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[DESCRIPTION]

[Title of Invention] MINIATURIZED CYTIDINE DEAMINASE-
CONTAINING COMPLEX FOR MODIFYING DOUBLE-STRANDED DNA
[Technical Field]

[0001]

The present disclosure relates to a complex for altering
a double stranded DNA, which enables alteration of a targeted
site of the double stranded DNA of a cell without a DNA
double strand break, and a method of altering a double
stranded DNA using said complex.

[Background Art]
[0002]

In recent years, genome editing has drawn attention as
a technology for altering a gene/genomic region of interest
in wvarious organism species. For example, a method of
recombination in a targeted locus in a DNA in a host plant
cell or insect cell by using a zinc finger nuclease (ZFN),
which 1is prepared from linking a zinc finger DNA binding
domain and a non-specific DNA cleavage domain (Patent
Literature 1); and a method of cleaving/modifying a targeted
gene at a site within or adjacent to a specific nucleotide
sequence by using a TALEN prepared by linking a transcription
activator-like (TAL) effector, which is a DNA binding module
of plant pathogenic Xanthomonas spp., with a DNA endonuclease
(Patent Literature 2) have been reported. Alternatively,
Streptococcus pyogenes derived Cas9 nuclease is broadly used
as a potent genome editing tool in eukaryotes having a
repair pathway for DNA double strand breaks (DSB) (e.g.,
Patent Literature 3, Non Patent Literatures 1 and 2).

[0003]

Target base editing mediated by a cytidine deaminase,
which directly edits a nucleotide in a target locus without
using a donor DNA comprising a homology arm for a target
region, has also Dbeen demonstrated (e.g., Non Patent

Literature 3). In view of utilizing DNA deamination instead
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of DNA cleavage mediated by a nuclease, this technology has
low toxicity to cells and is capable of pinpoint introduction
of a mutation. For this reason, not only utilization as a
biomolecular tool for preparing genetically altered animals,
but also for applications in medicine such as gene therapy
is expected.

[0004]

However, genome editing using a c¢ytidine deaminase
requires a cytidine deaminase for applications in medicine,
such that the molecular weight of a complex used in genome
editing increases, which is one of the obstructive factors
for efficient delivery. In this regard, an attempt has been
made to reduce the molecular weight of a cytidine deaminase
by deleting a part of a region of the cytidine deaminase
(Non Patent Literature 4).

[Citation List]

[Patent Literature]

[0005]

[PTL 1] International Publication No. WO 2003/087341

[PTL 2] International Publication No. WO 2011/072246

[PTL 3] International Publication No. WO 2013/176772

[Non Patent Literature]

[0006]

[NPL 1] Mali, P. et al., Science 339 (6121): 823-826 (2013)
[NPL 2] Cong, L. et al., Science 339 (6121): 819-823 (2013)
[NPL 3] Nishida, K. et al., Science 353 (6305): aaf8729
(20106)

[NPL 4] Tan J. et al., Nat Commun. 10(1l): 439 (2019)
[Summary of Invention]

[Technical Problem]

[0007]

However, it 1is reported that as the portions that are
deleted from a wild-type cytidine deaminase increases, the
efficiency of altering a target site of the complex of a

compact cytidine deaminase and nickase Cas9 disclosed in Non
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Patent Literature 4 decreases. The complex further comprises
a uracil-DNA glycosylase inhibitor (UGI). However, a UGI
inhibits the function of uracil-DNA glycosylase which is
important in repairing DNA. Thus, an undesirable off-target
effect is expected to be enhanced. Therefore, the present
disclosure provides a complex for altering a double stranded
DNA, which comprises a compact cytidine deaminase, which has
a reduced size while also suppressing a decrease 1in the
efficiency of altering a target site, and is capable of
achieving suppressing an off-target effect.

[Solution to Problem]

[0008]

The inventors have prepared a complex by removing a UGI
from the complex disclosed in Non Patent Literature 4
described above. The inventors also prepared complexes by
further deleting the N-terminus side region of the complex
and investigated the efficiency of altering a target site
with these complexes. As a result, it was unexpectedly found
that the efficiency of alteration when a UGI was not used
was 2/3 or less, even for a complex using CDAl consisting of
a region of positions 1 to 161 (i.e., CDA with a deletion of
32 amino acid regions from the C-terminus side of wild-type
CDA; also referred to as CDAI1Al6l), which was found to have
high efficiency of alteration in Non Patent Literature 4
compared to a complex wusing wild-type CDAl, and the
efficiency of alteration was 1/10, or less, compared to
conventional Target-AID which is fused to the C-terminus via
a linker. Furthermore, it was shown by these findings that
alteration is significantly reduced in CDAl with a deletion
of two or more amino acid residues on the N-terminal side of
CDA1Al61. In view of these findings, the inventors reached
the conclusion that achievement of high efficiency of
alteration of a target site by the complex disclosed in Non
Patent Literature 4 is largely due to an effect of improving

the efficiency of altering a DNA by a UGI (it is known that
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the effects of UGI are significantly manifested in yeast),
and a complex that can achieve the desired efficiency of
alteration cannot be obtained simply by deleting a terminal
region of CDAl when a UGI is not used, or when applied to
other organism species.

[0009]

In this regard, the conventional concept of simply
deleting a terminal region of a cytidine deaminase was
reconsidered to arrive at a hypothesis that carefully
studying the structure of a cytidine deaminase and altering
the structure based on said structure may prevent a decrease
in the efficiency of altering a target site. As a result of
conducting a study based on this hypothesis, the N-terminal
side and the C-terminal side were simultaneously deleted
while taking into consideration the interaction inside a
cytidine deaminase to approximate the three-dimensional
structure of the cytidine deaminase to a spherical shape,
and an exposed internal amino acid residue was replaced from
a hydrophobic to hydrophilic amino acid residue to
successfully materialize stabilization of the cytidine
deaminase and recover the efficiency. Furthermore,
efficiency beyond that of conventional technologies was also
achieved by improving the stability as a complex and
improving access to a substrate DNA by embedding CDAl, which
was fused to a terminus of Cas9 in conventional technologies,
inside Cas9. When an off-target effect was evaluated, it was
found that an off-target effect can be suppressed more
significantly in each <case compared to conventional
technologies. Further, CRISPR-Cas with a size that can be
inserted in an AAV vector was materialized by using SaCas9
as Cas9. The inventors completed the present disclosure as
a result of further studies based on these findings.

[0010]
Therefore, the present disclosure provides the following.
(Item 1)
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A complex of a nucleic acid sequence recognition module
bound with a deaminase, wherein

the nucleic acid sequence recognition module
specifically binds to a target nucleotide sequence in a
double stranded DNA,

the deaminase 1s altered so that the deaminase has a
smaller size than a wild-type deaminase corresponding to the
deaminase, and an area of a cross-section exposed as a result
of alteration or an index indicating the area is less than
or equal to a predetermined wvalue, and

the complex has an ability to alter a targeted site of
the double stranded DNA.

(Item 2)

The complex of the preceding item, wherein the deaminase
is altered so that the number of hydrophobic amino acid
residues manifested on a cross-section exposed as a result
of altering the deaminase is less than or equal to a
predetermined value, and the alteration comprises a deletion.
(Item 3)

The complex of any one of the preceding items, wherein
the deaminase is altered so that a ratio of the number of
hydrophobic residues manifested on a cross-section exposed
as a result of alteration to the number of altered amino
acid residues is less than or equal to a predetermined value,
and the alteration comprises a deletion.

(Item 4)

The complex of any one of the preceding items, wherein
the deaminase is altered so that the number of hydrophobic
amino acid residues manifested on a cross-section exposed as
a result of altering the deaminase is minimized.

(Item 5)

The complex of any one of the preceding items, wherein
the deaminase is altered so that a ratio of the number of
hydrophobic residues manifested on a cross-section exposed

as a result of alteration to the number of altered amino
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acid residues is minimized.
(Item ©6)

The complex of any one of the preceding items, wherein
the deaminase is from altering an N-terminus side and a C-
terminus side of the wild-type deaminase.

(Item 7)

The complex of any one of the preceding items, wherein
at least one hydrophobic internal amino acid residue exposed
in the deaminase is substituted with a hydrophilic amino
acid residue.

(Item 8)

The complex of any one of the preceding items, wherein
the deaminase comprises a cytidine deaminase.
(Item 9)

The complex of any one of the preceding items, wherein
the deaminase consists of:

(1) an amino acid sequence consisting of a region of amino
acid residues at positions 30 to 150 in the amino acid
sequence set forth in SEQ ID NO: 1;

(2) an amino acid sequence consisting of a region
corresponding to the region of (1) which is an ortholog of
a protein consisting of the amino acid sequence set forth in
SEQ ID NO: 1;

(3) the amino acid sequence of (1) or (2) with one or several
amino acid deletions, substitutions, insertions, and/or
additions; or

(4) an amino acid sequence with 90% or greater similarity or
identity with the amino acid sequence of (1) or (2).

(Item 10)

The complex of any one of the preceding items, wherein
the amino acid sequence of (3) comprises one or more
substitutions of an amino acid residue at a position selected
from the group consisting of positions 122, 126, and 139 in
the amino acid sequence set forth in SEQ ID NO: 1 or an amino

acid residue corresponding to said position to a hydrophilic
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amino acid residue.
(Item 11)

The complex of any one of the preceding items, wherein
the amino acid sequence of (3) comprises two or more
substitutions of an amino acid residue at position 122 and
an amino acid residue at position 139 in the amino acid
sequence set forth in SEQ ID NO: 1 or amino acid residues
corresponding to said positions to hydrophilic amino acid
residues.

(Item 12)

The complex of any one of the preceding items, wherein
the nucleic acid sequence recognition module is selected
from the group consisting of a CRISPR-Cas system wherein at
least one DNA cleaving capability of a Cas protein is
inactivated, a zinc finger motif, a TAL effector, and a PPR
motif.

(Item 13)

The complex of any one of the preceding items, wherein
the nucleic acid sequence recognition module is a CRISPR-Cas
system wherein at least one DNA cleaving capability of a Cas
protein is inactivated.

(Item 14)

The complex of any one of the preceding items, wherein
the Cas protein is a Cas9 protein.
(Item 15)

A complex of an N-terminal fragment of a nucleic acid
sequence recognition module, a deaminase, and a C-terminal
fragment of a nucleic acid sequence recognition module bound
therewith, wherein

when the N-terminal fragment and the C-terminal fragment
of the nucleic acid sequence recognition module are refolded,
the nucleic acid sequence recognition module has an ability
to specifically bind to a target nucleotide sequence in a
double stranded DNA and alter a targeted site of the double
stranded DNA.
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(Item 106)

The complex of the preceding item, wherein the deaminase
is altered so that the deaminase has a smaller size than a
wild-type deaminase corresponding to the deaminase, and an
area of a cross-section exposed as a result of alteration or
an index indicating the area is less than or equal to a
predetermined value.

(Item 17)

The complex of any one of the preceding items, wherein
the deaminase is altered so that the number of hydrophobic
amino acid residues manifested on a cross-section exposed as
a result of altering the deaminase is less than or equal to
a predetermined wvalue, and the alteration comprises a
deletion.

(Item 18)

The complex of any one of the preceding items, wherein
the deaminase is altered so that a ratio of the number of
hydrophobic residues manifested on a cross-section exposed
as a result of alteration to the number of altered amino
acid residues is less than or equal to a predetermined value,
and the alteration comprises a deletion.

(Item 19)

The complex of any one of the preceding items, wherein
the deaminase is altered so that the number of hydrophobic
amino acid residues manifested on a cross-section exposed as
a result of altering the deaminase is minimized.

(Item 20)

The complex of any one of the preceding items, wherein
the deaminase is altered so that a ratio of the number of
hydrophobic residues manifested on a cross-section exposed
as a result of alteration to the number of altered amino
acid residues is minimized.

(Item 21)
The complex of any one of the preceding items, wherein

the deaminase is from altering an N-terminus side and a C-
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terminus side of the wild-type deaminase.
(Item 22)

The complex of any one of the preceding items, wherein
at least one hydrophobic internal amino acid residue exposed
in the deaminase is substituted with a hydrophilic amino
acid residue.

(Item 23)

The complex of any one of the preceding items, wherein
the deaminase comprises a cytidine deaminase.
(Item 24)

The complex of any one of the preceding items, wherein
the deaminase consists of:

(1) an amino acid sequence consisting of a region of amino
acid residues at positions 30 to 150 in the amino acid
sequence set forth in SEQ ID NO: 1;

(2) an amino acid sequence consisting of a region
corresponding to the region of (1) which is an ortholog of
a protein consisting of the amino acid sequence set forth in
SEQ ID NO: 1;

(3) the amino acid sequence of (1) or (2) with one or several
amino acid deletions, substitutions, insertions, and/or
additions; or

(4) an amino acid sequence with 90% or greater similarity or
identity with the amino acid sequence of (1) or (2).

(Item 25)

The complex of any one of the preceding items, wherein
the nucleic acid sequence recognition module is selected
from the group consisting of a CRISPR-Cas system wherein at
least one DNA cleaving capability of a Cas protein is
inactivated, a zinc finger motif, a TAL effector, and a PPR
motif.

(Item 206)

A nucleic acid encoding the complex of any one of the
preceding items.
(Item 27)
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A vector comprising the nucleic acid of the preceding
item.
(Item 28)

The vector of the preceding item, which is an adeno-
associated viral vector.
(Item 29)

A method of altering a targeted site of a double stranded
DNA of a cell, comprising contacting the complex of any one
of the preceding items with the double stranded DNA.

(Item 30)

The method of the preceding item, wherein contacting a
double stranded DNA with a complex 1is performed through
introduction of the nucleic acid or vector of any one of the
preceding items into the cell.

[0011]

The present disclosure also provides the following.
(1]

A complex of a nucleic acid sequence recognition module
bound with a cytidine deaminase, wherein

the nucleic acid sequence recognition module
specifically binds to a target nucleotide sequence in a
double stranded DNA,

the cytidine deaminase consists of:

(1) an amino acid sequence consisting of a region of
amino acid residues at positions 30 to 150 in the amino acid
sequence set forth in SEQ ID NO: 1;

(2) an amino acid sequence consisting of a region
corresponding to the region of (1) which is an ortholog of
a protein consisting of the amino acid sequence set forth in
SEQ ID NO: 1;

(3) the amino acid sequence of (1) or (2) with one or
several amino acid deletions, substitutions, insertions,
and/or additions; or

(4) an amino acid sequence with 90% or greater similarity

or identity with the amino acid sequence of (1) or (2), and

_10_
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the complex alters a targeted site of the double stranded
DNA.

[2]

The complex of [1], wherein the amino acid sequence of
(3) comprises one or more substitutions of an amino acid
residue at a position selected from the group consisting of
positions 122, 126, and 139 in the amino acid sequence set
forth in SEQ ID NO: 1 or an amino acid residue corresponding
to said position to a hydrophilic amino acid residue.

[3]

The complex of [1] or [2], wherein the amino acid
sequence of (3) comprises two or more substitutions of an
amino acid residue at position 122 and an amino acid residue
at position 139 in the amino acid sequence set forth in SEQ
ID NO: 1 or amino acid residues corresponding to said
positions to hydrophilic amino acid residues.

(4]

The complex of any one of [1] to [3], wherein the nucleic
acid sequence recognition module is selected from the group
consisting of a CRISPR-Cas system wherein at least one DNA
cleaving capability of a Cas protein is inactivated, a zinc
finger motif, a TAL effector, and a PPR motif.

[5]

The complex of any one of [1] to [3], wherein the nucleic
acid sequence recognition module is a CRISPR-Cas system
wherein at least one DNA cleaving capability of a Cas protein
is inactivated.

[6]

The complex of [4] or [5], wherein the Cas protein is a
Cas9 protein.

[7]

A complex of an N-terminal fragment of a nucleic acid
sequence recognition module, a cytidine deaminase, and a C-
terminal fragment of a nucleic acid sequence recognition

module bound therewith, wherein

_11_
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when the N-terminal fragment and the C-terminal fragment
of the nucleic acid sequence recognition module are refolded,
the nucleic acid sequence recognition module specifically
binds to a target nucleotide sequence in a double stranded
DNA and alters a targeted site of the double stranded DNA.
[8]

The complex of [7], wherein the cytidine deaminase
consists of:

(1) an amino acid sequence consisting of a region of amino
acid residues at positions 30 to 150 in the amino acid
sequence set forth in SEQ ID NO: 1;

(2) an amino acid sequence consisting of a region
corresponding to the region of (1) which is an ortholog of
a protein consisting of the amino acid sequence set forth in
SEQ ID NO: 1;

(3) the amino acid sequence of (1) or (2) with one or several
amino acid deletions, substitutions, insertions, and/or
additions; or

(4) an amino acid sequence with 90% or greater similarity or
identity with the amino acid sequence of (1) or (2).

[9]

The complex of [7] or [8], wherein the nucleic acid
sequence recognition module is selected from the group
consisting of a CRISPR-Cas system wherein at least one DNA
cleaving capability of a Cas protein is inactivated, a zinc
finger motif, a TAL effector, and a PPR motif.

[10]

A nucleic acid encoding the complex of any one of [1] to

[9].
[11]

A vector comprising the nucleic acid of [10].
[12]

The vector of [11l], which is an adeno-associated viral
vector.
[13]



10

15

20

25

30

35

A method of altering a targeted site of a double stranded
DNA of a cell, comprising contacting the complex of any one
of [1] to [9] with the double stranded DNA.
[14]

The method of [13], wherein contacting a double stranded
DNA with a complex is performed through introduction of the
nucleic acid or vector of any one of [10] to [12] into the
cell.
[Advantageous Effects of Invention]
[0012]

The present disclosure provides a complex for altering
a double stranded DNA, which is more compact, has higher
efficiency of alteration, and has an off-target effect that
is more suppressed compared to conventional technologies. A
targeted site of a DNA can be altered more safely without
cleaving a double stranded DNA by using such a complex. A
nucleic acid encoding such a complex can also be inserted
into an adeno-associated viral wvector and facilitate
delivery of the complex to a target site, so that such a
nucleic acid can be useful especially for application to
gene therapy, etc.
[Brief Description of Drawings]
[0013]
[Figure 1] Figure 1 shows results of aligning the sequences
of human AID (denoted as HsAID), wild-type PmCDAl, and one
embodiment of the deaminase of the present disclosure
(PmCDA1-36) . The sequence of HsSAID is set forth in SEQ ID
NO: 3, the sequence of wild-type PmCDAl is set forth in SEQ
ID NO: 1, and the sequence of PmCDAl1-36 is set forth in SEQ
ID NO: 2.
[Figure 2] Figure 2 is a schematic diagram of the plasmid
constructs used in Example 1. The number in each construct
indicates the position of the amino acid of a protein encoded
by each sequence.

