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What is claimed

1. A donor polynucleotide comprising a non-replicative double-stranded DNA moleculeAdsDNA)
comprising:

(i) a first strand comprising a nucleotide sequence from 5’ to 3’ which corregs or induces a
mutation in a genomic DNA (gDNA) molecule in a cell and comprises one or mor¢/splicing signals to
control processing of a precursor mRNA (pre-mRNA) transcribed from the gDNA; And

(i1) a second strand comprising a nucleotide sequence complementary tgAhe first strand,
wherein the donor polynucleotide is about 10-500, about 10-400, about 10-00, about 10-200, about 10-
100, about 20-80, about 30-70, or about 40-60 nucleotides in length/and wherein when the donor
polynucleotide is introduced into the cell in combination with a site-djfected nuclease, a non-homologous
end-joining (NHEJ) DNA repair pathway inserts the donor polynyLleotide into a double-stranded DNA
break (DSB) introduced into the gDNA by the site-directed nuclghse at a location proximal to the mutation,

thereby correcting the mutation.

2. The donor polynucleotide of claim 1, whereig/he mutation is a substitution, missense, nonsense,

insertion, deletion or frameshift mutation.

3. The donor polynucleotide of claim 16r 2, wherein the mutation is in an exon.

4. The donor polynucleotide of £laim 1 or 2, wherein the mutation is a substitution, insertion or

deletion, and wherein the mutation A in an intron.

5. The donor polynuclegtide of any one of claims 1-3, wherein the mutation is proximal to a splicing
signal in a gDNA.

6. The donor glynucleotide of claim 5, wherein the mutation is proximal to a 3’ splice site in a gDNA.
7. The glonor polynucleotide of claim 5, wherein the mutation is proximal to a 5’ splice site in a gDNA.
8. The donor polynucleotide of claim 4, wherein the mutation is in a splicing signal in a gDNA.

The donor polynucleotide of claim 8, wherein the mutation is in a 3’ splice site in a gDNA.

175


bhang
Line


WO 2020/003006 PCT/IB2019/000833

10. The donor polynucleotide of claim 8, wherein the mutation is in a 5” splice site in a gDNA,

11. The donor polynucleotide of claim 8, wherein the mutation is in a polypyrimidine tragf.

12. The donor polynucleotide of claim 8, wherein the mutation is in a branch point/4equence.

13. The donor polynucleotide of any one of claims 1-3, or 5-7, wherein the mplitation is protein-coding
mutation.
14. The donor polynucleotide of any one of claims 1-13, wherein ghe mutation is associated with or

causes a disease.

15. The donor polynucleotide of any one of claims 1-14, cgfnprising an intronic sequence.

16. The donor polynucleotide of any one of claims 1,Z, 4, 8-12, or 14, comprising an intronic sequence

which corrects the mutation.

17. The donor polynucleotide of any one off£laims 1-16, comprising an exonic sequence.

18. The donor polynucleotide of any/ne of claims 1-17, wherein the one or more splicing signals is

selected from the group consisting of:
(a) a natural or enhanced 3’ Aplice site;

(b) a natural or enhanced/>’ splice site;

(c) a polypyrimidine pfact;

(i) combination of any of (a)-(h).

19. The donor polynucleotide of claim 18, wherein the one or more splicing signals is a natural or

anced 3’ splice site.

176


bhang
Line


WO 2020/003006 PCT/IB2019/000833

20. The donor polynucleotide of claim 18, wherein the one or more splicing signals is a natyfal or

enhanced 5’ splice site.

21. The donor polynucleotide of claim 18, wherein the one or more splicing signals is agolypyrimidine

tract.

22. The donor polynucleotide of claim 18, wherein the one or more splicing #gnals is a branch point.
23. The donor polynucleotide of claim 18, wherein the one or more splfing signals is an exon splicing
enhancer (ESE).

24. The donor polynucleotide of claim 18, wherein the one orfore splicing signals is an intron splicing
enhancer (ISE).

25. The donor polynucleotide of claim 18, wherein fhe one or more splicing signals is an exon splicing
silencer (ESS).

26. The donor polynucleotide of claim 18 Avherein the one or more splicing signals is an intron splicing
silencer (ISS).

27. The donor polynucleotide of/claim 18, wherein the one or more splicing signals is a combination

comprising a natural or enhancedA’ splice site and a polypyrimidine tract.
28. The donor polynugfeotide of claim 18, wherein the one or more splicing signals is a combination

comprising a natural or £nhanced 3’ splice site, a polypyrimidine tract, and a branch point.

29. A donor golynucleotide comprising a non-replicative dSDNA molecule which corrects or induces
a mutation in Y/gDNA molecule in a cell and comprising one or more splicing signals to control processing
of a precuyffor mRNA (pre-mRNA) transcribed from the gDNA, wherein the donor polynucleotide is
configug€d for bi-directional insertion into a DSB, wherein the donor polynucleotide comprises:

(i) a first strand comprising a nucleotide sequence from 5’ to 3’ comprising a first branch point

uence and a first nucleotide sequence which corrects the mutation in the gDNA; and
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(ii) a second strand comprising a nucleotide sequence from 5’ to 3° comprising a second Jranch
point sequence and a second nucleotide sequence which corrects the mutation in the gDNA, wlfrein the
second strand is complementary to the first strand,

wherein the donor polynucleotide is about 10-500, about 10-400, about 10-300, aboyft 10-200, about
10-100, about 20-80, about 30-70, or about 40-60 nucleotides in length, whereiy/ when the donor
polynucleotide is introduced into the cell in combination with a site-directed nucleag, a non-homologous
end-joining (NHEJ) DNA repair pathway inserts the donor polynucleotide into/ double-stranded DNA
break (DSB) introduced into the gDNA by the site-directed nuclease at a locatign proximal to the mutation,
wherein when the donor polynucleotide is inserted into the DSB in a first opffentation, (i) comprises a sense
strand, thereby correcting the mutation and providing the one or more spycing signals to control processing
of a pre-mRNA transcribed from the gDNA, wherein when the dongr polynucleotide is inserted into the
DSB in a second orientation, (ii) comprises a sense strand, therebf correcting the mutation and providing

the one or more splicing signals to control processing of a pre-phARNA transcribed from the gDNA.

30. The donor polynucleotide of claim 29, wherep the first and second branch point sequences
conforms to a branch point consensus sequence on eyher strand, wherein the nucleotide sequences of the

first branch point sequence and second branch poipf sequence are complementary.

31. The donor polynucleotide of claim AU, wherein the branch point consensus sequence is YINAY
(SEQ ID NO: 49), wherein Y is a nuclegfde comprising either a cytosine (C) or thymine (T) nucleobase,
and wherein N is a nucleotide comprigfhg a nucleobase selected from the group consisting of: adenine (A),

guanine (G), thymine (T) and cytogfhe (C).

32. The donor polynucleftide of any one of claims 29-31, wherein the first branch point sequence is

TATTAAC (SEQ ID NO:A0).

TACTGAC (SEQ ID NO: 52).

The donor polynucleotide of any one of claims 29-34, comprising a second splicing signal

comprising a polypyrimidine tract, wherein the first strand comprises a first polypyrimidine tract located
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downstream of the first branch point sequence; and the second strand comprises a second polypyrimigdne

tract located downstream of the second branch point sequence.

36. The donor polynucleotide of claim 35, wherein the nucleotide sequence comprising/the first and
second polypyrimidine tracts each comprise nucleobases selected from the group consigfing of: adenine
(A), guanine (G), thymine (T) and cytosine (C), and wherein the nucleotide sequence igabout 100%, about

90%-100%, or about 80%-90% pyrimidine nucleobases.

37. The donor polynucleotide of claims 35 or 36, wherein the nucleot

polypyrimidine tract is TTTTTTTCT (SEQ ID NO: 53).

¢ sequence comprising the

38. The donor polynucleotide of claims 35 or 36, wherein t

polypyrimidine tract is TTTTTTTCTTTTT (SEQ ID NO: 54).

nucleotide sequence comprising the

39. The donor polynucleotide of claims 35 or 36,
polypyrimidine tract is CTTCTTCTCTTCTTCC (SE

erein the nucleotide sequence comprising the

NO: 55).

40. The donor polynucleotide of any one of Alaims 35-39, wherein the first branch point sequence and
the first polypyrimidine tract are adjacent to
41. The donor polynucleotide of affy one of claims 35-40, wherein the second branch point sequence
and the second polypyrimidine tract/are adjacent to each other.

