, the 

contents of which are herein incorporated by reference in their entirety.  

[0187] In some embodiments, the splice-switching ASO binds to a pre-mRNA of a DKCI gene 

and directs splicing of DKCI isoform 3. In some embodiments, introducing the splice-switching 

ASO increases expression of a DKC1 protein that is an endogenous DKC1 isoform with 

cytoplasmic localization in the host cell by at least 1.1-, 1.2-, 13-, 1.4-. 1.5-, 1.6-,1.7-, 1.8-, 1.9-, 

2-, 3-, 4-, 5-, or 10- fold compared to the expression of the same isoform in the host cell in the 

absence of the ASO. In some embodiments, administering the splice-switching ASO increases 

expression of DKC1 isoform 3 by at least 1.1-, 1.2-, 1.3-, 1.4-, 1.5-, 1.6-,1.7-, 1.8-, 1.9-, 2-, 3-, 

4-, 5-, or 10- fold compared to the expression of DKC1 isoform 3 in the host cell in the absence 

of the ASO.  

[01881 In some embodiments, the splice-switching ASOs may be delivered via aptamers, 

Inverse Molecular Sentinel nanoprobes, ASO encapsulated liposome-DNA-polycation or ASO 

encapsulated liposome-protamine-hyluronic acid nanoparticles and the like. Suitable methods of 

delivering aptamers can be found in Kotula, J. W., et al., Aptamer-mediated delivery of splice

switching oligonucleotides to the nuclei of cancer cells. Nucleic Acid Ther, 2012. 22(3): p. 187

95, the contents of which are incorporated by reference in their entirety.  

[01891 In some embodiments, provided herein is a method for editing a target RNA in a host 

cell, comprising introducing an engineered gsnoRNA into the host cell, wherein the gsnoRNA 

comprises a guide sequence that hybridizes to a sequence comprising a target uridine residue in 
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the target RNA, wherein the gsnoRNA comprises a scaffold sequence derived from wildtype 

ACA19, ACA44, ACA27, E2, ACA3, ACA17, ACA2b or ACA36, and wherein the gsnoRNA 

recruits a DKCI protein in the host cell to modify the target uridine residue into a pseudouridine 

residue in the target RNA (e.g., mRNA). In some embodiments, the gsnoRNA comprises a 

scaffold sequence derived from wildtype ACA2b or ACA36. In some embodiments, the DKCI 

protein is a DKCI isoform with cytoplasmic localization. In some embodiments, the DKCI 

protein is part of a ribonucleoprotein (RNP) complex that associates with the gsnoRNA.  

[0190] In some embodiments, provided herein is a method for editing a target RNA in a host 

cell, comprising introducing an engineered gsnoRNA into the host cell, wherein the gsnoRNA 

comprisesaguidesequence that hybridizes to a sequence comprising a target uridine residue in 

the target RNA, wherein the gsnoRNA comprises a scaffold sequence derived from wildtype 

ACA19, ACA44, ACA27, E2, ACA3, ACAI7, ACA2b or ACA36, and wherein the gsnoRNA 

recruits a DKCI protein in the host cell to modify the target uridine residue into a pseudouridine 

residue in the target RNA (e.g.,mRNA). The engineered gsnoRNA can be any one of the 

engineered gsnoRNAs described in Section II B. In some embodiments, the gsnoRNA comprises 

a nucleotide sequence selected from the group consisting of SEQ ID NOs: 4-6, 9-12, 15-19, 22

36, and 177-179. In some embodiments, the DKC1 protein is a DKCI isoform with cytoplasmic 

localization. In some embodiments, the DKC1 protein is part of a ribonucleoprotein (RNP) 

complex that associates with the gsnoRNA. In some embodiments, the DKCI protein comprises 

a deletion of a nuclear localization signal (NLS) relative to a wildtype DKC1 protein of the same 

species. In some embodiments, the DKC1 protein is a truncated DKCi variant or a DKCI 

variant comprising a deletion, such as any of the truncation or deletion variants described in 

Section II A above.  

101911 In some embodiments, provided herein is a method for editing a target RNA in a host 

cell, comprising introducing an engineered gsnoRNA into the host cell, wherein the gsnoRNA 

comprises a guide sequence that hybridizes to a sequence comprising a target uridine residue in 

the target RNA, wherein the gsnoRNA comprises a nucleotide sequence selected from the group 

consisting of SEQ ID NOs: 4-6, 9-12, 15-19, 22-36, and 177-179, and wherein the gsnoRNA 

recruits a DKC1 protein in the host cell to modify the target uridine residue into a pseudouridine 

residue in the target RNA. In some embodiments, the DKCI protein is a DKC1 isoform with 

cytoplasmic localization. In some embodiments, the DKC1 protein comprises a DKCI protein 
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fragment corresponding to amino acid residues I to 419 of a full-length human DKCI protein, 

wherein the amino acid numbering is according to SEQ ID NO: 1. In some embodiments, the 

DKCI protein is part of a ribonucleoprotein (RNP) complex that associates with the gsnoRNA.  

In some embodiments, the DKCI protein comprises a deletion of a nuclear localization signal 

(NLS) relative to a wildtype DKCI protein of the same species. In some embodiments, the 

DKCI protein is a truncated DKCI variant or a DKCI variant comprising a deletion, such as any 

of the truncation or deletion variants described in Section II A above.  

[0192] In some embodiments, the methods provided herein compriseintroducing a nucleic 

acid molecule comprising a nucleotide sequence encoding the guide small nucleolar RNA 

(gsnoRNA) in tandem with a nucleotide sequence encoding the target RNA into a host cell. In 

some embodiments, the nucleotide sequence encoding the gsnoRNA is driven by a U6 or UI 

promoter. In some embodiments, the nucleotide sequence encoding the target RNA is driven by 

the same or a different promoter. In some embodiments, the gsnoRNA encoded in tandem with a 

nucleotide sequence encoding the target RNA provides at least 1.1-, 1.2-, 1.3-,1.4-, 1.5-, 1.6-, 

1.7-, 1.8-, 1.9-, or 2-fold greater editing efficiency of the target RNA compared to the same 

gsnoRNA encoded in a separate nucleic acid molecule from the target RNA.  

[0193] In some embodiments, the methods provided herein comprise introducing the guide 

small nucleolar RNA (gsnoRNA) to an endogenous nucleic acid molecule of a host cell, wherein 

the endogenous nucleic acid molecule comprises a nucleotide sequence encoding the target 

RNA. In some embodiments, the introducing comprises inserting a nucleotide sequence 

encoding the gsnoRNA into a region of the endogenous nucleic acid molecule that is directly or 

indirectly adjacent to the region encoding the target RNA. In some embodiments, the nucleotide 

sequenceencoding the gsnoRNA is driven by a U6 or U promoter. Methods forinerting 

nucleotide sequences into endogenous nucleic acid molecules are known in the art, such as 

guided-nuclease (e.g., CRISPR/Cas) editing and homology-directed repair. In some 

embodiments, the gsnoRNA inserted into a region of an endogenous nucleic acid molecule that 

is directly or indirectly adjacent to a nucleotide sequence encoding the target RNA provides at 

least 1.1-, 1.2-, 1.3-, 1.4-, 1.5-, 1.6-, 1.7-, 1.8-, 1.9-, or 2-fold greater editing efficiency of the 

target RNA compared to the same gsnoRNA encoded in a separate nucleic acid molecule from 

the target RNA.  
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101941 In some embodiments, the degree of recruiting and redirecting the pseudouridylation 

entities resident in the cell may be regulated by the dosing and the dosing regimen of the 

gsnoRNA. This is something to be determined by the experimenter (e.g., in vitro) or the 

clinician, usually in phase I and/or II clinical trials.  

101951 In some embodiments, the methods provided herein comprise modification of target RNA 

(e.g., mRNA) sequences in eukaryotic, (e.g., metazoan or mammalian cells, such as human 

cells). In some aspects, the methods and compositions provided herein can be used with cells 

from any organ e.g. skin, lung, heart, kidney., liver, pancreas, gut, muscle, gland, eye, brain, 

blood and the like. The cell can be located in vitro or in vivo. One advantage of the methods, 

compositions, systems, kits, and articles of manufacture of the present disclosure is that they can 

be used with cells in situ in a living organism, but can also be used with cells in culture. In some 

embodiments cells are treated ex vivo and are then introduced into a living organism (e.g. re

introduced into an organism from whom they were originally derived). The methods, 

compositions, systems, kits, and articles of manufacture of the present disclosure can also be 

used to edit target RNA sequences in cells within a so-called organoid. Organoids can be thought 

of as three-dimensional in vitro-derived tissues but are driven using specific conditions to 

generate individual, isolated tissues (e.g. see Lancaster and Knoblich. 2014, Science 345 

(6194):1247125). In a therapeutic setting they are useful because they can be derived in vitro 

from a patient's cells, and the organoids can then be re-introduced to the patient as autologous 

material, which is less likely to be rejected than a normal transplant. The cell to be treated will 

generally have a genetic mutation. The mutation may be heterozygous or homozygous. In some 

embodiments, the methods and compositions provided herein can be used to modify point 

mutations. In some embodiments, the methods and compositions provided herein are suitable for 

modifying sequences in cells, tissues or organs implicated in a diseased state of a subject (e.g., a 

human subject), for instance when the human subject suffers from a disease associated with a 

PTC.  

[01961 The present disclosure provides methods that can be used to make a change 

(pseudouridylation) in a target RNA sequence in a eukaryotic cell through the use of an 

oligonucleotide (e.g., any of the gsnoRNAs described in Section II B above, or any gsnoRNA 

based on the engineered scaffolds described in Section 1I B above) that is capable of targeting a 

site to be edited and recruiting RNA editing proteins (e.g., DKCl) to bring about the editing 
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reaction(s). In some embodiments, the DKCi is endogenous DKCI. In some embodiments, the 

DKC1 is exogenously delivered. In some embodiments, the method comprises increasing the 

relative proportion of DKC1 isoform 3 or a DKC Iprotein with cytoplasmic localization. The 

target RNA sequence may comprise a mutation that one may wish to correct or alter, such as a 

point mutation (a transition or a trans version). The target RNA may be any cellular or viral RNA 

sequence, but is more usually a pre-mRNA or an mRNA with a protein coding function. In some 

embodiments, the target sequence is endogenous to the eukaryotic, (e.g., mammalian, e.g., 

human) cell.  

[0197] In some embodiments, the methods provided herein are suitable for promoting read

through of a PTC, wherein the PTC is an opal codon (UGA), an amber codon (UAG), or an 

ochre codon (UAA). In some embodiments, the PTC is an opal codon, and the method results at 

least 10%, at least 15%, at least 20%, or at least 25% read-through efficiency, wherein read

through efficiency is assayed as the percent of protein expression or activity (e.g., fluorescent 

intensity) compared to a control that lacks the PTC. In some embodiments, the PTC is an amber 

codon (UAG), and the method results in at least 2%, at least 5%, at least 10%, at least 12%, or at 

least 14% read-through efficiency, wherein read-through efficiency is assayed as the percent of 

protein expression or activity (eg.,fluorescent intensity) compared to a control that lacks the 

PTC. In some embodiments, the method results in at least 20%, 25%, 30%, 35%, 40%, 45%, 

50%, 55%, 60%, 65%, or 70% of cells expressing detectable levels of the full-length protein 

encoded by a target gene comprising the PTC.  

[01981 In some embodiments, the target uridine in the target RNA is a premature termination 

codon in a sequence encoding a protein, wherein the method results in expression of the full-length 

protein in the host cell at at least 4% (e.g., at least 5%, at least 6%, at least 7%, at least 8%, at least 

9%, at least 10%, or higher) of the expression level of the full-length protein without a premature 

termination codon.  

101991 In some embodiments, the target uridine in the target RNIA is a premature termination 

codon in a sequence encoding a protein, wherein the method results in expression of the full

length protein, and wherein the expression of the protein is detectable without enrichment (e.g., 

without enrichment by immunoprecipitation). In some embodiments, the protein is detected via a 

tag (e.g., via a fluorescent tag). In some embodiments, the protein is detected by immo-staining 

according to methods known in the art.  
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102001 In some embodiments, the target uridine in the target RNA is a premature termination 

codon in a sequence encoding a protein, wherein the method results in expression of the full-length 

protein in at least 20% of host cells, e.g., at least 25%, at least 30%, at least 35%, at least 40%, at 

least 45%, at least 50%, or higher percentage of host cells.  

102011 Also provided are engineered gsnoRNA compositions or engineered RNA editing 

systems described herein for use in any one of the methods described herein, such as a method of 

editing a target RNA or a method of treatment. Use of any one of the engineered gsnoRNA 

compositions or engineered RNA editing systems described herein in the preparation of a 

medicament for treating a disease or condition.  

A. Methods of treatment 

[0202] In some aspects, the methods provided herein comprise modifying a targetRNA using 

a gsnoRNA that recruits aDKC1 protein to modify the targetRNA. In some embodiments, the 

gsnoRNA hybridizes to a target a sequence comprising a target uridine residue, and the 

modification of the RNA comprises modification of the target uridine to pseudouridine.  

[0203] In some embodiments, the target RNA is an endogenous RNA of a cell (e.g., a 

eukaryotic cell such as a mammalian or human cell). In some embodiments, the target RNA is an 

endogenously transcribed RNA of the cell (e.g., transcribed from an endogenous nucleic acid 

sequence of the cell). In some embodiments, the target RNA is transcribed from a nucleic acid 

sequence that has been introduced into the cell (e.g.. an RNA transcribed from an exogenously 

added nucleic acid molecule). In some embodiments, the target RNA is a ribosomal RNA. In 

some embodiments, the target RNA is a messenger RNA (mRNA).  

102041 In some embodiments, the sequence comprising the target uridine in the target RNA is 

a stop codon, and modification of the target uridine to pseudouridine causes the stop codon to be 

translated as a coding codon. In some embodiments, the stop codon is a premature termination 

codon (PTC). In some embodiments, the PTCis associated with a genetic disease or condition.  

Converting the target uridine in such a PTC to a pseudouridine, by using the means and methods 

of the present disclosure, then results in proper read-through of the reading frame during 

translation, thereby providing a (partly or fully) functional full length protein.  

[02051 In some embodiments, provided herein is a method of treating a disease or condition 

associated with a PTC in a target RNA in a subject, comprising editing the target RNA in a cell 

of the subject using any of the RNA editing methods described herein, wherein the gsnoRNA 
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comprises a guide sequence that hybridizes to the PTC in the target RNA, and wherein 

modification of the uridine residue in the PTC to a pseudouridine residue causes translation read

through of the PTC in the target RNA, thereby treating the disease or condition in the subject.  

[02061 In some embodiments, the method of treating a disease or condition associated with a 

PTC in a target RNA in a subject comprises introducing an engineered gsnoRNA into a host cell 

of the subject, wherein the gsnoRNA comprises a guide sequence that hybridizes to the PTC 

comprising the uridine residue in the target RNA, wherein the gsnoRNA comprises a scaffold 

sequence derived from wildtype ACA2b, ACA36, ACA44, ACA27, E2, ACA3, or ACA17, and 

wherein the gsnoRNA recruits a DKCI protein in the host cell to modify the target uridine residue 

into a pseudouridine residue in the target RNA. In some embodiments, the DKCI protein is an 

endogenous DKCI protein of the host cell. In some embodiments, the method further comprises 

introducing a nucleic acid encoding the DKCl protein into the host cell. In some embodiments, 

the DKCI protein has cytoplasmic localization in the host cell. In some embodiments, the DKCI 

protein comprises a DKCI protein fragment corresponding to amino acid residues 41 to 420 of a 

human DKCI isoform 3 protein, wherein the amino acid numbering is according to SEQ I) NO: 

In some embodiments, the DKCI protein comprises an amino acid sequence having at least 85% 

(e.g., at least about any one of 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more) 

identity to SEQ ID NO: 88. In some embodiments, the DKCI protein comprises the amino acid 

sequence of SEQ iD NO: 88.  

102071 In some embodiments, the method of treating a disease or condition associated with a 

PTC in a target RNA in a subject comprises introducing an engineered gsnoRNA into a host cell 

of the subject,, wherein the gsnoRNA comprises a guide sequence that hybridizes to the PTC 

comprising the target uridine residue in the target RNA, wherein the gsnoRNA comprises a 

nucleotide sequence selected from the group consisting of SEQ ID NOs: 4-6, 9-12, 15-19, 22-36, 

and 177-179, and wherein the gsnoRNA recruits a DKCI protein in the host cell to modify the 

target uridine residue into a pseudouridine residue in the target RNA. In some embodiments, the 

DKCI protein is an endogenous DKCI protein of the host cell. In some embodiments, the method 

further comprises introducing a nucleic acid encoding the DKCI protein into the host cell. In some 

embodiments, the DKCI protein has cytoplasmic localization in the host cell. In some 

embodiments, the DKCI protein comprises a DKCi protein fragment corresponding to amino acid 

residues 41 to 420 of a human DKC1 isoform 3 protein, wherein the amino acid numbering is 
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according to SEQ ID NO: 2. In some embodiments, the DKC1 protein comprises an amino acid 

sequence having at least 85% (e.g., at least about any one of 90%, 91%, 92%, 93%, 94%, 95%, 

96%, 97%, 98%, 99%, or more) identity to SEQ ID NO: 88. In some embodiments, the DKC1 

protein comprises the amino acid sequence of SEQ ID NO: 88.  

102081 In some embodiments, the gsnoRNA is a half gsnoRNA, e.g., comprising a single hairpin 

and an H box, or a single hairpin and an ACA box. In some embodiments, the gsnoRNA comprises 

or consists of any one of the sequences set forth in SEQ ID NOS: 89-100 and 113-128, as shown 

in FIG. 12B and FIG. 13.  

[0209] In some embodiments, the method of treating a disease or condition associated with a 

PTC in a target RNA in a subject comprises introducing an engineered gsnoRNA into a host cell 

of the subject, wherein the gsnoRNA comprises a sequence selected from SEQ ID NOs: 71-84.  

Sequences of exemplary engineered gsnoRNAs targeting uridine residues of exemplary disease

associated PTCs are shown in Table 4.  

[0210] In some embodiments the method of treating a disease or condition associated with a 

PTC in a target RNA in a subject comprises introducing (a) an engineered gsnoRNA and (b) a 

splice-switching antisense oligonucleotide (ASO) into a host cell of the subject, wherein the 

gsnoRNA comprises a guide sequence that hybridizes to a sequence comprising a target uridine 

residue in the target RNA, wherein the ASO enhances expression of a DKCI protein that is an 

endogenous DKCI isoform with cytoplasmic localization inthe host cell, and wherein the 

gsnoRNA recruits the DKCI protein to modify the target uridine residue into a pseudouridine 

residue in the target RNA. In some embodiments, the splice-switching ASO binds to a pre

mRNA of a DKC1 gene and directs splicing of DKCI isoform 3. In some embodiments, 

introducing the splice-switching ASO increases expression of a DKC1 protein that is an 

endogenous DKC1 isoform with cytoplasmic localization in the host cell by at least 1.1-, 1.2-, 

1.3-, 1.4-, 1.5-,1.6-, 1.7-, 1.8-,1.9-, 2-, 3-, 4-, 5-, or 10- fold compared to the expression of the 

same isoform in the host cell in the absence of the ASO. In some embodiments, administering 

the splice-switching ASO increases expression of DKC1 isoform 3 by at least 1.1-, 1.2-, 1.3-, 

1.4-, 1.5-, 1.6-, 1.7-, 1.8-, 1.9-, 2-, 3-, 4-, 5-, or 10- fold compared to the expression of DKCi 

isoform 3 in the host cell in the absence of the ASO. In some embodiments, the gsnoRNA 

comprises a scaffold sequence derived from a wildtype H/ACA-snoRNA selected from the group 

consisting of ACA19, ACA2b, ACA36, ACA44, ACA27, E2, ACA3, and ACAI7. In some 
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embodiment, the gsnoRNA comprises a scaffold sequence derived from ACA2b. In some 

embodiments, the gsnoRNA comprises a scaffold sequence derived from ACA36. In some 

embodiments, the gsnoRNA comprises a scaffold sequence derived from ACA19. In some 

embodiments, the gsnoRNA comprises a nucleotide sequence selected from the group consisting 

of SEQ ID NOs: 3-12, 15-19, 22-36, and 177-179. In some embodiments, the gsnoRNA 

comprises a nucleotide sequence selected from the group consisting of SEQ ID NOs: 15-19.  