[Figure 3] Figure 3 shows results of Example 1. -Canavanine

_13_
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indicates a canavanine-free medium, and +Canavanine
indicates a canavanine-containing medium.

[Figure 4] Figure 4 shows results of Example 1. -—-Canavanine
indicates a canavanine-free medium, and +Canavanine
indicates a canavanine-containing medium.

[Figure 5] Figure 5 shows a graph of results in Example 1.
The vertical axis indicates the mutation introduction rate
(%) . The rightmost KN1251 is a positive control.

[Figure 6] Figure 6 shows results of three-dimensional
structure analysis on CDAl. The left diagram shows the three-
dimensional structure of wild-type CDAl, and the right
diagram shows the three dimensional structure of CDAI1Al61.
[Figure 7] Figure 7 shows the exposed internal amino acid
residues of CDA1Al161 (white portion in the right diagram).
[Figure 8] Figure 8 1s a schematic diagram of plasmid
constructs used in Example 2. The number in each construct
indicates the position of the amino acid of a protein encoded
by each sequence.

[Figure 9] Figure 9 shows results of Example 2. -Canavanine
indicates a canavanine-free medium, and +Canavanine
indicates a canavanine-containing medium.

[Figure 10] Figure 10 shows results of Example 2. —-Canavanine
indicates a canavanine-free medium, and +Canavanine
indicates a canavanine-containing medium.

[Figure 11] Figure 11 shows a graph of results in Example 2.
The vertical axis indicates the mutation introduction rate
(%) . The rightmost KN1252 is a positive control.

[Figure 12] Figure 12 is a schematic diagram of plasmid
constructs used in Example 2. The number in each construct
indicates the position of the amino acid of a protein encoded
by each sequence.

[Figure 13] Figure 13 shows the portion introduced with a
mutation (white portion) in the three dimensional structure
of Example 2.

[Figure 14] Figure 14 shows results of Example 2. —-Canavanine

_14_
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indicates a canavanine-free medium, and +Canavanine
indicates a canavanine-containing medium.

[Figure 15] Figure 15 shows results of Example 2. —-Canavanine
indicates a canavanine-free medium, and +Canavanine
indicates a canavanine-containing medium.

[Figure 16] Figure 16 shows a graph of results in Example 2.
The vertical axis indicates the mutation introduction rate
(%) . The rightmost KN1252 is a positive control.

[Figure 17] Figure 17 1is a schematic diagram of plasmid
constructs used in Example 2. The number in each construct
indicates the position of the amino acid of a protein encoded
by each sequence.

[Figure 18] Figure 18 shows results of Example 2. —-Canavanine
indicates a canavanine-free medium, and +Canavanine
indicates a canavanine-containing medium.

[Figure 19] Figure 19 shows results of Example 2. —-Canavanine
indicates a canavanine-free medium, and +Canavanine
indicates a canavanine-containing medium.

[Figure 20] Figure 20 shows a graph of results in Example 2.
The target sequence of a guide RNA differs in the left and
right diagrams. The vertical axis of each diagram indicates
the mutation introduction rate (%). The rightmost KN1252 of
each diagram is a positive control.

[Figure 21] Figure 21 is a schematic diagram of plasmid
constructs used in Example 3. The number in each construct
indicates the position of the amino acid of a protein encoded
by each sequence.

[Figure 22] Figure 22 shows results of Example 3. —-Canavanine
indicates a canavanine-free medium, and +Canavanine
indicates a canavanine-containing medium.

[Figure 23] Figure 23 shows results of Example 3. —-Canavanine
indicates a canavanine-free medium, and +Canavanine
indicates a canavanine-containing medium.

[Figure 24] Figure 24 shows a graph of results in Example 3.
The target sequence of a guide RNA differs in the left and

_15_
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right diagrams. The vertical axis of each diagram indicates
the mutation introduction rate (%). The rightmost KN1252 of
each diagram is a positive control.

[Figure 25] Figure 25 shows a schematic diagram of plasmid
constructs used in Example 3, and a tertiary structure of
one embodiment of the deaminase of the present disclosure.
The number in each construct indicates the position of the
amino acid of a protein encoded by each sequence.

[Figure 26] Figure 26 shows a schematic diagram of plasmid
constructs used in Example 3. The number in each construct
indicates the position of the amino acid of a protein encoded
by each sequence.

[Figure 27] Figure 27 shows results of Example 3. —-Canavanine
indicates a canavanine-free medium, and +Canavanine
indicates a canavanine-containing medium.

[Figure 28] Figure 28 shows results of Example 3. —-Canavanine
indicates a canavanine-free medium, and +Canavanine
indicates a canavanine-containing medium.

[Figure 29] Figure 29 shows a graph of results in Example 3.
The target sequence of a guide RNA differs in the left and
right diagrams. The vertical axis of each diagram indicates
the mutation introduction rate (%). The rightmost KN1252 of
each diagram is a positive control.

[Figure 30] Figure 30 shows results of Example 3. —-Canavanine
indicates a canavanine-free medium, and +Canavanine
indicates a canavanine-containing medium.

[Figure 31] Figure 31 shows results of Example 3. —-Canavanine
indicates a canavanine-free medium, and +Canavanine
indicates a canavanine-containing medium.

[Figure 32] Figure 32 shows a graph of results in Example 3.
The target sequence of a guide RNA differs in the left and
right diagrams. The vertical axis of each diagram indicates
the mutation introduction rate (%). The rightmost KN1252 of
each diagram is a positive control.

[Figure 33] Figure 33 shows a schematic diagram of plasmid

_16_
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constructs used in Example 4. The number in each construct
indicates the position of the amino acid of a protein encoded
by each sequence.

[Figure 34] Figure 34 shows results of Example 4. —-Canavanine
indicates a canavanine-free medium, and +Canavanine
indicates a canavanine-containing medium.

[Figure 35] Figure 35 shows results of Example 4. —-Canavanine
indicates a canavanine-free medium, and +Canavanine

indicates a canavanine-containing medium.

[Figure 36] Figure 36 shows results of Example 5.
[Figure 37] Figure 37 shows results of Example 5.
[Figure 38] Figure 38 shows results of Example 5.
[Figure 39] Figure 39 shows results of Example 5.
[Figure 40] Figure 40 shows results of Example 5.
[Figure 41] Figure 41 shows results of Example 5.
[Figure 42] Figure 42 shows a schematic diagram of plasmid

constructs used in Example 6. The number in each construct
indicates the position of the amino acid of a protein encoded
by each sequence, but those appended with bp indicate the
nucleotide length.

[Figure 43] Figure 43 is a schematic diagram of a plasmid
encoding a guide RNA (top diagram) and a schematic diagram
of the procedure of the experiment in Example 6 (bottom
diagram) .

[Figure 44] Figure 44 shows results of Example 6. Mutation
efficiency and the nucleotide after a mutation in each
nucleotide of a sequence are shown.

[Figure 45] Figure 45 shows a graph of results of Example 6.
The vertical axis corresponds mutation efficiency, and the
horizontal axis corresponds to the numerical value in the 24
well section and the sequence in the Reference section of
Figure 44. The sequence described in the top left graph is
set forth in SEQ ID NO: 17, the sequence described in the
bottom left graph is set forth in SEQ ID NO: 18, the sequence
described in the top right graph is set forth in SEQ ID NO:

_17_
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19, and the sequence described in the bottom right graph is
set forth in SEQ ID NO: 20.

[Figure 46] Figure 46a 1is a ribbon model showing the
structure of a complex of human AID and dsDNA. Non-catalytic
double stranded DNA binding domains are shown in green (N-
terminus) and red (C-terminus). The amino acid sequence
thereof is compared with that of PmCDAl below. In Figure 46a,
the sequences shown in AID are set forth in, in order from
the left, SEQ ID NO: 21 and SEQ ID NO: 22. The sequences
shown in PmCDAl are set forth in, in order from the left,
SEQ ID NO: 23 and SEQ ID NO: 24. Figure 46b is a predicted
diagram of honeycomb structures before and after alteration
of PmCDAl. In addition to the direct DNA binding sites (red
and green), the segment shown in blue was trimmed to minimize
the cross-section of the protein. Mutated amino acids (W122
and W139) are shown in yellow. Figure 46c¢c is a graph showing
on-target editing efficiency of Target-AID, AID-2S, and AID-
35S free of a UGI in a canavanine resistance assay of yeasts.
CAN1-2 (blue points) and CAN1-3 (orange points) were chosen
as target sites, and biological triple structures were
plotted. Figure 46d is a schematic diagram showing the domain
arrangement of a CBE mutant used in the Example. The
structure of BE is shared by YE1l, YE2, and R33A+K34A except
for a point mutation of rAPOBECl. Figures 46e and 46f are
graphs showing the on-target editing profile of a CBE variant
analyzed by deep sequencing at HEK2, HEK3, RNF2, and VEGFA
sites of HEK293T. Figure 46e shows nucleotide positions with
the highest frequency of C—T conversion of each target
(numbers were assigned from the PAM sequence side of a target
sequence toward the 5' side). Figure 46f shows the average
editing window of four targets. Figures 46e, £, and h show
the mean score (rectangular Dbar) and standard deviation
(error bar). If n < 9, each biological replication was
plotted as a dot. Figure 46g is a schematic diagram showing
the domain structures of SaAID and SaAID-3S. A gRNA
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expression cassette is bound to each effector plasmid. Figure
46h is a graph showing the on-target editing frequency of
SaAID and SaAID-3S in HEK293T in the same manner as Figure
46e. Cells were sorted out by expression of iRFP670 from the
plasmid backbone in order to normalize the transfection
efficiency.

[Figure 47] Figure 47a is a graph of measuring the rate of
occurrence of on-target mutation (canavanine resistant) and
off-target mutation (thialysine resistant) after inducing
each construct (AID-2S, -3S, and rAPORBREC1l) as shown in yeasts.
Values of biological repeats were plotted for a target site
of CAN1-2 (blue points) and CAN1-3 (orange points). Figure
47b is a schematic diagram of an orthogonal R-loop off-target
assay. Figure 47c is a graph showing results of selecting
seven off-target R-loop sites (1 to 7), co-introducing with
one of the on-target sites (HEK2, HEK3, RNF2, and VEGFA),

and analyzing with a deep sequencer. The off-target frequency
is indicated by the ratio of reads comprising a mutation.

For sites 1, 2 to 5, 6, and 7, data sets of n = 6, n =4, n
= 12, and n = 10, respectively, were plotted. The average
frequency (rectangular bar) and standard deviation (error
bar) thereof are shown. Figure 47d is a graph showing an on-
target editing to average off-target editing profile of all

CBEs in the Example. The y-axis represents the average on-
target editing of four on-target sites (HEK2, HEK3, RNFZ2,

and VEGFA) used in an R-loop assay, and the x-axis represents

the average off-target editing of seven orthogonal R-loop
sites. Figure 47e is a graph of evaluating Cas9 dependent
off-target effects. Two HEK2 off-target sites (1 to 2) and
four VEGFA off-target sites (1 to 4) were analyzed by deep
sequencing. The data set was n = 4.

[Figure 48] Figure 48 is a diagram showing the effect from
deleting the C-terminus of PmCDAl. Figure 48a shows predicted
diagrams of a series of honeycomb structures of PmCDAl with

a deletion of the C-terminus. The dsDNA binding domains
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without catalytic action are shown in green (N-terminus) and
red (C-terminus). Figure 48b is a schematic diagram showing
the C-terminus cleaved Target-AID constructs investigated in
Figure 48c. Figure 48c is a graph showing the change in on-
target editing efficiency of a cleaved construct in yeasts.
The rate of occurrence of canavanine resistant mutants was
measured as a CANl gene mutant. For CANl-1 and CAN1-2 target
sites, trend lines of different data sets (pink and gray
dots) were plotted.

[Figure 49] Figure 49 is a diagram showing the effect from
deleting the N-terminus and C-terminus of PmCDAl. Figure 49a
shows predicted diagrams of a series of honeycomb structures
of PmCDAl with deletion of the N-terminus and C-terminus.
The dsDNA binding domains without catalytic action are shown
in green (N-terminus). The blue segments indicate adjacent
sites cleaved to smooth out the shape of a protein and
minimize the cross-section. Figure 49b is a schematic diagram
showing the N-terminus and C-terminus cleaved Target-AID
construct tested in Figure 49c¢c. Figure 49c is a graph showing
the trend in on-target editing efficiency of a cleaved
construct in yeasts. The rate of occurrence of canavanine
resistant mutants was measured as a CANl gene mutant. For
CAN1-1 and CANl1-2 target sites, trend lines of different
data sets (pink and gray dots) were plotted.

[Figure 50] Figure 50 is a diagram showing the effect of
amino acid substitution in cleaved PmCDAl (30-150) .
Hydrophobic residues exposed after cleavage were substituted
with a hydrophilic residue. On-target editing efficiency was
measured by a yeast canavanine assay as shown in Figure 49
and normalized with an average value of Target-AID.
Biological replications were plotted for CANl1-1 (red) and
CAN1-2 (blue) target sites. Different data sets are indicated
by different shapes of dots.

[Figure 51] Figure 51 is a diagram showing domain embedded

Target-AID3S. Figure 5la is a schematic diagram showing
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domain embedded AID-3S (1054-tCDA1lEQ-1055) at the position
of the RuvC domain of Cas9. Figure 51b shows on-target
editing efficiency evaluated in yeasts. For CANl1-2 (blue)
and CAN1-3 (orange) target sites, the wvalues of biological
repeats were plotted.

[Figure 52] Figure 52 is a diagram showing the on-target
editing profiles of SaCas9-AID mutants. On-target editing
performance evaluated with HEKT293 cells using iRFP670 cell
sorting is shown. FANCF and VEGFA target sites were chosen,
and the frequency of mutation at each nucleotide position is
shown. The average score (rectangular bar) and standard
deviation (error bar) of each nucleotide conversion are shown.
Fach biological replication is plotted as a point (n = 3).
[Description of Embodiments]

[0014]

The present disclosure is described hereinafter while
showing the best mode thereof.

Throughout the entire specification, a singular
expression should be understood as encompassing the concept
thereof in the plural form, unless specifically noted
otherwise. Thus, singular articles (e.g., "a", "an", "the",
and the 1like in the case of English) should also be
understood as encompassing the concept thereof in the plural
form, unless specifically noted otherwise. Further, the
terms used herein should be understood as being used in the
meaning that is commonly used in the art, unless specifically
noted otherwise. Therefore, unless defined otherwise, all
terminologies and scientific technical terms that are used
herein have the same meaning as the general understanding of
those skilled in the art to which the present disclosure
pertains. In <case of a contradiction, the present
specification (including the definitions) takes precedence.
[0015]

As used herein, "about" refers to a range of + 10% from

the numerical value that is described subsequent to "about".
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[0016]

1. Nucleic acid altering enzyme complex

One aspect of the present disclosure provides a complex
of a nucleic acid sequence recognition module bound with a
deaminase, wherein the nucleic acid sequence recognition
module specifically binds to a target nucleotide sequence in
a double stranded DNA, the deaminase is altered so that the
deaminase has a smaller size than a wild-type deaminase
corresponding to the deaminase, and an area of a cross-
section exposed as a result of alteration or an index
indicating the area is less than or equal to a predetermined
value, and the complex has an ability to alter a targeted
site of the double stranded DNA. In one embodiment, an area
of a cross-section exposed as a result of alteration or an
index indicating the area can be less than or equal to a
predetermined value appropriately determined in accordance
with the type of deaminase. For example, the exposed cross-
section 1index or the number of hydrophobic amino acid
residues described below can be used as such an index.
[0017]

The objective of the present disclosure is to provide a
base editing system that can be inserted into a single AAV
vector by making a deaminase compact. The inventors
discovered that reducing or preferably minimizing the area
of a cross-section exposed when an amino acid has been
altered by deletion, etc. or an index indicating the area to
be less than or equal to a predetermined value, when making
a deaminase compact, leads to stabilization of the structure.
An element specifically considered important is the number
of hydrophobic amino acids manifested on a cross-section
exposed when amino acids are deleted or substituted to be
less than or equal to a predetermined value, e.g., reducing
or preferably minimizing the number to less than the number
from applying other alterations.
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In one embodiment of the present disclosure, a deaminase
can be altered on the N-terminus side and C-terminus side of
a wild-type deaminase, so that the number of hydrophobic
amino acid residues manifested on a cross-section exposed as
a result of altering the deaminase is less than or equal to
a predetermined value, or minimized. In another embodiment,
amino acid residues of an altered deaminase are not limited
to the N-terminus or C-terminus. Amino acids inside the
sequence (not at a terminal) can be altered, as long as the
alteration results in the number of hydrophobic amino acid
residues manifested on a cross-section exposed as a result
of altering the deaminase to be less than or equal to a
predetermined value, or minimized.