42. The donor polynucleghide of any one of claims 35-41, comprising a third splicing signal, wherein
the third splicing signal cofiprises a 3’ splice site, wherein the first strand comprises a nucleotide sequence
comprising a first 3” splice site located downstream of the first polypyrimidine tract; and wherein second

strand comprises a gcleotide sequence comprising a second 3’ splice site located downstream of the second

congfsting of: thymine (T) and cytosine (C).
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44. The donor polynucleotide of claims 42-43, comprising a coding sequence, wherein the first sfand
comprises a first coding sequence, wherein the second strand comprises a second coding sequence,
the first nucleotide sequence that corrects the mutation in the gDNA comprises the first coding/sequence,
wherein the second nucleotide sequence that corrects the mutation in the gDNA comprigfs the second
coding sequence, wherein the first coding sequence is located downstream of the first ¥ splice site, and
wherein the second coding sequence is located downstream of the second 3’ splice sitg.
45. The donor polynucleotide of claim 44, wherein the nucleotide sequeng€ comprising the first and
second coding sequences comprise nucleobases selected from the group consiting of: adenine (A), guanine
(G), thymine (T) and cytosine (C).

46. The donor polynucleotide of claims 44 or 45, wherein the goding sequence and/or splicing signals
comprising (i) and (ii) are not identical or complementary to regfice self-annealing.

47. The donor polynucleotide of any one the precgding claims, comprising one or more delimiter
sequences comprising a nucleotide sequence comprigfig nucleobases selected from the group consisting
of: adenine (A), guanine (G), thymine (T) and cytogfne (C), wherein the nucleotide sequence is about 1-40,
about 1-30, about 1-20, about 1-15, about 1-10/about 30, about 20, about 10, about 9, about 8, about 7,
about 6, about 5, about 4, about 3, about 2 o/l nucleotide(s) in length.
48. The donor polynucleotide of flaim 47, wherein the one or more delimiter sequences is located
between the first branch point sequghce and the second branch point sequence.

49. The donor polynuclgbtide of claim 47, wherein the one or more delimiter sequences is located
between the first branch géint sequence and the first polypyrimidine tract.

50. The donor folynucleotide of claim 47, wherein the one or more delimiter sequences is located

between the secghid branch point and the second polypyrimidine tract.

51. THe donor polynucleotide of any one of claims 29-50, wherein the donor polynucleotide is
configyfed for bi-directional insertion into the DSB, wherein, when the donor polynucleotide is inserted
intg/Ahe DSB in either orientation, the first splicing signal, optionally, the second splicing signal, optionally,
¢ third splicing signal and coding sequence comprise a sense strand, thereby correcting the mutation and

providing one or more splicing signals to control processing of a pre-mRNA transcribed from the gDNA.
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wherein the donor polynucleotide is configured for bi-directional insertion into a DSB, whgfein the donor
polynucleotide comprises:

(1) a first strand comprising from 5’ to 3’ a nucleotide sequence comprising a {Ast 5’ splice site and
a first nucleotide sequence which corrects the mutation in the gDNA; and

(ii) a second strand comprising from 5’ to 3’ a nucleotide sequence congprising a second 5’ splice
site and a second nucleotide sequence which corrects the mutation in the gDNA, wherein the second strand
is complementary to the first strand,

the donor polynucleotide is about 10-500, about 10-400, aboyt 10-300, about 10-200, about 10-
100, about 20-80, about 30-70, or about 40-60 nucleotides in Ighgth, and wherein, when the donor
polynucleotide is introduced into the cell in combination with a gffte-directed nuclease, a non-homologous
end-joining (NHEJ) DNA repair pathway inserts the donor pOlynucleotide into a double-stranded DNA
break (DSB) introduced into the gDNA by the site-directed Auclease at a location proximal to the mutation,
wherein when the donor polynucleotide is inserted into tfe DSB in a first orientation, (i) comprises a sense
strand, thereby correcting the mutation and providing/he one or more splicing signals to control processing
of a pre-mRNA transcribed from the gDNA, whefein when the donor polynucleotide is inserted into the
DSB in a second orientation, (ii) comprises a sgnse strand, thereby correcting the mutation and providing

the one or more splicing signals to control pybcessing of a pre-mRNA transcribed from the gDNA.

53. The donor polynucleotide of gfaim 52, wherein the first strand comprises a first coding sequence,
wherein the second strand comprisega second coding sequence, wherein the first coding sequence is located
upstream of the first 5’ splice gfie, and wherein the second coding sequence is located upstream of the
second 5’ splice site, and whep€in the coding sequences in the first and second strand are not complementary
(or comprise one, two, thrg€, four or more mismatches) to reduce self-annealing.
54. The donor polynucleotide of claim 52 or 53, comprising a delimiter sequence comprising a
nucleotide sequenfe comprising nucleobases selected from the group consisting of: adenine (A), guanine
(G), thymine

about 1-15,

and cytosine (C), wherein the nucleotide sequence is about 1-40, about 1-30, about 1-20,
out 1-10, about 30, about 20, about 10, about 9, about 8, about 7, about 6, about 5, about 4,

out 2 or 1 nucleotide(s) in length.
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55. The donor polynucleotide of claim 54, wherein the delimiter sequence is located between
and second 5’ splice sites.
56. The donor polynucleotide of any one of claims 52-55, wherein the donor pblynucleotide is
configured for bi-directional insertion into the DSB, wherein when the donor polynuclegfide is inserted into
the DSB in a first orientation, the first 5’ splice site and first coding sequence cgfprise a sense strand,
thereby correcting the mutation and providing splicing signals to control prg€essing of a pre-mRNA
transcribed from the gDNA, and wherein when the donor polynucleotide ig/inserted into the DSB in a
second orientation, the second 5 splice site and second coding sequence ¢pmprise a sense strand, thereby
correcting the mutation and providing one or more splicing signals to ghntrol processing of a pre-mRNA
transcribed from the gDNA.
57. A donor polynucleotide comprising a non-replicative NA molecule comprising
(i) a first strand comprising a nucleotide sequence ffom 5’ to 3’ which corrects a disease-causing
mutation in a genomic DNA molecule (gDNA) in a cell, #herein the disease-causing mutation is a protein-
coding mutation proximal to a 3’ splice site, wherein fffe first strand comprises an intronic sequence and an
exonic sequence, wherein the exonic sequence corrgcts the mutation, wherein the first strand comprises one
or more splicing signals to control processing Af a precursor mRNA (pre-mRNA) transcribed from the
gDNA; and
(ii) a second strand comprising aAfiucleotide sequence complementary to the first strand, wherein
the one or more splicing signalf is selected from the group consisting of:
(a) a natural or enhghiced 3’ splice site;
(b) a polypyrimigdine tract;
(c) a branch pbint;
(d) an exopf splicing enhancer (ESE);
on splicing enhancer (ISE);
(f) aff exon splicing silencer (ESS);
an intron splicing silencer (ISS); and
{(h) a combination of any of (a)-(g),
wherein thefonor polynucleotide is about 10-500, about 10-400, about 10-300, about 10-200, about 10-
100, abgfit 20-80, about 30-70, or about 40-60 nucleotides in length, and wherein when the donor
polynycleotide is introduced into the cell in combination with a site-directed nuclease, a non-homologous

engfjoining (NHEJ) DNA repair pathway inserts the donor polynucleotide into a double-stranded DNA
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break (DSB) introduced into the gDNA by the site-directed nuclease at a location proximal to the mutag

thereby correcting the mutation.

58. A donor polynucleotide comprising a non-replicative double-stranded DNA molecyle (dsDNA)
comprising
(i) a first strand comprising from 5’ to 3’ a nucleotide sequence which correctfa disease-causing
mutation in a genomic DNA (gDNA) molecule in a cell, wherein the disease-causing/nutation is a protein-
coding mutation proximal to a 5’ splice site, wherein the first strand comprises anfntronic sequence and an
exonic sequence, wherein the exonic sequence corrects the mutation, wherein tfe first strand comprises one
or more splicing signals to control processing of a precursor mRNA (pr¢fmRNA) transcribed from the
gDNA, and
(i1) a second strand comprising a nucleotide sequence complgfnentary to the first strand,
wherein the one or more splicing signals is selected from e group consisting of:
(a) a natural or enhanced 5’ splice site;
(b) an exon splicing enhancer (ESE);
(¢) an intron splicing enhancer (ISE);
(d) an exon splicing silencer (ESS);
(e) an intron splicing silencer (ISS)/ and
(f) a combination of any of (a)-
wherein the donor polynucleotide is about 14-500, about 10-400, about 10-300, about 10-200, about 10-
100, about 20-80, about 30-70, or aboyl 40-60 nucleotides in length, and wherein, when the donor
polynucleotide is introduced into the cgfl in combination with a site-directed nuclease, a non-homologous
end-joining (NHEJ) DNA repair pgfhway inserts the donor polynucleotide into a double-stranded DNA
break (DSB) introduced into the DNA by the site-directed nuclease at a location proximal to the mutation,

thereby correcting the mutati

59. A donor polyny€leotide comprising a non-replicative double-stranded DNA molecule (dsDNA)
comprising

(i) a first firand comprising from 5’ to 3’ a nucleotide sequence which corrects a disease-causing
mutation in a g¢nomic DNA molecule (gDNA) in a cell, wherein the disease-causing mutation is a protein-
coding mutyfion proximal to a 3’ splice site, wherein the first strand comprises an intronic sequence and an
uence, wherein the exonic sequence corrects the mutation, wherein the first strand comprises one
or mgfe splicing signals to control processing of a precursor mRNA (pre-mRNA) transcribed from the

gDNNA, wherein at least one splicing signal is a natural or enhanced 3’ splice site; and
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(i1) a second strand comprising a nucleotide sequence complementary to the first strand,

end-joining (NHEJ) DNA repair pathway inserts the donor polynucleotide into a double-ffranded DNA
break (DSB) introduced into the gDNA by the site-directed nuclease at a location proximg to the mutation,

thereby correcting the mutation.