102111 In some embodiments. the disease or condition is selected from the group consisting of 

Cystic fibrosis, Hurler Syndrome, alpha-1-antitrypsin (AiAT) deficiency, Parkinson's disease, 

Alzheimer's disease, albinism, Amyotrophic lateral sclerosis, Asthma, 8-thalassemia, Cadasil 

syndrome, Charcot-Marie-Tooth disease, Chronic Obstructive Pulmonary Disease (COPD), 

Distal Spinal Muscular Atrophy (DSMA), Duchenne/Becker muscular dystrophy, Dystrophic 

Epidermolysis bullosa, Epidermolysis bullosa, Fabry disease, Factor V Leiden associated 

disorders, Familial Adenomatous Polyposis, Galactosemia, Gaucher's Disease, Glucose-6

phosphate dehydrogenase, Haemophila., Hereditary Hemochromatosis, Hunter Syndrome, 

Huntington's disease, Inflammatory Bowel Disease (IBD), Inherited polyagglutination syndrome, 

Leber congenital amaurosis, Lesch-Nyhan syndrome, Lynch syndrome, Marfan syndrome, 

Mucopolysaccharidosis, Muscular Dystrophy, Myotonic dystrophy types I and II, 

neurofibromatosis, Niemann-Pick disease type A, B and C, NY-esol related cancer, Peutz

Jeghers Syndrome, Phenylketonuria, Pompe's disease, Primary Ciliary Disease, Prothrombin 

mutation related disorders, such as the Prothrombin G202IGA mutation, Pulmonary 

-lypertension, (autosomal dominant) Retinitis Pigmentosa, Sandhoff Disease, Severe Combined 

Immune Deficiency Syndrome (SCID), Sickle Cell Anemia, Spinal Muscular Atrophy, 

Stargardt's Disease, Tay-Sachs Disease, Ushersyndrome,X-linkedimmunodeficiency,Sturge

Weber Syndrome, and cancer. Exemplary diseases or conditions associated with PTCs in target 

RNAs are listed in the Human Gene Mutation Database (HGMD@, available at hgmd.cf.ac.uk) 

and ClinVar database (see Landrum et al. ClnVar: improvements to accessing data. Nucleic 

Acids Res. 2020; 48(D1): D835-D844; available at ncbi.nlm.nih.gov/clinvar/intro). In some 

embodiments, threonine or serine is incorporated at the PAA and TAG codons, and 

phenylalanine or tyrosine at the TGA codons.  

[0212] In some embodiments, the present disclosure provides for the use of a nucleic acid 

molecule (encoding an engineered gsnoRNA as described herein) in the manufacture of a 
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medicament for the treatment of one or more of the diseases listed herein. In some embodiments, 

provided herein are engineered gsnoRNA for use in the treatment of cystic fibrosis (CF).  

Exemplary PTCs associated with CF are known in the art, for example as described in 

international patent publication WO2019191232, the contents of which are herein incorporated 

by reference in their entirety. Exemplary cystic fibrosis-associated PTC mutations include, but 

are not limited to, G542X (UGA), W1282X (UGA), R553X (UGA), RI162X (UGA), Y122X 

(UAA), W1089X, W846X, and W401X mutations, which can be modified through 

pseudouridylation to amino acid encoding codons, thereby allowing the translation to full length 

proteins. It has for instance been well established in the art that TAA and TAG codons are both 

translated to serine or threonine, whereas a TGA is translated to tyrosine or phenylalanine, 

instead of being seen as a stop codon (Karijolich and Yu, 2011). In some embodiments, the host 

cell is an archaeal or 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 method is carried 

out in vivo. In other embodiments, the method is carried out ex vivo.  

[0213] The methods of the present disclosure can be applied to suppress NMD and/or promote 

PTC read-through of a disease-associated PTC for a wide range of known disease-associated 

PTCs. There are a large number of human diseases that result from nonsense mutations in the 

respective disease genes. For instance, Usher syndrome is an inherited retinal dystrophy (IRD) 

that is the principal cause of combined deafness and blindness. Nonsense mutations occur in 

12% of Usher syndrome patients and have been described in different genes, such as 

the USH2A gene. Some Hurler Syndrome patients, suffering from skeletal abnormalities and 

cognitive impairment, carry a nonsense mutation in the IDUA gene that prevents the production 

of a functional full-length IDUA protein in these patients. A substantial fraction of cystic fibrosis 

(CF) cases, a chronic disease affecting the lungs and the digestive system, is due to nonsense 

mutations in the CFTR gene. The PTCs resulting from these nonsense mutations are identified in 

the coding region at several different sites, each of which leads to total lack of functional full

length CFTR protein. Nonsense mutations are also found in some relevant oncogenes of many 

cancer patients, resulting in complete lack of full-length protein products. Given the deleterious 

role of nonsense mutations in gene expression and disease, nonsense suppression becomes an 

attractive strategy and the ultimate goal in combating these diseases.  
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C. Delivery to target cells 

[0214 In some aspects, the methods provided herein comprise delivering (e.g., administering) a 

gsnoRNA and/or DKC1 protein, or a nucleic acid encoding the gsnoRNA and/or DKC1 protein, 

to a host cell comprising the target RNA. The amount of nucleic acid encoding a gsnoRNA 

and/or DKC1 protein to be administered, the dosage and the dosing regimen can vary from cell 

type to cell type, the disease to be treated, the target population, the mode of administration (e.g.  

systemic versus local), the severity of disease and the acceptable level of side activity, but these 

can and should be assessed by trial and error during in vitro research, in pre-clinical and clinical 

trials. The trials are particularly straightforward when the modified sequence leads to an easily

detected phenotypic change.  

[0215] In some embodiments, the method comprises delivering one or more nucleic acids (e.g., a 

gsnoRNA or a nucleic acid encoding the gsnoRNA and/or DKC1 protein) and/or a pre-formed 

gsnoRNA protein complex (which may comprise the gsnoRNA, DKCI protein, NOPI0 protein, 

GAR1 protein, and/or NHP2 protein) to a cell (e.g., a mammalian or human cell). Exemplary 

intracellular delivery methods, include, but are not limited to: viruses or virus-like agents; 

chemical-based transfection methods, such as those using calcium phosphate, dendrimers, 

liposomes, or cationic polymers (e.g., DEAE-dextran or polyethylenimine); non-chemical 

methods, such as microinjection, electroporation, cell squeezing, sonoporation, optical 

transfection, impalefection, protoplast fusion, bacterial conjugation, delivery of plasmids or 

transposons; particle-based methods, such as using a gene gun,magnectofection or magnet 

assisted transfection, particle bombardment; and hybrid methods, such as nucleofection. In some 

embodiments, the present application further provides cells produced by such methods, and 

organisins (e.g., non-human mammals) comprising or produced from such cells.  

102161 Methods of non-viral delivery of nucleic acids include lipofection, nucleofection, 

microinjection, biolistics, virosomes, liposomes, immunoliposomes, polycation or lipid:nucleic 

acid conjugates, naked DNA, artificial virions, and agent-enhanced uptake of DNA. Lipofection 

is described in e.g., U.S. Pat. Nos. 5,049,386, 4,946,787, and 4,897,355, and lipofection reagents 

are sold commercially (e.g., TRANSFECTAVIINETM and LIPOFECTAMIN@). In some 

embodiments, LIPOFECTAMINE 2000 is used to transfect a nucleic acid encoding the 

gsnoRNA and/or the DKC Iprotein (e.g., a nucleic acid vector encoding the gsnoRNA and/or the 

DKC1 protein).  
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102171 One suitable trial technique involves delivering the nucleic acid molecule according to 

the present disclosure to cell extracts, cell lines, or a test oranism and then taking biopsy 

samples at various time points thereafter. The sequence of the target RNA can be assessed in the 

biopsy sample and the proportion of cells having the modification can easily be followed. After 

this trial has been performed once then the knowledge can be retained and future delivery can be 

performed without needing to take biopsy samples. A method of the present disclosure can thus 

include a step of identifying the presence of the desired change in the cell's target RNIA 

sequence, thereby verifying that the target RNA sequence has been modified. The change may be 

assessed on the level of the protein (length, glycosylation, function or the like), or by some 

functional read-out, such as a(n) (inducible) current, when the protein encoded by the target 

RNA sequence is an ion channel, for example. In the case of CFTR function, an Ussing chamber 

assay or an NPD test in a mammal, including humans, are well known to a person skilled in the 

art to assess restoration or gain of function.  

[0218] After pseudouridylation has occurred in a cell, the modified RNA can become diluted 

over time, for example due to cell division, limited half-life of the edited RNAs, etc. Thus, in 

practical therapeutic terms a method of the present disclosure may involve repeated delivery of 

an oligonucleotide until enough target RNAs have been modified to provide a tangible benefit to 

the patient and/or to maintain the benefits over time.  

[0219] In some embodiments, gsnoRNAs can be delivered to cells in the form of a naked 

nucleic acid. One other way by which such constructs (a gsnoRNA and/or DKC1 protein, or a 

nucleic acid encoding the gsnoRNA and/or DKC1 protein) can be delivered to the cell (either in 

vitro, ex iivo or in vivo) is by using a delivery vehicle such as a viral vector.  

[02201 Conventional viral based systems for nucleic acid delivery include retroviral, lenti virus, 

adenoviral, adeno-associated and herpes simplex virus vectors. Integration in the host genome is 

possible with the retrovirus, lentivirus, and adeno-associated virus methods, often resulting in 

long term expression of the inserted transgene. Additionally, high transduction efficiencies have 

been observed in many different cell types. The tropism of a retrovirus can be altered by 

incorporating foreign envelope proteins, expanding the potential target population of target cells.  

Lentiviral vectors are retroviral vectors that are able to transduce or infect non-dividing cells and 

typically produce high viral titers. Retroviral vectors are comprised of cis-acting long terminal 

repeats with packaging capacity for up to 6-10 kb of foreign sequence. The minimum cis-acting 
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LTRs are sufficient for replication and packaging of the vectors, which are then used to integrate 

the nucleic acids into the target cell to provide permanent transgene expression. Widely used 

retroviral vectors include those based upon murine leukemia vims (MuLV), gibbon ape leukemia 

virus (GaLV), Simian Immuno deficiency vims (SIV), human immuno deficiency vims (HIV), 

and combinations thereof In applications where transient expression is preferred, adenoviral 

based systems may be used. Adenoviral based vectors are capable of very high transduction 

efficiency in many cell types and do not require cell division. With such vectors, high titer and 

levels of expression have been obtained. This vector can be produced in large quantities in a 

relatively simple system.  

[02211 Packaging cells are typically used to form virus particles that are capable of infecting a 

host cell. Such cells include 293T cells, which package adenovirus, and 12 cells or PA317 cells, 

which package retrovirus. Viral vectors are usually generated by producing a cell line that 

packages a nucleic acid vector into a viral particle. The vectors typically contain the minimal 

viral sequences required for packaging and subsequent integration into a host, other viral 

sequences being replaced by an expression cassette for the polynucleotide(s) to be expressed.  

The missing viral functions are typically supplied in trans by the packaging cell line. For 

example, AAVvectors used in gene therapy typically only possess ITR sequences from the AAV 

genome which are required for packaging and integration into the host genome. Viral DNA is 

packaged in a cell line, which contains a helper plasmid encoding the other AAV genes, namely 

rep and cap, but lacking ITR sequences. The cell line may also be infected with adenovirus as a 

helper. The helper virus promotes replication of the AAV vector and expression of AAV genes 

from the helper plasmid. The helper plasnid is not packaged in significant amounts due to a lack 

of ITR sequences. Contaminationwith adenovirus can be reduced by, e.g., heat treatment to 

which adenovirus is more sensitive than AAV.  

[02221 In some embodiments, the viral vector is based on Adeno-Associated Virus (AAV). In 

some embodiments, the viral vector is for instance a retroviral vector such as a lentivirus vector 

and the like. Also, plasmids, artificial chromosomes, and plasmids usable for targeted 

homologous recombination and integration in the human genome of cells may be suitably 

applied for delivery of a gsnoRNA as described herein. In some embodiments,when the 

gsnoRNA is delivered by a viral vector, it is in the form of an RNA transcript that comprises the 

sequence of an oligonucleotide according to the present disclosure in a part of the transcript. In 
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some embodiments, an AAV vector according to the present disclosure is a recombinant AAV 

vector and refers to an AAV vector comprising part of an AAV genome comprising an exon

intron-exon sequence according to thepresent disclosure encapsidated in a protein shell of capsid 

protein derived from an AAV serotype. Part of an AAV genome may contain the inverted 

terminal repeats (ITR) derived from an adeno-associated virus serotype,suchasAAV1,AAV2, 

AAV3, AAV4, AAV5, AAV6, AAV7, AAV8, AAV9 and others. Protein shell comprised of 

capsid protein may be derived from an AAV serotype such as AAV1, 2, 3, 4, 5, 6, 7, 8, 9 and 

others. A protein shell may also be named a capsid protein shell. AAV vector may have one or 

all wild type AAV genes deleted, but may still comprise functional ITR nucleic acid sequences.  

Functional ITR sequences are necessary for the replication, rescue and packaging of AAV 

virions. The ITR sequences may be wild type sequences or may have at least 80%, 85%, 90%., 

95, or 100% sequence identity with wild type sequences or may be altered by for example in 

insertion, mutation, deletion or substitution of nucleotides, as long as they remain functional. In 

this context, functionality refers to the ability to direct packaging of the genome into the capsid 

shell and then allow for expression in the host cell to be infected or target cell. In the context of 

the present disclosure a capsid protein shell may be of a different serotype than the AAV vector 

genome ITR. An AAV vector according to the present disclosure may thus be composed of a 

capsid protein shell, i.e. the icosahedral capsid, which comprises capsid proteins (VPI, VP2, 

and/or VP3) of one AAV serotype, eg. AAV serotype 2, whereas the ITRs sequences contained 

in that AAV2 vector may be any of the AAV serotypes described above, including an AAV2 

vector. An "AAV2 vector" thus comprises a capsid protein shell of AAV serotype 2,while e.g.  

an"AAV5 vector" comprises a capsid protein shell of AAV serotype5, whereby either may 

encapsidate any AAV vector genome ITR according to the present disclosure. In some 

embodiments, a recombinant AAV vector according to the present disclosure comprises a capsid 

protein shell of AAV serotype 2, 5, 8 or AAV serotype 9 wherein the AAV genome or ITR 

present in said AAV vector are derived from AAV serotype 2, 5,8orAAVserotype9;such 

AAV vector is referred to as an AAV2/2, AAV 2/5, AAV2/8, AAV2/9, AAV5/2, AAV5/5, 

AAV5/8, AAV 5/9, AAV8/2, AAV 8/5, AAV8/8, AAV8/9, AAV9/2, AAV9/5, AAV9/8, or an 

AAV9/9 vector.  

[0223] In some embodiments, a recombinant AAV vector according to the present disclosure 

comprises a capsid protein shell of AAV serotype 2 and the AAV genome or ITRs present in 
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aid vector are derived from AAV serotype 5; such vector is referred to as an AAV 2/5 vector. In 

some embodiments, a recombinant AAV vector according to the present disclosure comprises a 

capsid protein shell of AAV serotype 2 and the AAVgenome or ITRs present in said vector are 

derived from AAV serotype 8; such vector is referred to as an AAV 2/8 vector. In some 

embodiments, a recombinant AAV vector according to the present disclosure comprises a capsid 

protein shell of AAV serotype 2 and the AAV genome or ITRs present in said vector are derived 

from AAV serotpe 9; such vector is referred to as an AAV 2/9 vector. In some embodiments, a 

recombinant AAV vector according to the present disclosure comprises a capsid protein shell of 

AAV serotype 2 and the AAV genome or ITRs present in said vector are derived from AAV 

serotype 2; such vector is referred to as an AAV 2/2 vector. In some embodiments, a nucleic acid 

molecule harboring an exon-intron-guide RNA-intron-exon sequence according to the present 

disclosure represented by a nucleic acid sequence of choice is inserted between the AAV genome 

or ITR- sequences as identified above, for example an expression construct comprising an 

expression regulatory element operably linked to a coding sequence and a 3' termination 

sequence. "AAV helper functions" generally refers to the corresponding AAV functions required 

for AAV replication and packaging supplied to the AAV vector in trans. AAV helper functions 

complement the AAV functions which are missing in the AAV vector, but they lack AAV ITRs 

(which are provided by the AAV vector genome). AAV helper functions include the two major 

ORFs of AAV, namely the rep coding region and the cap coding regionorfunctional 

substantially identical sequences thereof. Rep and Cap regions are well known in the art. The 

AAV helper functions can be supplied on an AAV helper construct, which may be a plasmid.  

102241 Introduction of the helper construct into the host cell can occur e.g. by transformation, 

transfection, or transduction prior to or concurrently with the introduction of the AAV genome 

present in the AAV vector as identified herein. The AAV helper constructs of the present 

disclosure may thus be chosen such that they produce the desired combination of serotypes for 

the AAV vector's capsid protein shell on the one hand and for the AAV genome present in said 

AAV vector replication and packaging on the other hand. "AAV helper virus" provides 

additional functions required for AAV replication and packaging.  

[02251 Suitable AAV helper viruses include adenoviruses, herpes simplex viruses (such as 

HSV types I and 2) and vaccinia viruses. The additional functions provided by the helper virus 

can also be introduced into the host cell via vectors, as described in US 6,531,456. In some 

71



WO 2022/247896 PCT/CN2022/095172 

embodiments, an AAV genome as present in a recombinant AAV vector according to the present 

disclosure does not comprise any nucleotide sequences encoding viral proteins, such as the rep 

(replication) or cap (capsid) genes of AAV. An AAV genome may further comprise a marker or 

reporter gene, such as a gene for example encoding an antibiotic resistance gene, a fluorescent 

protein (e.g. gfp ) or a gene encoding a chemically, enzymatically or otherwise detectable and/or 

selectable product (e.g. lacZ, aph, etc.) known in the art. In some embodiments, an AAV vector 

according to the present disclosure is an AAV2/5, AAV2/8, AAV2/9 or AAV2/2 vector.  

[0226] In some embodiments, the gsnoRNA and DKCI are delivered tothe cell as a 

ribonucleoprotein complex (e.g., a complex comprising the gsnoRNA. DKC1, NOPI0, GARI, 

and/or NHIP2). Methods for intracellular delivery of protein or protein complexes, such as pre

formed gsnoRNA-DKCI/NOPi0/GAR/NHP2 complex, include, but are not limited to, 

mechanical methods, such as microinjection, electroporation and mechanical deformation of 

cells using a microfluidic device; carrier-based methods, such as cell-penetrating peptides 

(CPPs), virus-like particles, supercharged proteins, nanocarriers, supramolecular carrier-based 

delivery systems, and nanoparticle-stabilized nanocapsules. See, for example, Fu et a.  

Biocoijugate Che. 2014, 25, 1602-1608. Some mechanical methods, such as microinjection 

and electroporation, can be invasive, and low-throughput. In some embodiments, the 

ribonucleoprotein complex is delivered into the cell by inserting the complex through the cell 

membrane while passing cells through a microfluidic system, such as CELL SQUEEZE* (see, 

for example, U.S. Patent Application Publication No. 20140287509).  

[02271 As described above, introduction of the nucleic acid molecule according to the present 

disclosure into the cell is performed by general methods known to the person skilled in the art.  

After pseudouridylation, the read-out of the effect (alteration of the target RNA sequence) can be 

monitored through different ways in an optional identification step. Hence, the identification step 

of whether the desired pseudouridylation of the target uridine has indeed taken place depends 

generally on the position of the target uridine in the target RNA sequence, and the effect that is 

incurred by the presence of the uridine (point mutation, PTC). Hence, in some embodiments, 

depending on the ultimate effect of U to P conversion, the identification step comprises: 

assessing the presence of a functional, elongated, full length and/or wild type protein; assessing 

whether splicing of the pre-mRNA was altered by the pseudouridylation; or using a functional 

read-out, wherein the target RNA after the pseudouridylation encodes a functional, full length, 
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elongated and/or wild type protein. The functional assessment for each of the diseases mentioned 

herein will generally be according to methods known to the skilled person.  

102281 The nucleic acid molecule, such as a gsnoRNA expression construct or vector according 

to the present disclosure is suitably administrated in aqueous solution, e.g. saline, or in 

suspension, optionally comprising additives, excipients and other ingredients, compatible with 

pharmaceutical use. Administration may be by inhalation (e.g. through nebulization), 

intranasally, orally, by injection or infusion, intravenously, subcutaneously, intra-dermally, intra

cranially, intravitreally, intramuscularly, intra-tracheally, intra-peritoneally, intra-rectally, and 

the like. Administration may be in solid form, in the form of a powder, a pill, or in any other 

form compatible with pharmaceutical use in humans. The present disclosure is particularly 

suitable for treating genetic diseases, such as CF.  