[0019]

If it is desirable to simply minimize the number of amino
acids exposed by a deletion or substitution when altering a
deaminase, avoiding extensive alteration is sufficient.
Alternatively, the ratio of: hydrophobic residues exposed,
to altered amino acids can be found and the numerical value
thereof (also referred to as an "exposed cross-section index"
herein) can be used as an indicator in order make a deaminase
compact and minimize hydrophobic amino acids manifested on
a cross-section exposed when amino acids are altered. Thus,
in one embodiment, the deaminase can be altered so that a
ratio of: the number of hydrophobic amino acid residues
manifested on a cross-section exposed as a result of
alteration, to the number of altered amino acid residues is
less than or equal to a predetermined ratio or minimized.
The indicator can also be reduced by substituting a
hydrophobic residue manifested on a cross-section exposed as
a result of alteration with a hydrophilic residue. Thus, in
one embodiment, at least one hydrophobic internal amino acid
residue exposed in a deaminase can be substituted with a
hydrophilic amino acid residue.
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As described in detail in the Examples presented below,
14 hydrophobic residues (Y34, L1L36, F49, W50, Y52, Y78, Y91,
L105, wWl22, Ll1l26, Y128, I136, W139, and V150) are manifested
for a compact cytidine deaminase PmCDA1l (30-150). The ratio
of: the number of hydrophobic residues exposed (14 residues),
to the number of deleted amino acids (87 residues) can be
calculated to quantify the exposure cross-section index.
[0021]

Thus, 1in one embodiment, the ratio of: the number of
hydrophobic residues manifested on a cross-section exposed
as a result of alteration, to the number of altered amino
acid residues can be, for example, about 3% or less, about
4% or less, about 5% or less, about 6% or less, about 7% or
less, about 8% or less, about 9% or less, about 10% or less,
about 12% or less, about 14% or less, about 16% or less,
about 18% or less, about 20% or less, about 22% or less,
about 24% or less, about 26% or less, about 28% or less,
about 30% or less, about 35% or less, about 40% or less,
about 45% or less, about 50% or 1less, about 55% or less,
about ©0% or less, about 65% or less, about 70% or less,
about 75% or less, about 80% or less, about 85% or less,
about 90% or less, or about 95% or less.

[0022]

In one embodiment, the number of hydrophobic amino acid
residues manifested on a cross-section exposed as a result
of altering the deaminase can be, for example, about 1 or
less, about 2 or less, about 3 or less, about 4 or less,
about 5 or less, about 6 or less, about 7 or less, about 8
or less, about 9 or less, about 10 or less, about 11 or less,
about 12 or less, about 13 or less, about 14 or less, about
15 or less, about 16 or less, about 17 or less, about 18 or
less, about 19 or less, about 20 or less, about 22 or less,
about 24 or less, about 26 or less, about 28 or less, about
30 or less, about 35 or less, about 40 or less, about 45 or

less, about 50 or less, about 55 or less, about 60 or less,
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about 65 or less, about 70 or less, about 75 or less, about
80 or less, about 85 or less, about 90 or less, about 95 or
less, or about 100 or 1less. In another embodiment, an
alteration may result in the number of hydrophobic amino
acid residues manifested on a cross-section exposed as a
result of altering the deaminase to be 100 or more, if the
alteration results in the ratio of: the number of hydrophobic
residues manifested on a cross-section exposed as a result
of alteration, to the number of altered amino acid residues
described above that is less than or equal to a predetermined
value.

[0023]

As used herein, "size" refers to the physical or chemical
size of a molecule such as a protein, including sizes of the
molecular weight, occupied volume, mass, etc. A decrease in
size includes reduction of the molecular weight, volume,
mass, etc. of the molecule. Preferably, the molecular weight
can be a more suitable indicator.

[0024]

As used herein, "minimize" refers to a value that is at
least decreased or smaller compared to the state prior to
alteration or compared to when another alteration is
administered. The value does not need to be the minimum value.
[0025]

As used Therein, "alteration" includes deletion or
substitution of an amino acid.

[0026]

Whether a specific amino acid within a protein (deaminase,
etc.) 1s exposed when altered can be accurately calculated
by modeling, etc. For example, the structure of a protein
can be predicted by referring to I-TASSER
(https://zhanggroup.org/I-TASSER/). The original protein
structure for predicting the structure can be obtained from,
for example, RCSBPDB (https://www.rcsb.org/), etc. For AID,
5W1C (https://www.rcsb.org/structure/5W1C) can be used.
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[0027]

In one embodiment, the present disclosure provides a
complex of a nucleic acid sequence recognition module that
specifically binds to a target nucleotide sequence in the
double stranded DNA bound with a compact cytidine deaminase,
for altering a double stranded DNA (also referred to as the
"compact complex of the present disclosure" hereinafter). As
described in the following section 3, a targeted site of a
double stranded DNA of interest (e.g., genomic DNA) can be
altered by contacting the compact complex of the present
disclosure with the double stranded DNA.

[0028]

As discussed in the Examples presented below, a cytidine
deaminase, which was fused to a terminus of Cas9 in the past,
is embedded inside a Cas effector protein to improve the
stability as a complex and access to substrate DNA and
achieve a higher efficiency than using a conventional complex.
Thus, another embodiment of the present disclosure provides
a complex of an N-terminal fragment of a nucleic acid
sequence recognition module, a cytidine deaminase, and a C-
terminal fragment of a nucleic acid sequence recognition
module bound therewith (hereinafter, also referred to as the
"complex of the present disclosure (split form)"). A cytidine
deaminase constituting the complex of the present disclosure
(split form), even wild-type cytidine deaminase, achieve
high efficiency of alteration, but a compact cytidine
deaminase 1is preferable from the viewpoint of achieving a
compact size or suppression of an off-target effect. In the
complex of the present disclosure (split form), refolding of
an N-terminal fragment and a C-terminal fragment of a nucleic
acid sequence recognition module enables the nucleic acid
sequence recognition module to specifically bind to a target
nucleotide sequence in the double stranded DNA. Hereinafter,
the term "complex of the present disclosure" may be used as

a term encompassing both the "compact complex of the present
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disclosure" and "complex of the present disclosure (split
form)".
[0029]

The complex of the present disclosure (split form) may
be provided as a fusion protein comprising an N-terminal
fragment of a nucleic acid sequence recognition module, a
cytidine deaminase, and a C-terminal fragment of a nucleic
acid sequence recognition module from the N-terminus to the
C-terminus, in order or in reverse order. In such a case, at
least one of the elements may be linked via a suitable linker
(e.g., 3xFlag linker, GS 1linker, etc.) or bound without a
linker. Alternatively, a split enzyme can be used, which is
designed to reconstitute a functional cytidine deaminase
when each of a nucleic acid sequence recognition module and
a cytidine deaminase 1is split into two fragments and
respective fragments thereof are linked to each other to
form two partial complexes, then the complexes are associated,
and a functional nucleic acid sequence recognition module is
reconstituted and binds to a target nucleotide sequence. For
example, a functional nucleic acid sequence recognition
module and a functional <cytidine deaminase <can Dbe
reconstituted by splitting each of a nucleic acid sequence
recognition module and a cytidine deaminase into an N-
terminus side fragment and a C-terminus side fragment,
preparing, for example, a partial complex from linking N-
terminus side fragments with each other and a partial complex
from linking C-terminus side fragments with each other, and
associating the complexes. The two partial complexes may
also be provided as separate molecules or as a single fusion
protein by linking the complexes directly or via a suitable
linker.

[0030]

The Examples presented below have demonstrated that the

same or higher efficiency of alteration than from using a

conventional complex can be achieved when a cytidine
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deaminase was inserted at a plurality of positions in the
amino acid sequence of a nucleic acid sequence recognition
module in the complex of the present disclosure (split form),
at any position. It was also demonstrated that a mutation
introduction site can be adjusted by adjusting the position
of insertion. Thus, the position where a cytidine deaminase
is inserted is not particularly limited. For example, it is
preferable to split SpCas9 between an amino acid residue of
any of positions 204 to 1054 (e.g., position 204, 535, 1023,
or 1054) of SpCas9 (SEQ ID NO: 4) and an amino acid residue
at a position offset by one amino residue to the C-terminus
side (e.g., position 205, 536, 1024, or 1055) when using a
CRISPR-SpCas9 system as a nucleic acid sequence recognition
module. When inserting a cytidine deaminase between, for
example, amino acid residues at positions 204 and 205 of
SpCas9, the C-terminal fragment of SpCas9 would be a fragment
consisting of 1 to 204, and the N-terminal fragment would be
a fragment consisting of 205 to 1368. It is preferable to
split SaCas9 between an amino acid residue of any of
positions 127 to 848 (e.g., position 127, 538, 614, 690, 735,
or 848) of SaCas9 (SEQ ID NO: 5) and an amino acid residue
at a position offset by one amino residue to the C-terminus
side (e.g., position 128, 539, 615, 691, 736, or 849) when
using a CRISPR-SaCas9 system. A portion where a cytidine
deaminase is split is not particularly limited, as long as
two split fragments can be reconstituted into a functional
cytidine deaminase. A cytidine deaminase may be split at one
location into an N-terminus side fragment and a C-terminus
side fragment, or split at two or more locations and the
three or more resulting fragments can be appropriately linked
into two fragments. The three dimensional structure of a
cytidine deaminase is known. Those skilled in the art can
appropriately select the location of splitting based on said
information.

[0031]
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As used herein, "compact cytidine deaminase" refers to
a cytidine deaminase having reduced molecular weight
compared to a wild-type cytidine deaminase by deleting some
of the amino acid residues of the wild-type cytidine
deaminase. Specific examples of such a compact cytidine
deaminase include, in one embodiment, a cytidine deaminase
consisting of:

(1) an amino acid sequence consisting of a region of amino
acid residues at positions 30 to 150 in the amino acid
sequence set forth in SEQ ID NO: 1;

(2) an amino acid sequence consisting of a region
corresponding to the region of (1) which is an ortholog of
a protein consisting of the amino acid sequence set forth in
SEQ ID NO: 1;

(3) the amino acid sequence of (1) or (2) with one or several
amino acid deletions, substitutions, insertions, and/or
additions; or

(4) an amino acid sequence with 90% or greater similarity or
identity with the amino acid sequence of (1) or (2).
However, the cytidine deaminase of (3) and (4) excludes wild-
type cytidine deaminase and a fragment of said cytidine
deaminase comprising at least the region of positions 28 to
161 of SEQ ID NO: 1 (region consisting of 134 amino acids).
Hereinafter, the term "cytidine deaminase" can be simply
used as a term encompassing both "compact cytidine deaminase"
and "wild-type cytidine deaminase".

[0032]

A cytidine deaminase consisting of the amino acid
sequence set forth in SEQ ID NO: 1 is PmCDAl (Petromyzon
marinus cytosine deaminase 1) derived from a lamprey.
Examples of orthologs of said PmCDAl include AID (Activation-
induced cytidine deaminase; AICDA) derived from a mammal
(e.g., human, pig, cow, horse, monkey, etc.) For example,
GenBank accession Nos. EF094822 and ABO15149 can be referred

for the base sequence and amino acid sequence of cDNA of
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PmCDAl, and GenBank accession Nos. NM 020661 and NP 065712
can be referred for the base sequence and amino acid sequence
of cDNA of human AID.

[0033]

Regarding (3), more specific examples includes cytidine
deaminases comprising (i) the amino acid sequence set forth
in SEQ ID NO: 1 with deletions of 1 to 50, preferably 1 to
20, and more preferably 1 to several (5, 4, 3, or 2) amino
acids, (ii) the amino acid sequence set forth in SEQ ID NO:
1 with additions of 1 to 50, preferably 1 to 20, and more
preferably 1 to several (5, 4, 3, or 2) amino acids, (iii)
the amino acid sequence set forth in SEQ ID NO: 1 with
insertions of 1 to 50, preferably 1 to 20, and more
preferably 1 to several (5, 4, 3, or 2) amino acids, (iv)
the amino acid sequence set forth in SEQ ID NO: 1 with
substitutions of 1 to 50, preferably 1 to 20, and more
preferably 1 to several (5, 4, 3, or 2) amino acids with
other amino acids, or (v) an amino acid sequence of a
combination thereof.

[0034]

The Examples presented below have demonstrated an effect
of improving the efficiency of alteration by a cytidine
deaminase presumed to be caused by stabilization of a protein
due to substituting a hydrophobic amino acid residue exposed
to the outside in the cytidine deaminase with a hydrophilic
amino acid residue. Thus, it is preferable to substitute a
hydrophobic amino acid residue exposed to the outside of a
cytidine deaminase described above with a hydrophilic amino
acid residue. Examples of such a hydrophobic amino acid
residue exposed to the outside, with PmCDAl as an example,
include position 34 (YY), position 36 (L), position 50 (W),
position 52 (YY), position 54 (V), position 74 (Y), position
94 (W), position 105 (L), position 122 (W), position 126 (L),
position 136 (I), position 139 (W), and 150 (V), and amino

acid residues at a ©position selected from positions
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corresponding to said amino acid residues in a cytidine

deaminase derived from an animal other than lampreys

(alphabet in the parenthesis indicates an amino acid residue).
In particular, an amino acid residue at a position selected
from the group consisting of positions 122, 126, and 139 is

preferable. Examples of a hydrophilic amino acid residue

include arginine, asparagine, aspartic acid, glutamic acid,

glutamine, lysine, serine, and threonine.

[0035]

The amino acid sequence of cytidine deaminase is highly
conserved among vertebrates. The amino acid sequence of a
cytidine deaminase derived from a desired animal can be
aligned with the amino acid sequence of PmCDAl to identify
a corresponding site subjected to deletion or a corresponding
site of mutation. If a corresponding amino acid residue 1is
a hydrophilic amino acid, the amino acid residue does not
need to be substituted, but may be substituted with another
hydrophilic amino acid residue. For example for human AID,
the amino acid corresponding to S30 of PmCDAl is the
threonine in position 27, the amino acid corresponding to
V150 of PmCDAl is the isoleucine in position 138, the amino
acid corresponding to W1l22 of PmCDAl is the phenylalanine in
position 109, the amino acid corresponding to L126 of PmCDAl
is the 1leucine in position 113, and the amino acid
corresponding to W139 of PmCDAl is the arginine in position
127. While these amino acid residues can be substituted with
any hydrophilic amino acid residue described above, it is
preferable, with PmCDAl as an example, to substitute W122
(F109 of human AID) with a glutamic acid residue or glutamic
acid residue, L126 (L113 of human AID) with an asparagine
residue, and/or W139 (R127 of human AID) with an arginine
residue or glutamine residue 1in a preferred embodiment.
Meanwhile, a substitution of a specific amino acid residue
such as those forming a loop between R sheets that is present

in a catalytic domain of deaminase activity (region of
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positions 66 to 100 of PmCDAl or region of positions 56 to
90 of human AID) is not preferable (in other words, such
amino acid residues are preferably conserved). Examples of
such an amino acid residue that is preferably not substituted,
with PmCDAl as an example, include F49 (D45 of human AID),
I65 (C55 of human AID), Y78 (W68 of human AID), Y91 (F81 of
human AID), L112 (L98 of human AID), Y128 (F115 of human
AID), and a region of positions 145 to 150 (region of
positions 133 to 138 of human AID) forming the loop described
above, and amino acid residues corresponding to said amino
acid residues in a cytidine deaminase derived from an animal
other than sea lamprey.

[0036]

Two of more hydrophobic amino acid residues exposed to
the outside of a cytidine deaminase described above may be
substituted with a hydrophilic amino acid residue. Examples
thereof include, with PmCDAl as an example, two or more of
amino acid residues at positions selected from the group
consisting of positions 122, 126, and 139 (e.g., positions
122 and 139), etc. Specific examples include substitutions
including combinations of mutations such as W122E/W139R,
W122E/W139Q, W122Q/W139R, and W122Q/W1390Q.

[0037]

As used herein, "similarity" of amino acid sequences
refers to the ratio (%) of: the same and similar amino acid
residues, to all overlapping amino acid residues in the
optimal alignment when two amino acid sequences are aligned
by using a known mathematical algorithm in the art
(preferably, the algorithm can consider introduction of a
gap to one or both sequences for optimal alignment). "Similar
amino acid" refers to an amino acid which is similar in the
physicochemical property. Examples thereof include amino
acids classified into the same group such as aromatic amino
acids (Phe, Trp, Tyr), aliphatic amino acids (Ala, Leu, Ile,

Val), polar amino acids (Gln, Asn), basic amino acids (Lys,
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Arg, His), acidic amino acids (Glu, Asp), amino acids with
a hydroxyl group (Ser, Thr), and amino acids with a small
side chain (Gly, Ala, Ser, Thr, Met). It is expected that a
substitution with such a similar amino acid does not result
in a change in the phenotype of a protein (i.e., conservative
amino acid substitution). Specific examples of a
conservative amino acid substitution are well known in the
art and are described in various documents (see, for example,
Bowie et al., Science, 247: 1306-1310 (1990)). Similarity or
identity of amino acid sequences herein can be calculated
under the following conditions (expected wvalue = 10; allow
gap; matrix = BLOSUM62; filtering = OFF) by using a homology
calculation algorithm NCBI BLAST (National Center for
Biotechnology Information Basic Local Alignment Search Tool).
[0038]

As used herein, "alteration" of a double stranded DNA
refers to conversion of a nucleotide (e.g., dC) on a DNA
strand into another nucleotide (e.g., dT, dA, or dG),
deletion thereof, or insertion of a nucleotide or nucleotide
sequence between nucleotides on a DNA strand. In this regard,
an altered double stranded DNA is not particularly limited,
as long as it is a double stranded DNA that is present in a
host cell, but is preferably a genomic DNA (e.g., chromosomal
DNA, mitochondrial DNA, chloroplastic DNA, etc.). Thus,
alteration of a targeted site of a double stranded DNA refers
to conversion of one or more nucleotides of the targeted
site with one or more other nucleotides, deletion thereof,
or insertion of one or more nucleotides into the targeted
site. "Targeted site" of a double stranded DNA refers to all
or part of a "target nucleotide sequence", which is
specifically recognized and bound by a nucleic acid sequence
recognition module, or the wvicinity (one of both of 5'
upstream and 3' downstream) of the target nucleotide sequence.
The range thereof can be appropriately adjusted between one

base and hundreds of bases long in accordance with the

_33_



10

15

20

25

30

35

objective.
[0039]

As used herein, "nucleic acid sequence recognition
module" refers to a molecule or molecule complex having the
ability to specifically recognize and bind to a specific
nucleotide sequence (e.g., target nucleotide sequence) on a
DNA strand. A nucleic acid sequence recognition module binds
to a target nucleotide sequence to enable a cytidine
deaminase linked to the module to specifically act on a
targeted site of a double stranded DNA.

[0040]

The complex of the present disclosure (also referred to
as a "nucleic acid altering enzyme complex") refers to a
molecule complex prepared from linking the nucleic acid
sequence recognition module described above with a cytidine
deaminase, having deamination activity with a specific
nucleotide sequence recognizing capability imparted. In this
regard, "complex" encompasses not only those comprised of a
plurality of molecules, but also those having a nucleic acid
sequence recognition module and a cytidine deaminase within
a single molecule much like a fusion protein. Accordingly,
a complex may be comprised of a guide RNA, a Cas effector
protein (also referred to as a Cas protein or Cas nuclease),
and a cytidine deaminase, or a complex may be comprised of
a guide RNA and a fusion protein of a Cas effector protein
and a cytidine deaminase, when using a CRISPR-Cas system as
a nucleic acid sequence recognition module.