60. A donor polynucleotide comprising a non-replicative double-strandeg/ DNA molecule (dsDNA)
comprising

(i) a first strand comprising from 5’ to 3’ a nucleotide sequenceAvhich corrects a disease-causing
mutation in a genomic DNA molecule (gDNA) in a cell, wherein the gfsease-causing mutation is a protein-
coding mutation proximal to a 3’ splice site, wherein the first strang comprises an intronic sequence and an
exonic sequence, wherein the exonic sequence corrects the mutgfion, wherein the first strand comprises one
or more splicing signals to control processing of a precurgbhr mRNA (pre-mRNA) transcribed from the
gDNA, wherein the one or more splicing signals is a cg/ibination of a natural or enhanced 3’ splice site
and a polypyrimidine tract; and

(i1) a second strand comprising a nucleotidf sequence complementary to the first strand,
wherein the donor polynucleotide is about 10200, about 10-400, about 10-300, about 10-200, about 10-
100, about 20-80, about 30-70, or about #0-60 nucleotides in length, and wherein, when the donor
polynucleotide is introduced into the cellAn combination with a site-directed nuclease, a non-homologous
end-joining (NHEJ) DNA repair pathfvay inserts the donor polynucleotide into a double-stranded DNA
break (DSB) introduced into the gINA by the site-directed nuclease at a location proximal to the mutation,

thereby correcting the mutatio

61. A donor polynugfeotide comprising a non-replicative double-stranded DNA molecule (dsDNA)
comprising

(i) a first fand comprising from 5° to 3’ a nucleotide sequence which corrects a disease-causing

mutation in a ggiomic DNA molecule (gDNA) in a cell, wherein the disease-causing mutation is a protein-

gDNA, wherein the one or more splicing signals is a combination of a natural or enhanced 3’ splice site, a

olypyrimidine tract, and a branch point; and
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(i1) a second strand comprising a nucleotide sequence complementary to the first strand,
wherein the donor polynucleotide is about 10-500, about 10-400, about 10-300, about 10-200, abbut 10-
100, about 20-80, about 30-70, or about 40-60 nucleotides in length, and wherein when/he donor

break (DSB) introduced into the gDNA by the site-directed nuclease at a location prox#nal to the mutation,

thereby correcting the mutation.

62. A donor polynucleotide comprising a non-replicative double-stranfed DNA molecule (dsDNA)
comprising
(i) a first strand comprising 5’ to 3’ a nucleotide sequengf which corrects a disease-causing
mutation in a genomic DNA molecule (gDNA) in a cell, whereinghe disease-causing mutation is in a 3’
splice site, wherein the first strand comprises an intronic sequeng€, optionally, an exonic sequence, wherein
the intronic sequence corrects the mutation, wherein the firsiAtrand comprises one or more splicing signals
to control processing of a precursor mRNA (pre-mRNA)franscribed from the gDNA; and
(i1) a second strand comprising a nucleotide sgfjuence complementary to the first strand,
wherein the one or more splicing signals ig/selected from the group consisting of:
(a) a polypyrimidine tract;
(b) a branch point;
(©) an exon splicing/£nhancer (ESE);
(d) an intron spliging enhancer (ISE);
(e) ticing silencer (ESS);
() i splicing silencer (ISS); and
(2) a cgfmbination of any of (a)-(f),
wherein the donor polynycleotide is about 10-500, about 10-400, about 10-300, about 10-200, is about 10-
100, about 20-80, abbut 30-70, or about 40-60 nucleotides in length, and wherein when the donor
polynucleotide is iffiroduced into the cell in combination with a site-directed nuclease, a non-homologous
end-joining (NJAEJ) DNA repair pathway inserts the donor polynucleotide into a double-stranded DNA
break (DSB Yntroduced into the gDNA by the site-directed nuclease at a location proximal to the mutation,

thereby cdirecting the mutation.
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(i) a first strand comprising from 5’ to 3’ a nucleotide sequence which corrects a disease-caugfing
mutation in a genomic DNA molecule (gDNA) in a cell, wherein the disease-causing mutation is a
coding mutation proximal to a 5 splice site, wherein the donor polynucleotide comprises intronic
sequence and an exonic sequence, wherein the exonic sequence corrects the mutation, whefein the first
strand comprises one or more splicing signals to control processing of a precursor mR (pre-mRNA)
transcribed from the gDNA, wherein at least one splicing signal is a natural or enhanceg 5’ splice site; and

(i1) a second strand comprising a nucleotide sequence complementary to theAirst strand,

wherein the donor polynucleotide is about 10-500, about 10-400, about 10/300, about 10-200, about
10-100, about 20-80, about 30-70, or about 40-60 nucleotides in length, agtl wherein when the donor
polynucleotide is introduced into the cell in combination with a site-directgkl nuclease, a non-homologous
end-joining (NHEJ) DNA repair pathway inserts the donor polynuclegfide into a double-stranded DNA
break (DSB) introduced into the gDNA by the site-directed nuclease # a location proximal to the mutation,
thereby correcting the mutation.

64. A donor polynucleotide comprising a non-replicagfre double-stranded DNA molecule (dsDNA)
comprising

(i) a first strand comprising from 5’ to 3’ a ghcleotide sequence which corrects a disease-causing
mutation in a genomic DNA molecule (gDNA) in/a cell, wherein the disease-causing mutation is in a 5’
splice site, wherein the first strand comprises anntronic sequence, optionally, an exonic sequence, wherein
the intronic sequence corrects the mutation, yherein the first strand comprises one or more splicing signals
to control processing of a precursor mRNA (pre-mRNA) transcribed from the gDNA; and
(ii) a second strand comprising a nucleotide sequence complementary to the first strand, wherein
the one or more splicing si

(a)
(b) an igfron splicing enhancer (ISE);

als is selected from the group consisting of:

(©) ay/exon splicing silencer (ESS);
(d)
(e
t polynucleotide is about 10-500, about 10-400, about 10-300, about 10-200, about 10-
100, about 2¢80, about 30-70, or about 40-60 nucleotides in length, and wherein when the donor

an intron splicing silencer (ISS); and
a combination of any of (a)-(d),

wherein the do
polynuclegfide is introduced into the cell in combination with a site-directed nuclease, a non-homologous
end-joipdng (NHEJ) DNA repair pathway inserts the donor polynucleotide into a double-stranded DNA
bre

(DSB) introduced into the gDNA by the site-directed nuclease at a location proximal to the mutation,

reby correcting the mutation.
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65. The donor polynucleotide of any one of claims 57-61, 63, or 64, wherein insertion ¢ the donor

polynucleotide into the DSB results in the formation of an exon in the gDNA comprigfng the exonic
sequence.

66. The donor polynucleotide of claim 65, wherein the one or more splicing sigyfals directs the inclusion
of the exon comprising the exonic sequence which corrects the mutation into a/mRNA.

67. The donor polynucleotide of claim 64, wherein the insertion of thf donor polynucleotide results in
the formation of an intron comprising the intronic sequence, whereip/the intronic sequence corrects the

mutation.