[0229] In some embodiments the nucleic acid molecule, such as a gsnoRNA, expression 

construct or vector can be delivered systemically. In some embodiments, the nucleic acid 

molecule, such as a gsnoRNA, expression construct or vector can be delivered to cells or 

delivered locally to a tissue in which the target sequence's phenotype is seen. For instance, 

mutations in CFTR cause CF which is primarily seen in lung epithelial tissue, so with a CFTR 

target sequence in some embodiments the deliver the oligonucleotide construct specifically and 

directly to the lungs. This can be conveniently achieved by inhalation e.g. of a powder or aerosol, 

typically via the use of a nebuliser. In some embodiments, the nebulizer is a nebulizer that uses a 

o-calledvibrating mesh, including the PARI eFlow (Rapid) or the i-neb from Respironics. It is 

to be expected that inlhaled delivery of oligonucleotide constructs according to the present 

disclosure can also target these cells efficiently, which in the case of CFTR gene targeting could 

lead to amelioration of gastrointestinal symptoms also associated with CF. In some diseases the 

mucus layer shows an increased thickness, leading to a decreased absorption of medicines via the 

lung. One such a disease is chronical bronchitis, another example is CF. A variety of mucus 

normalizers are available, such as DNases, hypertonic saline or mannitol, which is commercially 

available under the name of Bronchitol. When mucus normalizers are used in combination with 

pseudouridylating oligonucleotide constructs, such as the gsnoRNA constructs according to the 

present disclosure, they might increase the effectiveness of those medicines. Accordingly, 

administration of an oligonucleotide construct according to the present disclosure to a subject, 

such as a human subject, may be combined with mucus normalizers. In addition, administration 
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of the oligonucleotide constructs according to the present disclosure can be combined with 

administration of small molecule for treatment of CF, such as potentiator compounds for 

example Kalydeco (ivacaftor;VX770), or corrector compounds, for example VX-809 

(lumacaftor) and/or VX-661. Alternatively, or in combination with the mucus normalizers, 

delivery in mucus penetrating particles or nanoparticles can be applied for efficient delivery of 

pseudouridylating molecules to epithelial cells of for example lung and intestine. In some 

embodiments, administration of an oligonucleotide construct according to the present disclosure 

to a subject, such as a human subject, is combined with antibiotic treatment to reduce bacterial 

infections and the symptoms of those such as mucus thickening and/or biofilm formation. The 

antibiotics can be administered systemically or locally or both. For application in CF patients the 

oligonucleotide constructs according to the present disclosure, or packaged or complexed 

oligonucleotide constructs according to the present disclosure may be combined with any mucus 

normalizer such as a DNase, mannitol, hypertonic saline and/or antibiotics and/or a small 

molecule for treatment of CF, such as potentiator compounds for example ivacaftor, or corrector 

compounds, for example umacaftor and/or VX-661. To increase access to the target cells, 

Broncheo-Alveolar Favage (BAF) could be applied to clean the lungs before administration of 

the oligonucleotide according to the present disclosure.  

IV. Pharmaceutical compositions, kits, and articles of manufacture 

[0230] In some aspects, provided herein is a pharmaceutical composition comprising any of 

the gsnoRNAs, nucleic acid constructs/molecules, or engineered RNA-editing systems described 

herein, and a pharmaceutically acceptable carrier.  

[0231] Pharmaceutical compositions can be prepared by mixing the therapeutic agents described 

herein having the desired degree of purity with optional pharmaceutically acceptable carriers, 

excipients or stabilizers (Remington's Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980)), 

in the form of lyophilized formulations or aqueous solutions. Acceptable carriers, excipients, or 

tabilizers are nontoxic to recipients at the dosages and concentrations employed, andinclude 

buffers, antioxidants including ascorbic acid, methionine, Vitamin E, sodium metabisulfite; 

preservatives, isotonicifiers (e.g. sodium chloride), stabilizers, metal complexes (e.g. Zn-protein 

complexes); chelating agents such as EDTA and/or non-ionic surfactants.  
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102321 In some embodiments, the pharmaceutical composition is contained in a single-use vial, 

such as a sinle-use sealed vial. In some embodiments, the pharmaceutical composition is 

contained in a multi-use vial. In some embodiments, the pharmaceutical composition is contained 

in bulk in a container. In some embodiments, the pharmaceutical composition is cryopreserved.  

102331 In some embodiments, the pharmaceutical composition comprises a gsnoRNA. In other 

embodiments, the pharmaceutical composition comprises a nucleic acid construct (e.g., a vector 

such as a plasmid or viral vector) encoding the gsnoRNA. In some embodiments, the 

pharmaceutical composition comprises free gsnoRNAs ('naked' gsnoRNAs), or gsnoRNAs 

conjugated to other components, such as ligands for targeting, for uptake and/or for intracellular 

trafficking. gsnoRNAs may be used in aqueous solutions (generally pharmaceutically acceptable 

carriers and/or solvents), orformulated usingtransfectionagents, liposomes or nanoparticulate 

forms (e.g. SNALPs, LNPs and the like). Such formulations may comprise functional ligands to 

enhance bioavailability and the like.  

[0234] The present application further provides kits and articles of manufacture for use in any 

embodiment of the treatment methods described herein, The kits and articles of manufacture may 

comprise any one of the formulations and pharmaceutical compositions described herein.  

[0235] In some aspects, provided herein is a kit for editing a target RNA in a host cell, 

comprising any of the gsnoRNA or nucleic acid molecules described in Section II B. In some 

embodiments, the kit further comprises an agent for enhancing expression of an endogenous 

DKC1 isoform 3 in the host cell. In some embodiments, the kit comprises a splice-switching 

antisense oligonucleotide (ASO), wherein the ASO enhances expression of a DKC1 protein that 

is an endogenous DKC1 isoform with cytoplasmic localization in the host cell. In some 

embodiments, the kit further comprises a DKCI protein or nucleic acid encoding a DKCI 

protein. In some embodiments, the DKC Iprotein is a DKC Iisoform (e.g., isoform 3) with 

cytoplasmic localization. In some embodiments, the DKC1 protein is part of a ribonucleoprotein 

(RNP) complex that associates with the gsnoRNA. In some embodiments, the DKC1 protein 

comprises a deletion of a nuclear localization signal (NLS) relative to a wildtype DKCI protein 

of the same species. In some embodiments, the DKC Iprotein is a truncated DKC Ivariant or a 

DKC1 variant comprising a deletion, such as any of the truncation or deletion variants described 

in Section II A above. In some embodiments, the kit further includes instructions for editing the 

target RNIA according to any of the methods described herein.
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102361 In some aspects, provided herein is a kit for editing a target RNA in a host cell, 

comprising an engineered RNA-editing system, wherein the engineered RNA editing system 

comprises: (a) a gsnoRNA comprising a guide sequence that hybridizes to a sequence 

comprising a target uridine residuein a target RNA in a host cell, or a nucleic acid molecule 

encoding the gsnoRNA; and (b) a DKC1 protein, or a nucleic acid molecule encoding the DKCI 

protein, wherein the gsnoRNA is capable of recruiting the DKC1 protein to modify the target 

uridine residue into a pseudouridine residue in the target RNA. In some embodiments, the 

DKCi protein is a DKCI isoform with cytoplasmic localization. In some embodiments, the 

DKCI protein is a DKC1 isoform (e.g., isoform 3) with cytoplasmic localization. In some 

embodiments, the DKC Iprotein is part of a ribonucleoprotein (RNP) complex that associates 

with the gsnoRNA. In some embodiments, the DKCI protein comprises a deletion of a nuclear 

localization signal (NLS) relative to a wildtype DKC1 protein of the same species. In some 

embodiments, the DKC1 protein is a truncated DKC1 variant or a DKCI variant comprising a 

deletion, such as any of the truncation or deletion variants described in Section II A above. In 

some embodiments, the kit further includes instructions for editing the target RNA according to 

any of the methods described herein.  

[02371] The kits of the present disclosure 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 buffers and interpretative 

information. The present application thus also provides articles of manufacture, which include 

vials (such as sealed vials), bottles,jars, flexible packaging, and the like.  

102381 The instructions relating to the use of the compositions generally include information as 

to dosage, dosing schedule, and route of administration for the intended treatment. The containers 

may be unit doses, bulk packages (e.g., multi-dose packages) or sub-unit doses. For example, kits 

may be provided that contain sufficient dosages of the gsnoRNA and/or DKC1 protein, or nucleic 

acid molecules encoding the gsnoRNA and/or DKCI protein as disclosed herein to provide 

effective treatment of an individual or of many individuals. Additionally, kits may be provided 

that contain sufficient dosages of the gsnoRNA and/or DKC1 protein, or nucleic acid molecules 

encoding the gsnoRNA and/or DKCi protein to allow for multiple administrations to an 

individual. Kits may also include multiple unit doses of the pharmaceutical compositions and 
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instructions for use and packaged in quantities sufficient for storage and use in pharmacies, for 

example, hospital pharmacies and compounding pharmacies.  

102391 In some embodiments, the kit comprises a delivery system. The delivery system may be 

unit dose delivery system. Delivery systems for these various dosage forms can be syringes, 

dropper bottles, plastic squeeze units, atomizers, nebulizers or pharmaceutical aerosols in either 

unit dose or multiple dose packages. In some embodiments, there is provided a delivery system of 

any one of the gsnoRNA and/or DKCI protein, or nucleic acid molecules encoding the gsnoRNA 

and/or DKCI protein described herein, comprising the gsnoRNA and/or DKC Iprotein, or nucleic 

acidmolecules encoding the gsnoRNA and/or DKC1 protein and a device for delivering the 

gsnoRNA and/or DKC1 protein, or nucleic acid molecules encoding the gsnoRNA and/or DKCI 

protein.  

[0240] All of the features disclosed in this specification may be combined in any combination.  

Each feature disclosed in this specification may be replaced by an alternative feature serving the 

same, equivalent, or similar purpose. Thus, unless expressly stated otherwise, each feature 

disclosed is only an example of a generic series of equivalent or similar features.  

EXAMPLES 

[0241] The present disclosure will be more fully understood by reference to the following 

examples. They should not, however, be construed as limiting the scope of the present disclosure.  

It is understood that the examples and embodiments described herein are for illustrative purposes 

only and that various modifications or changes in light thereof will be suggested to persons skilled 

in the art and are to be included within the spirit and purview of this application and scope of the 

appended claims.  

Example 1. Exploiting engineered guide snoRNA for readthrough of premature 

termination codon 

[0242] This example demonstrates the efficiency of pseudouridylation of target RNAs (e g., 

rnRNA pseudouridylation evidenced by pseudouridylation-dependent PTC-read-through) by 

engineered guide snoRNAs, and provides different expression systems for guide snoRNAs.  

102431 To achieve site-specific pseudouridylation in mRNA in vivo, artificial guide snoRNAs 

(gsnoRNAs)were engineered to target specific mRNAs for modification (FIG. IA). H/ACA 

snoRNAs contain two hairpins followed by the 1 and ACA box motifs, and both hairpins of the
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engineered snoRNAs provided herein contained the guide sequences that are capable of targeting 

the PTC site. To assess the efficiency of PTC-read-through, a Venus reporter (Reporter-1) was 

designed, which expresses the Venus fluorescent reporter gene with an amber codon (TAG) 

inserted between the 1 54 1h and 155th amino acid codons, to prematurely terminate the Venus 

translation. Such a reporter allows measurement of the efficiency of PTC-read-through by 

monitoring the expression level of Venus. A positive control with a glycine codon (GGT) into 

the same position was included (FIG. IB). The Reporter- I(Venus-TAG) or control (Venus

GGT) was co-transfected with gsnoRNA expression constructs (gCtrl (SEQ ID NO: 14)gACA1 9 

(SEQ ID NO: 37), gACA44 (SEQ ID NO: 38), gACA27 (SEQ ID NO: 39), gE2 (SEQ ID NO: 

40), gACA19-S (SEQ ID NO: 41), or gACA19-L (SEQ ID NO: 42) into HEK293T cells in order 

to assay PTC-read-through as a result of modifying the corresponding stop codon with snoRNA

guided pseudouridylation. The effects of PTC-read-through were measured by a high content 

imaging system and quantified by comparing with the positive control group (FIGS. IC, ID).  

The relative Venus expression is reported as the percent (%) of Venus detected compared to 

control (Venus-(GGT). These gsnoRNAs served as the first-generation RESTART (RESTART 

vi).  

[0244] The sequence of the control gsnoRNA (gCtrl) is provided below, withguide regions 

underlined (SEQ ID NO: 14): 

CAGCAAGCA.UCGAGGGGUGUGGC:UGGUCAU AGCCAU]GGGAUCGUACUCCGC AUGCAAGAGCAA 
CCUGGAAAGACAGUGACAGCGCAGG-CAGUACAAUACCUGCAAGCUGCAUGCCAGCUUUCCUAU 
AAUG 

[0245] In the human genorne, more than 90% of snoRNA genes are encoded in pre-mRNA 

introns 1 The present inventors first evaluated the effect of PTC-read-through mediated by 

several gsnoRNAs located in host gene introns (RESTART vi.0). The present inventors first 

selected 4 endogenous snoRNAs that have high expression levels in human2 , including ACA19, 

ACA44, ACA27, and E2 (within EIF3A, SNHGI2, RPL21, RPSA host genes, respectively) 

(FIGS. 2A-2C and FIGS. 3A-3F), and engineered gsnoRNAs based on these scaffolds to target 

the Venus reporter PTC. The host gene fragments comprising the snoRNAswere cloned into a 

construct driven by a CMV promoter. After co-transfecting the Reporter-1 with these gsnoRNA 

expressing constructs, (host-gCtrl; host-gACA19, host gACA-44, host-gACA27, and host-gE2) 

evidence of PTC-read-through indicated by the Venus expression was observed: 5.2% and 5.0% 
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Venus positive cells (compared to the control Venus-GGT reporter) were detected from cells 

transfected with host-gACA19 and host-gE2, respectively, while others displayed negligible 

signals (FIG. 2A). The Venus expression was clearly sequence-dependent because the control 

gsnoRNA (gCtrl) could not activate Venus expression. The present inventors realized that the 

gACA19 and gE2 scaffolds, which displayed higher activity that the other scaffolds, were 

predicted to have more stable secondary structures than gACA44 and gACA27 (FIGS. 3A-3D), 

suggesting that the higher efficiency of target modification evidenced by the PTC read-through 

may be correlated with stability of secondary structures. To test the effects of gsnoRNA-carrying 

host genes sequences on PTC-read-through efficiencies, the present inventors carried out further 

comparison by cloning the different gsnoRNAs into the intron between Exon2 and Exon3 of 

Hemoglobin subunit f(HBB) gene. The gACA19 again showed the highest efficiency (relative 

Venus positive cells: 7.3%) in mediating PTC-read-through for Reporter-1, and gE2 showed the 

second highest efficiency (relative Venus positive cells: 1.8%) (FIG. 2B).  

[0246] Based on the present inventors' observation that host gene sequences have divergent 

effects on different snoRNAs (as shown in FIGS. 2A-2B), the present inventors envisioned that 

directly expressing thegsnoRNAs without host gene effects might further increase the efficiency 

of PTC-read-through. Therefore, the present inventors designed a series of gsnoRNA expression 

constructs driven by hU6 (type III RNA polymerase III promoter) and hUl (sRNA-typeRNA 

polymerase I promoter) promoters (RESTART v1.1) (FIGS. IC-I and FIG. 2C), and co

transfected them together with Reporter- Iinto HEK293T cells. The PTC-read-through efficiency 

of hU6 promoter-driven gACA19 increased for 1.9- and 1.3- fold compared to that of host gene 

intron- and HBB intron- embedded gACA19, respectively (FIGS. IC-iD and FIGS. 2A-2B).  

The efficiency of hJ6 promoter-driven gsnoRNAs are similar to that of hU1 promoter-driven 

gsnoRNAs (FIG. 2C). The effects of PTC-read-through were further characterized by extending 

or truncating gsnoRNA: no obvious effects were observed from extending the gACA19 

(gACA19-L, 9 nt on 5' and 9 nt on 3') while the shortened gACA19 (gACAi9-S, 3 nt on 5') 

reduced the Reporter-i PTC read-through efficiency to 35% compared to full-length gACA19 

(FIG. ID and FIGS. 2E-2F). Since gsnoRNAs driven by a small RNA promoter displayed 

higher efficiency in mediating PTC-read-through compared to intron-embedded gsnoRNAs, the 

present inventors selected gsnoRNAs driven by hU6 promoter to conduct subsequent analysis.  
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102471 To determine whether endogenous DKC1 proteins are responsible for the above 

observation, the present inventors carried out RESTART v1. Ion DKC Istably knockdown 

(DKCi KD) HEK293T cells (FIG. 1E). No PTC-read-through was observed for gsnoRNAs 

from DKCI-KD cells, while these gsnoRNAs activated the expression of Venus in control 

groups (FIG. IF), supporting the role of endogenous DKCI in mediating PTC-read-through of 

Reporter-i (FIG. IA). Collectively, these observations demonstrated that the gsnoRNAs can 

induce the PTC-read-through of targeted transcripts.  

Example 2: Optimization of gsnoRNA scaffolds improves the efficiency of PTC-read

through 

[0248] To identify optimal gsnoRNA scaffolds, the present inventors selected five snoRNAs 

(gACA3, gACA17, gACA19, gACA2b, and gACA36) with stable secondary structures predicted 

by RNAfold3 as candidate scaffolds for further characterization (RESTART v1.2) (FIG. 4A and 

FIG. 5A). The present inventors designed a snoRNA expression construct consisting of hU6 

promoter-driven gsnoRNA and CMV promoter-driven BFP gene which was utilized to 

normalize the transfection efficiency (FIG. 4B). Among them, gACA36 and gACA2b 

outcompeted gACA19, and displayed the highest efficiencies of PTC-read-through (relative 

Venus positive cells: 13.7% and 12.2%, respectively) (FIGS. 4C-4D). gACA19 has a minimum 

free energy of -37.10 kcal/mol, gACA2b has a minimum free energy of -54.90 kcal/mol, and 

gACA36 has a minimum free energy of -43.50 kcal/mol. There does not seem to be a direct 

relationship between the stability of gsnoRNA scaffolds and editing efficiency.  

102491 To investigate the roles of the two hairpins of gsnoRNAs, the present inventors 

introduced mutations in 5' and 3' guide elements, respectively (FIG. 4A, FIG. 5A, and FIG.  

6A). The editing efficiency of gACA19 5' hairpin mutation (gACA19-5m) was comparable to 

that of gACA19, while gACA19-3m displayed reduced efficiency (FIGS. 4E-4F). For gACA36, 

the editing efficiency of gACA36-3m was comparable to that of gACA36, while gACA36-5m 

displayed negligible signals (FIG. 6B). These results indicated that only one hairpin of 

gACA19/gACA36 plays a leading role, and the two hairpins of gsnoRNA targeting the same site 

might not compete with each other.  

102501 The present inventors next sought to further improve the PTC read-through efficiency by 

engineering the gsnoRNA scaffolds (RESTARTv.3) (FIG. 4E-4F and FIGS. 3-4). Given that 
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RNA polymerase III terminates transcription at small poiyUs stretch, the present inventors 

introduced a single base mutation to "UUUU" sequence in the apical loop of gACAl9 (FIG. 4A 

and FIG. 5C). Notably, both gACA19-UUCU and gACA19-UGUU showed improvements 

(FIGS. 4E-4F). Without being bound by theory, the present inventors realized that altering the 

distance in the gsnoRNA hairpin so that the distance between the nucleotide in the guide region 

that hybridizes to the target uridine and the H/ACA box is 14 nucleotides increased the editing 

efficiency of the gsnoRNA. In an example, the present inventors inserted a single base after 

U115 of gACA19, so that the distance between the nucleotide in the guide region that hybridizes 

to the target uridine and the H/ACA box is 14 nucleotides (FIG. 4A and FIG. 5D): gACA19

3addG increased the efficiencies to 1.4-fold compared to unmodified gACA19 (FIGS. 4E-4F).  

Furthermore, without being bound by theory, the present inventors discovered that making the 

guide elements of the gsnoRNA hairpin more open (e.g., decreasing the base-pairing probability 

of the secondary structure within the guide region) could increase the editing efficiency of a 

gsnoRNA. To make the guide elements more open, the present inventors inserted dinucleotide 

after U8 in the 5' hairpin of gACA19 (FIG. 4A and FIG. 5D). Notably, gACA 9-5addCU 

increased the PTC-read-through efficiencies for 60% (FIGS. 4E-4F). However, engineered 

gACA36 scaffolds did not further improve the efficiency of PTC-readthrough (FIGS. 6A-6B).  

The present inventors also combined optimized mutations of gACA19 and expressed two tandem 

gsnoRNAs, but they did not further improve the efficiency either.  

Example 3: The spatial proximity effect of gsnoRNA and target PTC site 

[0251] The present inventors next asked if spatial proximities of gsnoRNA and target PTC site 

have impacts on the efficiency of PTC-readthrough. The inventors designed two new reporters: 

(1) the Report-2 contains a PTC site in between mCherry and EGFI coding regions, and 

activated by gsnoRNAs from RESTARTv1.3. mCherry was utilized to normalize the 

transfection efficiency. (2) in Reporter-3 (RESTART v1.4), the gsnoRNA is arranged in tandem 

with the PTC reporter, which is the same PTC reporter as Reporter-2. The gsnoRNAs have 

comparable efficiencies in suppressing PTC of both Reporter-2 and Reporter-i, indicating 

gsnoRNAs work for different reporters. Unexpectedly, gsnoRNAs had increased PTC-read

through efficiencies in Reporter-3 (relative EGFP positive cells: 30%, ~2-foldcompared to 

RESTARTvl.3).  
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Example 4. RESTART enables PTC-read-through in multiple cell lines 

[02521 The present inventors tested RESTART v1.4 in four different cell lines that originated 

from distinct tissues, including three human cell lines and one urine cell line. Efficient PTC

read-through events were observed for all cell lines tested, suggesting that the gsnoRNA design 

of the present disclosure is a versatile strategy to suppress PTC in different mammalian cell 

types.  