[0041]

As described above, the complex of the present disclosure
can efficiently alter a double stranded DNA without
comprising a base excision/repair inhibitor. However, the
Examples presented below have demonstrated use of a compact
cytidine deaminase can reduce an off-target effect more
significantly than from using a wild-type cytidine deaminase,

even 1if a uracil-DNA glycosylase inhibitor is used
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concomitantly. It is presumed that such suppression of an
off-target effect is due to removal of a domain of a cytidine
deaminase with affinity to a DNA which is not desirable.
Thus, the complex of the present disclosure may be further
linked to a uracil-DNA glycosylase inhibitor.

[0042]

Examples of the uracil-DNA glycosylase inhibitor used in
the present disclosure include, but are not limited to,
Bacillus subtilis bacteriophage PBS1 -derived wuracil-DNA
glycosylase inhibitors (UGI) and Bacillus subtilis
bacteriophage PBS2 -derived uracil-DNA glycosylase
inhibitors (UGI) (Wang, Z., and Mosbaugh, D. W. (1988) J.
Bacteriol. 170, 1082-1091). In particular, PBS2 derived UGIs
are known to have an effect of minimizing mutations other
than C to T, cleavages, and recombinations on a DNA. Thus,
use of a PBS2 derived UGI is suitable.

[0043]

The target nucleotide sequence in a double stranded DNA
recognized by a nucleic acid sequence recognition module is
not particularly limited, as 1long as the module can
specifically bind thereto. The target nucleotide sequence
may be any sequence in a double stranded DNA. A target
nucleotide sequence only needs to be sufficiently long for
a nucleic acid sequence recognition module to specifically
bind thereto. If, for example, a mutation is introduced into
a specific site in a genomic DNA of a mammal, the length is
12 nucleotides or longer, preferably 15 nucleotides or longer,
and more preferably 17 nucleotides or longer in accordance
with the genome size. While the upper limit of length is not
particularly limited, the length is preferably 25
nucleotides or less.

[0044]

Examples of such a nucleic acid sequence recognition

module that can be used include, but are not limited to, DNA

binding domains of a protein that can specifically bind to
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a DNA such as restriction enzymes, transcription factors,
and RNA polymerases in addition to CRISPR-Cas system wherein
at least one DNA cleaving capability of a Cas protein is
inactivated (hereinafter, also referred to as the "CRISPR-
mutant Cas system"), a zinc finger motif, a TAL effector, a
PPR motif, etc., as well as fragments that do not have a
DNA double strand cleaving capability. Preferred examples
include a CRISPR-mutant Cas system, a zinc finger motif, a
TAL effector, a PPR motif, etc.

[0045]

A zinc finger motif is 3 to 6 different Cys2His2 zinc
finger units that are linked (one finger recognizes about 3
bases), which can recognized a 9 to 18 base target nucleotide
sequence. A zinc finger motif can be prepared by a known
method such as: a Modular assembly approach (Nat Biotechnol
(2002) 20: 135-141), OPEN (Mol Cell (2008) 31: 294-301),
CoDA (NatMethods (2011) 8: 67-69), or E. coli one-hybrid
system (Nat Biotechnol (2008) 26: 695-701). Japanese Patent
No. 4968498 can be referred for detailed preparation of zinc
finger motifs.

[0046]

A TAL effector has a repeat structure of modules having
about 34 amino acids as a unit. The binding stability and
base specificity are determined by the 12th and 13t amino
acid residues (known as RVD) of one module. Since each module
is highly independent, a TAL effector specific to a target
nucleotide sequence can be prepared simply by connecting
modules. Preparation methods of TAL effectors utilizing open
resources (REAL (CurrProtoc Mol Biol (2012) Chapter 12: Unit
12.15), FLASH (Nat Biotechnol (2012) 30: 460-465), Golden
Gate (Nucleic Acids Res (2011) 39: e82), etc.) are
established. A TAL effector for a target nucleotide sequence
can be designed relatively easily. Japanese National Phase
PCT Laid-open Publication No. 2013-513389 can be referred
for the detailed preparation of TAL effectors.
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[0047]

A PPR motif consists of 35 amino acids, and is configured
to recognize a specific nucleotide sequence with consecutive
PPR motifs that recognize a single nucleic acid base. A
target base is recognized only with the 1st, 4th, and ii(-2)th
amino acids of each motif. Since there is no dependence on
the motif configuration or interference from motifs on both
sides, a PPR protein specific to a target nucleotide sequence
can be prepared simply by connecting PPR motifs, Jjust like
TAL effectors. Japanese Laid-Open Publication No. 2013-
128413 can be referred for detailed preparation of PPR motifs.
[0048]

When using fragments of a restriction enzyme,
transcription factor, RNA polymerase, etc., DNA binding
domains of these proteins are well known, so that a fragment
that comprises such a domain but does not have DNA double
strand cleavage capability can be readily designed and
constructed.

[0049]

One of the nucleic acid sequence recognition modules
described above can be provided as a fusion protein with a
cytidine deaminase, or a protein binding domain such as a
SH3 domain, PDZ domain, GK domain, or GB domain and a binding
partner thereof may be fused to a nucleic acid sequence
recognition module and a cytidine deaminase, respectively
and provided as a protein complex via an interaction between
the domain and the binding partner thereof. Alternatively,
each of a nucleic acid sequence recognition module and a
cytidine deaminase can be fused to an intein and linked by
ligation after synthesizing each protein.

[0050]

For a zinc finger motif there is not a highly efficient
way of preparing a zinc finger that specifically binds to a
target nucleotide sequence, and sorting out zinc fingers

with high binding specificity is complex. Thus, it 1is not
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easy to prepare a large number of zinc finger motifs that
actually function. While TAL effectors and PPR motifs have
a higher degree of freedom for target nucleic acid sequence
recognition compared to zinc finger motifs, a large protein
needs to be designed and constructed for each target
nucleotide sequence, such that there is a problem in terms
of efficiency.

In contrast, a CRISPR-Cas system recognizes a sequence
of a double stranded DNA of interest with a guide RNA
complementary to a target nucleotide sequence. Thus, any
sequence can be targeted simply by synthesizing an oligo DNA
that can specifically form a hybrid with a target nucleotide
sequence.

Thus, 1n a more preferred embodiment of the present
disclosure, a CRISPR-mutant Cas system wherein one or both
DNA cleaving capability of Cas 1is inactivated is used as a
nucleic acid sequence recognition module.

[0051]

A CRISPR-mutant Cas system is provided as a complex of
a CRISPR-RNA (crRNA) comprising a sequence that is
complementary to a target nucleotide sequence, optionally a
trans-activating RNA (tracrRNA) required for recruiting a
mutant Cas effector protein (if a tracrRNA is required, can
be provided as a chimeric RNA prepared with a crRNA), and a
mutant Cas effector protein. RNA molecules consisting of a
crRNA alone or a chimeric RNA of a crRNA and tracrRNA,
constituting a nucleic acid sequence recognition module in
combination with a mutant Cas effector protein, are
collectively referred to as a "guide RNA". As used herein,
"targeted strand" refers to the strand that forms a hybrid
with a crRNA, and the opposite strand that is in a single
stranded state from hybrid formation of a targeted strand
and a crRNA is referred to as a "non-targeted strand". When
a target nucleotide sequence is expressed by one of the

strands (e.g., when denoting a PAM sequence, when

_38_



10

15

20

25

30

35

representing the positional relationship between a target

nucleotide sequence and PAM,

etc.), this is represented with

the sequence of a non-targeted strand.

[0052]

A Cas effector protein used in the present disclosure is

not particularly limited, as long as the Cas effector protein

can from a complex with a guide RNA and recognize and bind

to a target nucleotide sequence in a gene of interest and

(PAM) adjacent thereto, but is

protospacer adjacent motif

preferably Ca

not limited to:

PAM sequence
hereinafter))
(StCas9; PAM

derived Cas?9

aureus derived Cas9

Campylobacter

NNNVRYM (V indicates A,

s9 or Cpfl. Examples of Cas9 include, but are

NGG (N is A,

’ Streptococcus

G, T, or C;

sequence NNAGAAW) ,

(NmCas9; PAM sequence NNNNGATT),
(SaCas9;

jejuni derived Cas9

restriction due to PAM,

substantially

can be theoretically targeted).

G,
indicates T or C; M indicates A or C).
SpCas?9

or C;

is

thermophiles

Neisseria

PAM sequence:

Streptococcus pyogenes derived Cas9 (SpCas9;

the same applies

(CjCas9; PAM

R indicates A or G; Y

preferable

derived Cas?9

meningitidis
Staphylococcus
NNGRR(T) ), and

sequence

From the viewpoint of

(which 1is

two bases, and almost anywhere on the genome

From the viewpoint of size,

Cas9 is preferably SaCas9 or CjCas9. Examples of Cpfl include,

but are not limited to,

Francisella novicida derived Cpfl

(FnCpfl; PAM sequence NTT), Acidaminococcus sp. derived Cpfl

(AsCpfl; PAM
derived Cpfl

sequence NTTT),
(LbCpfl; PAM sequence NTTT),

Lachnospiraceae

bacterium

etc. As a mutant

Cas effector protein used in the present disclosure, those

that have inactivated cleavage capability of both strands of

a double stranded DNA of a Cas effector protein,

and those

that have only a cleavage capability of one strand and have

nickase activity can be both used.

For example for SpCas?9,

a D10A mutant which lacks an ability to cleave the opposite

stand (i.e.,

complementary

"non-targeted strand")

strand with

a guide

39 -

of the strand forming a

RNA

(e.g.,

"targeted
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strand") (thus having nickase activity on a strand forming
a complementary strand with a guide RNA) with the Asp residue
in position 10 converted to an Ala residue, an H840A mutant
that lacks an ability to cleave a strand forming a
complementary strand with a guide RNA (thus having nickase
activity on the opposite strand of a strand forming a
complementary strand with a guide RNA) with the His residue
in position 840 converted to an Ala residue, or a double
mutant thereof (dCas9) can be used. For SaCas9, a mutant
with the Asp residue in position 10 converted to an Ala
residue and/or the Asp residue in position 556, His residue
in position 557, and/or Asn residue in position 580 converted
to an Ala residue can be prepared. For CjCas9, a mutant with
the Asp residue in position 8 converted to an Ala residue
and/or the His residue in position 559 converted to an Ala
residue can also be used. For FnCpfl, a mutant lacking an
ability to cleave Dboth strands with the Asp residue 1in
position 917 converted to an Ala residue (D917A) or the Glu
residue in position 1006 converted to an Ala residue (E1006A)
can be used. Other mutant Cas effector proteins can also be
similarly used, as long as it lacks an ability to cleave at
least one of the strands of a double stranded DNA.

[0053]

A Cas effector protein may comprise an additional
deletion or mutation besides the mutations described above.
For example, mutant Cas effector proteins having a PAM
recognition sequence that 1is different from a wild-type

protein are known. Examples of such proteins include a mutant

of SpCas9 of
E108G/S217A/A262T/S409I/E480K/E543D/M6941/E1219V (xCas9
3.0), a mutant of SpCas9 of

A262T/R324L/S409I/E480K/E694D/M694I/E1219V (xCas9 3.7) (PAM
sequence: NG, GAA, and GAT) (Hu JH, et al., Nature., 556
(7699) : 57-63 (2018)), a mutant of SpCas?9 of
R1335V/L1111R/D1135V/G1218R/E1219F/A1322R/T1337R (SpCas9-
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NG) (PAM sequence: NGN) (Nishimasu H, et al., Science., 361
(6408) : 1259-1262 (2018)), a mutant of SpCas9 of
A262T/R324L/S409I/E480K/E543D/M694I/L1111R/D1135V/G1218R/EL
219F/A1322R/R1335V/T1337R (xCas9-NG) prepared by combining
these mutations (Legut M, et al., Cell Rep, 30(9): 2859-2868

(2020)), a mutant of SpCas9 of
D1135L/S1136W/G1218K/E1219Q/R1335Q/T1337R (SpG) (PAM
sequence: NGN) , a mutant of SpCas9 of

D1135L/S1136W/G1218K/E12190Q0/R1335Q/T1337R/L1111R/A1322R/A061
R/N1317R/R1333P (SpG) (PAM sequence: NRN and NYN) (Walton
RT, et al., Science, 368 (6488): 290-296 (2020)), a mutant

of SpCas9 of DI1135V/R1335Q/T1337R/ (SpCas9-VQR) (PAM
sequence: NGA) , a mutant of SpCas?H of
D1135V/G1218R/R1335E/T1337R (SpCas9-VERE) (PAM sequence:

NGCG), a mutant of SaCas9 of E782K/N968K/R1015H (SaCas9-KKH)
(PAM sequence: NNRRRT), SpCas9-NRRH, SpCas9-NRTH, and
SpCas9-NRCH (PAM sequence: NRRH, NRCH, and NRTH,
respectively) (Miller SM, et al., Nat Biotechnol. 38(4) :471-
481 (2020), etc.

[0054]

2. Nucleic acid encoding a complex for altering a double
stranded DNA

The complex of the present disclosure comprising a
complex of a nucleic acid sequence recognition module bound
with a deaminase (e.g., cytidine deaminase) may be contacted
with a double stranded DNA by introducing a nucleic acid
encoding the complex (hereinafter, also referred to as the
"nucleic acid of the present disclosure") into a cell having
a double stranded DNA of interest. The complex of the present
disclosure and each constituent molecule of the complex can
also be manufactured by a molecular biological methodology
using the nucleic acid of the present disclosure. Thus, a
nucleic acid sequence recognition module and a cytidine
deaminase may be prepared as a nucleic acid encoding a fusion

protein thereof, or as a nucleic acid encoding each of them
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in a form in which a complex can be formed within a host
cell after translation into a protein by utilizing a binding
domain, intein, etc. In this regard, a nucleic acid may be
a DNA or an RNA. A DNA is preferably a double stranded DNA
and is provided in a form of an expression vector placed
under the control of a functional promoter in a host cell or
in a form of an expression vector comprising the DNA. An RNA
is preferably a single stranded RNA.

[0055]

As used herein, "encoding a complex" encompassed both
encoding each molecule constituting the complex and encoding
a fusion protein having two or more constituent molecules
within a single molecule.

[0056]

A DNA encoding a nucleic acid sequence recognition module
such as a zinc finger motif, TAL effector, or PPR motif can
be obtained by any method described above for each module.
A DNA encoding a sequence recognition module such as a
restriction enzyme, transcription factor, or RNA polymerase
can be cloned by, for example, synthesizing an oligo DNA
primer to cover a region encoding a desired portion of the
protein (portion comprising a DNA binding domain) based on
cDNA sequence information thereof and amplifying it by RT-
PCR using a total RNA or mRNA fraction prepared with a cell
producing said protein as a template.

A DNA encoding a cytidine deaminase can also be cloned
in the same manner by synthesizing an oligo DNA primer to
achieve a deletion of a desired amino acid residue based on
cDNA sequence information of the used cytidine deaminase and
amplifying it by RT-PCR using a total RNA or mRNA fraction
prepared witha cell producing said cytidine deaminase as a
template. For example, a DNA encoding compact PmCDAl of
lampreys can be cloned by designing a suitable primer for a
suitable region of CDS based on the cDNA sequence (accession
No. EF094822) registered in the NCBI database and using RT-
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PCR from an mRNA derived from lampreys. A DNA encoding human
AID can also be cloned in the same manner based on the cDNA
sequence (accession No. AB040431) registered in the NCBI
database. When using a donor DNA for alteration of a targeted
site, the donor DNA can also be cloned in the same manner
described above, based on sequence information of the site,
etc.

A DNA encoding a fusion protein can be prepared by
ligating a DNA encoding a nucleic acid sequence recognition
module to a cloned DNA directly or a cloned DNA digested
with a restriction enzyme or added with a suitable linker
and/or nuclear localization signal (each organelle
localization signal if a double stranded DNA of interest is
a mitochondrial or chloroplastic DNA) when desired.
Alternatively, a DNA encoding a nucleic acid sequence
recognition module and a DNA encoding a cytidine deaminase
may each be fused to a binding domain or its binding partner
encoding DNA, or both DNAs may be fused to a DNA encoding a
separation intein, so that a complex can be formed after a
nucleic acid sequence recognition conversion module and a
cytidine deaminase are translated in a host cell. In such a
case, a linker and/or nuclear localization signal can be
linked at a suitable position of one or both DNAs when
desired. When a donor DNA 1is used for alteration of a
targeted site, the donor DNA may be prepared as a single DNA
or provided as a single DNA comprising a nucleic acid
encoding a nucleic acid sequence recognition module and/or
a cytidine deaminase.

[0057]

For a DNA encoding a nucleic acid sequence recognition
module, a DNA encoding a cytidine deaminase, and a donor DNA,
a DNA encoding the full 1length can be constructed by
chemically synthesizing a DNA strand or connecting a
synthesized partial overlapped oligo DNA short strand by

utilizing PCR or Gibson assembly. Examples of methods other
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than chemically synthesizing a DNA strand, when a donor DNA
is a single stranded nucleic acid, include preparation
thereof by digesting a plasmid DNA comprising said DNA with
a restriction enzyme to prepare a single strand, synthesizing
an RNA through an RNA polymerase, then synthesizing a cDNA
with a reverse transcriptase, and decomposing an RNA strand
with RNaseH. Alternatively, such a DNA can be prepared by
digesting a plasmid comprising a donor DNA with a nickase
restriction enzyme and separating/purifying the same through
electrophoresis. Construction of a full length DNA by
chemical synthesis or combination with PCR or Gibson assembly
is advantageous in that a codon, which is wused, can be
designed over the full length of CDS in accordance with a
host to which the DNA is introduced. Upon expression of a
heterologous DNA, an increase 1in the level of protein
expression can be expected by converting the DNA sequence
into a codon with high usage frequency in a host organism.
For example, the codon usage database published on the
website of Kazusa DNA Research Institute
(http://www.kazusa.or.jp/codon/index.html) can be used for
data on codon wusage frequency 1in a host which is wused.
Alternatively, areference describing the codon usage
frequency in each host can be referenced. The obtained data
and DNA sequence to be introduced may be referenced to
convert a codon with a low usage frequency in a host among
codons used in said DNA sequence with a codon with a high
usage frequency encoding the same amino acid.
[0058]

An expression vector comprising a nucleic acid encoding
a nucleic acid sequence recognition module and/or deaminase
(e.g., cytidine deaminase) can be manufactured, for example,
by linking said DNA downstream of a promoter in a suitable
expression vector.