68. A donor polynucleotide comprising a non-replicative/dsDNA molecule comprising a first strand
and a second strand complementary to the first strand, wherein the first strand comprises a nucleotide
sequence from 5’ to 3’ which corrects a disease-causing mutation in a gDNA molecule in a cell, wherein
the disease-causing mutation is a protein-coding myfation proximal to a 3’ splice site, wherein the first
strand comprises an intronic sequence and an exgfiic sequence, wherein the exonic sequence corrects the
mutation, wherein the first strand comprises offe or more splicing signals to control processing of a pre-
mRNA transcribed from the gDNA, whereip/the first strand comprises the formula:
5’-[Bla-[S1]p-[P]e-[S2]a-X-E-3,

6 B, if present, is a brap€h point sequence comprising a nucleotide sequence that conforms
to a branch point consensus sequenfe on each strand of the donor polynucleotide, wherein B comprises a
nucleotide sequence comprising/ucleobases selected from the group consisting of: adenine (A), guanine
(G), thymine (T) and cytosing//C), wherein a is an integer whose value indicates the number of nucleotides
comprising B, wherein a s or 5-7;

(ii) P is a golypyrimidine tract comprising a nucleotide sequence comprising nucleobases
selected from the grgip consisting of: adenine (A), guanine (G), thymine (T) and cytosine (C), wherein ¢
is an integer whog€ value indicates the number of nucleotides comprising P, wherein ¢=9-20, wherein the
nucleotide segfience comprising P is about 100%, about 90%-100%, about 80%-90% pyrimidine
nucleobase
E is an exonic sequence comprising a nucleotide sequence which corrects the mutation,
the nucleotide sequence comprises nucleobases selected from the group consisting of: adenine (A),
ine (G), thymine (T) and cytosine (C);

@iv) X is a nucleotide sequence comprising a 3’ splice site; and
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W) S1 and S2, if either is present, are each delimiter sequences comprising one or mofe
nucleotides comprising nucleobases selected from the group consisting of: adenine (A), guaning/(G),
thymine (T) and cytosine (C), wherein b and d are each integers whose value indicates the n
nucleotides comprising the delimiter sequence, respectively, wherein b and d = 0-20,

wherein the donor polynucleotide is about 10-500, about 10-400, about 10-300, apOut 10-200, is
about 10-100, about 20-80, about 30-70, or about 40-60 nucleotides in length, erein the donor
polynucleotide is configured for directional insertion into a DSB, wherein when the gonor polynucleotide
is inserted into the DSB, B, if present, P, X, if present, and E, if present, comprisg/a sense strand, wherein
B, if present, P, and X, if present, comprise the one or more splicing signals, theyfby correcting the mutation
and providing splicing signals to control processing of a pre-mRNA transcriped from the gDNA,

and wherein when the donor polynucleotide is introduced into th€ cell in combination with a site-
directed nuclease, a NHEJ DNA repair pathway inserts the donor polfnucleotide into the DSB introduced
into the gDNA by the site-directed nuclease at a location proxima}/to the mutation, thereby correcting the
mutation.
69. A donor polynucleotide comprising a non-replightive double-stranded DNA molecule (dsDNA)
comprising a first strand and a second strand, wherein e second strand is complementary to the first strand,
wherein the first strand from 5’ to 3’ comprises g/hucleotide sequence which corrects a disease-causing
mutation in a genomic DNA molecule (gDNA) j a cell, wherein the disease-causing mutation is a protein-
coding mutation proximal to a 5’ splice site, pfherein the first strand comprises an intronic sequence and an
exonic sequence, wherein the exonic sequ#ice corrects the mutation, wherein the first strand comprises one
or more splicing signals to control pybcessing of a precursor mRNA (pre-mRNA) transcribed from the
gDNA,

wherein the first strand gomprises the formula:

5’-E-Y-I-3’, wherei

6 E is an eyonic sequence comprising a nucleotide sequence which corrects the mutation,

wherein the nucleotide equence comprises nucleobases selected from the group consisting of: adenine (A),

herein the donor polynucleotide is about 10-500, about 10-400, about 10-300, about 10-200, is
aboyf 10-100, about 20-80, about 30-70, or about 40-60 nucleotides in length, wherein the donor

lynucleotide is configured for directional insertion into a double-stranded DNA break (DSB), wherein
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when the donor polynucleotide is inserted into the DSB, E, if present, Y, and L, if present, comprise afense
strand, wherein Y comprises the one or more splicing signals, thereby correcting the mutation and pfoviding
splicing signals to control processing of a pre-mRNA transcribed from the gDNA,

and wherein when the donor polynucleotide is introduced into the cell in combinatigh with an site-
directed nuclease, a non-homologous end-joining (NHEJ) DNA repair pathway j
polynucleotide into a DSB introduced into the gDNA by the site-directed nuclease afa location proximal

to the mutation, thereby correcting the mutation.

70. A donor polynucleotide comprising a non-replicative dSDNA molecfle comprising

(i) a first strand comprising from 5’ to 3’ a first nucleotide segfience which corrects a disease-
causing mutation in a genomic DNA molecule (gDNA) in a cell, whefin the disease-causing mutation is
proximal to a 3’ splice site, wherein the first strand comprises a fi/st intronic sequence, wherein the first
intronic sequence corrects the mutation, wherein the first strand £omprises one or more splicing signals to
control processing of a precursor mRNA (pre-mRNA) transcpfbed from the gDNA; and

(i) a second strand comprising from 5’ to 3’ a secgfd nucleotide sequence which corrects a disease-
causing mutation in a gDNA in a cell, wherein the dise#se-causing mutation is proximal to a 3" splice site,
wherein the second strand comprises a second intighic sequence, wherein the second intronic sequence
corrects the mutation, wherein the second strgfd comprises one or more splicing signals to control
processing of a precursor mRNA (pre-mRNAJ transcribed from the gDNA, wherein the second strand is
complementary to the first strand, and whffrein the first strand and the second strand each comprise the
formula:

5 -[P1]a-[S1]o-[BJe-[S2]a-[P

(a) B comprises a brgfich point sequence comprising a nucleotide sequence that conforms to a

.-3’, wherein

branch point consensus sequefce on each strand of the donor polynucleotide, wherein B comprises a
nucleotide sequence comprjfing nucleobases selected from the group consisting of: adenine (A), guanine
(G), thymine (T) and cytghine (C), wherein c is an integer whose value indicates the number of nucleotides
comprising B, whereiff ¢ = 5-7;

(b) Pl/and P2 are polypyrimidine tracts each comprising a nucleotide sequence comprising
nucleobases selgCted from the group consisting of: adenine (A), guanine (G), thymine (T) and cytosine (C),
¢ are integers whose value indicates the number of nucleotides comprising P1 and P2,
respectively, wherein a=9-20 and ¢=9-20, wherein the nucleotide sequence comprising P1 and P2 are each
about J00%, about 90%-100%, about 80%-90% pyrimidine nucleobases, and wherein P1 is in the reverse

tation and on the opposite strand of the donor polynucleotide relative to P2; and
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nucleotides comprising the delimiter sequence, respectively, wherein b and d = 0-20,
wherein the donor polynucleotide is about 10-500, about 10-400, about 10-300,
about 10-100, about 20-80, about 30-70, or about 40-60 nucleotides in length,

polynucleotide is configured for bi-directional insertion into a double-stranded DNA $reak (DSB), wherein
when the donor polynucleotide is inserted into the DSB in the first orientation, B/And P2 comprise a sense
strand and B and P2 comprise the first and second splicing signals, respectiffely, thereby correcting the
mutation and providing splicing signals to control processing of a pre-mRIA transcribed from the gDNA,
wherein, when the donor polynucleotide is inserted into the DSB in /he second orientation, B and P1
comprise a sense strand and B and P2 comprise the first and second #plicing signals, respectively, thereby
correcting the mutation and providing splicing signals to contro}/processing of a pre-mRNA transcribed
from the gDNA,

and wherein when the donor polynucleotide is intrgfluced into the cell in combination with a site-
directed nuclease, a non-homologous end-joining (YHEJ) DNA repair pathway inserts the donor
polynucleotide into a DSB introduced into the gDNA/by the site-directed nuclease at a location proximal

to the mutation, thereby correcting the mutation.