Example 5. Increasing DKCi-isoform3 expression significantly improves PTC-read

through 

102531 Notably, neither combining of optimized mutations nor increasing the gsnoRNA 

expression level by transfecting construct of two tandem gsnoRNAs further increased the PTC

read-through, suggesting RESTARTv1.3 offers gsnoRNAs with optimal structure and 

expression levels. Based on the present inventor's realization that the engineered gsnoRNAs of 

the present disclosure provided optimized gsnoRNA structure and expression levels, the present 

inventors wondered whether enzyme levels and accessibility, rather than gsnoRNA stability and 

expression, might be rate-limiting factors. DKCI is responsible for snoRNA-guided deposition 

of pseudouridine and the accompanied PTC read-through in RESTART (FIGS. 1A, IF). There 

are two DKC1 isoforms in human cells: DKC1 isoform1 is the canonical DKCJ form containing 

the bipartite N- and C-terminal nuclear localization signals (NLSs); DKC1 isoform3 is an 

alternatively splicing variant, which is produced by retention of the intron 12 and lacks C 

terminal NLS (FIG. 7A). The endogenous mRNA expression level of isoformi is approximately 

20-fold greater than that of isoform3 4 .  

102541 First, the present inventors generated DKC1 stable overexpressing cell lines, and 

transfected said DKCI-isoforml overexpressing cells with Reporter-3 (FIGS. 7B-7C). DKCl

isoform1 overexpression only slightly increased the relative fraction of EGFP positive cells and 

the relative EGFP intensities to 1.2- and 1.3- fold compared to that of control cells, respectively 

(FIGS. 7D-7F). Surprisingly, in isoform3 overexpressed cells, the relative fraction of EGFP 

positive cells and relative EGFP intensities were greatly increased to 2.5- and 5.2- fold, 

respectively (FIGS. 7D-7F). These observations were further confirmed by co-transfecting 

Reporter-I and gsnoRNA constructs into DKC1 stable overexpressing cells (FIGS. 8A-8C). To 

further investigate DKC Itransient roles, Reporter-3 was co-transfected together with DKCI 

expressing constructs. Again, isoform3 transient overexpressing greatly increased the PTC
82



WO 2022/247896 PCT/CN2022/095172 

readthrough (FIG. 8D). We also deleted the N-terminal NLS of DKC1-isoform3, and these 

truncations had similar efficiency of PTC-read-through as isoform3 (FIG. 9). These unexpected 

results demonstrate that exogenous DKC1-isoform3 can significantly improve the efficiency of 

PTC-read-through, achieving 61.4% EGFP positive cells (relative to control reporter) and 13.2% 

EGFP intensities (relative to control reporter). The gsnoRNAs and DKC1-isoform 3 served as 

the second-generation RESTART (RESTART v2).  

102551 To better characterize RESTART, an additional set of Reporter-3s was constructed to 

include all three types of stop codons, and the resulting reporter constructs were transfected into 

HEK293T with and without exogenous DKCI-isoform3 (FIG. 7B). The efficiency of 

RESTART-mediated read-through correlated positively with that of basal or drug-induced 

translational readthrough ,with the highest read-through atopalcodon(UGA),followedb 

amber codon (UAG) and then ochre codon (UAA) (FIGS. 7G-711, and FIGS. I1A-1OD). For the 

UGA (opal) codon, the relative fraction of EGFP positive cells and relative EGFP intensities 

were 45.3% and 5.8% (RESTART v1.4), and 72.3% and 28.6% (RESTART v2), respectively; 

while UAA codon displayed negligible signals without exogenous DKC1 (RESTART v1.4), and 

relative 2.9% EGFP positive cells and relative 02% EGFP intensities with DKC1-isoform3 

overexpressing (RESTART v2) (FIGS. 7G-711, and FIGS. 10A-10B). Increasing the amount of 

DKCI-isoform3 expressing constructs improved the PTC-readthrough of UAA (ochre) codon to 

relative 14.8% EGFP positive cells, while still 25% and 19% compared to UAG (amber) and 

UGA (opal), respectively (FIGS. 0(C-10E). Together, RESTART promoted read-through of all 

three nonsense codons.  

102561 Next, Reporter-3 constructs of each of the three stop codons were individually co

transfected together with 200 ng DKCi-isoform3 expression construct into HEK293T cells. The 

locus-specific pseudouridine modification of the target was detected by a radiolabeling-free, 

qPCR-based method (FIG. 71 and FIGS. 11A-11C). Alterations to the melting curves were 

observed for all three stop codons (FIG. 71), while negligible alteration was observed for the 

gCtrl group that was devoid of P modification (FIG. 11A). In contrast, melting-curve alterations 

for IP1045 sites in I8S rRNA were comparable between gACAi9 and gCtrl groups (FIGS. IIA

11C). Collectively, these results demonstrate that gsnoRNA-guided pseudouridylation by DKC1

isoform3 can efficiently facilitate the read-through of all three PTC codons.  
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Example 6. RESTART suppresses disease-relevant PTCs 

[02571 This Example demonstrates correction of disease-relevant premature termination codons 

(PTCs) using RESTART. RNA-guided pseudouridylation of disease-relevant PTCs by the 

RESTART system resulted in expression of full-length gene products. Furthermore, restoration 

of protein function using RESTART was demonstrated for a CFTR gene containing a disease

relevant PTC. In the following example, "X" indicates a stop codon mutation. Sequences of the 

gsnoRNAs tested are provided inTable 4.  

[0258] PTC-disease reporters were constructed in which a disease gene containing the PTC site 

was followed by EGFP (as shown in FIG. 12A). gACA19- and gACA36-based gsnoRNAs were 

designed and tested targeting seven disease-relevant nonsense mutations from six pathogenic 

genes, PEX7,ISMN, ALDOB, C8orf37, PCCB, and CBS (FIGs. 12B-13). By co-expressing 

gsnoRNA/PTC-disease gene pairs inHEK293T cells (RESTARTvi), PTC-readthrough was 

achieved at all sites: 6.7% (cells expressing ALDOB-W148X), 25.2% (SM1-W19OX), 33.8% 

(PEX7 _R232X), 1.7% (C8or137-W185X), 38.8% (PCCB-R111X), 22.1% (CBS-C275X), and 8.0% 

(CBS-1390X) EGFP positive cells were detected compared to positive controls, respectively 

(FIG. 14A). Next, PTC-readthrough of disease genes was tested for RESTAR-Tv2 (DKC1

isoform3 overexpression) (FIG. 14B). DKC1-isoform3 overexpression (RESTARTv2) increased 

the relative fraction of EGFP positive cells (indicating PTC-readthrough) by an average of -2.8

fold compared to RESTARTv1. For cells expressing ALDOB-148X and CBS-W390X, the 

relative fraction of EGFP positive cells were greatly increasedwith DKC-isoform3 

overexpression (by 4.8- and 6.3- fold, respectively), as shown in FIGS. 14A-14B).  

102591 RESTARTwas further validated for suppression of disease-relevant PTCs LMNA

R225X (associated with familial dilated cardiomyopathy (DCM) with conduction disease (DCM

CD)), F9-Y22X and F9-G21X (associated with hemophelia B), ABCA4R408X (associatedwith 

Starfardt disease), RSI-Y65X (associated with X-linked retinoschisis), and Rpe65-R44X 

(associated with leber congenital amaurosis), as shown in FIG. 14C.  

[0260] Finally, restoration of protein function using RESTARTwas demonstrated for a CFTR 

CFTR (cystic fibrosis transmembrane conductance regulator) gene containing a disease-relevant 

PTC. Mutations in CFTR cause the monogenetic disease cystic fibrosis, which affects 

approximately 1:2500 live births in caucasians. The ability of RESTART to repair the CFTR 

R553X (CGA-TGA) and W1282X (TGG-TGA) PTC sites and restore protein function was 
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tested by electrophysiological assays, which is the "gold standard" for evaluating CFTR 

functional rescue. After delivery of RESTART, the function of CFTR containing PTC could be 

rescued to about 30% of WTCFTR level, indicating the therapeutic potential of RESTART in 

targeting certain monogenetic diseases.  

Example 7. Delivery of RESTART by clinically relevant formats of gsnoRNAs 

[02611 This example demonstrates the design and synthesis of functional oligonucleotides for 

gsnoRNA delivery to cells.  

[02621 Full-length gsnoRNA oligonucleotides were prepared by in vitro transcription (IVT). To 

increase the stability of the gsnoRNA oligonucleotides in cells, a 5' Cap modification 

(m'G(5')ppp(5')G cap analog) was added to the gsnoRNA oligonucleotides. The 5' Cap 

modification is not present in endogenous intronic snoRNA. As an example, a 5' Cap modified 

full-length gACA19 oligortucleotide targeting Reporter-2 (rACA19) was prepared by in vitro 

transcription (FIG. 15A-C). Of note, rACA19 increased the efficiency of PTC-readthrough for 

both RESTARTvl and RESTARTv2, compared to a gACA19 expression construct vector) 

(FIG. 15D; data shown as mean + standard deviation).  

[0263] Chemically synthesized half rACA19 oligonucleotides with 2'-O-methyl and 

phosphorothioate linkage modifications were prepared and tested for their ability to achieve 

efficient PTC-readthrough in cells, as shown in FIG. 15E ("P" indicates phosphorothioate 

linkages and "2 0-methyl" indicates 2' O-methyl modified nucleosides). The gsnoRNAs were 

delivered to cells by transfection.  

[0264] Advantageously, the half gsnoRNA oligonucleotides facilitate chemical synthesis 

compared to the full-length gsnoRNA (~130nt), which is too long synthesized efficiently.  

Furthermore, the rH5 and rH3 oligonucleotideswere synthesized with only six phosphorothioate 

linkages and four 2'0 -methyl modifications per oligonucleotide, indicating that a small number 

of modifications is sufficient to promote stability and function of the chemically synthesized half 

gsnoRNAs. The 5' hairpin (gH5, with H box) and 3' hairpin (gH3, with ACA box) constructs 

reduced the efficiency of PTC-readthrough compared to the gACA19 oligonucleotide prepared 

by IVT. However, both the rH5 and rH3 oligonucleotides,which have the same sequences as 

gH5 and gH3, exhibited comparable efficiency with the full-length gACA19 construct (FIG.  

15D).  
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102651 These results indicate that a gsnoRNA can be effectively delivered to cells as a full

length RNA oligonucleotide prepared by in vitro transcription (e.g., with a 5' cap to increase 

stability), or as a half oligonucleotide comprising the 5' hairpin or the 3' hairpin prepared by 

chemical synthesis. Moreover, the data demonstrate that chemically synthesized rH3 or rH5 with 

six phosphorothioate linkages and only four 2' 0-methyl modifications are stable and functional 

in cells. Advantageously, the use of chemically synthesized rH3 and rH5 oligonucleotides with a 

small number of modifications can reducing the cost of preparing the chemically synthesized 

oligonucleotides. The delivered RNA oligonucleotides can function better than the same 

construct delivered to cells as a DNA vector encoding the same gsnoRNA construct.  
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CLAIMS 

What is claimed is: 

1. A method for editing a target RNA in a host cell, comprising introducing an engineered 

guide small nucleolar RNA (gsnoRNA) and a nucleic acid molecule encoding a DKC1 protein 

into the host cell, wherein the gsnoRNA comprises a guide sequence that hybridizes to a 

sequence comprising a target uridine residue in the target RNA, and wherein the gsnoRNA 

recruits the DKCI protein to modify the target uridine residue into a pseudouridine residue in the 

target RNA.  

2. A method for editing a target RNA in a host cell, comprising introducing an engineered 

gsnoRNA into the host cell, wherein the gsnoRNA comprises a guide sequence that hybridizes to 

sequence comprising a target uridine residue in the target RNA, wherein the gsnoRNA 

comprises a scaffold sequence derived from a wildtype H/ACA-snoRNA selected from the group 

consisting of ACA2b, ACA36, ACA44, ACA27, E2, ACA3, and ACA17, and wherein the 

gsnoRNA recruits a DKC1 protein in the host cell to modify the target uridine residue into a 

pseudouridine residue in the target RNA.  

3. A method for editing a target RNA in a host cell, comprising introducing an engineered 

gsnoRNA into the host cell, wherein the gsnoRNA comprises a guide sequence that hybridizes to 

sequence comprising a target uridine residue in the target RNA, wherein the gsnoRNA 

comprises a nucleotide sequence selected from the group consisting of SEQ ID NOs: 4-6, 9-12, 

15-19, 22-36, and 177-179, and wherein the gsnoRNA recruits a DKCI protein in the host cell to 

modify the target uridine residue into a pseudouridine residue in the target RNA.  

4. The method of claim 2 or 3, further comprising introducing a nucleic acid encoding the 

DKCi protein into the host cell.  

5. The method of claim 2 or 3, wherein the DKCI protein is an endogenous DKCI protein 

of the host cell.  

6. The method of any one of claims 1-5, wherein the DKC1 protein has cytoplasmic 

localization in the host cell.  
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The method of any one of claims 1-6, wherein the DKCI protein comprises a DKC1 

protein fragment corresponding to amino acid residues 41 to 420 of a human DKC1 isoform 3 

protein, wherein the amino acid numbering is according to SEQ ID NO: 2.  

8. The method of any one of claims 1-7, wherein the DKC1 protein comprises an amino 

acid sequence having at least 85% identity to SEQ ID NO: 88.  

9. The method of any one of claims 1-8, wherein the DKC1 protein comprises a naturally 

occurring DKCI isoform with cytoplasmic localization in the host cell.  

10. A method for editing a target RNA in a host cell, comprising introducing: (a) an 

engineered gsnoRNA and (b) a splice-switching antisense oligonucleotide (ASO) into the host 

cell, wherein the gsnoRNA comprises a guide sequence that hybridizes to a sequence comprising 

a target uridine residue in the target RNIA, wherein the ASO enhances expression of a DKCI 

protein that is an endogenous DKCI isoform with cytoplasmic localization in the host cell, and 

wherein the gsnoRNA recruits the DKCI protein to modify the target uridine residue into a 

pseudouridine residue in the target RNA.  

11. The method of claim 9 or 10, wherein the DKC Iisoform corresponds to isoform 3 of 

human DKC1 protein.  

12. The method of any one of claims 1-11, wherein the DKCI protein comprises an amino 

acid sequence having at least 85% identity to SEQ ID NO: 2.  

13. The method of any one of claims 1-12, wherein the target RNA is not a ribosomal RNA 

(rRNA).  

14. The method of any one of claims I and 4-13, wherein the gsnoRNA comprises a scaffold 

sequence derived from a wildtype HIACA-snoRNA selected from the group consisting of 

ACAI9, ACA2b, ACA36, ACA44, ACA27, E2, ACA3, and ACA17.  

15. The method of claim 2 or 14, wherein the gsnoRNA comprises a scaffold sequence 

derived from ACA2b.  

16. The method of claim 2 or 14, wherein the gsnoRNA comprises a scaffold sequence 

derived from ACA36.  
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17. The method of claim 16, wherein the gsnoRNA comprises a mutation in the 3'hairpin of 

the ACA36 scaffold.  

18. The method of claim 14, wherein the gsnoRNA comprises a scaffold sequence derived 

from ACA19.  

19. The method of any one of claims 14-18, wherein the gsnoRNA comprises one or more 

guide sequences each located in a region corresponding to a hairpin structure of the wildtype 

H/ACA-snoRNA.  

20. The method of claim 19, wherein at least one of the one or more guide sequences is 

located in a hairpin structure at the 3'terminal part of thewildtype RACA-snoRNA.  

21. The method of claim 19 or 20, wherein at least one of the one or more guide sequences is 

located in a hairpin structure at the 5'terminal part of thewildtype RACA-snoRNA.  

22. The method of any one of claims 17-21, wherein the gsnoRNA comprises one or more 

mutations in one or more hairpin structures of the wildtype ACA19.  

23. The method of any one of claims 1-22, wherein the engineered gsnoRNA comprises one 

or more substitution mutations in nucleotides of a polyU sequence in the widtype I-RACA

snoRNA, wherein the polyU sequence comprises at least 4 consecutive U residues.  

24. The method of any one of claims 1-23, wherein the engineered gsnoRNIA comprises one 

or more insertion or deletion mutations positioned between the nucleotide residue in the guide 

region that hybridizes to the target uridine and an H/ACA box of the wildtype H/ACA snoRNA, 

whereby the engineered gsnoRNA comprises 14 or 15 nucleotides between the nucleotide 

residue in the guide region that hybridizes to the target uridine and the H/ACA box.  

25. The method of claim 22, wherein the one or more mutations are selected from the group 

consisting of substitution of residues 26-29 with UUCU, substitution of residues 26-29 with 

UGUU, addition of G to the 3' hairpin structure after residue 115, and addition of CU to the 5' 

hairpin after residue 8, and wherein the numbering is according to SEQ ID NO: 37.  

26. The method of any one of claims 3-4 and 14-25, wherein the gsnoRNA comprises a 

nucleotide sequence selected from the group consisting of SEQ ID NOs: 3-12, 15-19, 22-36, and 

177-179.  
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27. The method of claim 4 or 26, wherein the gsnoRNA comprises a nucleotide sequence 

selected from the group consisting of SEQ ID NOs: 15-19.  

28. The method of any one of claims 1-27, wherein the method comprises introducing a 

nucleic acid molecule encoding the gsnoRNA into the host cell.  

29. The method of claim 28, wherein the nucleic acid molecule encoding the gsnoRNA is 

under a promoter selected from the group consisting of U6 promoter and U promoter.  

30. The method of claim 28 or 29, wherein the nucleic acid molecule encoding the gsnoRNA 

is embedded in an intron sequence located between a first exon sequence and a second exon 

sequence, and wherein the first exon sequence, the intron sequence and the second exon 

sequence are derived from a naturally-occurring gene.  

31. The method of any one of claims 1, 4 and 28-30, wherein the nucleic acid molecule 

encoding the DKCI protein and/or the nucleic acid molecule encoding the gsnoRNA are present 

in a viral vector.  

32. The method of claim I or 4, wherein the method comprises introducing into the host cell 

a vector comprising a first nucleic acid sequence encoding the DKCI protein and a second 

nucleic acid sequence encoding the gsnoRNA.  

33. The method of claim 32, wherein the vector is a viral vector.  

34. The method of claim 32 or 33, wherein the vector is an adeno-associated viral (AAV) 

vector.  

35. The method of any one of claims 1-27, wherein the gsnoRNA comprises one or more 

chemically modified nucleosides and/or inter-nucleosidic linkages.  

36. The method of claim 35, wherein the gsnoRNA comprises one or more nucleosides 

having 2'-OMe or 2'-MOE modifications.  

37. The method of claim 35 or 36, wherein the gsnoRNA comprises no more than 10, no 

more than 8, no more than 6, or no more than 4 chemically modified nucleosides.  

38. The method of any one of claims 35-37, wherein the gsnoRNA comprises one or more 

phosphorothioate inter-nucleosidic linkages.  
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39. The method of any one of claims 35-38, wherein the gsnoRNA comprises no more than 

10, no more than 9, no more than 8, or no more than 6 phosphorothioate inter-nucleosidic 

linkages.  

40. The method of any one of claims 1-39,wherein the gsnoRNA comprises a 5' cap 

modification.  

41. The method of claim 40, wherein the 5' cap modification is a 7-methylguanosine (m'G) 

cap.  

42. The method of any one of claims 1-38, wherein efficiency of editing the target RNA is at 

East 10%.  

43. The method of any of claims 1-42, wherein the target RNA is mRNA.  

44. The method of any one of claims 1-43, wherein the sequence comprising the target 

uridine in the target RNA is a stop codon, andwherein modification of the target uridine to 

pseudouridine causes the stop codon to be translated as a coding codon.  

45. The method of claim 44, wherein the stop codon is a premature termination codon (PTC).  

46. The method of claim 45, wherein the PTC is associated with a genetic disease or 

condition.  

47. The method of any one of claims 1-46, wherein the DKC1 protein is part of a 

ribonucleoprotein (RNP) complex that associates with the gsnoRNA.  

48. The method of any one of claims 1-47, wherein the host cell is an archaeal or eukaryotic 

cell.  