As an expression vector, an E. coli derived plasmid (e.g.,

pPBR322, pBR325, pUCl2, or pUCl3); Bacillus subtilis derived
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plasmid (e.g., pUB110, pTP5, or pCl%4); yeast derived plasmid
(e.g., PSH19 or pSH15); insect cell expressed plasmid (e.g.:
pFast-Bac); animal cell expressed plasmid (e.g.: pAl-11,
pXT1l, pRc/CMV, pRc/RSV, or pcDNAI/Neo); bacteriophage such
as A phage; insect viral vector such as Baculoviridae viral
vector (e.g.: BmNPV or AcNPV); animal viral vector such as
a retrovirus, vaccinia virus, adenovirus, or adeno-
associated virus (AAV) vector; etc. is used. If use in gene
therapy is considered, an AAV vector is suitably used from
the viewpoint of long-term expression in an introduced gene
and safety in view of being non-pathogenic virus derived.
[0059]

Various deaminases can be used in the present disclosure.
For example, a cytidine deaminase has a reduced molecular
weight compared to a wild-type cytidine deaminase. Thus, a
nucleic acid encoding a nucleic acid sequence recognition
module and a nucleic acid encoding a cytidine deaminase can
be inserted into a single AAV vector by using a nucleic acid
sequence recognition module with a low molecular weight (e.g.,
SaCas?9, CjCas9, etc.) as needed. Alternatively, the
molecular weight can be reduced by deleting a portion of a
nucleic acid base module (e.g., deleting positions 1024 to
1054 of SpCas9). Specifically, when using a CRISPR-Cas system
as a nucleic acid sequence recognition module, a nucleic
acid encoding a Cas effector protein, a nucleic acid encoding
a guide RNA, and a nucleic acid encoding a cytidine deaminase
can all be inserted into a single AAV vector. As used herein,
"nucleic acid sequence recognition module" encompasses not
only wild-type, but also wvariants thereof having a nucleic
acid sequence recognition capability (e.g., variants of
SpCas9 described above, etc.).
[0060]

When using a viral vector as an expression vector, it is
preferable to use a vector derived from a serotype suitable

for infection of tissue or organ of interest. Preferred
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examples of an AAV vector used include AAV1, 2, 3, 4, 5, 7,
8, 9, or 10 based vectors when targeting the central nervous
system or retina, AAV 1, 3, 4, 6, or 9 based vectors when
targeting the heart, AAV1, 5, 6, 9, or 10 based vectors when
targeting the lung, AAV 2, 3, 6, 7, 8, or 9 based vectors
when targeting the liver, and AAV1, 2, 6, 7, 8, or 9 based
vectors when targeting the skeletal muscle. For cancer
therapy, it 1is preferable to use AAV2. For example, WO
2005/033321 A2, etc. can be referred for AAV serotypes.
[0061]

A promoter may be any promoter, as long as it 1is
compatible and suitable for a host used in expression of a
gene. Since conventional methods involving DSB may
significantly reduce the survival rate of a host cell due to
toxicity, it is desirable to increase the cell count until
start of induction by using an induction promoter. Meanwhile,
sufficient cell growth is achieved even 1if the complex of
the present disclosure 1s expressed. Thus, constituent
promotors can also be used without restriction.

If a host is, for example, an animal cell, SRa promoter,
SV40 promoter, LTR promoter, CMV (cytomegalovirus) promoter,
RSV (Rous sarcoma virus) promoter, MoMuLV (moloney murine
leukemia virus) LTR, HSV-TK (herpes simplex virus thymidine
kinase) promoter, etc. areused. In particular, CMV promoter,
SRa promoter, etc. are preferable.

When a host is E. coli, trp promoter, lac promoter, rechA
promoter, AP; promoter, lpp promoter, T7 promoter, etc. are
preferable.

When a host is a Bacillus bacteria, SPOl promoter, SPO2
promoter, penP promoter, etc. are preferable.

When a host is a yeast, Gall/1l0 promoter, PHO5 promoter,
PGK promoter, GAP promoter, ADH promoter, etc. are preferable.

When a host is an insect cell, polyhedrin promoter, P10
promoter, etc. are preferable.

When a host is a plant cell, CaMV35S promoter, CaMV19S
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promoter, NOS promoter, etc. are preferable.
[0062]

In addition to those described above, an expression
vector comprising an enhancer, splicing signal, terminator,
polyadenylation signal, drug resistant gene, auxotrophic
complementary gene, other selection markers, replication
point, etc. can also be used as desired.

[0063]

An RNA encoding a nucleic acid sequence recognition
module and/or cytidine deaminase can be prepared by, for
example, transcription to an mRNA in a known in wvitro
transcription system using the DNA encoding a nucleic acid
sequence recognition module and/or <cytidine deaminase
described above as a template.

[0064]

A DNA encoding a guide RNA can be chemically synthesized
by using a DNA/RNA synthesizer after designing an oligo DNA
sequence from linking a coding sequence of a crRNA seqguence
(e.g., when FnCpfl is recruited as a Cas effector protein,
a crRNA comprising SEQ ID NO: 2: AAUUUCUACUGUUGUAGAU on the
5'" side of a targeting sequence can be used, and the
underlined sequences form a base pair with each other to
have a stem loop structure), comprising a nucleotide sequence
complementary to a target nucleotide sequence (also referred
to as a "targeting sequence" herein), or crRNA coding
sequence and optionally a known tracrRNA coding sequence
(e.g.,
gttttagagctagaaatagcaagttaaaataaggctagtccgttatcaacttgaaaaaqg
tggcaccgagtcggtgecttttttt; SEQ ID NO: 6 (for SpCas?9),
gttttagtactctggaaacagaatctactaaaacaaggcaaaatgccgtgtttatctcg
tcaacttgttggcgagattttttt; SEQ ID NO: 7 (for SaCas9), etc.,
as a tracrRNA coding sequence when Cas9 is recruited as a
Cas effector protein).

[0065]

The length of a targeting sequence is not particularly
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limited, as long as the targeting sequence can specifically
bind to a target nucleotide sequence. The length is, for
example, 15 to 30 nucleotides, and preferably 18 to 25
nucleotides.

[0066]

A targeting sequence can be designed by listing up 20mer
sequences adjacent to PAM (e.g., NGG for SpCas9) on the 3
side in a CDS sequence of a gene of interest and selecting
a sequence that would result in a change in an amino acid in
a protein encoded by the gene of interest when C is converted
to T within 7 nucleotides from the 5' end to the direction
of 3'" by using a published guide RNA design website (CRISPR
DesignTool, CRISPRdirect, etc.) when using Cas9 as a Cas
effector protein. A sequence can also be appropriately
selected when using a length of targeting sequence other
than 20mer. Among these candidates, a candidate sequence
with few off-target sites in a host genome of interest can
be used as a targeting sequence. If the guide RNA designing
software used lacks a function for searching for an off-
target site of a host genome, an off-target site can be
search by, for example, performing Blast search on a host
genome for 8 to 12 nucleotides on the 3' side of a candidate
sequence (seed sequence with high capability of
distinguishing a target nucleotide sequence).

[0067]

A DNA encoding a guide RNA can also be inserted into an
expression vector similar to those described above. As a
promoter, it is preferable to use a pol III promoter (e.g.,
SNR6, SNR52, SCR1, RPR1, U3, U6, Hl promoter, etc.) and a
terminator (e.g., polyT sequence (Ts sequence, etc.)).
[0068]

3. Method of altering a targeted site of a double stranded
DNA

Another embodiment provides a method of altering a

targeted site of a double stranded DNA, comprising contacting
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the complex of the present disclosure with the double
stranded DNA of a host cell (hereinafter, also referred to
as the "alteration method of the present disclosure"). The
complex of the present disclosure including a complex of a
nucleic acid sequence recognition module bound with a
cytidine deaminase (including a fusion protein) and double
stranded DNA may be contacted as an enzymatic reaction in an
acellular system, but it is desired to introduce the complex,
nucleic acid, or vector of the present disclosure described
in section 1 or 2 into a host and culture the host cell,
which is in accordance with the primary object of the present
disclosure.

[0069]

The inventors have previously demonstrated that
introduction of a complex of a nucleic acid sequence
recognition module and a cytidine deaminase into cell results
in not only conversion of a nucleotide at a target site, but
also deletion or insertion of one or more nucleotides
(International Publication No. WO 2015/133554). Thus,
alteration of a targeted site may be not only conversion of
one or more nucleotides at a targeted site into one or more
other nucleotides, but also one or more nucleotide deletions
or insertion of one or more nucleotides into a targeted site.
Furthermore, the inventors have previously demonstrated that
further introduction of an exogenous donor DNA into a host
can, by a homologous recombination mechanism, substitute a
target site in a double stranded DNA with an insertion
sequence contained in the exogenous donor DNA or insert the
insertion sequence 1into the target site (International
Publication No. WO 2019/189147). Accordingly, the alteration
method of the present disclosure may comprise a step of
introducing a donor DNA into a cell.

[0070]
A complex of a nucleic acid sequence recognition module

and a deaminase (e.g., cytidine deaminase) can be expressed
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in a cell by introducing a nucleic acid encoding the nucleic
acid sequence recognition module and/or deaminase (e.g.,
cytidine deaminase) or an expression vector comprising said
nucleic acid into a host cell and culturing the host cell.
Since the alteration method of the present disclosure does
not involve DNA double-strand break (DSB), genome editing
with low toxicity is possible. Such a method can be applied
in wide-ranging biological materials. Thus, a cell
introduced with a nucleic acid encoding a nucleic acid
sequence recognition module and/or cytidine deaminase can
encompass cells of any biological species, from cells of
bacteria such as E. coli which are prokaryotes and
microorganisms such as yeasts which are lower eukaryotes to
cells of higher eukaryotes such as vertebrates including
mammals such as humans, insects, and plants.

[0071]

Examples of a host that can be used include Escherichia
bacteria, Bacillus bacteria, yeasts, insect cells, insects,
animal cells, etc.

Examples of Escherichia bacteria that can be used include
Escherichia coli K12 -DH1 [Proc. Natl. Acad. Sci. USA, 60,
160 (1968)], Escherichia coli JM103 [Nucleic Acids Research,
9, 309 (1981)]1, Escherichia coli JA221 [Journal of Molecular
Biology, 120, 517 (1978)], Escherichia coli HB101 [Journal
of Molecular Biology, 41, 459 (1969)], Escherichia coli C600
[Genetics, 39, 440 (1954)], etc.

Examples of Bacillus bacteria that can be used include
Bacillus subtilis MI114 [Gene, 24, 255 (1983)]1, Bacillus
subtilis 207-21 [Journal of Biochemistry, 95, 87 (1984)],
etc.

Examples of yeasts that can be used include Saccharomyces
cerevisiae) AH22, AH22R-, NA87-11A, DKD-5D, and 20B-12,
Schizosaccharomyces pombe NCYC1913 and NCYC2036, Pichia
pastoris KM71, etc.

[0072]
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Examples of insect cells that can be used, when a wvirus
is AcNPV, include cabbage armyworm larva derived cell line
(Spodoptera frugiperda cell; Sf cells), Trichoplusiani
midgut derived MGl cells, Trichoplusia ni egg derived High
Five™ cells, Mamestra brassicae derived cells,
Estigmenaacrea derived cells, etc. Examples of insect cells
that can be used, when a virus is BmNPV, include silkworm
derived cell lines (Bombyx mori N cells; BmN cells), etc.
Examples of the Sf cells that can be used include Sf9 cells
(ATCCCRL1711), Sf21 cells [In Vivo, 13, 213-217 (1977)], etc.

Examples of insects that can be used include silkworm
larvae, vinegar flies, crickets, etc. [Nature, 315, 592
(1985) 1.

[0073]

Examples of animal cells that can be used include cell
lines of monkey COS-7 cells, monkey Vero cells, Chinese
hamster ovary (CHO) cells, dhfr gene knockout CHO cells,
mouse L cells, mouse AtT-20 cells, mouse myeloma cells, rat
GH3 cells, and human FL cells, 1PS cells and ES cells of
humans and other mammals and other pluripotent stem cells,
and primary culture cells prepared from various tissues.
Zebrafish embryos, xenopus oocytes, etc. can also be used.
[0074]

Examples of plant cells that can be used include
suspension cultured cells, calluses, protoplasts, leaf
segments, root segments, etc. prepared from various plants
(e.g., cereals such as rice, wheat, and corn, commercial
crops such as tomato, cucumber, and eggplant, garden plants
such as carnation and prairie gentian, experimental plants
such as tobacco and Arabidopsis thaliana, etc.).

[0075]

An expression vector can be introduced in accordance
with a known method (e.g., lysozyme method, competent method,
PEG method, CaCl co-precipitation, electroporation,

microinjection, particle gun method, lipofection,
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agrobacterium method, etc.

)

depending on the type of host.

A donor DNA can also be introduced into cells by the same

methods. When introducing an expression vector and a donor

DNA as different molecules,

the expression vector and donor

DNA may be introduced simultaneously or at different timings.

E. coli can be transformed in accordance with the method

described

in, for example,

2110 (1972), Gene, 17, 107

A vector can be introduced into Bacillus bacteria 1in

Proc.

Natl. Acad. Sci. USA, 69,

(1982), etc.

accordance with the method described in, for example,

Molecular & General Genetics,

168, 111 (1979), etc.

A vector can be introduced into yeast in accordance with

the method described in,

194, 182-187 (1991), Proc
(1978), etc.

A vector can be introduced into insect cells or insects

for example, Methods in Enzymology,
Natl.

Acad. Sci. USA, 75, 1929

in accordance with the method described in, for example,

Bio/Technology, 6, 47-55 (1988),

etc.

A vector <can be introduced into animal cells 1in

accordance with the method described in, for example, Saibo

Kogaku Bes

Kogaku Jikken Purotokoru

Protocol],

satsu 8 [Cell Engineering Extra Issue 8] Shin Saibo

263-267 (1995)

52, 456 (1973), etc.

[0076]

[New Cell Engineering Experimental

(published by Shujunsha), Virology,

Cells introduced with the nucleic acid of the present

disclosure can be cultured in accordance with a known method

depending on the type of host.

When,

cultured,

in culture.
source, nitrogen source,

the growth of a transformant.

include g

Examples

for example, E.

coli

or Bacillus Dbacteria 1s

a liquid medium is preferable as the medium used

lucose, dextrin,

of the nitrogen

A medium also preferably comprises a carbon
inorganic matter, etc. required for

Examples of the carbon source

soluble starch, sucrose, etc.

source include ammonium salts,
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nitrates, corn steep liquor, peptone, casein, meat extract,
soybean meal, potato extract, and other inorganic and organic
matters. Examples of inorganic matters include calcium
chloride, sodium dihydrogen phosphate, magnesium chloride,
etc. A yeast extract, vitamin, growth promoting agent, etc.
may also be added to a medium. The pH of a medium is
preferably about 5 to about 8.

Preferred examples of a medium when E. coli is cultured
include an M9 medium comprising glucose and casamino acid
[Journal of Experiments in Molecular Genetics, 431-433, Cold
Spring Harbor Laboratory, New York 1972]. An agent such as
3B-indoleacrylic acid may be optionally added to a medium
for efficient functioning of a promoter. E. coli is generally
cultured at about 15 to about 43°C. Aeration and agitation
may also be applied as needed.

Bacillus bacteria are generally cultured at about 30 to
about 40°C. Aeration and agitation may also be applied as
needed.

Examples of medium when vyeast 1s cultured include
Burkholder minimum medium [Proc. Natl. Acad. Sci. USA, 77,
4505 (1980)]1, SD medium comprising 0.5% casamino acid [Proc.
Natl. Acad. Sci. USA, 81, 5330 (1984)], etc. The pH of a
medium is preferably about 5 to about 8. Yeast is generally
cultured at about 20°C to about 35°C. Aeration and agitation
may also be applied as needed.

Examples of medium when insect cells or insects are
cultured include Grace's Insect Medium [Nature, 195, 788
(1962)] with an appropriate addition of an additive such as
inactivated 10% bovine serum. The pH of a medium 1is
preferably about 6.2 to about 6.4. Insect cells or insects
are generally cultured at about 27°C. Aeration and agitation
may also be applied as needed.

Examples of medium when animal cells are cultured include
a minimum essential medium (MEM) comprising about 5 to about
20% fetal bovine serum [Science, 122, 501 (1952)], Dulbecco's
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Modified Eagle Medium (DMEM) [Virology, 8, 396 (1959)], RPMI
1640 medium [The Journal of the American Medical Association,
199, 519 (1967)], 199 medium [Proceeding of the Society for
the Biological Medicine, 73, 1 (1950)], etc. The pH of a
medium 1is preferably about 6 to about 8. The cells are
generally cultured at about 30°C to about 40°C. Aeration and
agitation may also be applied as needed.

Examples of medium when plant cells are cultured include
an MS medium, LS medium, B5 medium, etc. The pH of a medium
is preferably about 5 to about 8. The cells are generally
cultured at about 20°C to about 30°C. Aeration and agitation
may also be applied as needed.

A complex of a nucleic acid sequence recognition module
and a cytidine deaminase, i.e., the complex of the present
disclosure, can be expressed in a cell in a manner described
above.

[0077]

An RNA encoding a nucleic acid sequence recognition
module and/or compact deaminase can be introduced into a
host cell by microinjection, lipofection, etc. An RNA can be
introduced once or repeatedly for multiple times (e.g., 2 to
5 times) at a suitable interval.