71. A donor polynucleotide comprising/a non-replicative double-stranded DNA molecule (dsDNA)
comprising

(i) a first strand comprising fom 5 to 3’ a first nucleotide sequence which corrects a disease-
causing mutation in a genomic D molecule (gDNA) in a cell, wherein the disease-causing mutation is
proximal to a 3’ splice site, whfrein the first strand comprises a first intronic sequence, wherein the first
intronic sequence corrects thf€ mutation, wherein the first strand comprises one or more splicing signals to
control processing of a pyfcursor mRNA (pre-mRNA) transcribed from the gDNA; and

(i) a second syfand comprising from 5’ to 3’ a second nucleotide sequence which corrects a disease-
causing mutation ia gDNA in a cell, wherein the disease-causing mutation is proximal to a 3" splice site,
wherein the secgnd strand comprises a second intronic sequence, wherein the second intronic sequence
corrects the /nutation, wherein the second strand comprises one or more splicing signals to control
processingof a pre-mRNA transcribed from the gDNA, wherein the second strand is complementary to the
first styAnd, and wherein the first strand and the second strand each comprise the formula:

5 -[P1]a-[S1]6-[B1]e-[S2]a-[B2]e-[S3]¢-[P2]¢-3°, wherein
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(a) B1, if present, and B2 are each branch point sequences, wherein B2 comprises a nuclgétide
sequence that conforms to a branch point consensus sequence on each strand of the donor polynugeotide,
wherein the branch point sequence comprising B1, if present, is in a reverse orientation and on tfe opposite
strand of the donor polynucleotide relative to the branch point sequence comprising B2, wherein B1 and
B2 each comprise a nucleotide sequence comprising nucleobases selected from the grofip consisting of:
adenine (A), guanine (G), thymine (T) and cytosine (C), wherein ¢ and e are integers whose value indicates
the number of nucleotides comprising B1 and B2, respectively, wherein ¢ = 0 or 5/, wherein e = 5-7;

(b) P1 and P2 are polypyrimidine tracts each comprising a nuclegfide sequence comprising
nucleobases selected from the group consisting of: adenine, guanine, thymin# and cytosine, wherein a and
g are integers whose value indicates the number of nucleotides comprising/#’1 and P2, respectively, wherein
a=9-20 and g=9-20, wherein the nucleotide sequence comprising P1 #nd P2 are each about 100%, about
90%-100%, about 80%-90% pyrimidine nucleobases, wherein P1 j£ in the reverse orientation and on the
opposite strand of the donor polynucleotide relative to P2; and

(©) S1, S2 and S3, if any are present, are each gelimiter sequences comprising one or more
nucleotides comprising nucleobases selected from the gfoup consisting of: adenine (A), guanine (G),
thymine (T) and cytosine (C), wherein b, d and f are Zach integers whose value indicates the number of
nucleotides comprising the delimiter sequence, respgctively, wherein b and f = 1-20, wherein d = 1-40,

wherein the donor polynucleotide is abgfit 10-500, about 10-400, about 10-300, about 10-200, is
about 10-100, about 20-80, about 30-70, about 40-60 nucleotides in length, wherein the donor
polynucleotide is configured for bi-directigfial insertion into a double-stranded DNA break (DSB), wherein
when the donor polynucleotide is insertgd into the DSB in the first orientation, B2 and P2 comprise a sense
strand and B2 and P2 comprise the fAirst and second splicing signals, respectively, thereby correcting the
mutation and providing splicing gfenals to control processing of a pre-mRNA transcribed from the gDNA,
wherein when the donor polyfiucleotide is inserted into the DSB in the second orientation, B1 and P1
comprise a sense strand ang B1 and P1 provide the first and second splicing signals, respectively, thereby
correcting the mutationAnd providing splicing signals to control processing of a pre-mRNA transcribed
from the gDNA,

and whergfn when the donor polynucleotide is introduced into the cell in combination with an site-
directed nuclefse, a non-homologous end-joining (NHEJ) DNA repair pathway inserts the donor
polynucleogfie into a DSB introduced into the gDNA by the site-directed nuclease at a location proximal

to the myAation, thereby correcting the mutation.

A donor polynucleotide comprising a non-replicative double-stranded DNA molecule (dsDNA)
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first strand comprises one or more splicing signals to control processing of a precursor
transcribed from the gDNA; and

(i) a second strand comprising from 5’ to 3’ a second nucleotide sequence yfhich corrects a disease-
causing mutation in a gDNA in a cell, wherein the disease-causing mutation ig/a protein-coding mutation
proximal to a 3’ splice site, wherein the second strand comprises a second igfironic sequence and a second
exonic sequence, wherein the second exonic sequence corrects the muidtion, wherein the second strand
comprises one or more splicing signals to control processing of a pre NA transcribed from the gDNA,
wherein the second strand is complementary to the first strand, ang/wherein the first strand and the second
strand each comprise the formula:

5’-[E1]a-XT1-[P1]p-[S1]c-[Bla-[S2]e-[P2]:-X2-[E2],-3/ wherein

(a) B is a branch point sequence comprisingA nucleotide sequence that conforms to a branch
point consensus sequence on each strand of the donoy/polynucleotide, wherein B comprises a nucleotide
sequence comprising nucleobases selected from th€ group consisting of: adenine, guanine, thymine and
cytosine, wherein d is an integer whose value ingcates the number of nucleotides comprising B, wherein d
=5-7,

(b) P1 and P2 are polypyrimiline tracts each comprising a nucleotide sequence comprising
nucleobases selected from the group cgfsisting of: adenine (A), guanine (G), thymine (T) and cytosine (C),
wherein b and f are integers whogf value indicates the number of nucleotides comprising P1 and P2,
respectively, wherein b=9-20 ang/T=9-20, wherein the nucleotide sequence comprising P1 and P2 are each
about 100%, about 90%-10Qfe, about 80%-90% pyrimidine nucleobases, wherein P1 is in the reverse
orientation and on the oppgfsite strand of the donor polynucleotide relative to P2;

(©) El ang/E2 are each exonic sequences each comprising a nucleotide sequence which
corrects the mutatigh, wherein the nucleotide sequence comprises nucleobases selected from the group
consisting of: adgfiine (A), guanine (G), thymine (T) and cytosine (C), wherein a and g are integers whose
value indicateg/the number of nucleotides comprising E1 and E2, respectively, wherein the exonic sequence
comprising/E1 is in a reverse orientation and on the opposite strand of the donor polynucleotide relative to
the exoffic sequence comprising E2, wherein the nucleotide sequences comprising E1 and E2 are not

complementary;
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(d) X1 and X2 are each nucleotide sequences comprising a 3’ splice site, wherein

nucleotide sequence comprising X2; and
(e) S1 and S2, if either is present, are each delimiter sequences comprising gfie or more
nucleotides comprising nucleobases selected from the group consisting of: adenine, guaning, thymine and
cytosine, wherein ¢ and e are each integers whose value indicates the number of nucleoti
delimiter sequence, respectively, wherein ¢ and e = 1-20
wherein the donor polynucleotide is about 10-500, about 10-400, about
about 10-100, about 20-80, about 30-70, or about 40-60 nucleotides in

-300, about 10-200, is
ngth, wherein the donor
polynucleotide is configured for bi-directional insertion into a double-strandgd DNA break (DSB), wherein
when the donor polynucleotide is inserted into the DSB in the first ogfentation, B, P2, E2 and X2 and
comprise a sense strand, wherein B, P2 and X2 comprise the firg/; second and third splicing signal,
respectively, thereby correcting the mutation and providing splicigg signals to control processing of a pre-
mRNA transcribed from the gDNA, wherein when the donor pflynucleotide is inserted into the DSB in a
second orientation, B, P1, E1 and X1 comprise a sense strgfid, wherein B, P1 and X1 comprise the first,
second and third splicing signal, respectively, thereby corgfcting the mutation and providing splicing signals
to control processing of a pre-mRNA transcribed from/the gDNA,
and wherein, when the donor polynucleotigf is introduced into the cell in combination with an site-
directed nuclease a non-homologous end-jojing (NHEJ) DNA repair pathway inserts the donor
polynucleotide into a DSB introduced into te gDNA by the site-directed nuclease at a location proximal
to the mutation, thereby correcting the myfation.
73. A donor polynucleotide cogfmprising a non-replicative double-stranded DNA molecule (dsDNA)
comprising

(i) a first strand comfrising from 5° to 3’ a first nucleotide sequence which corrects a disease-
causing mutation in a gengfnic DNA molecule (gDNA) in a cell, wherein the disease-causing mutation is a
protein-coding mutatigh proximal to a 3’ splice site, wherein the first strand comprises a first intronic
sequence and a firsg€xonic sequence, wherein the first exonic sequence corrects the mutation, wherein the

first strand comppAses one or more splicing signals to control processing of a precursor mRNA (pre-mRNA)

cionic sequence, wherein the second exonic sequence corrects the mutation, wherein the second strand

193


bhang
Line


WO 2020/003006 PCT/IB2019/000833

comprises one or more splicing signals to control processing of a pre-mRNA transcribed from the g
wherein the second strand is complementary to the first strand, and

wherein the first strand and the second strand each comprise the formula:

5 -[E1]a-XT1-[P1]u-[S1]c-[B1]a-[S2]e-[B2]¢-[S3],-[P2]1-X2-[E2];-3°, wherein

(a) B1, if present, and B2 are each branch point sequences, wherein B2 comppises a nucleotide
sequence that conforms to a branch point consensus sequence on each strand of the dghor polynucleotide,
wherein the branch point sequence comprising B1, if present, is in a reverse orientapfon and on the opposite
strand of the donor polynucleotide relative to the branch point sequence compyfsing B2, wherein B1 and
B2 each comprise a nucleotide sequence comprising nucleobases selected fom the group consisting of:
adenine (A), guanine (G), thymine (T) and cytosine (C), wherein d and f a€ integers whose value indicates
the number of nucleotides comprising B1 and B2, respectively, whereif d and f = 5-7;
(b) P1 and P2 are polypyrimidine tracts each comprig/g a nucleotide sequence comprising
nucleobases selected from the group consisting of: adenine, guapne, thymine and cytosine, wherein b and
h are integers whose value indicates the number of nucleotideyComprising P1 and P2, respectively, wherein
b=9-20 and h=9-20, wherein the nucleotide sequence co

90%-100%, about 80%-90% pyrimidine nucleobases,

rising P1 and P2 are each about 100%, about
erein P1 is in the reverse orientation and on the
opposite strand of the donor polynucleotide relative o P2;

(©) El and E2 are each exonic seguences each comprising a nucleotide sequence which
corrects the mutation, wherein the nucleotidg/ sequence comprises nucleobases selected from the group
consisting of: adenine (A), guanine (G), thymine (T) and cytosine (C), wherein a and i are integers whose
value indicates the number of nucleotidgf comprising E1 and E2, respectively, wherein the exonic sequence
comprising E1 is in the reverse orightation and on the opposite strand relative to the exonic sequence
comprising E2, wherein the nuclegtide sequences comprising E1 and E2 are not complementary;

(d) X1 and X2 eagh comprise a nucleotide sequence comprising a 3’ splice site, wherein the
nucleotide sequence of X1 i£in a reverse orientation and on the opposite strand of the donor polynucleotide
relative to the nucleotidg/sequence of X2; and

(e  SI

nucleotides comppfsing nucleobases selected from the group consisting of: adenine (A), guanine (G),

and S3, if any present, are each delimiter sequences comprising one or more
thymine (T) anf cytosine (C), wherein c, e and g are each integers whose value indicates the number of
nucleotides gomprising the delimiter sequence, respectively, wherein ¢ and g = 1-20, wherein e = 1-40,

erein the donor polynucleotide is about 10-500, about 10-400, about 10-300, about 10-200, is
0-100, about 20-80, about 30-70, or about 40-60 nucleotides in length, wherein the donor
poJfnucleotide is configured for bi-directional insertion into a double-stranded DNA break (DSB), wherein

hen the donor polynucleotide is inserted into the DSB in a first orientation, B2, P2, E2 and X2 comprise
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a sense strand, wherein B2, P2 and X2 comprise the first, second and third splicing signal, respecti
thereby correcting the mutation and providing splicing signals to control processing of a pre
transcribed from the gDNA, wherein when the donor polynucleotide is inserted into the DSB iy a second
orientation, B1, P1, E1 and X1 comprise a sense strand, wherein B1, P1 and X1 comprise thg/first, second
and third splicing signal, respectively, thereby correcting the mutation and providing splicing signals to
control processing of a pre-mRNA transcribed from the gDNA,

and wherein, when the donor polynucleotide is introduced into the cell in copibination with an site-
directed nuclease a non-homologous end-joining (NHEJ) DNA repair pagfway inserts the donor
polynucleotide into a DSB introduced into the gDNA by the site-directed nugfease at a location proximal
to the mutation, thereby correcting the mutation.
74. A donor polynucleotide comprising a non-replicative doub}f-stranded DNA molecule (dsDNA)
comprising

(i) a first strand comprising from 5’ to 3’ a first nucjfotide sequence which corrects a disease-
causing mutation in a genomic DNA molecule (gDNA) in a Zell, wherein the disease-causing mutation is a
protein-coding mutation proximal to a 3’ splice site, wherein the first strand comprises a first intronic
sequence and a first exonic sequence, wherein the firsyexonic sequence corrects the mutation, wherein the
first strand comprises one or more splicing signals tgfcontrol processing of a precursor mRNA (pre-mRNA)
transcribed from the gDNA; and

(i) a second strand comprising from J'to 3’ a second nucleotide sequence which corrects a disease-
causing mutation in a gDNA in a cell, whfrein the disease-causing mutation is a protein-coding mutation
proximal to a 3’ splice site, wherein thg/second strand comprises a second intronic sequence and a second
exonic sequence, wherein the secopfl exonic sequence corrects the mutation, wherein the second strand
comprises one or more splicing synals to control processing of a pre-mRNA transcribed from the gDNA,
wherein the second strand is cgmplementary to the first strand, and
wherein the first s

5-[E1].-Y1-[S1
(@) El

nd and the second strand each comprise the formula:

-Y2-[E2].-3’, wherein

d E2 each are exonic sequences each comprising a nucleotide sequence which
corrects the mutagfon, wherein the nucleotide sequence comprises nucleobases selected from the group
consisting of: agenine (A), guanine (G), thymine (T) and cytosine (T), wherein a and ¢ are integers whose
value indicayfs the number of nucleotides comprising E1 and E2, respectively, wherein the exonic sequence
El is in the reverse orientation and on the opposite strand relative to the exonic sequence

comprping E2, wherein the nucleotide sequences comprising E1 and E2 are not complementary;
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(b) Y1 and Y2 each comprise a nucleotide sequence comprising a 5’ splice site, wherei
nucleotide sequence of Y1 is in a reverse orientation and on the opposite strand of the donor polynu
relative to the nucleotide sequence of Y2; and

(©) S1, if present, is a delimiter sequence comprising one or more nucleotidey/ comprising
nucleobases selected from the group consisting of: adenine (A), guanine (G), thymine (T) affd cytosine (C),

wherein b is an integers whose value indicates the number of nucleotides comprising the

wherein b = 1=50,

limiter sequence,
wherein the donor polynucleotide is about 10-500, about 10-400, about Y0-300, about 10-200, is
about 10-100, about 20-80, about 30-70, or about 40-60 nucleotides in Jngth, wherein the donor
polynucleotide is configured for bi-directional insertion into a double-strand#d DNA break (DSB), wherein
when the donor polynucleotide is inserted into the DSB in a first orientaffon, E2 and Y2 comprise a sense
strand and E2 comprises the splicing signal, thereby correcting the myfation and providing splicing signals
to control processing of a pre-mRNA transcribed from the gDNA, fherein when the donor polynucleotide
is inserted into the DSB in a second orientation, E1 and Y1 congprise a sense strand and E1 comprises the
splicing signal, thereby correcting the mutation and providi

pre-mRNA transcribed from the gDNA

splicing signals to control processing of a
and wherein when the donor polynucleotide is itroduced into the cell in combination with an site-
directed nuclease a non-homologous end-joining/ (NHEJ) DNA repair pathway inserts the donor
polynucleotide into a DSB introduced into the g//NA by the site-directed nuclease at a location proximal

to the mutation, thereby correcting the mutati

75. The donor polynucleotide of Any one of claims 68, 69, 72-74, wherein the exonic sequence

comprising the sense strand corrects

76. The donor polynucleofde of any one of claims 68, 72 or 73, wherein the nucleotide sequence
comprising a 3’ splice site cgmprising the sense strand corrects the mutation.
7. The donor pgfynucleotide of any one of claims 69 or 74, wherein the nucleotide sequence
comprising a 5’ spljfe site comprising the sense strand corrects the mutation.
78. The ghnor polynucleotide of any one of claims 68, 70-72, or 73, wherein the nucleotide sequence

comprising’a polypyrimidine tract comprising the sense strand corrects the mutation.
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79. The donor polynucleotide of any one of claims 68, 70-72, or 73, wherein the nucleotide seqyfence

comprising a branch point sequence comprising the sense strand corrects the mutation.

80. The donor polynucleotide of any one of the preceding claims, wherein the 5° mog/nucleotide of

each strand of the donor polynucleotide comprises a 5’ phosphate group.

81. The donor polynucleotide of any one of the preceding claims, wherein theflonor polynucleotide is

about 10-400, about 10-300, or about 10-200 nucleotides in length.

82. The donor polynucleotide of any one of the preceding claims, wh€rein the donor polynucleotide is

about 10-100, about 20-80, about 30-70, or about 40-60 nucleotides ip/length.

83. The donor polynucleotide of any one of the preceding ¢faims, wherein the donor polynucleotide is

about 40-70 nucleotides or about 50-60 nucleotides in lengthy

84. The donor polynucleotide of claim 83, whereig/fhe donor polynucleotide is about 50-60 nucleotides
in length.
85. The donor polynucleotide of any one/of the preceding claims, wherein the donor polynucleotide is

40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, A, 52, 53, 54, 55, 56, 57, 58, 59 or 60 nucleotides in length.