49. The method of claim 48, wherein the host cell is a mammalian cell.  

50. The method of claim 49, wherein the host cell is a human cell.  

51. The method of any one of claims 1-50, wherein the method is carried out in vivo.  

52. The method of any one of claims 1-51, wherein the method is carried out ex vivo.  
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53. A method of treating a disease or condition associated with a PTC in a target RNA in a 

subject, comprising editing the target RNA in a cell of the subject using the method of any one of 

claims 1-52, wherein the gsnoRNA comprises a guide sequence that hybridizes to the PTC in the 

target RNIA, and wherein modification of the uridine residue in the PTC to a pseudouridine 

residue causes translation read-through of the PTC in the target RNA, thereby treating the 

disease or condition in the subject.  

54. The method of claim 53, wherein the disease or condition is selected from the group 

consisting of Cystic fibrosis, Hurler Syndrome, alpha-1-antitrypsin (A1AT) deficiency, 

Parkinson's disease, Alzheimer's disease, albinism, Amyotrophic lateral sclerosis, Asthma, 8

thalassernia, Cadasil syndrome, Charcot-Marie-Tooth disease, Chronic Obstructive Pulmonary 

Disease (COPD), Distal Spinal Muscular Atrophy (DSMA), Duchenne/Becker muscular 

dystrophy, Dystrophic Epidermolysis bullosa, Epidermolysis bullosa, Fabry disease, Factor V 

Leiden associated disorders, Familial Adenomatous Polyposis, Galactosemia, Gaucher's Disease, 

Glucose-6-phosphate dehydrogenase, Haemophilia, Hereditary Hemochronatosis, Hunter 

Syndrome, Huntington's disease, Inflammatory Bowel Disease (IBD), Inherited 

polyagglutination syndrome, Leber congenital amaurosis, Lesch-Nyhan syndrome, Lynch 

syndrome, Marfan syndrome, Mucopolysaccharidosis, Muscular Dystrophy, Myotonic dystrophy 

types I and II, neurofibromatosis, Niemann-Pick disease type A, B and C, NY-esol related 

cancer, Peutz-Jeghers Syndrome, Phenylketonuria, Pompe's disease, Primary Ciliary Disease, 

Prothrombin mutation related disorders, such as the Prothrombin G20210A mutation, Pulmonary 

Hypertension, (autosomal dominant) Retinitis Pigmentosa, Sandhoff Disease, Severe Combined 

Immune Deficiency Syndrome (SCID), Sickle Cell Anemia, Spinal Muscular Atrophy, 

Stargardt's Disease, Tay-Sachs Disease, Usher syndrome, X-linked immunodeficiency, Sturge

Weber Syndrome, and cancer.  

55. An engineered gsnoRNA comprising a guide sequence that hybridizes to a sequence 

comprising a target uridine residue in a target RNAin a host cell, wherein the gsnoRNA 

comprises a nucleotide sequence selected from the group consisting of SEQ ID NOs: 4-6, 9-12, 

15-19,22-36, and 177-179, and wherein the gsnoRNA is capable of recruiting a DKCI protein in 

the host cell to modify the target uidine residue into a pseudouridine residue in the target RNA.  
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56. An engineered gsnoRNA comprising a guide sequence that hybridizes to a sequence 

comprising a target uridine residue ina targetRNA in a host cell, wherein the gsnoRNA 

comprises a scaffold sequence derived from a wildtype HIACA-snoRNA selected from the group 

consisting of ACA2b, ACA36, ACA44, ACA27, E2, ACA3, and ACA17, and wherein the 

gsnoRNA is capable of recruiting a DKC1 protein in the host cell to modify the target uridine 

residue into a pseudouridine residue in the target RNA.  

57. The engineered gsnoRNA of any one of claims 55-56, wherein the gsnoRNA comprises a 

5' cap modification.  

58. The engineered gsnoRNA of claim 57, wherein the 5' cap modification is a 7

methylguanosine (m7G) cap.  

59. The engineered gsnoRNA of any one of claims 55-58, wherein the gsnoRNA comprises 

one or more chemically modified nucleosides and/or inter-nucleosidic linkages.  

60. The engineered gsnoRNA of any one of claims 55-59, wherein the gsnoRNA comprises 

one or more nucleosides having 2'-OMe or 2'-MOE modifications.  

61. The engineered gsnoRNA of any one of claims 55-60, wherein the gsnoRNA comprises 

no more than 10, no more than 8, no more than 6, or no more than 4 chemically modified 

nucleosides.  

62. The engineered gsnoRNA of any one of claims 55-61, wherein the gsnoRNA comprises 

one or more phosphorothioate inter-nucleosidic linkages.  

63. The engineered gsnoRNA of claim 62, wherein the gsnoRNA comprises no more than 

10, no more than 9, no more than 8, or no more than 6 phosphorothioate inter-nucleosidic 

linkages.  

64. An isolated nucleic acid molecule comprising a sequence encoding the gsnoRNA of any 

one of claims 55-632.  

65. An engineered RNA-editing system comprising: 

(a) a gsnoRNA comprising a guide sequence that hybridizes to a sequence comprising a 

target uridine residue in a target RNA in a host cell, or a nucleic acid molecule encoding 

the gsnoRNA; and 
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(b) a DKC1 protein, or a nucleic acid molecule encoding the DKCi protein, 

wherein the gsnoRNA is capable of recruiting the DKCI protein to modify the target 

uridine residue into a pseudouridine residue in the target RNA.  

66. A pharmaceutical composition comprising the gsnoRNA of any one of claims 55-63, the 

nucleic acid molecule of claim 64, or the engineered RNA-editing system of claim 65, and a 

pharmaceutically acceptable carrier.  

67. A host cell comprising the gsnoRNA of any one of claims 55-63, the nucleic acid 

molecule of claim 64, or the engineered RNA-editing system of claim 65.  

68. A kit for editing a target RNA in a host cell, comprising the gsnoRNA of any one of 

claims 55-63, the nucleic acid molecule of claim 64, or the engineered RNA-editing system of 

claim 65.  
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FIG. 6A
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FIG. 7F FIG. 7G AM DKC1 so3 (-)

100 Control HEK293T 100

-
DKC1 iso3 (+)

80 MA DKC1 iso1 OE 90

60 DKC1 iso3 OE 80
P=92105

70
14

P=5x10~7

60
50
40
30
20 P= 0.0002

10

FIG. 71
gACA19-EGFP.TAA

0.12
+200ng DKC1-iso3 CMO

FIG. 7H
CMC+

0.36

DKC1 iso3 (-) Reporter 90.08

100
0.30

80
88885 DKC1 iso3 (+)

60
0.24

P=2x106

30 0.18
0.04

25
20

p=2x106 0.12 78 80 82

15

Temperature(e)

0.06
10

5
P=0.0001 0.00

0 78 30 82 84 86 88 90

Temperature("))

gACA19-EGFP-TAG
0.12

+200ng DKC1-iso3 CMC-
CMC-

0.36
Reporter 20.08

0.30

0.24

0.18
0.04

0.12
78 80 82

Temperature(c)

0.06

0.00

78 80 82 84 86 88 90

Temperature("C)

gACA19-EGFP-TGA
0.12

+200ng DKC1-iso3 CMC.

0.36
Reporter 00.08

0.30

0.24

0.18
0.04

0.12
78 80 82

Temperature(c)

0.06

0.00

78 80 82 84 86 88 90

Temperature("))

8/22



WO 2022/247896 PCT/CN2022/095172
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FIG. 11A
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FTC site

G-C

5' hairpin

C-G O

gACA19

A-U

SEQ ID NO: 89

AND

3' hairpin

C-G

is - CUGGUUGU

G-C

G-C

SEO ID NO: 90

UAUAUU-3

5'-UGGUUGU

UAUAUNUC-

TAITHITI

3-GACCAACA @ AUGUAA-5 3'-ACCAACA GW AUGUAAGG-5

SEQ ID NO: 101

SEQ ID NO: 102

PEX7-R232X

5' hairpin

G-CA-U

gACA36

C-GA-U

3' hairpin

SEQ ID NO: 91

C-S

G-C

FIG. 12A

-CUGGUUGU UAUAUUUG-3 5'-CUGGUUGU G-C UAUGUUU -3

U-A

SEQ ID NO: 92

"-GACCAACA Gw AUGUAAGG-5 3'-GACCAACA GV AUGUAAG ...5

SEQ ID NO: 103

SEQ ID NO: 104

PEX7-R232X

5' hairpin

C-G-

G-C

gACA19

A-U

C-G

SEQ ID NO: 97

A-U

3' hairpin

G-C

5 hairpin

C-04

G.U

C-G SEQ ID NO: 98

gACA19

A-8

5 AAGAGUEU

G-C

SEQ ID NO: 93

A-U

31 hairpin

C-G

UGGAGUA-3

5'-GAGUUU

11111111

UGGAG0-3

5'-CGGCACGU

G-U

CUUCCCA-3

G-C

SEO ID NO: 94

3-UUCUCAAA GW ACCUCGU-S 3'-CUCAAA GW ACCUCE-S

6-GCACGU

COUCCU 3

1111111

SEQ ID NO: 109

SEQ ID NO: 110

3-GUCGUGCA GW GAAGGGU-5 3'-CGUGCA GY GAABGG 11111 $

SMN1-W190X

SEQ ID NO: 105

ALDOB-W148X

SEQ ID NO: 106

5' hairpin

G-C A-0

gACA36

C-G A-U

3' hairpin

5' hairpin

G-C
A-U

gACA36

C-G

SEQ ID NO: 99

C-G

A-0

3' hairpin

G-C SEQ ID NO: 100

SEQ ID NO: 95

a-e

A-U

G-C

5' AAGAG000

UGGAGUAG-31

11:11:11

5'-AGAGUIU

G-C

UGGAGC-3

5'-CGGCACGII

U-A

SEQ ID NO: 96

UUUCCUAA-3'

G-C

S'-AGCACGU

1111111

UUCUCAAA GY ACCUCGUC-5 3-UCUCAAA CW ACCUCG- 5

1.

CUUCCC-3

.llli.i

3-GUCGUGCA GY GAAGGGUU-5 3-UCGUSCA GW GAAGGG-5 111111

SEQ ID NO: 111

SMN1-W190X

SEQ ID NO: 112

SEQ ID NO: 107

SEQ ID NO: 108

ALDOB-W148X

FIG. 12B



SEQ ID NO: 114

SEQ ID NO: 113

SEQ ID NO: 115

C-S

G-C

8-3
C-3.

G-C

SEQ ID NO: 116

5' hairpin

C-G

gACA19

A-8

3' hairpin

5 hairpin

gACA19

A-0

31 hairpin

A-U

C-G

A-U

C-G

G-U

GCUAUAC-3 5'AGUUCUU

G-C

G-U

5'-UGGUUCUU

GCUAUA-3

5'-UUCGGCCU

UCUAGUGA-3

5-88CGGCCU

G-C

UCUAGE-3

I1.

3-AUCAAGAA GY CGADGUG-5 3-UCAAGAA GY COAUGU-5

3'-AAGCCGGA GV AGGUCACU-5 3-AAGCCGGA 84 AGGUCA-5

SEQ ID NO: 129

SEQ ID NO: 131

SEQ ID NO: 132

C8orf37-W185X SEQ ID NO: 130

PCCB-R111X

SEQ ID NO: 119

5' hairpin

G-C A-0

gACA36

U-A G.U

3' hairpin

5 hairpin

G-C A-U

gACA36

C-G A-U

3' hairpin

SEQ ID NO: 117

C-G

G-8

SEQ ID NO: 118

C-G

G-C SEO ID NO: 120

S-UAGUUCUU

But

GCUACAC-3

G-C

U-A

G-C

5'-UAGUUCUU

GCUAUA- 3

5-UCGGCCU

BUUAGU-3

5-UCGGCCU

BUCAGUG-3

1111111

3'-AUCAAGAA GW CGAUGUS-5 3-AUCAAGAA GW CGAUGU-5

3'-AGCCGGA GY AGGUCA-S

-AGCCGGA GY AGGUCAC-5

SEQ ID NO: 129

C8ort37-W185X

SEQ ID NO: 134

SEQ ID NO: 135

SEQ ID NO: 136

PCCB-R111X

SEQ ID NO: 122

G-C

G-C

5 hairpin

C-G

gACA19

A-0

3' hairpin

5' hairpin

C-G-

gACA19

A-U

3) hairpin

SEQ ID NO: 121

A-B

C-G

SEQ ID NO: 123

A-8

G-C

G-8

G-O

SEO ID NO: 124

5-GAUUCBU

UCCGGG-3

5-GAUUCUU

UCCGGG 31

-GUAGUGUE

COUGUC-

5'-UAGUGUU

3

BIRTH

3-CUAGGAA GY AGGUCC-5 3-CUAGGAA GW AGGUCC 5

-CGUCGUAA GV GGACAG-5 3-GUOGUAA GY GGACAS-S

SEQ ID NO: 138

SEQ ID NO: 138

SEQ ID NO: 139

SEQ ID NO: 140

CBS-C275X

CBS-W390X

SEO ID NO: 126

G-C

C-G

5' hairpin

G-C A-1

gACA36

C-1 A-0

3 hairpin

5' hairpin

A-8

gACA36

A-11

3) hairpin

SEQ ID NO: 125

C-C

G-C

SEQ ID NO: 127

C-G

G-C

SEQ ID NO: 128

U.A

5-0GAUCBIRA

8CCGGGAC-3

5-GAUSCUB

G-C

3-GUGGUGUE

U-A

G-C

UCCGGGA-3

COUGUCG-3

3-GUAGUGU8

CCUGUCG-3

11:11:11

-ACUAGGAA GY AGGUCCUS-S 3-CUAGGAA GY AGGUCCU-5

3 -CGUCGUAA G4 GGACAGC-5 3-CGUCGUAA GW GGACAGC-5

SEQ ID NO: 141

SEQ ID NO: 142

SEQ ID NO: 143

SEQ ID NO: 143

CBS-C275X

CBS-W390X
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FIG. 14C
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5'

Cap

3'

A-A-A-A

U.C.C.

COCAU,

U-U-C-G-U-C-C-A-G

LGGC

C-U-A-C-A-CG

A-C-U-U-C-C

EGUCGUAAGEAUAA

G-A-U-G-U-G-C

rACA19

U-G-A-A-G-G

(SEQ ID NO: 171)

FIG. 15A



3' hairpin

Cap
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3' hairpin

5' hairpin

rACA19-U6+27

(SEQ ID NO: 178) A

FIG. 15C
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Realtive EGFP+ Cell (%)

gCtrl + EGFP-GGT

gCtrl + EGFP-TGA

gACA19 + EGFP-TGA

gH5 + EGFP-TGA

gH3 + EGFP-TGA

rACA19 + EGFP-TGA/
rACA19-3 hairpin + EGFP-TGA

rACA19-U6+27 + EGFP-TGA

rH5 + EGFP-TGA

rH3 + EGFP-TGA

Realtive EGFP+ Cell (%)

gCtrl in EGFP-GGT

gCtrl + EGFP-TGA

gACA19 + EGFP-TGA

gH5 + EGFP-TGA

gH3 + EGFP-TGA

rACA19 + EGFP-TGA

rACA19-3' hairpin + EGFP-TGA

rACA19-U6+27 + EGFP-TGA

rH5 + EGFP-TGA

rH3 + EGFP-TGA
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30

UU.

A
U U

C G
U U

L A

A
40

-20
U

- A A
A I U

A
G

30
U U A U

C U
U A

II

A
G G 50 A A

10 U U U
G

A 40

I A
I

A U G

C G G
2' O-methyl

A L 60 2' O-methyl L

P
G 20

5 G U G C U A U A 3' GL U.

C
P P

C 50
rH5 U

G
A

(SEQ ID NO: 174) G G
C U

10 G 0

A I

2' O-methyl A
1. 60 2' O-methyl

G C

5' . G A A U 11 A G A C A YAKAXA 3'

P P

rH3 (SEQ ID NO: 175)

FIG. 15E
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                                SEQUENCE LISTING

<110> ELPIS BIOTECHNOLOGY COMPANY LIMITED

<120> COMPOSITIONS, SYSTEMS AND METHODS OF RNA EDITING USING DKC1

<130> FF00634PCT

<140> Not Yet Assigned    
<141> Concurrently Herewith            

<150> PCT/CN2021/096122   
<151> 2021‐05‐26  

<160> 197

<170> FastSEQ for Windows Version 4.0

<210> 1
<211> 514
<212> PRT
<213> Homo sapiens

<400> 1
Met Ala Asp Ala Glu Val Ile Ile Leu Pro Lys Lys His Lys Lys Lys
 1               5                  10                  15      
Lys Glu Arg Lys Ser Leu Pro Glu Glu Asp Val Ala Glu Ile Gln His
            20                  25                  30          
Ala Glu Glu Phe Leu Ile Lys Pro Glu Ser Lys Val Ala Lys Leu Asp
        35                  40                  45              
Thr Ser Gln Trp Pro Leu Leu Leu Lys Asn Phe Asp Lys Leu Asn Val
    50                  55                  60                  
Arg Thr Thr His Tyr Thr Pro Leu Ala Cys Gly Ser Asn Pro Leu Lys
65                  70                  75                  80  
Arg Glu Ile Gly Asp Tyr Ile Arg Thr Gly Phe Ile Asn Leu Asp Lys
                85                  90                  95      
Pro Ser Asn Pro Ser Ser His Glu Val Val Ala Trp Ile Arg Arg Ile
            100                 105                 110         
Leu Arg Val Glu Lys Thr Gly His Ser Gly Thr Leu Asp Pro Lys Val
        115                 120                 125             
Thr Gly Cys Leu Ile Val Cys Ile Glu Arg Ala Thr Arg Leu Val Lys
    130                 135                 140                 
Ser Gln Gln Ser Ala Gly Lys Glu Tyr Val Gly Ile Val Arg Leu His
145                 150                 155                 160 
Asn Ala Ile Glu Gly Gly Thr Gln Leu Ser Arg Ala Leu Glu Thr Leu
                165                 170                 175     
Thr Gly Ala Leu Phe Gln Arg Pro Pro Leu Ile Ala Ala Val Lys Arg
            180                 185                 190         
Gln Leu Arg Val Arg Thr Ile Tyr Glu Ser Lys Met Ile Glu Tyr Asp



        195                 200                 205             
Pro Glu Arg Arg Leu Gly Ile Phe Trp Val Ser Cys Glu Ala Gly Thr
    210                 215                 220                 
Tyr Ile Arg Thr Leu Cys Val His Leu Gly Leu Leu Leu Gly Val Gly
225                 230                 235                 240 
Gly Gln Met Gln Glu Leu Arg Arg Val Arg Ser Gly Val Met Ser Glu
                245                 250                 255     
Lys Asp His Met Val Thr Met His Asp Val Leu Asp Ala Gln Trp Leu
            260                 265                 270         
Tyr Asp Asn His Lys Asp Glu Ser Tyr Leu Arg Arg Val Val Tyr Pro
        275                 280                 285             
Leu Glu Lys Leu Leu Thr Ser His Lys Arg Leu Val Met Lys Asp Ser
    290                 295                 300                 
Ala Val Asn Ala Ile Cys Tyr Gly Ala Lys Ile Met Leu Pro Gly Val
305                 310                 315                 320 
Leu Arg Tyr Glu Asp Gly Ile Glu Val Asn Gln Glu Ile Val Val Ile
                325                 330                 335     
Thr Thr Lys Gly Glu Ala Ile Cys Met Ala Ile Ala Leu Met Thr Thr
            340                 345                 350         
Ala Val Ile Ser Thr Cys Asp His Gly Ile Val Ala Lys Ile Lys Arg
        355                 360                 365             
Val Ile Met Glu Arg Asp Thr Tyr Pro Arg Lys Trp Gly Leu Gly Pro
    370                 375                 380                 
Lys Ala Ser Gln Lys Lys Leu Met Ile Lys Gln Gly Leu Leu Asp Lys
385                 390                 395                 400 
His Gly Lys Pro Thr Asp Ser Thr Pro Ala Thr Trp Lys Gln Glu Tyr
                405                 410                 415     
Val Asp Tyr Ser Glu Ser Ala Lys Lys Glu Val Val Ala Glu Val Val
            420                 425                 430         
Lys Ala Pro Gln Val Val Ala Glu Ala Ala Lys Thr Ala Lys Arg Lys
        435                 440                 445             
Arg Glu Ser Glu Ser Glu Ser Asp Glu Thr Pro Pro Ala Ala Pro Gln
    450                 455                 460                 
Leu Ile Lys Lys Glu Lys Lys Lys Ser Lys Lys Asp Lys Lys Ala Lys
465                 470                 475                 480 
Ala Gly Leu Glu Ser Gly Ala Glu Pro Gly Asp Gly Asp Ser Asp Thr
                485                 490                 495     
Thr Lys Lys Lys Lys Lys Lys Lys Lys Ala Lys Glu Val Glu Leu Val
            500                 505                 510         
Ser Glu
        