[0078]

As used herein, "donor DNA" refers to a DNA comprising
an exogenous i1insertion sequence. A donor DNA generally
comprises two types of sequences (hereinafter, also referred
to as "homology arms") homologous to sequences of two regions
at the upstream side and downstream side of a target site,
which are adjacent to the target site (hereinafter, also
referred to as "adjacent regions"). Each homology arm may be
distinguished as the "5' homology arm" and "3' homology arm".
A "target site" of a double stranded DNA refers to a region
that would be substituted with an insertion sequence
contained in thedonor DNA, or a site between nucleotides

where the insertion sequence would be inserted. The target
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site does not include the aforementioned adjacent sequences.
When a site other than the target nucleotide sequence and
PAM sequence 1is the target site, the sequences may remain
after alteration and result in deamination due to a cytidine
deaminase. Thus, it is preferable to design a donor DNA so
that these sequences are excluded, or to introduce a silent
mutation into a target nucleotide sequence or PAM sequence
on homology arms.

[0079]

A sequence homologous to an adjacent region of a target
site may be not only a completely identical sequence, but
also a sequence with identity of preferably 80% or greater
(e.g., 85% or greater, 90% or greater, 95% or greater, 96%
or greater, 97% or greater, 98% or greater, or 99% or
greater) to the completely identical sequence, as long as
homologous recombination can occur within a cell.

[0080]

An insertion sequence can optionally include a drug
resistant gene (e.g., kanamycin resistant gene, ampicillin
resistant gene, puromycin resistant gene, etc.), thymidine
kinase gene, diphtheria toxin gene, other selection marker
sequences, green fluorescent protein (GFP), red fluorescent
protein, B glucuronidase (GUS), FLAG, other report gene
sequences, etc. To enable these genes to be resected after
completion of cell sorting, etc., an insertion sequence may
have a LoxP sequence, FRT sequence, or transposon specific
inverted terminal repeat (PiggyBac Terminal Repeat) in the
front or Dback thereof. Examples of preferred transposon
include piggyBac, which 1s a Lepidoptera insect derived
transposon, etc. (Kaji, K. et al., Nature, 458: 771-775
(2009), Woltjen et al., Nature, 458: 766-770 (2009), WO
2010/012077). Alternatively, an expression vector comprising
the aforementioned drug resistant gene may be co-introduced
to perform transient (about several days) drug sorting, as
described in 0Oji A et al., Sci Rep, 6: 31666 (2016), etc.
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Insertion of an insertion sequence into a target site or
substitution with a target site can be confirmed by decoding
the sequence, screening of a chromosomal DNA that is
separated and extracted from a <cell through Southern
hybridization or PCR, etc. If the aforementioned drug
resistant gene, etc. is present on a donor DNA, they can be
confirmed by using the expression thereof as an indicator.
[0081]

A donor DNA may be a linear (e.g., synthetic double
stranded DNA) or cyclic (e.g., plasmid DNA), single stranded
DNA (e.g., single stranded oligodeoxynucleotide (ssODN)) or
double stranded DNA. A donor DNA can be appropriately
designed depending on the Dbase length of an insertion
sequence, homologous recombination activity of a host cell,
etc. For example, when the base length of an insertion
sequence is 100 bases or 1less, ssODN or synthetic double
stranded DNA 1is generally used. When longer, a synthetic
double stranded DNA or plasmid DNA is generally used. The
length of a donor DNA is not particularly limited. The length
can be appropriately designed depending on the length of an
insertion sequence, etc. The length of an insertion sequence
is not particularly limited. The length can be appropriately
designed in accordance with the objective, generally in the
range of one base to 10s of thousands of bases (e.g., 100
bases or less for ssODN (e.g., 70 bases or less or 50 bases
or 1less)). The length of each homology arm is also not
particularly limited. When a donor DNA is ssODN, those with
a length of 10 bases to 150 bases are generally used. When
a donor DNA is a synthetic double stranded DNA, those with
a length of 10 to 5000 bases are generally used. When a donor
DNA is a plasmid DNA, those with a length of generally 100
bases to 5000 bases and preferably 500 bases to 1000 bases
are used. Such donor DNAs can be designed by referring to a
known document (e.g., Ochiai H, Int J Mol Sci, 16: 21128-
21137 (2015), or Hockemeyer D et al., Nat Biotefchnol, 27:
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851-857 (2009)).
[0082]

The alteration method of the present disclosure can alter
a targeted site by using a plurality of target nucleotide
sequences at different positions. Thus in one embodiment of
the present disclosure, two or more nucleic acid sequence
recognition modules that specifically bind to different
respective target nucleotide sequences can be used. In such
a case, each of these nucleic acid sequence recognition
modules forms a complex with a cytidine deaminase. In this
regard, a common cytidine deaminase can be used. For example,
when a CRISPR-mutant Cas system is used as a nucleic acid
sequence recognition module, two or more crRNAs forming a
complementary strand with different respective nucleotide
sequences, or two or more chimeric RNAs of the two respective
crRNAs and a tracrRNA can be prepared and used, as a guide
RNA (crRNA, or chimera of crRNA-tracrRNA), by using a common
complex of a mutated Cas effector protein and a cytidine
deaminase. Meanwhile, when using a zinc finger motif, TAL
effector, etc. as a nucleic acid sequence recognition module,
a cytidine deaminase can be Dbound to, for example, each
nucleic acid sequence recognition module specifically
binding to a different target nucleotide.
[0083]

To express the complex of the present disclosure within
a host cell, an expression vector comprising a DNA encoding
the complex is introduced into a host cell as described above.
Meanwhile, in order to efficiently introduce a mutation, it
is desirable that expression of a complex is maintained for
acertain period or longer at a certain level or higher. From
such a viewpoint, the expression vector 1s <certainly
incorporated into a host genome, but sustained expression of
a complex increases the risk of off-target cleavage. Thus,
it is preferable to quickly remove the DNA after alteration

of a target site is successfully achieved. Examples of means
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for removing a DNA incorporated into a host genome include
a method of using a Cre-loxP system or FLP-FRT system, method
of using transposon, etc.

[0084]

Alternatively, efficient editing of a host genome can be
materialized while avoiding the risk of off-target cleavage
by transiently expressing the complex of the present
disclosure within a host cell only during a period required
for a deamination reaction to occur at a desired time and
for immobilizing an alteration of a targeted site. Those
skilled in the art can appropriately determine a suitable
expression induction period based on the culture conditions
used, etc. An exemplary expression induction period can be
20 to 40 hours when, for example, budding yeasts are cultured
in a 0.02% galactose induction medium.

[0085]

Examples of means for transiently expressing the complex
of the present disclosure for a desired period at a desired
time include a method of preparing a construct (expression
vector) comprising a nucleic acid encoding the complex in a
form in which the expression period can be controlled, and
introducing the construct into a host. Specific examples of
"form in which the expression period can be controlled"
include the nucleic acid of the present disclosure under
control of an induction regulatory region. Examples of
"induction regulatory region" include, but are not
particularly limited to, an operon of a temperature sensitive
(ts) mutant repressor and an operator controlled thereby.
Examples of ts mutant repressors include, but are not limited
to, ts mutants of a A phage derived cI repressor. A A phage
derived cI repressor (ts) binds to an operator and suppresses
gene expression downstream at 30°C or less (e.g., 28°C), but
dissociates from an operator at a high temperature of 37°C
or higher (e.g., 42°C) so that gene expression is induced.

Hence, a host cell introduced with the nucleic acid of the
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present disclosure is generally cultured at 30°C or less,
the temperature is raised to 37°C or higher at a suitable
time, the cell is cultured for a certain period of time and
subjected to a deamination reaction to introduce a mutation
into a target gene. After this process, the temperature can
be quickly returned to 30°C or less to minimize the period
during which expression of the target gene is suppressed.
Even if a gene that is essential for a host cell is targeted,
the gene can be edited efficiently while suppressing side
effects.

When a temperature sensitive mutation 1is wutilized,
insertion of the temperature sensitive mutation of a protein
that is required for autonomous replication of a vector into
a vector comprising a DNA encoding the complex of the present
disclosure results in autonomous replication being disabled
quickly after expression of the complex, and the vector
naturally falling off with cell division. Examples of such
a temperature sensitive mutant protein include, but are not
limited to, a temperature sensitive mutant of Repl0l ori
which is required for replication of pSC101 ori. At 30°C or
less (e.g., 28°C), ReplOl ori (ts) acts on pSCl0l ori to
enable autonomous replication of a plasmid, but loses the
function at 37°C or higher (e.g., 42°C), so that the plasmid
would no longer be able to autonomously replicate. Thus,
transient expression of the complex of the present disclosure
and plasmid removal can be simultaneously performed by
concurrent use with a cI repressor (ts) of A phage described
above.

[0086]

Transient expression of the complex of the present
disclosure can be materialized by introducing a DNA encoding
the complex into a host cell under the control of an
inducible promoter (e.g., lac promoter (induced by IPTG),
cspA promoter (induced by cold shock), araBAD promoter

(induced by arabinose), etc.), adding an inducer to a medium
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(or removing the inducer from a medium) at a suitable time
to induce expression of the complex, culturing the cell for
a certain period of time, and subjecting the cell to a
nucleic acid alteration reaction to introduce a mutation
into a target gene.

[0087]

Hereinafter, the present disclosure is described through
the Examples. However, the present disclosure is not limited
to the Examples.

[Examples]
[0088]
<Cell Line/Culture/Transformation/Expression Induction>

A budding vyeast Saccharomyces cerevisiae BY4741 1line
(requiring leucine and uracil) was cultured in a Dropout
composition matching the nutritional requirement of a
standard YPDA medium or SD medium. The yeasts were cultured
on an agar plate through static culture or in a ligquid medium
through shake culture between 25°C to 30°C. A lithium acetate
method was used for transformation. Yeasts were sorted out
in a suitable SD medium matching the nutritional requirement.
To 1induce expression with galactose, the vyeasts were
precultured overnight in a suitable SD medium. The yeasts
were then subcultured in an SR medium, where 2% glucose was
replaced with 2% raffinose as a carbon source, and cultured
overnight. The yeasts were subcultured in an SGal medium,
where a carbon source was replaced with 0.2% galactose, and
cultured for about 3 hours to 2 nights to induce expression.

The viable cell count and Canl mutation rate were
determined by appropriately diluting and applying a cell
suspension to an SD plate medium and SD-Arg + 60 mg/l
canavanin plate medium or SD + 300 mg/l canavanine plate
medium and counting the number of colonies appearing after
three days as the viable cell count. The mutation rate was
calculated/evaluated by using the viable colony count on the

SD plate as the total cell count and the viable colony count
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on the canavanine plate as the resistant mutant line count.

To investigate the off-target effect, a cell suspension
was appropriately diluted and applied to an SD plate medium
and SD + 100 mg/l S-amincethyl-L-cysteine (Thialysine), and
the number of colonies appearing after three days was counted
as the viable cell count. The off-target mutation rate was
calculated/evaluated by using the viable colony count on the
SD plate as the total cell count and the viable colony count
on the Thialysine plate as the resistant mutant line count.
[0089]
<Nucleic acid manipulation>

A DNA was processed/constructed by PCR, restriction
enzyme treatment, ligation, Gibson assembly, or artificial
chemical synthesis. For a plasmid, pRS415 for leucine
selection was used as a yeast/E. coli shuttle vector, and
PRS426 for uracil selection was used as the backbone. The
plasmid was amplified with E. coli line XL-10 gold or DHba,
and introduced into yeasts by a lithium acetate method.
[0090]
<Construction of a construct>

Fach domain was cleaved, replaced, and introduced with
a mutation in accordance with the approach and plasmid
described in Non Patent Literature 3. SaABEmax (#119814) was
obtained from Addgene as a SaCas9 containing wvector for
expression in mammals and altered. Scpl sequences and polyA
signals were artificially chemically synthesized. The target
sequences of gRNA of KN1086, KN1150, KN1025, and KN1149 are
set forth in SEQ ID NO: 8 to 11, respectively. The full
length sequences of pAL008, pAL022, V5679, pALO047, and pALO50
are set forth in SEQ ID NO: 12 to 16, respectively, as
representatives of each construct. Vector 1251 used as a
control 1in the following Examples comprises a sequence
encoding conventional dCas9-dSH3-CDA (free of UGI), and
vector 1252 comprises a sequence encoding conventional

nCas9-dSH3-CDA (free of UGI) (dSH3 is a linker). Further,
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PALOO8 comprises a sequence encoding CDA-nCas9 and is fused
to CDA without a linker to the N-terminus side of Cas?9.
[0091]
<Three-dimensional structure analysis>

The three dimensional structure of AID (id: 5WI1C) was
obtained from MMDB of NCBI and analyzed on a software (Cn3D).
Alignment was performed with ClustalW.
[0092]
<Transfection and induction of mutation into HEK293 cells)

Human embryonic kidney cells (HEK293T cells) were used.
The cells were cultured under the conditions of 37°C and 5%
CO2 by using a DME-glutamax medium (ThermoFisher Scientific,
USA) added with 100 pg/mL penicillin-streptomycin (Life
Technologies, Carlsbad, CA, USA) and 10% fetal bovine serum
(FBS) (Biosera, Nuaille, France). The cells were retrieved
using 5% trypsin. HEK293T cells preserved in a deep freezer
were thawed in a 37°C water bath and seeded in a 75T flask
so that the cell count would be 5 x 10°% cells. After culturing
for 1 to 3 days, the cells were retrieved and seeded in each
well of a 24-well plate so that the cell count would be 0.5
x 10° cells/well. Cells in each well in a 60 to 80% confluent
state after culturing for 1 to 3 days were transfected with
about 1 pg of each plasmid DNA described above using 3 pul of
Lipofectamine 2000 (Life Technologies, Carlsbad, USA).
[0093]
<Sequencing>

The frequency and location of mutations were analyzed by
retrieving cultured cells 24 to 72 hours after transfection,
extracting a DNA, amplifying a target region by PCR, then
performing amplicon analysis using a next generation
sequencer Miniseqg. Data was processed with CLC Workbench. In
some cases, construct expressing cells were fractionated
with a cell sorter by using fluorescence of GFP or RFP as an
indicator for concentration of cells.
[0094]
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Example 1: Investigation of making a cytidine deaminase

compact by deletion of a terminal region

The nucleic acid altering enzyme complex comprising a
compact cytidine deaminase, disclosed in Non Patent
Literature 4, comprises a uracil-DNA glycosylase inhibitor
(UGI) . Meanwhile, it is expected that an undesired off-target
effect 1is enhanced if a UGI is used. When comparatively
evaluating deaminase activity, the mutation introduction
efficiency is saturated and the difference is difficult to
discern in the presence of a UGI within yeast cells. For
this reason, a complex with a UGI removed was first prepared
from the complex disclosed in Non Patent Literature 4
described above. A complex with further deletion of an N-
terminus side region thereof was also prepared. The
efficiency of altering a target site in these complexes was
investigated. Figure 2 shows the summary of the constructs
used in this experiment, and Figures 3 to 5 show the results.
Unexpectedly, even for a complex using CDA1A161 which was
found to have high efficiency of alteration in Non Patent
Literature 4, the efficiency of alteration was 2/3 relative
to a complex using wild-type CDAl when a UGI was not used in
view of Figures 3 to 5. Furthermore, alteration decreased
significantly in CDAl with 2 or more amino acid residue
deletions on the N-terminus side of CDAI1Al61l. In view of the
results described above, the inventors reached a conclusion
that the complex disclosed in Non Patent Literature 4 was
able to achieve high efficiency of altering a targeted site
largely due to an effect of improving efficiency of DNA
alteration by a UGI within yeast cells, and a complex that
can achieve a desired efficiency of alteration cannot be
obtained simply by deleting a terminal region of CDAl when
a UGI is not used or when applied to a different organism
species.

[0095]

Example 2: Investigation of making cytidine deaminase
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compact based on a three-dimensional structure

In this regard, a site of deletion in a cytidine
deaminase was determined based on the structure of the
cytidine deaminase instead of simply deleting the terminal
region of the cytidine deaminase. First, the structure of
CDA1Al161 was analyzed using a three-dimensional structure
analysis software, which revealed that the structure had a
distorted spherical shape (left diagram of Figure 6). In
this regard, only the white portion in the left diagram of
Figure 6 (e.g., regions of positions 30 to 150 of PmCDA1l)
was extracted to approximate the shape to a more spherical
shape. Hereinafter, the positions of amino acid residues are
indicated based on the amino acid sequence of a wild-type
cytidine deaminase (i.e., sequence set forth in SEQ ID NO:
1). A compact cytidine deaminase prepared in this manner
(also referred to as PmCDAl (30-150)) was subjected to
further structural analysis to prepare a complex with exposed
internal amino acid residues (amino acid residues at
positions 91, 122, 126, 128, and 150 in this case) (white
portions in the right diagram of Figure 7) substituted from
hydrophobic to hydrophilic amino acid residues. Figure 8
shows the summary of the constructs used in this experiment,
and Figures 9 to 11 show the results. Figures 9 to 11 show
that the efficiency of altering a target site is improved
with PmCDA1l (30-150) relative to CDAl1Al61 having a high
molecular weight of cytidine deaminase. A particularly high
alteration activity was observed in a cytidine deaminase
which is PmCDAl (30-150) having tryptophan at position 122
substituted with glutamic acid (also referred to as (PmCDAl
(30-150; W122E)).

[0096]

Furthermore, efficiency of altering a target site was
investigated by using a complex in which a hydrophobic amino
acid is substituted with a hydrophilic amino acid in PmCDAl
(30-150; W122E). Figure 12 shows the summary of the
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constructs used in this experiment, Figure 13 shows a portion
introduced with a mutation in a three-dimensional structure
(white portion), and Figures 14 to 16 show the results. A
particularly high alteration activity was observed in a
cytidine deaminase which is PmCDAl (30-150; WI122E) with
tryptophan at position 139 substituted with arginine (also
referred to as PmCDAl (30-150; WI122E; W139R)) from Figures
14 to 16.

[0097]

Similarly, a complex with the location of mutation
changed was prepared to investigate the efficiency of
altering a target site. Figure 17 shows the summary of the
constructs used in this experiment, and Figures 18 to 20
show the results. A particularly high alteration activity
was observed in a cytidine deaminase which is PmCDA1l (30-
150; W122E) with tryptophan at position 139 substituted with
glutamine (also referred to as PmCDAl (30-150; W122E; W139Q))
from Figures 18 to 20.