86. The donor polynucleotide ofclaim 85, wherein the donor polynucleotide is 50 nucleotides in length.

87. The donor polynuclegtide of any one of the preceding claims, wherein the site-directed nuclease

The donor polynucleotide of any one of the preceding claims, wherein the donor polynucleotide

comprises natural nucleotides.
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91. The donor polynucleotide of any one of the preceding claims, wherein the donor polynucl

comprises one or more non-natural and/or modified nucleotides.

92. The donor polynucleotide of claim 91, wherein the one or more non-natural apll/or modified
nucleotides is a 2’-O-methyl nucleotide.

93. The donor polynucleotide of any one of the preceding claims, wherein € donor polynucleotide
comprises one or more backbone modifications.

94. The donor polynucleotide of claim 93, wherein the one or rgbre backbone modification is a

phosphorothioate.

95. The donor polynucleotide of any one of claims 1-94, wherein the donor polynucleotide comprises
two blunt ends.

96. The donor polynucleotide of any one of claimg 1-94, wherein the donor polynucleotide comprises
one blunt end and comprises one end comprising af overhang (e.g. a 5’ or 3’ overhang).
97. The donor polynucleotide of any oy of the preceding claims, wherein the nucleotide sequence
comprises one or more nucleotides that pfevent the site-directed nuclease from recognizing and cleaving

the donor polynucleotide.

98. The donor polynucleotjie of any one of the preceding claims, wherein the disease is Glycogen

Storage Disease 1a (GSD1a

99. The donor pojfnucleotide of claim 98, wherein the mutation is located in the human G6PC gene

on human chromosgme 17¢21.

100.  The gonor polynucleotide of claim 99, wherein the mutation in the G6PC gene results in an R83C,
an R83H_4r an E110K amino acid substitution in the human G6PC protein.

10 The donor polynucleotide of claim 100, wherein the mutation in the G6PC gene results in an R83C

ino acid substitution in the human G6PC protein.
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102.  The donor polynucleotide of claim 100, wherein the mutation in the G6PC gene results in af R§3H

amino acid substitution in the human G6PC protein.

103.  The donor polynucleotide of claim 100, wherein the mutation in the G6PC gene reghilts in an E110K
amino acid substitution in the human G6PC protein.
104. A donor polynucleotide comprising a non-replicative dsDNA moleculg comprising a nucleotide
sequence which corrects a mutation that causes Glycogen Storage Disease 1afh a gDNA molecule in a cell,
wherein the mutation is located in the human G6PC gene on human chropfosome 17g21 and results in the
amino acid substitution R83C or R83H, the donor polynucleotide co

(i) a first strand comprising from 5’ to 3’ a nucleotide segfience comprising an exonic sequence
which corrects the mutation, wherein the exonic sequence cgfnprises a codon encoding arginine (R)
corresponding to the codon at position 83 in the G6PC gene, And a nucleotide sequence comprising one or
more splicing signals to control processing of a pre-mRN#{ transcribed from the gDNA molecule, wherein
the one or more splicing signals is a combination of a/’ splice site, a polypyrimidine tract, and a branch
point sequence; and

(i1) a second strand comprising a nucleoyde sequence complementary to the first strand,

wherein the donor polynucleotide is/About 40-70 nucleotides in length and comprises two blunt
ends, wherein the 5° most nucleotide of egfh strand of the donor polynucleotide comprises a 5’ phosphate
moiety, wherein when the donor polyplicleotide is introduced into the cell in combination with an site-
directed nuclease a NHEJ DNA repg# pathway inserts the donor polynucleotide into a DSB introduced into
the gDNA by the site-directed nyflease at a location proximal to the mutation, wherein the insertion of the
donor polynucleotide forms An exon in the gDNA comprising the exonic sequence that corrects the
mutation, wherein the spliging signals direct the inclusion of the exon into an mRNA, thereby correcting
the mutation.
105.  The dondr polynucleotide of claim 104, wherein the branch point sequence comprises the
nucleotide sefuence TTCAT, wherein the polypyrimidine tract comprises the nucleotide sequence
CTTGTTCAGTTTTTTT, wherein the 3’ splice site comprises the nucleotide sequence TAG, and wherein

the exoplc sequence comprises the nucleotide sequence GATTCTCTTTGGACAGCGCCCTTACT.

The donor polynucleotide of any one of claims 98-105, wherein the nucleotide sequence of the

donor polynucleotide is set forth in SEQ ID NO: 30 (CH34 54-0)
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107.  The donor polynucleotide of any one of claims 98-105, wherein the nucleotide sequence of jhe

donor polynucleotide is set forth in SEQ ID NO: 20. (CH32 50-0)

108.  The donor polynucleotide of any one of claims 1-97, wherein the disease is Pompe’s Misease.

109.  The donor polynucleotide of claim 108, wherein the mutation is located in the hfman glucosidase

alpha (GAA) gene on human chromosome 17¢25.3.

110.  The donor polynucleotide of claim 109, wherein the mutation in a spJ€ing signal of GAA results

in mRNA transcripts of the GAA gene lacking exon2 and/or activation of gfle or more cryptic splice sites.

111. A donor polynucleotide comprising a non-replicative dsD molecule comprising a nucleotide
sequence which corrects a mutation that causes Pompe’s Disease YA in a gDNA molecule in a cell, wherein
the mutation in a splicing signal of GAA results in mRNA tganscripts of the GAA gene lacking exon2
and/or activation of one or more cryptic splice sites, the dogbr polynucleotide comprising:

(i) a first strand comprising from 5’ to 3’ a firstfiucleotide sequence which corrects the mutation,
wherein the first strand comprises a first intronic seqyénce, wherein the first intronic sequence corrects the
mutation, wherein the first strand comprises onZ or more splicing signals to control processing of a
precursor mRNA (pre-mRNA) transcribed frgfn the gDNA, wherein the one or more splicing signals
comprises a combination of a 3’ splice site, £ polypyrimidine tract, and a branch point sequence; and

(ii) a second strand comprising/from 5 to 3’ a second intronic sequence, wherein the second
intronic sequence corrects the mutatigh, wherein the second strand comprises one or more splicing signals
to control processing of a pre-mRIYA transcribed from the gDNA, wherein the one or more splicing signals
comprises a combination of a 3/ splice site, a polypyrimidine tract, and a branch point sequence, wherein

the second strand is complepfentary to the first strand
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mRNA, thereby correcting the mutation.

112, The donor polynucleotide of any one of claims 108-111, wherein the nucleotide g€quence of the

donor polynucleotide is set forth in SEQ ID NO: 63 (GAA_50-0).

113. A system to correct a mutation in a genomic DNA molecule (gDNA/ in a cell, the system
comprising the components:

(a) the donor polynucleotide according to any one of claims 1-112;

(b) one or more gRNA molecules; and

(c) a site-directed nuclease,

wherein when the system is introduced into a cell, a non Aiomologous end-joining (NHEJ) DNA
repair pathway inserts the donor polynucleotide into a double-sffanded DNA break (DSB) introduced into
the gDNA by the site-directed nuclease at a location prox#nal to the mutation, thereby correcting the

mutation.

114.  The system of claim 113, wherein the site-gfrected nuclease is encoded by an mRNA.

115.  The system of claim 113, wherein thefsite-directed nuclease is a polypeptide.

116.  The system of claim 115, wherghn the one or more gRNA molecules and the site-directed nuclease

comprise a ribonucleoprotein.

117.  The system of any ong/of claims 113-116, wherein the site-directed nuclease is a Cas nuclease.

118.  The system of ¢faim 117, wherein the Cas nuclease is S. pyogenes Cas9 (SpCas9) or a homolog,

derivative or modified version thereof.

1207 The system of claim 119, wherein the one or more gRNA molecules comprise a backbone

odification.
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121. The system of claim 120, wherein the backbone modification is a phosphorothioate modificgfon.

122, The system of any one of claims 113-121, wherein the donor polynucleotide, the gRNA molecule
and the site-directed nuclease are individually formulated or co-formulated in a lipogome or lipid
nanoparticle.