<210> 2
<211> 420
<212> PRT
<213> Homo sapiens

<400> 2
Met Ala Asp Ala Glu Val Ile Ile Leu Pro Lys Lys His Lys Lys Lys



 1               5                  10                  15      
Lys Glu Arg Lys Ser Leu Pro Glu Glu Asp Val Ala Glu Ile Gln His
            20                  25                  30          
Ala Glu Glu Phe Leu Ile Lys Pro Glu Ser Lys Val Ala Lys Leu Asp
        35                  40                  45              
Thr Ser Gln Trp Pro Leu Leu Leu Lys Asn Phe Asp Lys Leu Asn Val
    50                  55                  60                  
Arg Thr Thr His Tyr Thr Pro Leu Ala Cys Gly Ser Asn Pro Leu Lys
65                  70                  75                  80  
Arg Glu Ile Gly Asp Tyr Ile Arg Thr Gly Phe Ile Asn Leu Asp Lys
                85                  90                  95      
Pro Ser Asn Pro Ser Ser His Glu Val Val Ala Trp Ile Arg Arg Ile
            100                 105                 110         
Leu Arg Val Glu Lys Thr Gly His Ser Gly Thr Leu Asp Pro Lys Val
        115                 120                 125             
Thr Gly Cys Leu Ile Val Cys Ile Glu Arg Ala Thr Arg Leu Val Lys
    130                 135                 140                 
Ser Gln Gln Ser Ala Gly Lys Glu Tyr Val Gly Ile Val Arg Leu His
145                 150                 155                 160 
Asn Ala Ile Glu Gly Gly Thr Gln Leu Ser Arg Ala Leu Glu Thr Leu
                165                 170                 175     
Thr Gly Ala Leu Phe Gln Arg Pro Pro Leu Ile Ala Ala Val Lys Arg
            180                 185                 190         
Gln Leu Arg Val Arg Thr Ile Tyr Glu Ser Lys Met Ile Glu Tyr Asp
        195                 200                 205             
Pro Glu Arg Arg Leu Gly Ile Phe Trp Val Ser Cys Glu Ala Gly Thr
    210                 215                 220                 
Tyr Ile Arg Thr Leu Cys Val His Leu Gly Leu Leu Leu Gly Val Gly
225                 230                 235                 240 
Gly Gln Met Gln Glu Leu Arg Arg Val Arg Ser Gly Val Met Ser Glu
                245                 250                 255     
Lys Asp His Met Val Thr Met His Asp Val Leu Asp Ala Gln Trp Leu
            260                 265                 270         
Tyr Asp Asn His Lys Asp Glu Ser Tyr Leu Arg Arg Val Val Tyr Pro
        275                 280                 285             
Leu Glu Lys Leu Leu Thr Ser His Lys Arg Leu Val Met Lys Asp Ser
    290                 295                 300                 
Ala Val Asn Ala Ile Cys Tyr Gly Ala Lys Ile Met Leu Pro Gly Val
305                 310                 315                 320 
Leu Arg Tyr Glu Asp Gly Ile Glu Val Asn Gln Glu Ile Val Val Ile
                325                 330                 335     
Thr Thr Lys Gly Glu Ala Ile Cys Met Ala Ile Ala Leu Met Thr Thr
            340                 345                 350         
Ala Val Ile Ser Thr Cys Asp His Gly Ile Val Ala Lys Ile Lys Arg
        355                 360                 365             
Val Ile Met Glu Arg Asp Thr Tyr Pro Arg Lys Trp Gly Leu Gly Pro
    370                 375                 380                 
Lys Ala Ser Gln Lys Lys Leu Met Ile Lys Gln Gly Leu Leu Asp Lys
385                 390                 395                 400 
His Gly Lys Pro Thr Asp Ser Thr Pro Ala Thr Trp Lys Gln Glu Tyr



                405                 410                 415     
Val Asp Tyr Arg
            420 

<210> 3
<211> 104
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 8, 38, 62, 91
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 3
gugcacanga ccugcuuucu uuuaugugag uaguguungu gcuauacaaa uaauugaagg 60
cngcaguaua acuauaaaua guaaugcugc nccuucagac aaaa                  104

<210> 4
<211> 110
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 6, 36, 61, 95
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 4
cagcangggc uguggcuggu cauagccaug ggaucngcau gcaagagcaa ccuggaaaga 60
nacagcgcag gucaguacaa uaccugcaag cugcnagcuu uccuauaaug            110

<210> 5
<211> 98
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 



<221> misc_feature   
<222> 7, 35, 59, 86
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 5
uaccccngcc aguuggacuu augucuuuau uggunagugg ggcaaaggaa auauccuunu 60
caggcaaacu ggguguuugu cuguangagg aaacaaau                         98

<210> 6
<211> 128
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 9, 52, 73, 112
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 6
ugugcacang cuuggaguug aggcuacuga cuggccgaug aacucgcaag ungugcuaca 60
ugaggggcaa gunacaccac aagggucucu ggcccaauga guggaguuug anauucuugc 120
uacaagua                                                          128

<210> 7
<211> 102
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 5, 35, 60, 89
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 7
cacangaccu gcuuucuuuu augugaguag uguunugugc uauacaaaua auugaaggcn 60
gcaguauaac uauaaauagu aaugcugcnc cuucagacaa aa                    102

<210> 8
<211> 122
<212> RNA
<213> Artificial Sequence



<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 17, 47, 71, 100
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 8
ucaguauuug ugcacangac cugcuuucuu uuaugugagu aguguungug cuauacaaau 60
aauugaaggc ngcaguauaa cuauaaauag uaaugcugcn ccuucagaca aaaauucuau 120
aa                                                                122

<210> 9
<211> 106
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 6, 37, 59, 90
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 9
aucganacgc uuggguaucg gcuauugccu gagugunccu cgaagaguaa cugcugacna 60
cuggcugugg gccuuauggc acagucagun cagguuagag acaugc                106

<210> 10
<211> 103
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 10, 39, 65, 92
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 10
acugccccun gcagcugugg cugccguguc acaucugung uggcagagau uagagaggcu 60
auguncaagc guucugcccc gugaacguuu gngucucaca cuc                   103



<210> 11
<211> 116
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 9, 38, 65, 102
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 11
uuggcucung gccagcaguu ugcugaagcu guuggccnca ggagccuaaa gaauugucuu 60
ucuanuuggc cauuucauaa cuuuggaaau guaaugguca anagaaagaa acauga     116

<210> 12
<211> 107
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 8, 37, 66, 90
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 12
uuccaaanuc aguccagggc agcuucccug uucuganuuu gggacauuaa aaugggcuaa 60
gggagngggu agaaaguauu auucuauucn ccucccagcc uacaaaa               107

<210> 13
<211> 400
<212> PRT
<213> Homo sapiens

<400> 13
Met Leu Pro Glu Glu Asp Val Ala Glu Ile Gln His Ala Glu Glu Phe
 1               5                  10                  15      
Leu Ile Lys Pro Glu Ser Lys Val Ala Lys Leu Asp Thr Ser Gln Trp
            20                  25                  30          
Pro Leu Leu Leu Lys Asn Phe Asp Lys Leu Asn Val Arg Thr Thr His
        35                  40                  45              
Tyr Thr Pro Leu Ala Cys Gly Ser Asn Pro Leu Lys Arg Glu Ile Gly



    50                  55                  60                  
Asp Tyr Ile Arg Thr Gly Phe Ile Asn Leu Asp Lys Pro Ser Asn Pro
65                  70                  75                  80  
Ser Ser His Glu Val Val Ala Trp Ile Arg Arg Ile Leu Arg Val Glu
                85                  90                  95      
Lys Thr Gly His Ser Gly Thr Leu Asp Pro Lys Val Thr Gly Cys Leu
            100                 105                 110         
Ile Val Cys Ile Glu Arg Ala Thr Arg Leu Val Lys Ser Gln Gln Ser
        115                 120                 125             
Ala Gly Lys Glu Tyr Val Gly Ile Val Arg Leu His Asn Ala Ile Glu
    130                 135                 140                 
Gly Gly Thr Gln Leu Ser Arg Ala Leu Glu Thr Leu Thr Gly Ala Leu
145                 150                 155                 160 
Phe Gln Arg Pro Pro Leu Ile Ala Ala Val Lys Arg Gln Leu Arg Val
                165                 170                 175     
Arg Thr Ile Tyr Glu Ser Lys Met Ile Glu Tyr Asp Pro Glu Arg Arg
            180                 185                 190         
Leu Gly Ile Phe Trp Val Ser Cys Glu Ala Gly Thr Tyr Ile Arg Thr
        195                 200                 205             
Leu Cys Val His Leu Gly Leu Leu Leu Gly Val Gly Gly Gln Met Gln
    210                 215                 220                 
Glu Leu Arg Arg Val Arg Ser Gly Val Met Ser Glu Lys Asp His Met
225                 230                 235                 240 
Val Thr Met His Asp Val Leu Asp Ala Gln Trp Leu Tyr Asp Asn His
                245                 250                 255     
Lys Asp Glu Ser Tyr Leu Arg Arg Val Val Tyr Pro Leu Glu Lys Leu
            260                 265                 270         
Leu Thr Ser His Lys Arg Leu Val Met Lys Asp Ser Ala Val Asn Ala
        275                 280                 285             
Ile Cys Tyr Gly Ala Lys Ile Met Leu Pro Gly Val Leu Arg Tyr Glu
    290                 295                 300                 
Asp Gly Ile Glu Val Asn Gln Glu Ile Val Val Ile Thr Thr Lys Gly
305                 310                 315                 320 
Glu Ala Ile Cys Met Ala Ile Ala Leu Met Thr Thr Ala Val Ile Ser
                325                 330                 335     
Thr Cys Asp His Gly Ile Val Ala Lys Ile Lys Arg Val Ile Met Glu
            340                 345                 350         
Arg Asp Thr Tyr Pro Arg Lys Trp Gly Leu Gly Pro Lys Ala Ser Gln
        355                 360                 365             
Lys Lys Leu Met Ile Lys Gln Gly Leu Leu Asp Lys His Gly Lys Pro
    370                 375                 380                 
Thr Asp Ser Thr Pro Ala Thr Trp Lys Gln Glu Tyr Val Asp Tyr Arg
385                 390                 395                 400 

<210> 14
<211> 132
<212> RNA
<213> Artificial Sequence



<220> 
<223> Synthetic Construct

<400> 14
cagcaagcau cgaggggcug uggcugguca uagccauggg aucguacucc gcaugcaaga 60
gcaaccugga aagacaguga cagcgcaggu caguacaaua ccugcaagcu gcaugccagc 120
uuuccuauaa ug                                                     132

<210> 15
<211> 104
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 8, 38, 62, 91
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 15
gugcacanga ccugcuuucu ucuaugugag uaguguungu gcuauacaaa uaauugaagg 60
cngcaguaua acuauaaaua guaaugcugc nccuucagac aaaa                  104

<210> 16
<211> 104
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 8, 38, 62, 91
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 16
gugcacanga ccugcuuucu guuaugugag uaguguungu gcuauacaaa uaauugaagg 60
cngcaguaua acuauaaaua guaaugcugc nccuucagac aaaa                  104

<210> 17
<211> 105
<212> RNA
<213> Artificial Sequence

<220> 



<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 8, 38, 62, 91
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 17
gugcacanga ccugcuuucu uuuaugugag uaguguungu gcuauacaaa uaauugaagg 60
cngcaguaua acuauaaaua guaaugcugc ngccuucaga caaaa                 105

<210> 18
<211> 105
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 8, 38, 63, 92
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 18
gugcacanga ccugcuuucu uuuaugugag uaguguungu gcuauacaaa uaauugaagg 60
cungcaguau aacuauaaau aguaaugcug cnccuucaga caaaa                 105

<210> 19
<211> 107
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 11, 41, 65, 94
<223> n = A, U, G, or C, and is present in repeats of 
44, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 19
gugcacaucu ngaccugcuu ucuuuuaugu gaguaguguu ngugcuauac aaauaauuga 60
aggcngcagu auaacuauaa auaguaaugc ugcnccuuca gacaaaa               107

<210> 20
<211> 117



<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 10, 39, 66, 103
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 20
uuggcucucn ggccagcagu uugcugaagc uguuggccnc aggagccuaa agaauugucu 60
uucuanuugg ccauuucaua acuuuggaaa uguaaugguc aanagaaaga aacauga    117

<210> 21
<211> 114
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 7, 36, 63, 100
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 21
uuggcunggc cagcaguuug cugaagcugu uggccncagg agccuaaaga auugucuuuc 60
uanuuggcca uuucauaacu uuggaaaugu aauggucaan agaaagaaac auga       114

<210> 22
<211> 107
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 8, 37, 66, 90
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 22
uuccaaanuc aguccagggc agcuucccug uacuganuuu gggacauuaa aaugggcuaa 60



gggagngggu agaaaguauu auucuauucn ccucccagcc uacaaaa               107

<210> 23
<211> 107
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 8, 37, 66, 90
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 23
uuccaaanuc aguccagggc agcuucccug gacuganuuu gggacauuaa aaugggcuaa 60
gggagngggu agaaaguauu auucuauucn ccucccagcc uacaaaa               107

<210> 24
<211> 107
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 8, 37, 66, 90
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 24
uuccaagnuc aguccagggc agcuucccug uucugancuu gggacauuaa aaugggcuaa 60
gggagngggu agaaaguauu auucuauucn ccucccagcc uacaaaa               107

<210> 25
<211> 106
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 8, 37, 65, 89
<223> n = A, U, G, or C, and is present in repeats of 



4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 25
uuccaaanuc aguccagggc agcuucccug uucuganuuu gggacauuaa aaugggcuaa 60
gggangggua gaaaguauua uucuauucnc cucccagccu acaaaa                106

<210> 26
<211> 104
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 8, 37, 63, 87
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 26
uuccaaanuc aguccagggc agcuucccug uucuganuuu gggacauuaa aaugggcugg 60
ganggguaga aaguauuauu cuauucnccu cccagccuac aaaa                  104

<210> 27
<211> 105
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 8, 37, 64, 88
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 27
uuccaaanuc aguccagggc agcuucccug uucuganuuu gggacauuaa aaugggcuag 60
gganggguag aaaguauuau ucuauucncc ucccagccua caaaa                 105

<210> 28
<211> 107
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct



<220> 
<221> misc_feature   
<222> 8, 37, 66, 90
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 28
uuccaaanuc aguccagggc agcuucccug uucuganuuu gggacauuaa aaugggcuaa 60
gggagngggu agaaaguauu auucuauccn ccucccagcc uacaaaa               107

<210> 29
<211> 104
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 8, 37, 63, 87
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 29
uuccaaanuc aguccagggc agcuucccug uucuganuuu gggacauuaa aaugggcugg 60
ganggguaga aaguauuauu cuauccnccu cccagccuac aaaa                  104

<210> 30
<211> 105
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 8, 37, 65, 89
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 30
uuccaaanuc aguccagggc agcuucccug uucuganuuu gggacauuaa aauggcuaag 60
ggagngggua gaaaguauua uucuauucnc cucccagcua caaaa                 105

<210> 31
<211> 106
<212> RNA
<213> Artificial Sequence



<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 8, 37, 66, 90
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 31
uuccaaanuc aguccagggc agcuucccug uucuganuuu gggacauuaa aaugggcuaa 60
gggagngggu agaaaguauu auucuauucn cucccagccu acaaaa                106

<210> 32
<211> 105
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 8, 37, 65, 89
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 32
uuccaaanuc aguccagggc agcuucccug uucuganuuu gggacauuaa aaugggcuaa 60
gggangggua gaaaguauua uucuauucnc ucccagccua caaaa                 105

<210> 33
<211> 105
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 8, 38, 63, 92
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 33
gugcacanga ccugcuuucu ucuaugugag uaguguunug ugcuauacaa auaauugaag 60
gcngcaguau aacuauaaau aguaaugcug cnccuucaga caaaa                 105



<210> 34
<211> 105
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 9, 39, 63, 92
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 34
gugcacaung accugcuuuc uucuauguga guaguguung ugcuauacaa auaauugaag 60
gcngcaguau aacuauaaau aguaaugcug cnccuucaga caaaa                 105

<210> 35
<211> 105
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 9, 39, 63, 92
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 35
gugcacaung accugcuuuc uuuuauguga guaguguung ugcuauacaa auaauugaag 60
gcngcaguau aacuauaaau aguaaugcug cnccuucaga caaaa                 105

<210> 36
<211> 106
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 10, 40, 64, 93
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12



<400> 36
gugcacaucn gaccugcuuu cuucuaugug aguaguguun gugcuauaca aauaauugaa 60
ggcngcagua uaacuauaaa uaguaaugcu gcnccuucag acaaaa                106

<210> 37
<211> 128
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 37
gugcacauga ucccgaccug cuuucuuuua ugugaguagu guuuccggug augugcuaua 60
caaauaauug aaggcgaucc cgcaguauaa cuauaaauag uaaugcugcu ccgguccuuc 120
agacaaaa                                                          128

<210> 38
<211> 132
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 38
cagcagcuga ucccgggcug uggcugguca uagccauggg aucuccggug gcaugcaaga 60
gcaaccugga aagaauccca cagcgcaggu caguacaaua ccugcaagcu gcuccggagc 120
uuuccuauaa ug                                                     132

<210> 39
<211> 126
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 39
uacccccggc ugaucccgcc aguuggacuu augucuuuau ugguuccggu aguggggcaa 60
aggaaauauc cuuugauccc ucaggcaaac uggguguuug ucuguauccg gugagaggaa 120
acaaau                                                            126

<210> 40
<211> 154
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct



<400> 40
ugugcacacu gaucccgcuu ggaguugagg cuacugacug gccgaugaac ucgcaaguuc 60
cggugaugug cuacaugagg ggcaagucug aucccacacc acaagggucu cuggcccaau 120
gaguggaguu ugauccggau ucuugcuaca agua                             154

<210> 41
<211> 125
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 41
cacaugaucc cgaccugcuu ucuuuuaugu gaguaguguu uccggugaug ugcuauacaa 60
auaauugaag gcgaucccgc aguauaacua uaaauaguaa ugcugcuccg guccuucaga 120
caaaa                                                             125

<210> 42
<211> 146
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 42
ucaguauuug ugcacaugau cccgaccugc uuucuuuuau gugaguagug uuuccgguga 60
ugugcuauac aaauaauuga aggcgauccc gcaguauaac uauaaauagu aaugcugcuc 120
cgguccuuca gacaaaaauu cuauaa                                      146

<210> 43
<211> 131
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 43
aucgaggcug aucccacgcu uggguaucgg cuauugccug aguguuccgg ugaccucgaa 60
gaguaacugc ugacugaucc cacuggcugu gggccuuaug gcacagucag uuccgcaggu 120
uagagacaug c                                                      131

<210> 44
<211> 132
<212> RNA
<213> Artificial Sequence



<220> 
<223> Synthetic Construct

<400> 44
acugccccuc ugaucccgca gcuguggcug ccgugucaca ucuguuccgg ugaguggcag 60
agauuagaga ggcuauguug auccccaagc guucugcccc gugaacguuu guccggugau 120
agucucacac uc                                                     132

<210> 45
<211> 137
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 45
uuggcucuug aucccggcca gcaguuugcu gaagcuguug gccuccggca ggagccuaaa 60
gaauugucuu ucuaugaucc cuuggccauu ucauaacuuu ggaaauguaa uggucaaucc 120
gguagaaaga aacauga                                                137

<210> 46
<211> 130
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 46
uuccaaagcu gaucccucag uccagggcag cuucccuguu cugauccggu gauuugggac 60
auuaaaaugg gcuaagggag gaucccgggu agaaaguauu auucuauucu ccgccuccca 120
gccuacaaaa                                                        130

<210> 47
<211> 128
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 47
gugcacaugu gcuagaccug cuuucuuuua ugugaguagu guugcuguua augugcuaua 60
caaauaauug aaggcgaucc cgcaguauaa cuauaaauag uaaugcugcu ccgguccuuc 120
agacaaaa                                                          128

<210> 48
<211> 128
<212> RNA



<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 48
gugcacauga ucccgaccug cuuucuuuua ugugaguagu guuuccggug augugcuaua 60
caaauaauug aaggcgaccg ggcaguauaa cuauaaauag uaaugcugca gcuauccuuc 120
agacaaaa                                                          128

<210> 49
<211> 128
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 49
gugcacauga ucccgaccug cuuucuucua ugugaguagu guuuccggug augugcuaua 60
caaauaauug aaggcgaucc cgcaguauaa cuauaaauag uaaugcugcu ccgguccuuc 120
agacaaaa                                                          128

<210> 50
<211> 128
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 50
gugcacauga ucccgaccug cuuucuguua ugugaguagu guuuccggug augugcuaua 60
caaauaauug aaggcgaucc cgcaguauaa cuauaaauag uaaugcugcu ccgguccuuc 120
agacaaaa                                                          128