[0098]

Example 3: Investigation of efficiency of altering a nucleic

acid altering enzyme complex using split SpCas?9

Whether efficiency of altering a nucleic acid altering
enzyme complex can be improved was investigated by a
completely different approach. Conventional nucleic acid
altering enzyme complexes with a cytidine deaminase fused to
a terminus of a Cas protein are used. Meanwhile, a
demonstration experiment was conducted under the hypothesis
that stability as a complex would improve and access to a
substrate DNA would improve by embedding a cytidine deaminase
inside a Cas protein. Figure 21 shows the summary of the
constructs used in this experiment, and Figures 22 to 24
show the results. High efficiency of alteration was observed
in all prepared complexes in view of Figures 22 to 24.
[0099]

Next, efficiency of altering a complex was investigated
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by using a compact cytidine deaminase similar to those
investigated in Examples 2 in place of a wild-type cytidine
deaminase. This experiment used PmCDAl (30-150; W122Q;
W139Q), PmCDAl (30-150; W122E; K133E; W139R), PmCDAl (30-
150; WI122E; K130E; W139R), and PmCDAl (30-144; W122E; W139R)
with deletion of a loop region (region of 145 to 150) between
B sheets as the compact cytidine deaminase. Furthermore,
efficiency of altering a complex was investigated by using
a complex having a linker between an N-terminal fragment and
C-terminal fragment of a Cas9 protein and a compact cytidine
deaminase (PmCDAl (30-150; W122E; W139Q)) and a complex
without a linker. Figures 25 and 26 show the summary of the
constructs used in this experiment, and Figures 27 to 32
show the results. A particularly high efficiency of
alteration was observed in a complex having PmCDAl (30-150;
W122E; W139Q) as a cytidine deaminase and not having a linker
between an N-terminal fragment and C-terminal fragment of a
Cas9 protein and said cytidine deaminase in view of Figures
27 to 32.

[0100]

Example 4: Investigation of efficiency of altering a nucleic

acid altering enzyme complex having a compact cytidine

deaminase and a UGI

A UGI was further used concurrently with the complex
found to have high efficiency of alteration in Examples 2
and 3 described above to investigate whether efficiency of
alteration improves. Figure 33 shows the summary of the
constructs used in this experiment, and Figures 34 and 35
show the results. High efficiency of alteration was observed
in all prepared complexes in view of Figures 34 and 35.
[0101]

Example 5: Investigation of off-target effect of a nucleic

acid altering enzyme complex

An off-target effect was investigated for the complexes

found to have high efficiency of alteration in the Examples
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described above. Figures 36 to 41 show the results. An off-
target effect was suppressed more significantly in all
prepared complexes compared to a control (using KN1252 UGI)
in view of the results.

[0102]

Example 6: Investigation of alteration using compact Cas9

(SaCas?9)

Next, whether the same alteration is observed by using
SaCas9 in place of SpCas9 in Example 3 was investigated. Use
of SaCas9 and a compact deaminase enabled an expression
cassette of a nucleic acid altering enzyme complex including
a guide RNA expression cassette (consisting of a promoter,
gRNA encoding sequence, and polyT sequence) to have a size
that can be inserted into an AAV vector (about 4.4 kb) or
less. Figure 42 shows the summary of the constructs used in
this experiment (nucleic acid altering enzyme complex), top
diagram of Figure 43 (guide RNA) and bottom diagram of Figure
43 show the summary of the experimental procedure, and
Figures 44 to 45 show the results. High efficiency of
alteration was observed in all prepared complexes in view of
Figures 44 and 45. Suppression of an off-target effect 1is
also expected. Interestingly, it was demonstrated that a
site with a high probability of being introduced with a
mutation varies depending on the portion of inserting a
deaminase into Cas9. Thus, a site where a mutation in
introduced can be adjusted by adjusting the site of insertion
described above.

[0103]
Example 7: Recovery of deaminase activity and removal of a

DNA binding region of PmCDAl

A DNA deaminase has affinity unique to a DNA and induces
non-specific deamination. It has been elucidated to form a
complex with a double stranded DNA at a different region
from a catalytic core in view of the structure of hAID, which
is a human homolog of PmCDAl (Figure 46a). A latent DNA
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biding site of PmCDAl was located at residues 21 to 27 and
172 to 192 among the full length of 208 amino acids of a
protein in view of the amino acid sequences of hAID and
PmCDAl (Figure 46a). To delete an expected DNA binding region,
a series of cleaved fragments (1-201, 1-197, 1-190, 1-183,
1-179, 1-176, and 1-161) was first prepared from the C-
terminus, and base editing activity was tested with yeast
Saccharomyces cerevisiae (BY4741) cells (Figure 48). While
it has been reported that PmCDAl (1-161) from cleaving 47
amino acids exhibits the same editing efficiency as the full
length  PmCDAl (1-208) in yeasts, activity gradually
decreased with more cleavage for those fused to the C-
terminus of nCas9 without an addition of a uracil-DNA
glycosylase inhibitor (UGI). Next, a series of cleavages was
performed from the N-terminus of 1 to 161 residues with
fusion to the N-terminus of nCAs9. In an N-terminus cleaved
fragment of CDAl (1-161), activity initially decreased
further, but recovered thereafter once cleavage proceeded to
21 and 28 amino acids (Figure 49). It was found from the
predicted structure of CDAl that simultaneous cleavage of
the N-terminus and the C-terminus minimizes the cross-
sectional area, resulting in a smooth protein surface with
exposure of few hydrophobic residues (Figure 49) .
Furthermore, activity recovered when cleaved down to CDAl
(30-150) (Figures 46b and 49), which is predicted to be the
smallest, with exposure of the hydrophobic surface
suppressed to the minimum while maintaining the enzyme core
domain (Figure 49). These results suggest that the change in
editing activity is due to the stability of the conformation
of the protein. Furthermore, a series of mutations was
introduced to hydrophobic residues exposed after cleavage in
order to further improve the activity thereof. When six
mutations were initially tested, W122E was found to impart
significant activity to CDA1l (30-150) (Figure 50). When seven
mutations were combined with W122E and tested, W133R/Q, which
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further improved the activity, was found (Figure 50).
Hereinafter, CDAl (30-150) comprising W122E and W133Q is
referred to as tCDALlEQ.

[0104]

Since it is understood that the altered deaminase has
lower affinity to a DNA and lower stability than the original
PmCDAl, the nCas9 fusion structure may have a large impact
on the base editing property. Besides fusion to a terminus
of nCas9, an nCas9 polypeptide can be split and both termini
of a protein can be fused to the split portions to embed a
deaminase in the middle. Structurally, the position of 1054
amino acid in the RuvC domain of Cas9 is on a flexible
protein surface, and is close to a non-target DNA strand
subjected to deamination. While wvariation in editing
efficiency was observed between target sites evaluated in a
CAN1 assay for tCDAlEQ fused to the N-terminus, consistent
editing efficiency equivalent to that of the original Target-
AID was exhibited in an embedded form (Figures 46d and 51).
[0105]

In order to evaluate an off-target effect which is non-
specific and independent of gRNA, instances of thialysine
resistant mutants were measured for artificial complexes
fused to a UGI (LYP1 assay). It was found that both N-
terminus fused form and embedded form of tCDALlEQ complexes
have significantly —reduced rate of manifestation of
mutations relative to the original Target-AID (5 to 79-fold)
(Figure 47a) and significantly reduced gRNA independent off-
target effects. These N-terminus fused form and embedded
form of tCDAlEQ complexes were named AID-2S (Small and
Specific) and AID-3S (Small, Specific, and Superior),
respectively.

[0106]
Example 8: Evaluation of AID-2S and AID-3S in mammalian cells

Next, the editing efficiency and window of AID-2S and
AID-3S in human HEK293T cells were evaluated and compared
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with existing improved cytosine base editors YE1l, YE2, and
R33A+K34A reported to have reduced off-target effects. Four
well studied on-target sites (HEK2, HEK3, RNF2, and VEGFA)
were edited by transfection with a plasmid DNA vector and
analyzed by amplicon deep sequencing. Target-AID, AID-2S,
and YE1l exhibited consistently high efficiency on all four
tested target sites. AID-3S and YEZ exhibited moderate to
high efficiency depending on the target site. R33A+K34A had
poor efficiency at a target site of HEK3 (Figure 46e). The
average editing window width of AID-2S was narrower than
Target-AID and similar to YEl and YE2 (Figure 46f).

[0107]

The gRNA independent off-target effect was evaluated by
an orthogonal SaCas9 R-loop assay by using HEK293T cells
(Figure 47b). SaCas9 off-target sites 1 to 6 were selected
based on previous studies, and site 7 (VEGFA locus) was
selected Dbecause of the possibility of C-rich context
exhibiting high sensitivity to deamination by a CBE. Target-
ATID exhibited detectable off-target editing at all seven
sites (Figure 47c). Meanwhile, AID2S did not have detectable
off-target editing at sites 1 and 3, and off-target editing
decreased significantly at sites 2, 5, 6, and 7, resulting
in the same results as YE2 and R33A+K34A. YEl exhibited a
slightly high off-target editing at sites 6 and 7. AID-3S
was the lowest at seven sites and hardly detected. It is
understood that this is due to the loss of affinity to a DNA
and three-dimensional restriction of access of an enzyme to
sites other than a DNA strand to which Cas9 is bound. AID-
2SS and -3S reduced off-target editing of an R-loop relative
to the original Target-AID by an average of about 4.5—fold
and 13.7-fold, but the efficiency of on-target editing was
mostly maintained (Figures 47c and 47d). These results,
together with a yeast LYP1l assay, consistently support that
off-target effects independent of gRNA of the entire genome

are significantly reduced in AID-2S and -3S. Furthermore, a
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gRNA dependent off-target effect was studied by deep
sequencing of the six reported sites (HEK2 OF1l, 2; VEGFA OF1,
2, 3, 4) (Figure 47e). Off-target editing was significantly
reduced at all analyzed sites for AID-2S and AID-3S, and YEZ2
and R33A+K34A.

[0108]

Example 9: Minimization of a cytosine base editing system

Altered PmCDAl (tCDAlEQ) 1is significantly smaller in

size (121 amino acids) compared to wild-type (208 amino
acids). A small molecule size as a genome editing component
is particularly advantageous for in vivo delivery tools such
as an AAV vector where the length of DNA is restricted to 4
to 5 kb. Even if a compact SaCas9 system is used, the size
would be clearly beyond the limit if a base editing component
is added (Figure 46g). In this «regard, tCDAlEQ was
incorporated into the positions of residues 615 to 616 of
nSaCas9 within an HNH domain facing a polynucleotide binding
cleft to develop SaAID-3S comprising all required base
editing components at a size that can be inserted into an
AAV vector. gRNA expression cassettes with a full length of
4036 bp and 332 bp were constructed using a compact Scpl
promoter and an SpA terminator. For comparison, a
conventional SaCas9 version of Target-AID (SaAID) was also
developed. For this SaAID, a linker, UGI, CMV promoter, and
SV40 terminator were added to the full length PmCDAl for a
full length of 5220 bp, while a gRNA cassette was not added.
To normalize the transfection efficiency that varies by the
size of a vector, transfected cells were sorted out by a
fluorescent signal of 1iRFP670 expressed from a vector
backbone. Both constructs exhibited the same editing
efficiency (Figure 46h) albeit with a difference in the
mutation window (Figure 52) at two tested target sites.
[0109]

Wide-ranging application from breeding of plants or

microorganisms to c¢linical applications 1is expected by
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minimizing the off-target effect and enhancing on-target
editing. AID-3S is also demonstrated in SaCas9 orthologs,
provides a minimum base editing system of the same size which
can be inserted into a single AAV vector, and facilitates
application to safer gene therapy.

[0110]

(Note)

As described above, the present disclosure is
exemplified by the use of its preferred embodiments. It is
understood that the scope of the present disclosure should
be interpreted solely based on the claims. It is understood
that any patent, any patent application, and any references
cited herein should be incorporated herein by reference in
the same manner as the contents are specifically described
herein. The present application claims priority to Japanese
Patent Application No. 2020-149419 filed with the JPO on
September 4, 2020. The entire content thereof is incorporated
herein by reference in the same manner as the contents
constitutes the present application in its entirety.
[Industrial Applicability]

[0111]

The present disclosure provides a complex for altering
a double stranded DNA, which is more compact, has higher
efficiency of alteration, and has an off-target effect that
is more suppressed compared to conventional technologies. A
nucleic acid encoding such a complex can also be inserted
into an adeno-associated viral wvector and facilitate
delivery of a complex to a target site, so that such a
nucleic acid can be useful especially in application to gene

therapy, etc.
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Asn

Lys

Val

620

Leu

Lys

Asn
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Glu

Pro

Thr

525

Ser

Arg

Glu

Ala

Asp

605

Leu

Lys

Arg

Gly

Arg

Lys

510

Lys

Gly

Lys

Cys

Ser

590

Phe

Thr

Thr

Arg

Ile
670

Met

495

His

Val

Glu

Val

Phe

575

Leu

Leu

Leu

Tyr

Arg

655

Arg

480

Thr

Ser

Lys

Gln

Thr

560

Asp

Gly

Asp

Thr

Ala

640

Tyr

Asp



Lys

Ala

Lys

705

His

Ile

Arg

Thr

Glu

785

Val

Gln

Leu

Asp

Gln

Asn

690

Glu

Glu

Leu

His

Thr

770

Glu

Glu

Asn

Ser

Asp
850

Ser

675

Arg

Asp

His

Gln

Lys

755

Gln

Gly

Asn

Gly

Asp

835

Ser

Gly

Asn

Ile

Ile

Thr

740

Pro

Lys

Ile

Thr

Arg

820

Tyr

Ile

Lys

Phe

Gln

Ala

725

Val

Glu

Gly

Lys

Gln

805

Asp

Asp

Asp

Thr

Met

Lys

710

Asn

Lys

Asn

Gln

Glu

790

Leu

Met

Val

Asn

Ile

Gln

695

Ala

Leu

Val

Ile

Lys

775

Leu

Gln

Tyr

Asp

Lys
855

Leu

680

Leu

Gln

Ala

Val

Val

760

Asn

Gly

Asn

Val

His

840

Val

Asp

Ile

Val

Gly

Asp

745

Ile

Ser

Ser

Glu

Asp

825

Ile

Leu

Phe

His

Ser

Ser

730

Glu

Glu

Arg

Gln

Lys

810

Gln

Val

Thr

Leu

Asp

Gly

715

Pro

Leu

Met

Glu

Ile

795

Leu

Glu

Pro

Arg

Lys

Asp

700

Gln

Ala

Val

Ala

Arg

780

Leu

Tyr

Leu

Gln

Ser
860
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Ser

685

Ser

Gly

Ile

Lys

Arg

765

Met

Lys

Leu

Asp

Ser

845

Asp

Asp

Leu

Asp

Lys

Val

750

Glu

Lys

Glu

Tyr

Ile

830

Phe

Lys

Gly

Thr

Ser

Lys

735

Met

Asn

Arg

His

Tyr

815

Asn

Ile

Asn

Phe

Phe

Leu

720

Gly

Gly

Gln

Ile

Pro

800

Leu

Arg

Lys

Arg



Gly Lys Ser Asp Asn Val Pro Ser Glu Glu Val Val Lys Lys Met Lys
865 870 875 880

Asn Tyr Trp Arg Gln Leu Leu Asn Ala Lys Leu Ile Thr Gln Arg Lys
885 890 895

Phe Asp Asn Leu Thr Lys Ala Glu Arg Gly Gly Leu Ser Glu Leu Asp
900 905 910

Lys Ala Gly Phe Ile Lys Arg Gln Leu Val Glu Thr Arg Gln Ile Thr
915 920 925

Lys His Val Ala Gln Ile Leu Asp Ser Arg Met Asn Thr Lys Tyr Asp
930 935 940

Glu Asn Asp Lys Leu Ile Arg Glu Val Lys Val Ile Thr Leu Lys Ser
945 950 955 960

Lys Leu Val Ser Asp Phe Arg Lys Asp Phe Gln Phe Tyr Lys Val Arg
965 970 975

Glu Ile Asn Asn Tyr His His Ala His Asp Ala Tyr Leu Asn Ala Val
980 985 990

Val Gly Thr Ala Leu Ile Lys Lys Tyr Pro Lys Leu Glu Ser Glu Phe
995 1000 1005

Val Tyr Gly Asp Tyr Lys Val Tyr Asp Val Arg Lys Met Leu Ala
1010 1015 1020

Lys Ser Glu Gln Glu Ile Gly Lys Ala Thr Ala Lys Tyr Phe Phe
1025 1030 1035

Tyr Ser Asn Ile Met Asn Phe Phe Lys Thr Glu Ile Thr Leu Ala
1040 1045 1050
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Asn