123, The system of claim 122, wherein the donor polynucleotide, the gRNA /nolecule and the site-
directed nuclease are individually formulated in a liposome or lipid nanoparticlg/
124.  The system of claim 122, wherein the donor polynucleotide, thf gRNA molecule and the site-

directed nuclease are co-formulated in a liposome or lipid nanoparticl

125.  The system of any one of claims 113-124, wherein the n
the sequence set forth in SEQ ID NO: 107 (CH32 Mutant-CTA1 sgRNA)

cotide sequence of the gRNA comprises

126.  The system of any one of claims 113-124, wherghn the nucleotide sequence of the gRNA comprises

the sequence set forth in SEQ ID NO: 108 (CH34 MAtant-CTX1 sgRNA)

127.  The system of any one of claims 113-
the sequence set forth in SEQ ID NO: 93 (

4, wherein the nucleotide sequence of the gRNA comprises

tant GAA sgRNA spacer)

128. A cell comprising the donor
claims 113-127.

lynucleotide of any one of claims 1-112 or the system of any one of

129.  The cell of claim 124, wherein the cell is a dividing or non-dividing cell.

130.  The cell of clgfm 129, wherein the cell is a dividing cell.
131. f claim 129, wherein the cell is a non-dividing cell.
132.

cell of claim 128, wherein the cell is a patient-specific induced pluripotent stem cell (iPSC).

The cell of claim 128, wherein the cell is a primary hepatocyte.
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134. A pharmaceutical composition comprising the donor polynucleotide according to any one of clftms
1-112, and a pharmaceutically acceptable carrier.

135. A pharmaceutical composition comprising the system according to any one of claimy’113-127, and
a pharmaceutically acceptable carrier.

136. A pharmaceutical composition comprising the cell according to any one ¢f claims 128-133, and a
pharmaceutically acceptable carrier.

137.  The donor polynucleotide of any one of claims 1-112, the syste/n according to any one of claims
113-127, or the pharmaceutical composition according to any one of€laims 134-136, for use in treating a
patient with a disease by correcting a mutation in a genomic DNA folecule (gDNA) in a cell, the treatment
comprising: isolating a cell from the patient, contacting the celwith the donor polynucleotide, the system,
or the pharmaceutical composition, wherein when the¢/ donor polynucleotide, the system, or the
pharmaceutical composition contacts the cell, a non-homgblogous end-joining (NHEJ) DNA repair pathway
inserts the donor polynucleotide into a double-strandgd DNA break introduced into the gDNA at a location
proximal to the mutation, thereby correcting the
138.  The donor polynucleotide of any gfie of claims 1-112, the system according to any one of claims
113-127, or the pharmaceutical compogftion according to any one of claims 134-136, for use in treating a
patient with a disease by correcting gfnutation in a genomic DNA molecule (gDNA) in a cell, the treatment
comprising: administering to thefatient an effective amount of the donor polynucleotide, the system, or
the pharmaceutical composighdn, wherein, when the donor polynucleotide, system or composition is
administered, a non-homol#gous end-joining (NHEJ) DNA repair pathway inserts the donor polynucleotide
into a double-stranded [P/NA break introduced into the gDNA at a location proximal to the mutation, thereby
correcting the mutaty
139.  The yke of the donor polynucleotide of any one of claims 1-112, the system according to any one
of claims /13-127, or the pharmaceutical composition according to any one of claims 134-136, for the
manufgfture of a medicament for in treating a patient with a disease by correcting a mutation in a genomic

DNAX molecule (gDNA) in a cell.
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140. A method to correct a mutation in a genomic DNA molecule (gDNA) in a cell, the metjfod
comprising: contacting the cell with the donor polynucleotide according to any one of claims 1-1}2, the
system according to any one of claims 113-127, or the pharmaceutical composition according tg/ any one
of claims 134-136, wherein when the donor polynucleotide, system or composition contacts thg cell, a non-
homologous end-joining (NHEJ) DNA repair pathway inserts the donor polynucleotide/into a double-
stranded DNA break introduced into the gDNA at a location proximal to the mutation, fhereby correcting

the mutation.

141. A method of treating a patient with a disease by correcting a mutation iyf a genomic DNA molecule
(gDNA) in a cell, the method comprising: isolating a cell from the patient, cofftacting the cell with the donor
polynucleotide according to any one of claims 1-112, the system accordjplig to any one of claims 113-127,
or the pharmaceutical composition according to any one of claims/A34-136, wherein, when the donor
polynucleotide, system or composition contacts the cell, a non-pOmologous end-joining (NHEJ) DNA
repair pathway inserts the donor polynucleotide into a doubleAtranded DNA break introduced into the

gDNA at a location proximal to the mutation, thereby correcyng the mutation.

142, A method of treating a patient with a disease by/correcting a mutation in a genomic DNA molecule
(gDNA) in a cell, the method comprising: adminisgring to the patient an effective amount of the donor
polynucleotide according to any one of claims 1412, the system according to any one of claims 113-127,
or the pharmaceutical composition according/ to any one of claims 134-136, wherein, when the donor
polynucleotide, system or composition is agfinistered, a non-homologous end-joining (NHEJ) DNA repair
pathway inserts the donor polynucleotigé into a double-stranded DNA break introduced into the gDNA at
a location proximal to the mutation, fAereby correcting the mutation.
143.  The method of claim 1

(iPSC).

or 141, wherein the cell is a patient-specific induced pluripotent stem cell

144.  The method gf claim 140 or 141, wherein the cell is a hepatocyte.

od of claim 143, wherein the method further comprises differentiating the iPSC

comprising tfe corrected mutation into a differentiated cell; and implanting the differentiated cell into a

patient.
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146.  The method of any one of claims 140-144, wherein treatment results in the translatiop/of an mRNA
transcribed from the genomic DNA molecule (gDNA) comprising the inserted dongf polynucleotide,
wherein the translation results in the formation of a translation product (protein) thg#alleviates the disease

or that does not cause or contribute to the disease.

147. A kit comprising a container comprising a donor polynucleotidZaccording to any one of claims 1-
112, the system according to any one of claims 113-127, or the ph#frmaceutical composition according to

any one of claims 134-136, for correcting a mutation in a genggiic DNA molecule (gDNA) in a cell, and a

package insert comprising instructions for use.
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Claims

1. A donor polynucleotide comprising a non-replicative double-stranded DNA molecule (dsDNA)
comprising a nucleotide sequence which corrects a mutation that causes Glycogen Storage Disease 1a in a
genomic DNA (gDNA) molecule molecule in a cell, wherein the mutation is a protein-coding mutation
proximal to a 3’ splice site in the human G6PC gene, the donor polynucleotide comprising,

(i) a first strand comprising from 5’ to 3’: (a) a nucleotide sequence comprising splicing signals to
control processing of a precursor mRNA (pre-mRNA) transcribed from the gDNA, wherein the splicing
signals are a branch point, a polypyrimidine tract, and a natural or enhanced 3’ splice site; and (b) a
nucleotide sequence comprising an exonic sequence which corrects the mutation; and

(i1) a second strand comprising a nucleotide sequence complementary to the first strand, wherein
the donor polynucleotide is at least 25 and up to 500 nucleotides in length, and wherein when the donor
polynucleotide is introduced into the cell in combination with a site-directed nuclease, a non-homologous
end-joining (NHEJ) DNA repair pathway inserts the donor polynucleotide into a double-stranded DNA
break (DSB) introduced into the gDNA by the site-directed nuclease at a location proximal to the mutation,
thereby correcting the mutation;

wherein the branch point sequence comprises the nucleotide sequence TTCAT, wherein the
polypyrimidine tract comprises the nucleotide sequence CTTGTTCTGTTTTTTT (SEQ ID NO: 109),

wherein the 3’ splice site comprises the nucleotide sequence TAG.

2. The donor polynucleotide of claim 1, wherein the donor polynucleotide is up to 400, 300, 200, 100,
80, 70, or 60 nucleotides in length.

3. The donor polynucleotide of claim 1, wherein the donor polynucleotide is 30-70 or 40-60

nucleotides in length.

4. The donor polynucleotide of claim 1, wherein the mutation is an amino acid substitution of arginine
(R) at position 83 in the G6PC gene, and wherein the exonic sequence comprises a codon encoding arginine

(R) corresponding to the codon at position 83 in the G6PC gene.

5. The donor polynucleotide of claim 1, wherein insertion of the donor polynucleotide into the DSB

results in the formation of an exon in the gDNA comprising the exonic sequence.
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6. The donor polynucleotide of claim 1, wherein the splicing signals direct the inclusion of the exon

comprising the exonic sequence which corrects the mutation into an mRNA.

7. The donor polynucleotide of claim 1, wherein the exonic sequence comprises the nucleotide

sequence GATTCTCTTTGGACAGCGCCCTTACT (SEQ ID NO: 110).

8. The donor polynucleotide of claim 1, wherein the donor polynucleotide comprises two blunt ends.

9. A pharmaceutical composition comprising the donor polynucleotide according to claim 1 and a

pharmaceutically acceptable carrier.
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