<210> 51
<211> 129
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 51
gugcacauga ucccgaccug cuuucuuuua ugugaguagu guuuccggug augugcuaua 60
caaauaauug aaggcgaucc cgcaguauaa cuauaaauag uaaugcugcu ccggugccuu 120
cagacaaaa                                                         129

<210> 52



<211> 130
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 52
gugcacauga ucccgaccug cuuucuuuua ugugaguagu guuuccggug augugcuaua 60
caaauaauug aaggcugauc ccgcaguaua acuauaaaua guaaugcugc uccggugccu 120
ucagacaaaa                                                        130

<210> 53
<211> 130
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 53
gugcacaucu gaucccgacc ugcuuucuuu uaugugagua guguuuccgg ugaugugcua 60
uacaaauaau ugaaggcgau cccgcaguau aacuauaaau aguaaugcug cuccgguccu 120
ucagacaaaa                                                        130

<210> 54
<211> 130
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 54
uuccaaagcu cuaagaucag uccagggcag cuucccuguu cugaguaauu gauuugggac 60
auuaaaaugg gcuaagggag gaucccgggu agaaaguauu auucuauucu ccgccuccca 120
gccuacaaaa                                                        130

<210> 55
<211> 130
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 55
uuccaaagcu gaucccucag uccagggcag cuucccuguu cugauccggu gauuugggac 60
auuaaaaugg gcuaagggag guaagagggu agaaaguauu auucuauucg uauccuccca 120
gccuacaaaa                                                        130



<210> 56
<211> 130
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 56
uuccaaagcu gaucccucag uccagggcag cuucccugua cugauccggu gauuugggac 60
auuaaaaugg gcuaagggag gaucccgggu agaaaguauu auucuauucu ccgccuccca 120
gccuacaaaa                                                        130

<210> 57
<211> 130
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 57
uuccaaagcu gaucccucag uccagggcag cuucccugga cugauccggu gauuugggac 60
auuaaaaugg gcuaagggag gaucccgggu agaaaguauu auucuauucu ccgccuccca 120
gccuacaaaa                                                        130

<210> 58
<211> 130
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 58
uuccaaggcu gaucccucag uccagggcag cuucccuguu cugauccggu gacuugggac 60
auuaaaaugg gcuaagggag gaucccgggu agaaaguauu auucuauucu ccgccuccca 120
gccuacaaaa                                                        130

<210> 59
<211> 130
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 59
uuccaaagcu gaucccucag uccagggcag cuucccuguu cugauccggu gauuugggac 60



auuaaaaugg gcuaagggau gaucccgggu agaaaguauu auucuauucu ccgccuccca 120
gccuacaaaa                                                        130

<210> 60
<211> 128
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 60
uuccaaagcu gaucccucag uccagggcag cuucccuguu cugauccggu gauuugggac 60
auuaaaaugg gcugggauga ucccggguag aaaguauuau ucuauucucc gccucccagc 120
cuacaaaa                                                          128

<210> 61
<211> 129
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 61
uuccaaagcu gaucccucag uccagggcag cuucccuguu cugauccggu gauuugggac 60
auuaaaaugg gcuagggaug aucccgggua gaaaguauua uucuauucuc cgccucccag 120
ccuacaaaa                                                         129

<210> 62
<211> 130
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 62
uuccaaagcu gaucccucag uccagggcag cuucccuguu cugauccggu gauuugggac 60
auuaaaaugg gcuaagggag gaucccgggu agaaaguauu auucuauccu ccgccuccca 120
gccuacaaaa                                                        130

<210> 63
<211> 128
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct



<400> 63
uuccaaagcu gaucccucag uccagggcag cuucccuguu cugauccggu gauuugggac 60
auuaaaaugg gcugggauga ucccggguag aaaguauuau ucuauccucc gccucccagc 120
cuacaaaa                                                          128

<210> 64
<211> 128
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 64
uuccaaagcu gaucccucag uccagggcag cuucccuguu cugauccggu gauuugggac 60
auuaaaaugg cuaagggagg aucccgggua gaaaguauua uucuauucuc cgccucccag 120
cuacaaaa                                                          128

<210> 65
<211> 129
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 65
uuccaaagcu gaucccucag uccagggcag cuucccuguu cugauccggu gauuugggac 60
auuaaaaugg gcuaagggag gaucccgggu agaaaguauu auucuauucu ccgcucccag 120
ccuacaaaa                                                         129

<210> 66
<211> 129
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 66
uuccaaagcu gaucccucag uccagggcag cuucccuguu cugauccggu gauuugggac 60
auuaaaaugg gcuaagggau gaucccgggu agaaaguauu auucuauucu ccgcucccag 120
ccuacaaaa                                                         129

<210> 67
<211> 129
<212> RNA
<213> Artificial Sequence

<220> 



<223> Synthetic Construct

<400> 67
gugcacauga ucccgaccug cuuucuucua ugugaguagu guuuccggug augugcuaua 60
caaauaauug aaggcgaucc cgcaguauaa cuauaaauag uaaugcugcu ccggugccuu 120
cagacaaaa                                                         129

<210> 68
<211> 130
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 68
gugcacaucu gaucccgacc ugcuuucuuc uaugugagua guguuuccgg ugaugugcua 60
uacaaauaau ugaaggcgau cccgcaguau aacuauaaau aguaaugcug cuccgguccu 120
ucagacaaaa                                                        130

<210> 69
<211> 131
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 69
gugcacaucu gaucccgacc ugcuuucuuu uaugugagua guguuuccgg ugaugugcua 60
uacaaauaau ugaaggcgau cccgcaguau aacuauaaau aguaaugcug cuccggugcc 120
uucagacaaa a                                                      131

<210> 70
<211> 131
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 70
gugcacaucu gaucccgacc ugcuuucuuc uaugugagua guguuuccgg ugaugugcua 60
uacaaauaau ugaaggcgau cccgcaguau aacuauaaau aguaaugcug cuccggugcc 120
uucagacaaa a                                                      131

<210> 71
<211> 130
<212> RNA
<213> Artificial Sequence



<220> 
<223> Synthetic Construct

<400> 71
gugcacaucg gcacgugacc ugcuuucuuc uaugugagua guguucuucc caaugugcua 60
uacaaauaau ugaaggcgca cgugcaguau aacuauaaau aguaaugcug ccuuccuccu 120
ucagacaaaa                                                        130

<210> 72
<211> 132
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 72
uuccaaagcg gcacguucag uccagggcag cuucccuguu cugauuuccu aauuugggac 60
auuaaaaucg gcuggugagc acguggacua agaaaguauu auucauaguc ccuucccgac 120
cagccuacaa aa                                                     132

<210> 73
<211> 130
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 73
gugcacauaa gaguuugacc ugcuuucuuc uaugugagua guguuuggag uaaugugcua 60
uacaaauaau ugaaggcgag uuugcaguau aacuauaaau aguaaugcug cuggaguccu 120
ucagacaaaa                                                        130

<210> 74
<211> 132
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 74
uuccaaagaa gaguuuacag uccagggcag cuucccuguu cuguuggagu aguuugggac 60
auuaaaaucg gcuggugaga guuuggacua agaaaguauu auucauaguc cuggagcgac 120
cagccuacaa aa                                                     132

<210> 75
<211> 130



<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 75
gugcacauug guucuugacc ugcuuucuuc uaugugagua guguugcuau acaugugcua 60
uacaaauaau ugaaggaguu cuugcaguau aacuauaaau aguaaugcug cgcuauaccu 120
ucagacaaaa                                                        130

<210> 76
<211> 130
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 76
uuccaaacua guucuuucag uccagggcag cuucccuguu cugagcuaca cauuugggac 60
auuaaaaugg gcuaagggua guucuugggu agaaaguauu auucuauucg cuauauccca 120
gccuacaaaa                                                        130

<210> 77
<211> 130
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 77
gugcacaucg auucuugacc ugcuuucuuc uaugugagua guguuuccgg ggaugugcua 60
uacaaauaau ugaagggauu cuugcaguau aacuauaaau aguaaugcug cuccgggccu 120
ucagacaaaa                                                        130

<210> 78
<211> 132
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 78
uuccaaauug aucuuuucag uccagggcag cuucccuguu cugauccggg acuuugggac 60
auuaaaaucg gcugguggau ucuuggacua agaaaguauu auucauaguc cuccgggaac 120
cagccuacaa aa                                                     132



<210> 79
<211> 130
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 79
gugcacaugu aguguugacc ugcuuucuuc uaugugagua guguuccugu ccaugugcua 60
uacaaauaau ugaagguagu guugcaguau aacuauaaau aguaaugcug cccugucccu 120
ucagacaaaa                                                        130

<210> 80
<211> 132
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 80
uuccaauggu gguguuucag uccagggcag cuucccuguu cugaccuguc gaauugggac 60
auuaaaaucg gcugguguag uguuggacua agaaaguauu auucauaguc cccugucgac 120
cagccuacaa aa                                                     132

<210> 81
<211> 130
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 81
gugcacauuu cggccugacc ugcuuucuuc uaugugagua guguuucuag ugaugugcua 60
uacaaauaau ugaaguucgg ccugcaguau aacuauaaau aguaaugcug cucuaguacu 120
ucagacaaaa                                                        130

<210> 82
<211> 132
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 82
uuccaaauau cggccuucag uccagggcag cuucccuguu cugauuuagu ucuuuggaac 60
auuaaaaucg gcuggaaucg gccuggacua agaaaguauu auucauaguc cuucaguguc 120



cagccuacaa aa                                                     132

<210> 83
<211> 130
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 83
gugcacaucu gguugugacc ugcuuucuuc uaugugagua gugucuauau ugaugugcua 60
uacaaauaau ugaagguggu ugugcaguau aacuauaaau aguaaugcug cuauauuucu 120
ucagacaaaa                                                        130

<210> 84
<211> 132
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 84
uuccaaaucu gguuguucag uccagggcag cuucccuguu cugauauauu ucuuugggac 60
auuaaaaucg gcuggucugg uuguggacua agaaaguauu auucauaguc cuauguuuac 120
cagccuacaa aa                                                     132

<210> 85
<211> 419
<212> PRT
<213> Homo sapiens

<400> 85
Met Ala Asp Ala Glu Val Ile Ile Leu Pro Lys Lys His Lys Lys Lys
 1               5                  10                  15      
Lys Glu Arg Lys Ser Leu Pro Glu Glu Asp Val Ala Glu Ile Gln His
            20                  25                  30          
Ala Glu Glu Phe Leu Ile Lys Pro Glu Ser Lys Val Ala Lys Leu Asp
        35                  40                  45              
Thr Ser Gln Trp Pro Leu Leu Leu Lys Asn Phe Asp Lys Leu Asn Val
    50                  55                  60                  
Arg Thr Thr His Tyr Thr Pro Leu Ala Cys Gly Ser Asn Pro Leu Lys
65                  70                  75                  80  
Arg Glu Ile Gly Asp Tyr Ile Arg Thr Gly Phe Ile Asn Leu Asp Lys
                85                  90                  95      
Pro Ser Asn Pro Ser Ser His Glu Val Val Ala Trp Ile Arg Arg Ile
            100                 105                 110         
Leu Arg Val Glu Lys Thr Gly His Ser Gly Thr Leu Asp Pro Lys Val
        115                 120                 125             



Thr Gly Cys Leu Ile Val Cys Ile Glu Arg Ala Thr Arg Leu Val Lys
    130                 135                 140                 
Ser Gln Gln Ser Ala Gly Lys Glu Tyr Val Gly Ile Val Arg Leu His
145                 150                 155                 160 
Asn Ala Ile Glu Gly Gly Thr Gln Leu Ser Arg Ala Leu Glu Thr Leu
                165                 170                 175     
Thr Gly Ala Leu Phe Gln Arg Pro Pro Leu Ile Ala Ala Val Lys Arg
            180                 185                 190         
Gln Leu Arg Val Arg Thr Ile Tyr Glu Ser Lys Met Ile Glu Tyr Asp
        195                 200                 205             
Pro Glu Arg Arg Leu Gly Ile Phe Trp Val Ser Cys Glu Ala Gly Thr
    210                 215                 220                 
Tyr Ile Arg Thr Leu Cys Val His Leu Gly Leu Leu Leu Gly Val Gly
225                 230                 235                 240 
Gly Gln Met Gln Glu Leu Arg Arg Val Arg Ser Gly Val Met Ser Glu
                245                 250                 255     
Lys Asp His Met Val Thr Met His Asp Val Leu Asp Ala Gln Trp Leu
            260                 265                 270         
Tyr Asp Asn His Lys Asp Glu Ser Tyr Leu Arg Arg Val Val Tyr Pro
        275                 280                 285             
Leu Glu Lys Leu Leu Thr Ser His Lys Arg Leu Val Met Lys Asp Ser
    290                 295                 300                 
Ala Val Asn Ala Ile Cys Tyr Gly Ala Lys Ile Met Leu Pro Gly Val
305                 310                 315                 320 
Leu Arg Tyr Glu Asp Gly Ile Glu Val Asn Gln Glu Ile Val Val Ile
                325                 330                 335     
Thr Thr Lys Gly Glu Ala Ile Cys Met Ala Ile Ala Leu Met Thr Thr
            340                 345                 350         
Ala Val Ile Ser Thr Cys Asp His Gly Ile Val Ala Lys Ile Lys Arg
        355                 360                 365             
Val Ile Met Glu Arg Asp Thr Tyr Pro Arg Lys Trp Gly Leu Gly Pro
    370                 375                 380                 
Lys Ala Ser Gln Lys Lys Leu Met Ile Lys Gln Gly Leu Leu Asp Lys
385                 390                 395                 400 
His Gly Lys Pro Thr Asp Ser Thr Pro Ala Thr Trp Lys Gln Glu Tyr
                405                 410                 415     
Val Asp Tyr
            

<210> 86
<211> 407
<212> PRT
<213> Homo sapiens

<400> 86
Met Ala Asp Ala Glu Val Ile Ile Leu Pro Glu Glu Asp Val Ala Glu
 1               5                  10                  15      
Ile Gln His Ala Glu Glu Phe Leu Ile Lys Pro Glu Ser Lys Val Ala
            20                  25                  30          



Lys Leu Asp Thr Ser Gln Trp Pro Leu Leu Leu Lys Asn Phe Asp Lys
        35                  40                  45              
Leu Asn Val Arg Thr Thr His Tyr Thr Pro Leu Ala Cys Gly Ser Asn
    50                  55                  60                  
Pro Leu Lys Arg Glu Ile Gly Asp Tyr Ile Arg Thr Gly Phe Ile Asn
65                  70                  75                  80  
Leu Asp Lys Pro Ser Asn Pro Ser Ser His Glu Val Val Ala Trp Ile
                85                  90                  95      
Arg Arg Ile Leu Arg Val Glu Lys Thr Gly His Ser Gly Thr Leu Asp
            100                 105                 110         
Pro Lys Val Thr Gly Cys Leu Ile Val Cys Ile Glu Arg Ala Thr Arg
        115                 120                 125             
Leu Val Lys Ser Gln Gln Ser Ala Gly Lys Glu Tyr Val Gly Ile Val
    130                 135                 140                 
Arg Leu His Asn Ala Ile Glu Gly Gly Thr Gln Leu Ser Arg Ala Leu
145                 150                 155                 160 
Glu Thr Leu Thr Gly Ala Leu Phe Gln Arg Pro Pro Leu Ile Ala Ala
                165                 170                 175     
Val Lys Arg Gln Leu Arg Val Arg Thr Ile Tyr Glu Ser Lys Met Ile
            180                 185                 190         
Glu Tyr Asp Pro Glu Arg Arg Leu Gly Ile Phe Trp Val Ser Cys Glu
        195                 200                 205             
Ala Gly Thr Tyr Ile Arg Thr Leu Cys Val His Leu Gly Leu Leu Leu
    210                 215                 220                 
Gly Val Gly Gly Gln Met Gln Glu Leu Arg Arg Val Arg Ser Gly Val
225                 230                 235                 240 
Met Ser Glu Lys Asp His Met Val Thr Met His Asp Val Leu Asp Ala
                245                 250                 255     
Gln Trp Leu Tyr Asp Asn His Lys Asp Glu Ser Tyr Leu Arg Arg Val
            260                 265                 270         
Val Tyr Pro Leu Glu Lys Leu Leu Thr Ser His Lys Arg Leu Val Met
        275                 280                 285             
Lys Asp Ser Ala Val Asn Ala Ile Cys Tyr Gly Ala Lys Ile Met Leu
    290                 295                 300                 
Pro Gly Val Leu Arg Tyr Glu Asp Gly Ile Glu Val Asn Gln Glu Ile
305                 310                 315                 320 
Val Val Ile Thr Thr Lys Gly Glu Ala Ile Cys Met Ala Ile Ala Leu
                325                 330                 335     
Met Thr Thr Ala Val Ile Ser Thr Cys Asp His Gly Ile Val Ala Lys
            340                 345                 350         
Ile Lys Arg Val Ile Met Glu Arg Asp Thr Tyr Pro Arg Lys Trp Gly
        355                 360                 365             
Leu Gly Pro Lys Ala Ser Gln Lys Lys Leu Met Ile Lys Gln Gly Leu
    370                 375                 380                 
Leu Asp Lys His Gly Lys Pro Thr Asp Ser Thr Pro Ala Thr Trp Lys
385                 390                 395                 400 
Gln Glu Tyr Val Asp Tyr Arg
                405         



<210> 87
<211> 387
<212> PRT
<213> Homo sapiens

<400> 87
Met Glu Phe Leu Ile Lys Pro Glu Ser Lys Val Ala Lys Leu Asp Thr
 1               5                  10                  15      
Ser Gln Trp Pro Leu Leu Leu Lys Asn Phe Asp Lys Leu Asn Val Arg
            20                  25                  30          
Thr Thr His Tyr Thr Pro Leu Ala Cys Gly Ser Asn Pro Leu Lys Arg
        35                  40                  45              
Glu Ile Gly Asp Tyr Ile Arg Thr Gly Phe Ile Asn Leu Asp Lys Pro
    50                  55                  60                  
Ser Asn Pro Ser Ser His Glu Val Val Ala Trp Ile Arg Arg Ile Leu
65                  70                  75                  80  
Arg Val Glu Lys Thr Gly His Ser Gly Thr Leu Asp Pro Lys Val Thr
                85                  90                  95      
Gly Cys Leu Ile Val Cys Ile Glu Arg Ala Thr Arg Leu Val Lys Ser
            100                 105                 110         
Gln Gln Ser Ala Gly Lys Glu Tyr Val Gly Ile Val Arg Leu His Asn
        115                 120                 125             
Ala Ile Glu Gly Gly Thr Gln Leu Ser Arg Ala Leu Glu Thr Leu Thr
    130                 135                 140                 
Gly Ala Leu Phe Gln Arg Pro Pro Leu Ile Ala Ala Val Lys Arg Gln
145                 150                 155                 160 
Leu Arg Val Arg Thr Ile Tyr Glu Ser Lys Met Ile Glu Tyr Asp Pro
                165                 170                 175     
Glu Arg Arg Leu Gly Ile Phe Trp Val Ser Cys Glu Ala Gly Thr Tyr
            180                 185                 190         
Ile Arg Thr Leu Cys Val His Leu Gly Leu Leu Leu Gly Val Gly Gly
        195                 200                 205             
Gln Met Gln Glu Leu Arg Arg Val Arg Ser Gly Val Met Ser Glu Lys
    210                 215                 220                 
Asp His Met Val Thr Met His Asp Val Leu Asp Ala Gln Trp Leu Tyr
225                 230                 235                 240 
Asp Asn His Lys Asp Glu Ser Tyr Leu Arg Arg Val Val Tyr Pro Leu
                245                 250                 255     
Glu Lys Leu Leu Thr Ser His Lys Arg Leu Val Met Lys Asp Ser Ala
            260                 265                 270         
Val Asn Ala Ile Cys Tyr Gly Ala Lys Ile Met Leu Pro Gly Val Leu
        275                 280                 285             
Arg Tyr Glu Asp Gly Ile Glu Val Asn Gln Glu Ile Val Val Ile Thr
    290                 295                 300                 
Thr Lys Gly Glu Ala Ile Cys Met Ala Ile Ala Leu Met Thr Thr Ala
305                 310                 315                 320 
Val Ile Ser Thr Cys Asp His Gly Ile Val Ala Lys Ile Lys Arg Val
                325                 330                 335     
Ile Met Glu Arg Asp Thr Tyr Pro Arg Lys Trp Gly Leu Gly Pro Lys
            340                 345                 350         



Ala Ser Gln Lys Lys Leu Met Ile Lys Gln Gly Leu Leu Asp Lys His
        355                 360                 365             
Gly Lys Pro Thr Asp Ser Thr Pro Ala Thr Trp Lys Gln Glu Tyr Val
    370                 375                 380                 
Asp Tyr Arg
385         

<210> 88
<211> 381
<212> PRT
<213> Homo sapiens

<400> 88
Met Glu Ser Lys Val Ala Lys Leu Asp Thr Ser Gln Trp Pro Leu Leu
 1               5                  10                  15      
Leu Lys Asn Phe Asp Lys Leu Asn Val Arg Thr Thr His Tyr Thr Pro
            20                  25                  30          
Leu Ala Cys Gly Ser Asn Pro Leu Lys Arg Glu Ile Gly Asp Tyr Ile
        35                  40                  45              
Arg Thr Gly Phe Ile Asn Leu Asp Lys Pro Ser Asn Pro Ser Ser His
    50                  55                  60                  
Glu Val Val Ala Trp Ile Arg Arg Ile Leu Arg Val Glu Lys Thr Gly
65                  70                  75                  80  
His Ser Gly Thr Leu Asp Pro Lys Val Thr Gly Cys Leu Ile Val Cys
                85                  90                  95      
Ile Glu Arg Ala Thr Arg Leu Val Lys Ser Gln Gln Ser Ala Gly Lys
            100                 105                 110         
Glu Tyr Val Gly Ile Val Arg Leu His Asn Ala Ile Glu Gly Gly Thr
        115                 120                 125             
Gln Leu Ser Arg Ala Leu Glu Thr Leu Thr Gly Ala Leu Phe Gln Arg
    130                 135                 140                 
Pro Pro Leu Ile Ala Ala Val Lys Arg Gln Leu Arg Val Arg Thr Ile
145                 150                 155                 160 
Tyr Glu Ser Lys Met Ile Glu Tyr Asp Pro Glu Arg Arg Leu Gly Ile
                165                 170                 175     
Phe Trp Val Ser Cys Glu Ala Gly Thr Tyr Ile Arg Thr Leu Cys Val
            180                 185                 190         
His Leu Gly Leu Leu Leu Gly Val Gly Gly Gln Met Gln Glu Leu Arg
        195                 200                 205             
Arg Val Arg Ser Gly Val Met Ser Glu Lys Asp His Met Val Thr Met
    210                 215                 220                 
His Asp Val Leu Asp Ala Gln Trp Leu Tyr Asp Asn His Lys Asp Glu
225                 230                 235                 240 
Ser Tyr Leu Arg Arg Val Val Tyr Pro Leu Glu Lys Leu Leu Thr Ser
                245                 250                 255     
His Lys Arg Leu Val Met Lys Asp Ser Ala Val Asn Ala Ile Cys Tyr
            260                 265                 270         
Gly Ala Lys Ile Met Leu Pro Gly Val Leu Arg Tyr Glu Asp Gly Ile
        275                 280                 285             



Glu Val Asn Gln Glu Ile Val Val Ile Thr Thr Lys Gly Glu Ala Ile
    290                 295                 300                 
Cys Met Ala Ile Ala Leu Met Thr Thr Ala Val Ile Ser Thr Cys Asp
305                 310                 315                 320 
His Gly Ile Val Ala Lys Ile Lys Arg Val Ile Met Glu Arg Asp Thr
                325                 330                 335     
Tyr Pro Arg Lys Trp Gly Leu Gly Pro Lys Ala Ser Gln Lys Lys Leu
            340                 345                 350         
Met Ile Lys Gln Gly Leu Leu Asp Lys His Gly Lys Pro Thr Asp Ser
        355                 360                 365             
Thr Pro Ala Thr Trp Lys Gln Glu Tyr Val Asp Tyr Arg
    370                 375                 380     

<210> 89
<211> 43
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 89
cugguuguga ccugcuuucu ucuaugugag uagugucuau auu                   43

<210> 90
<211> 43
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 90
ugguugugca guauaacuau aaauaguaau gcugcuauau uuc                   43

<210> 91
<211> 44
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 91
cugguuguuc aguccagggc agcuucccug uucugauaua uuuc                  44

<210> 92
<211> 42
<212> RNA



<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 92
cugguugugg acuaagaaag uauuauucau aguccuaugu uu                    42

<210> 93
<211> 44
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 93
cggcacguga ccugcuuucu ucuaugugag uaguguucuu ccca                  44

<210> 94
<211> 41
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 94
cgcacgugca guauaacuau aaauaguaau gcugccuucc u                     41

<210> 95
<211> 44
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 95
cggcacguuc aguccagggc agcuucccug uucugauuuc cuaa                  44

<210> 96
<211> 40
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 96



agcacgugga cuaagaaagu auuauucaua gucccuuccc                       40

<210> 97
<211> 44
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 97
aagaguuuga ccugcuuucu ucuaugugag uaguguuugg agua                  44

<210> 98
<211> 40
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 98
gaguuugcag uauaacuaua aauaguaaug cugcuggagu                       40

<210> 99
<211> 44
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 99
aagaguuuac aguccagggc agcuucccug uucuguugga guag                  44

<210> 100
<211> 40
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 100
agaguuugga cuaagaaagu auuauucaua guccuggagc                       40

<210> 101
<211> 16
<212> RNA
<213> Artificial Sequence



<220> 
<223> Synthetic Construct

<400> 101
aauguaugac aaccag                                                 16

<210> 102
<211> 17
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 102
ggaauguaug acaacca                                                17

<210> 103
<211> 18
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 103
ggaauguaug acaaccag                                               18

<210> 104
<211> 17
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 104
gaauguauga caaccag                                                17

<210> 105
<211> 17
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 105
ugggaaguga cgugcug                                                17



<210> 106
<211> 14
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 106
gggaagugac gugc                                                   14

<210> 107
<211> 18
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 107
uugggaagug acgugcug                                               18

<210> 108
<211> 15
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 108
gggaagugac gugcu                                                  15

<210> 109
<211> 16
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 109
gcuccaugaa acucuu                                                 16

<210> 110
<211> 14
<212> RNA
<213> Artificial Sequence



<220> 
<223> Synthetic Construct

<400> 110
gcuccaugaa acuc                                                   14

<210> 111
<211> 15
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 111
cuccaugaaa cucuu                                                  15

<210> 112
<211> 15
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 112
gcuccaugaa acucu                                                  15

<210> 113
<211> 44
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 113
ugguucuuga ccugcuuucu ucuaugugag uaguguugcu auac                  44

<210> 114
<211> 41
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 114
aguucuugca guauaacuau aaauaguaau gcugcgcuau a                     41



<210> 115
<211> 45
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 115
uucggccuga ccugcuuucu ucuaugugag uaguguuucu aguga                 45

<210> 116
<211> 42
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 116
uucggccugc aguauaacua uaaauaguaa ugcugcucua gu                    42

<210> 117
<211> 43
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 117
uaguucuuuc aguccagggc agcuucccug uucugagcua cac                   43

<210> 118
<211> 37
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 118
uaguucuugg guagaaagua uuauucuauu cgcuaua                          37

<210> 119
<211> 41
<212> RNA
<213> Artificial Sequence

<220> 



<223> Synthetic Construct

<400> 119
ucggccuuca guccagggca gcuucccugu ucugauuuag u                     41

<210> 120
<211> 41
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 120
ucggccugga cuaagaaagu auuauucaua guccuucagu g                     41

<210> 121
<211> 42
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 121
gauucuugac cugcuuucuu cuaugugagu aguguuuccg gg                    42

<210> 122
<211> 41
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 122
gauucuugca guauaacuau aaauaguaau gcugcuccgg g                     41

<210> 123
<211> 43
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 123
guaguguuga ccugcuuucu ucuaugugag uaguguuccu guc                   43

<210> 124



<211> 41
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 124
uaguguugca guauaacuau aaauaguaau gcugcccugu c                     41

<210> 125
<211> 44
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 125
ugaucuuuuc aguccagggc agcuucccug uucugauccg ggac                  44

<210> 126
<211> 41
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 126
gauucuugga cuaagaaagu auuauucaua guccuccggg a                     41

<210> 127
<211> 43
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 127
gugguguuuc aguccagggc agcuucccug uucugaccug ucg                   43

<210> 128
<211> 42
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct



<400> 128
guaguguugg acuaagaaag uauuauucau aguccccugu cg                    42

<210> 129
<211> 17
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 129
guguagcuga agaacua                                                17

<210> 130
<211> 15
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 130
uguagcugaa gaacu                                                  15

<210> 131
<211> 18
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 131
ucacuggaug aggccgaa                                               18

<210> 132
<211> 16
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 132
acuggaugag gccgaa                                                 16

<210> 133



<400> 133
000

<210> 134
<211> 16
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 134
uguagcugaa gaacua                                                 16

<210> 135
<211> 15
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 135
acuggaugag gccga                                                  15

<210> 136
<211> 16
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 136
cacuggauga ggccga                                                 16

<210> 137

<400> 137
000

<210> 138
<211> 15
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 138



ccuggaugaa ggauc                                                  15

<210> 139
<211> 16
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 139
gacaggugaa ugcugc                                                 16

<210> 140
<211> 15
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 140
gacaggugaa ugcug                                                  15

<210> 141
<211> 17
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 141
guccuggaug aaggauc                                                17

<210> 142
<211> 16
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 142
uccuggauga aggauc                                                 16

<210> 143
<211> 17
<212> RNA
<213> Artificial Sequence



<220> 
<223> Synthetic Construct

<400> 143
cgacagguga augcugc                                                17

<210> 144

<400> 144
000

<210> 145
<211> 114
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 9, 38, 63, 100
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 145
uuggcucung gccagcaguu ugcugaagcu guuggccngg agccuaaaga auugucuuuc 60
uanuuggcca uuucauaacu uuggaaaugu aauggucaan agaaagaaac auga       114

<210> 146
<211> 115
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 10, 39, 64, 101
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 146
uuggcucucn ggccagcagu uugcugaagc uguuggccng gagccuaaag aauugucuuu 60
cuanuuggcc auuucauaac uuuggaaaug uaauggucaa nagaaagaaa cauga      115

<210> 147
<211> 112



<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 7, 36, 61, 98
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 147
uuggcunggc cagcaguuug cugaagcugu uggccnggag ccuaaagaau ugucuuucua 60
nuuggccauu ucauaacuuu ggaaauguaa uggucaanag aaagaaacau ga         112

<210> 148
<211> 115
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 9, 38, 64, 101
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 148
uuggcucung gccagcaguu ugcugaagcu guuggccnca ggagccuaaa gaauugucuu 60
ucunuuggcc auuucauaac uuuggaaaug uaauggucaa nagaaagaaa cauga      115

<210> 149
<211> 115
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 9, 38, 64, 101
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 149
uuggcucung gccagcaguu ugcugaagcu guuggccnca ggagccuaaa gaauugucgu 60



ucunuuggcc auuucauaac uuuggaaaug uaauggucaa nagaacgaaa cauga      115

<210> 150
<211> 116
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 9, 38, 65, 102
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 150
uuggcucung gccagcaguu ugcugaagcu guuggccnca ggagccuaaa gaauugucuu 60
ucuanguggc cauuucauaa cuuuggaaau guaaugguca cnagaaagaa acauga     116

<210> 151
<211> 137
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 151
uuggcucuug uaagaggcca gcaguuugcu gaagcuguug gccguacuca ggagccuaaa 60
gaauugucuu ucuaugaucc cuuggccauu ucauaacuuu ggaaauguaa uggucaaucc 120
gguagaaaga aacauga                                                137

<210> 152
<211> 137
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 152
uuggcucuug aucccggcca gcaguuugcu gaagcuguug gccuccggca ggagccuaaa 60
gaauugucuu ucuauguagg auuggccauu ucauaacuuu ggaaauguaa uggucaagug 120
aguagaaaga aacauga                                                137

<210> 153
<211> 138
<212> RNA
<213> Artificial Sequence



<220> 
<223> Synthetic Construct

<400> 153
uuggcucucu gaucccggcc agcaguuugc ugaagcuguu ggccuccggc aggagccuaa 60
agaauugucu uucuaugauc ccuuggccau uucauaacuu uggaaaugua auggucaauc 120
cgguagaaag aaacauga                                               138

<210> 154
<211> 137
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 154
uuggcugcug aucccggcca gcaguuugcu gaagcuguug gccuccggca ggagccuaaa 60
gaauugucuu ucuaugaucc cuuggccauu ucauaacuuu ggaaauguaa uggucaaucc 120
gguagaaaga aacauga                                                137

<210> 155

<400> 155
000

<210> 156
<211> 137
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 156
uuggcucuug aucccggcca gcaguuugcu gaagcuguug gccuccggug ggagccuaaa 60
gaauugucuu ucuaugaucc cuuggccauu ucauaacuuu ggaaauguaa uggucaaucc 120
gguagaaaga aacauga                                                137

<210> 157
<211> 138
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 157
uuggcucucu gaucccggcc agcaguuugc ugaagcuguu ggccuccggu gggagccuaa 60



agaauugucu uucuaugauc ccuuggccau uucauaacuu uggaaaugua auggucaauc 120
cgguagaaag aaacauga                                               138

<210> 158
<211> 137
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 158
uuggcugcug aucccggcca gcaguuugcu gaagcuguug gccuccggug ggagccuaaa 60
gaauugucuu ucuaugaucc cuuggccauu ucauaacuuu ggaaauguaa uggucaaucc 120
gguagaaaga aacauga                                                137

<210> 159
<211> 136
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 159
uuggcucuug aucccggcca gcaguuugcu gaagcuguug gccuccggca ggagccuaaa 60
gaauugucuu ucuugauccc uuggccauuu cauaacuuug gaaauguaau ggucaauccg 120
guagaaagaa acauga                                                 136

<210> 160
<211> 136
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 160
uuggcucuug aucccggcca gcaguuugcu gaagcuguug gccuccggca ggagccuaaa 60
gaauugucgu ucuugauccc uuggccauuu cauaacuuug gaaauguaau ggucaauccg 120
guagaacgaa acauga                                                 136

<210> 161

<400> 161
000

<210> 162

<400> 162



000

<210> 163

<400> 163
000

<210> 164

<400> 164
000

<210> 165

<400> 165
000

<210> 166

<400> 166
000

<210> 167

<400> 167
000

<210> 168

<400> 168
000

<210> 169

<400> 169
000

<210> 170
<211> 137
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 170
uuggcucuug aucccggcca gcaguuugcu gaagcuguug gccuccggca ggagccuaaa 60
gaauugucuu ucuaugaucc cguggccauu ucauaacuuu ggaaauguaa uggucacucc 120
gguagaaaga aacauga                                                137



<210> 171
<211> 130
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 171
gugcacaucu gauccugacc ugcuuucuuc uaugugagua guguuuccgg ugaugugcua 60
uacaaauaau ugaaggcgau ccugcaguau aacuauaaau aguaaugcug cuccgguccu 120
ucagacaaaa                                                        130

<210> 172
<211> 164
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 172
gugcacaucu gauccugacc ugcuuucuuc uaugugagua guguuuccgg ugaugugcua 60
uacaaauaau ugaaggcgau ccugcaguau aacuauaaau aguaaugcug cuccgguccu 120
ucagacaaaa ucuaucuauc uagagcggac uucgguccgc uuuu                  164

<210> 173
<211> 183
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 173
gugcucgcuu cggcagcaca uauacuagug cacaucugau ccugaccugc uuucuucuau 60
gugaguagug uuuccgguga ugugcuauac aaauaauuga aggcgauccu gcaguauaac 120
uauaaauagu aaugcugcuc cgguccuuca gacaaaaucu agagcggacu ucgguccgcu 180
uuu                                                               183

<210> 174
<211> 65
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 174
gugcacaucu gauccugacc ugcuuucuuc uaugugagua guguuuccgg ugaugugcua 60



uacaa                                                             65

<210> 175
<211> 65
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 175
ggaauugaag gcgauccugc aguauaacua uaaauaguaa ugcugcuccg guccuucaga 60
caaaa                                                             65

<210> 176

<400> 176
000

<210> 177
<211> 139
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 9, 39, 63, 92
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 177
gugcacaung accugcuuuc uucuauguga guaguguung ugcuauacaa auaauugaag 60
gcngcaguau aacuauaaau aguaaugcug cnccuucaga caaaaucuau cuaucuagag 120
cggacuucgg uccgcuuuu                                              139

<210> 178
<211> 158
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 36, 66, 90, 119
<223> n = A, U, G, or C, and is present in repeats of 



4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 178
gugcucgcuu cggcagcaca uauacuagug cacaungacc ugcuuucuuc uaugugagua 60
guguungugc uauacaaaua auugaaggcn gcaguauaac uauaaauagu aaugcugcnc 120
cuucagacaa aaucuagagc ggacuucggu ccgcuuuu                         158

<210> 179
<211> 50
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 9, 39
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 179
gugcacaung accugcuuuc uucuauguga guaguguung ugcuauacaa            50

<210> 180
<211> 55
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> misc_feature   
<222> 13, 42
<223> n = A, U, G, or C, and is present in repeats of 
4, 5, 6, 7, 8, 9, 10, 11, or 12

<400> 180
ggaauugaag gcngcaguau aacuauaaau aguaaugcug cnccuucaga caaaa      55

<210> 181
<211> 130
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 181



gugcacaucc auuagugccc ugcuuucuuc uaugugagua gugguggucu cgaugugcua 60
uacaaauaau ugaaggcauu aguggaguau aacuauaaau aguaaugcuu uggucucccu 120
ucagacaaaa                                                        130

<210> 182
<211> 132
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 182
uuccaggucc auuagugcgg uccagggcag cuucccuguu cuguggucuc auccugggac 60
auuaaaaucg gcugguccau ugguugacua agaaaguauu auucauaguu gggucucaac 120
cagccuacaa aa                                                     132

<210> 183
<211> 130
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 183
gugcacaucg aguagcgacc ugcuuucuuc uaugugagua guguuuccug agaugugcua 60
uacaaauaau ugaagcgagu agcgcaguau aacuauaaau aguaaugcug cuccugagcu 120
ucagacaaaa                                                        130

<210> 184
<211> 133
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 184
uuccaaagug aguagcucag uccagggcag cuucccuguu cugauccuga aauuugggac 60
auuaaaaucg gcugguugag uagcggacua agaaaguauu auucauaguc cuccugaaaa 120
ccagccuaca aaa                                                    133

<210> 185
<211> 130
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct



<400> 185
gugcacaucu agauaugacc ugcuuucuuc uaugugagua guguuuaaaa ugaugugcua 60
uacaaauaau ugaagcuaga uaugcaguau aacuauaaau aguaaugcug cuaaaaugcu 120
ucagacaaaa                                                        130

<210> 186
<211> 133
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 186
uuccaaaggu agauauucag uccagggcag cuucccuguu cugauaaaag gauuugggac 60
auuaaaaucg gcugguguag auauggacua agaaaguauu auucauaguc cuaaaaggaa 120
ccagccuaca aaa                                                    133

<210> 187
<211> 130
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 187
gugcacaucu auccuugacc ugcuuucuuc uaugugagua guguuugcug cgaugugcua 60
uacaaauaau ugaagcuauc cuugcaguau aacuauaaau aguaaugcug cugcugcgcu 120
ucagacaaaa                                                        130

<210> 188
<211> 133
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 188
uuccaaagau auccuuucag uccagggcag cuucccuguu cugaugcugc aguuugggac 60
auuaaaaucg gcugguguau ccuuggacua agaaaguauu auucauaguc cugcugcaga 120
ccagccuaca aaa                                                    133

<210> 189
<211> 130
<212> RNA
<213> Artificial Sequence



<220> 
<223> Synthetic Construct

<400> 189
gugcacaucc uugugcgacc ugcuuucuuc uaugugagua gugucugggu ugaugugcua 60
uacaaauaau ugaaggcuug ugcgcaguau aacuauaaau aguaaugcug cuggguuccu 120
ucagacaaaa                                                        130

<210> 190
<211> 132
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 190
uuccagaucc uugugcugag uccagggcag cuucccuguu cucaugggua acucugggac 60
auuaaaaucg gcugguguuu gugcggacua agaaaguauu auucauaguc cugggugaac 120
cagccuacaa aa                                                     132

<210> 191
<211> 131
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 191
gugcacaugg uuacaugacc ugcuuucuuc uaugugagua guguugagga gauaugugcu 60
auacaaauaa uugaagguuu acaugcagua uaacuauaaa uaguaaugcu gugagggucc 120
uucagacaaa a                                                      131

<210> 192
<211> 132
<212> RNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 192
uuccaaagac uuacaugcag uccagggcag cuucccuguu cugugagggc gauuugggac 60
auuaaaaucg gcugguguuu acauggacua agaaaguauu auucauaguc ugagggaaac 120
cagccuacaa aa                                                     132

<210> 193
<211> 30
<212> DNA



<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 193
gcctatatca ccggataagg atcagcccca                                  30
<210> 194 
<211> 30
<212> DNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 194
gcctatatca ccggataggg atcagcccca                                  30

<210> 195
<211> 30
<212> DNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 195
gcctatatca ccggatcagg atcagcccca                                  30     

<210> 196
<211> 14
<212> DNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 196
ggatagggat cagcc                                                  14   

<210> 197
<211> 14
<212> DNA
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 197
ggaggtggat cagcc                                                  14       
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