Thr

Arg

Glu

Arg

Lys

Leu

Ser

Phe

Glu

Phe

Glu

Asn

Gly
1055

Gly
1070

Lys
1085

Val
1100

Asn
1115

Lys
1130

Val
1145

Val
1160

Glu
1175

Val
1190

Glu
1205

Leu
1220

Phe

Glu

Glu

Val

Gln

Ser

Tyr

Val

Lys

Lys

Arg

Leu

Gln

Leu

Ile

Ile

Leu

Thr

Asp

Gly

Ala

Glu

Asn

Lys

Glu

Lys

Tyr

Arg

Val

Ser

Gly

Lys

Gly

Lys

Leu

Pro

Asp

Asn

Gly

Leu

Lys

Trp

Met

Gly

Leu

Phe

Val

Leu

Ile

Leu

Gly

Asn

Ala

Arg
1060

Asp
1075

Pro
1090

Phe
1105

Ile
1120

Asp
1135

Glu
1150

Gly
1165

Asp
1180

Ile
1195

Arg
1210

Glu
1225

Ser

Pro

Lys

Gln

Ser

Ala

Ser

Lys

Ile

Phe

Ile

Lys

Leu

His

Leu

Gly

Val

Lys

Arg

Pro

Gly

Thr

Leu

Lys

Arg

Ala

Tyr

Ile

Arg

Asn

Glu

Lys

Thr

Lys

Ile

Glu

Leu

Met

Leu

Glu

Glu

Asp

Ile

Ser

Lys

Val

Ser

Met

Ala

Pro

Leu

Pro

Lys

Page 10

Thr
1065

Phe
1080

Val
1095

Ile
1110

Asp
1125

Ala
1140

Lys
1155

Glu
1170

Lys
1185

Lys
1200

Ala
1215

Ser
1230

Leu

Asn

Ala

Lys

Leu

Trp

Tyr

Lys

Arg

Gly

Tyr

Ser

Lys

Lys

Gly

Thr

Lys

Pro

Asp

Ser

Leu

Ser

Tyr

Ser

Ala

Tyr

Gly

Glu

Val

Thr

Lys

Pro

Val

Lys

Ser

Lys

Leu

Gly

Val

Ser



1235 1240 1245

Pro Glu Asp Asn Glu Gln Lys Gln Leu Phe Val Glu Gln His Lys
1250 1255 1260

His Tyr Leu Asp Glu Ile Ile Glu Gln Ile Ser Glu Phe Ser Lys
1265 1270 1275

Arg Val 1Ile Leu Ala Asp Ala Asn Leu Asp Lys Val Leu Ser Ala
1280 1285 1290

Tyr Asn Lys His Arg Asp Lys Pro Ile Arg Glu Gln Ala Glu Asn
1295 1300 1305

Ile Ile His Leu Phe Thr Leu Thr Asn Leu Gly Ala Pro Thr Ala
1310 1315 1320

Phe Lys Tyr Phe Asp Thr Thr 1Ile Asp Arg Lys Arg Tyr Thr Ser
1325 1330 1335

Thr Lys Glu Val Leu Asp Ala Thr Phe Ile His Gln Ser Ile Thr
1340 1345 1350

Gly Leu Tyr Glu Thr Arg Ile Asp Leu Ser Gln Leu Gly Gly Asp
1355 1360 1365

<210> 5

<211> 1053

<212> PRT

<213> Staphylococcus aureus

<400> 5
Met Lys Arg Asn Tyr Ile Leu Gly Leu Asp Ile Gly Ile Thr Ser Val
1 5 10 15

Gly Tyr Gly Ile Ile Asp Tyr Glu Thr Arg Asp Val Ile Asp Ala Gly
20 25 30
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Val

Ser

Gln

65

Ser

Ser

Ala

Gly

Leu

145

Asp

Val

Leu

Arg

Arg

Lys

50

Arg

Glu

Gln

Lys

Asn

130

Glu

Gly

Lys

Asp

Thr
210

Leu

35

Arg

Val

Leu

Lys

Arg

115

Glu

Glu

Glu

Glu

Gln

195

Tyr

Phe

Gly

Lys

Ser

Leu

100

Arg

Leu

Lys

Val

Ala

180

Ser

Tyr

Lys

Ala

Lys

Gly

85

Ser

Gly

Ser

Tyr

Arg

165

Lys

Phe

Glu

Glu

Arg

Leu

70

Ile

Glu

Val

Thr

Val

150

Gly

Gln

Ile

Gly

Ala

Arg

55

Leu

Asn

Glu

His

Lys

135

Ala

Ser

Leu

Asp

Pro
215

Asn

40

Leu

Phe

Pro

Glu

Asn

120

Glu

Glu

Ile

Leu

Thr

200

Gly

Val

Lys

Asp

Tyr

Phe

105

Val

Gln

Leu

Asn

Lys

185

Tyr

Glu

Glu

Arg

Tyr

Glu

90

Ser

Asn

Ile

Gln

Arg

170

Val

Ile

Gly

Asn

Arg

Asn

75

Ala

Ala

Glu

Ser

Leu

155

Phe

Gln

Asp

Ser

Asn

Arg

60

Leu

Arg

Ala

Val

Arg

140

Glu

Lys

Lys

Leu

Pro
220
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Glu

45

Arg

Leu

Val

Leu

Glu

125

Asn

Arg

Thr

Ala

Leu

205

Phe

His

Thr

Lys

Leu

110

Glu

Ser

Leu

Ser

Tyr

190

Glu

Gly

Arg

Arg

Asp

Gly

95

His

Asp

Lys

Lys

Asp

175

His

Thr

Trp

Arg

Ile

His

80

Leu

Leu

Thr

Ala

Lys

160

Tyr

Gln

Arg

Lys



Asp
225

Pro

Asn

Glu

Lys

Val

305

Pro

Ala

Lys

Thr

Asn

385

Asn

Ile

Ile

Glu

Ala

Lys

Gln

290

Asn

Glu

Arg

Ile

Asn

370

Leu

Leu

Phe

Lys

Glu

Leu

Leu

275

Lys

Glu

Phe

Lys

Leu

355

Leu

Lys

Ile

Asn

Glu

Leu

Asn

260

Glu

Lys

Glu

Thr

Glu

340

Thr

Asn

Gly

Leu

Arg

Trp

Arg

245

Asp

Tyr

Lys

Asp

Asn

325

Ile

Ile

Ser

Tyr

Asp

405

Leu

Tyr

230

Ser

Leu

Tyr

Pro

Ile

310

Leu

Ile

Tyr

Glu

Thr

390

Glu

Lys

Glu

Val

Asn

Glu

Thr

295

Lys

Lys

Glu

Gln

Leu

375

Gly

Leu

Leu

Met

Lys

Asn

Lys

280

Leu

Gly

Val

Asn

Ser

360

Thr

Thr

Trp

Val

Leu

Tyr

Leu

265

Phe

Lys

Tyr

Tyr

Ala

345

Ser

Gln

His

His

Pro

Met

Ala

250

Val

Gln

Gln

Arg

His

330

Glu

Glu

Glu

Asn

Thr
410

Gly

235

Tyr

Ile

Ile

Ile

Val

315

Asp

Leu

Asp

Glu

Leu

395

Asn

His

Asn

Thr

Ile

Ala

300

Thr

Ile

Leu

Ile

Ile

380

Ser

Asp

Lys Lys Val
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Cys

Ala

Arg

Glu

285

Lys

Ser

Lys

Asp

Gln

365

Glu

Leu

Asn

Asp

Thr

Asp

Asp

270

Asn

Glu

Thr

Asp

Gln

350

Glu

Gln

Lys

Gln

Leu

Tyr

Leu

255

Glu

Val

Ile

Gly

Ile

335

Ile

Glu

Ile

Ala

Ile

415

Ser

Phe

240

Tyr

Asn

Phe

Leu

Lys

320

Thr

Ala

Leu

Ser

Ile

400

Ala

Gln



Gln

Val

Ile

465

Glu

Arg

Gly

Met

Asp

545

Arg

Gln

Ser

Leu

Lys

Val

450

Lys

Lys

Asn

Lys

Gln

530

Leu

Ser

Glu

Ser

Asn
610

Glu

435

Lys

Lys

Asn

Arg

Glu

515

Glu

Leu

Val

Glu

Ser

595

Leu

420

Ile

Arg

Tyr

Ser

Gln

500

Asn

Gly

Asn

Ser

Asn

580

Asp

Ala

Pro

Ser

Gly

Lys

485

Thr

Ala

Lys

Asn

Phe

565

Ser

Ser

Lys

Thr

Phe

Leu

470

Asp

Asn

Lys

Cys

Pro

550

Asp

Lys

Lys

Gly

Thr

Ile

455

Pro

Ala

Glu

Tyr

Leu

535

Phe

Asn

Lys

Ile

Lys
615

Leu

440

Gln

Asn

Gln

Arg

Leu

520

Tyr

Asn

Ser

Gly

Ser

600

Gly

425

Val

Ser

Asp

Lys

Ile

505

Ile

Ser

Tyr

Phe

Asn

585

Tyr

Arg

Asp

Ile

Ile

Met

490

Glu

Glu

Leu

Glu

Asn

570

Arg

Glu

Asp

Lys

Ile

475

Ile

Glu

Lys

Glu

Val

555

Asn

Thr

Thr

Phe

Val

460

Ile

Asn

Ile

Ile

Ala

540

Asp

Lys

Pro

Phe

Ile Ser Lys

620
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Ile

445

Ile

Glu

Glu

Ile

Lys

525

Ile

His

Val

Phe

Lys

605

Thr

430

Leu

Asn

Leu

Met

Arg

510

Leu

Pro

Ile

Leu

Gln

590

Lys

Lys

Ser

Ala

Ala

Gln

495

Thr

His

Leu

Ile

Val

575

Tyr

His

Lys

Pro

Ile

Arg

480

Lys

Thr

Asp

Glu

Pro

560

Lys

Leu

Ile

Glu



Tyr

625

Phe

Met

Val

Lys

Ala

705

Leu

Gln

Ile

Tyr

Asn

785

Ile

Leu

Ile

Asn

Lys

Phe

690

Leu

Asp

Ala

Phe

Lys

770

Asp

Val

Leu

Asn

Leu

Ser

675

Lys

Ile

Lys

Glu

Ile

755

Tyr

Thr

Asn

Glu

Arg

Leu

660

Ile

Lys

Ile

Ala

Ser

740

Thr

Ser

Leu

Asn

Glu

Asn

645

Arg

Asn

Glu

Ala

Lys

725

Met

Pro

His

Tyr

Leu
805

Arg

630

Leu

Ser

Gly

Arg

Asn

710

Lys

Pro

His

Arg

Ser

790

Asn

Asp

Val

Tyr

Gly

Asn

695

Ala

Val

Glu

Gln

Val

775

Thr

Gly

Ile

Asp

Phe

Phe

680

Lys

Asp

Met

Ile

Ile

760

Asp

Arg

Leu

Asn

Thr

Arg

665

Thr

Gly

Phe

Glu

Glu

745

Lys

Lys

Lys

Tyr

Arg Phe
635

Arg Tyr
650

Val Asn

Ser Phe

Tyr Lys

Ile Phe
715

Asn Gln
730

Thr Glu

His Ile

Lys Pro

Asp Asp

795

Asp Lys
810

Ser

Ala

Asn

Leu

His

700

Lys

Met

Gln

Lys

Asn

780

Asp
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Val

Thr

Leu

Arg

685

His

Glu

Phe

Glu

Asp

765

Arg

Gly

Asn

Gln

Arg

Asp

670

Arg

Ala

Trp

Glu

Tyr

750

Phe

Glu

Asn

Asp

Lys

Gly

655

Val

Lys

Glu

Lys

Glu

735

Lys

Lys

Leu

Thr

Lys
815

Asp

640

Leu

Lys

Trp

Asp

Lys

720

Lys

Glu

Asp

Ile

Leu

800

Leu



Lys Lys Leu Ile Asn Lys Ser Pro Glu Lys Leu Leu Met Tyr His His
820 825 830

Asp Pro Gln Thr Tyr Gln Lys Leu Lys Leu Ile Met Glu Gln Tyr Gly
835 840 845

Asp Glu Lys Asn Pro Leu Tyr Lys Tyr Tyr Glu Glu Thr Gly Asn Tyr
850 855 860

Leu Thr Lys Tyr Ser Lys Lys Asp Asn Gly Pro Val Ile Lys Lys Ile
865 870 875 880

Lys Tyr Tyr Gly Asn Lys Leu Asn Ala His Leu Asp Ile Thr Asp Asp
885 890 895

Tyr Pro Asn Ser Arg Asn Lys Val Val Lys Leu Ser Leu Lys Pro Tyr
900 905 910

Arg Phe Asp Val Tyr Leu Asp Asn Gly Val Tyr Lys Phe Val Thr Val
915 920 925

Lys Asn Leu Asp Val Ile Lys Lys Glu Asn Tyr Tyr Glu Val Asn Ser
930 935 940

Lys Cys Tyr Glu Glu Ala Lys Lys Leu Lys Lys Ile Ser Asn Gln Ala
945 950 955 960

Glu Phe Ile Ala Ser Phe Tyr Asn Asn Asp Leu Ile Lys Ile Asn Gly
965 970 975

Glu Leu Tyr Arg Val Ile Gly Val Asn Asn Asp Leu Leu Asn Arg Ile
980 985 990

Glu Val Asn Met Ile Asp Ile Thr Tyr Arg Glu Tyr Leu Glu Asn Met
995 1000 1005
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Asn Asp Lys Arg Pro
1010

Thr Gln Ser Ile Lys
1025

Tyr Glu Val Lys Ser
1040

<210> 6

<211> 83

<212> DNA

<213> Streptococcus

<400> 6
gttttagagc tagaaatagc

ggcaccgagt cggtgectttt

<210> 7

<211> 83

<212> DNA

<213> Staphylococcus

<400> 7
gttttagtac tctggaaaca

caacttgttg gcgagatttt
<210> 8

<211> 20

<212> DNA

<213> Artificial Seq

<220>

Pro Arg Ile Ile Lys Thr Ile Ala Ser Lys
1015 1020

Lys Tyr Ser Thr Asp Ile Leu Gly Asn Leu
1030 1035

Lys Lys His Pro Gln Ile Ile Lys Lys Gly
1045 1050

pyogenes

aagttaaaat aaggctagtc cgttatcaac ttgaaaaagt

ttt

aureus

gaatctacta aaacaaggca aaatgccgtg tttatctcgt

ttt

uence

<223> target sequence of gRNA (vector 1086)

<400> 8
gcccagttgg attccgttat

<210> 9
<211> 20
<212> DNA
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60

83

60

83

20



<213>

<220>
<223>

<400>

Artificial Sequence

target sequence of gRNA (vector 1150)

9

ctccaataac ggaatccaac

<210>
<211>
<212>
<213>

<220>
<223>

<400>

10
20
DNA
Artificial Sequence

target sequence of gRNA (vector 1025)

10

gatacgttct ctatggagga

<210>
<211>
<212>
<213>

<220>
<223>

<400>

11

20

DNA

Artificial Sequence

target sequence of gRNA (vector 1149)

11

tccaataacg gaatccaact

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
222>
<223>

<220>
<221>

12

11741

DNA

Artificial Sequence

full-length sequence of vector pALO@8

rep_origin
(70)..(573)
CEN/ARS

promoter

Page 18

20

20

20



222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>

(610)..(714)
AmpR promoter

gene
(715)..(1575)
AmpR
rep_origin

(1746)..(2334)
ori

promoter
(2658)..(2688)
lac promoter

misc_feature
(2696)..(2712)

promoter
(2853)..(3517)
GAL1,10 promoter

gene
(3527)..(4150)
PmCDA1
mutation
(3950)..(3955)
H130A R131E

mutation
(3992)..(3994)
Y146E for solubility

mutation
(4010)..(4150)
truncated 161

mutation
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222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<400>

(4055)..(4150)
truncated 176

gene
(4163)..(8254)
Cas9(D10A)

sig peptide
(8267)..(8287)
SV40 NLS

terminator
(8321)..(8508)
ADH1 terminator

rep_origin
(8813)..(9268)
f1 ori

promoter
(9568)..(9972)
LEU2 promoter

gene
(9985)..(11679)
LEU2

12

gacgaaaggs

cttaggacgg
atttgggaat
aaataaagaa
atttcaacaa
gatatacatt
tctacacaga

aaaggtagta

cctcgtgata
atcgcttgcc
ttactctgtg
ggtagaagag
aaagcgtact
cgattaacga
caagatgaaa

tttgttggceg

cgcctatttt
tgtaacttac
tttatttatt
ttacggaatg
ttacatatat
taagtaaaat
caattcggca

atccccctag

tataggttaa
acgcgcctcg
tttatgtttt
aagaaaaaaa
atttattaga
gtaaaatcac
ttaatacctg

agtcttttac

tgtcatgata
tatcttttaa
gtatttggat
aataaacaaa
caagaaaagc
aggattttcg
agagcaggaa

atcttcggaa

Page 20

ataatggttt
tgatggaata
tttagaaagt
ggtttaaaaa
agattaaata
tgtgtggtct
gagcaagata

aacaaaaact

60

120

180

240

300

360

420

480



attttttctt
atttaaatta
ggaaatgtgc
ctcatgagac
attcaacatt
gctcacccag
ggttacatcg
cgttttccaa
gacgcceggec
tactcaccag
gctgccataa
ccgaaggagc
tgggaaccgg
gcaatggcaa
caacaattaa
cttccggctg
atcattgcag
ggcagtcagg
attaagcatt
cttcattttt
atcccttaac
tcttcttgag
ctaccagcgg

ggcttcagca

taatttcttt
taattatttt
gcggaacccc
aataaccctg
tccgtgtcgc
aaacgctggt
aactggatct
tgatgagcac
aagagcaact
tcacagaaaa
ccatgagtga
taaccgcttt
agctgaatga
caacgttgcg
tagactggat
gctggtttat
cactggggcc
caactatgga
ggtaactgtc
aatttaaaag
gtgagttttc
atcctttttt

tggtttgttt

gagcgcagat

ttttactttc
tatagcacgt
tatttgttta
ataaatgctt
ccttattccc
gaaagtaaaa
caacagcggt
ttttaaagtt
cggtcgecgc
gcatcttacg
taacactgcg
ttttcacaac
agccatacca
caaactatta
ggaggcggat
tgctgataaa
agatggtaag
tgaacgaaat
agaccaagtt
gatctaggtg
gttccactga
tctgcgcgta
gccggatcaa

accaaatact

tatttttaat
gatgaaaagg
tttttctaaa
caataatatt
ttttttgegg
gatgctgaag
aagatccttg
ctgctatgtg
atacactatt
gatggcatga
gccaacttac
atgggggatc
aacgacgagc
actggcgaac
aaagttgcag
tctggagccg
ccctcccgta
agacagatcg
tactcatata
aagatccttt
gcgtcagacc
atctgctgct
gagctaccaa

gtccttctag

ttatatattt
acccaggtgg
tacattcaaa
gaaaaaggaa
cattttgcct
atcagttggg
agagttttcg
gcgeggtatt
ctcagaatga
cagtaagaga
ttctgacaac
atgtaactcg
gtgacaccac
tacttactct
gaccacttct
gtgagcgtgg
tcgtagttat
ctgagatagg
tactttagat
ttgataatct
ccgtagaaaa
tgcaaacaaa
ctctttttcc

tgtagccgta
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atattaaaaa
cacttttcgg
tatgtatccg
gagtatgagt
tcctgttttt
tgcacgagtg
ccccgaagaa
atcccgtatt
cttggttgag
attatgcagt
gatcggagga
ccttgatcgt
gatgcctgta
agcttcccgg
gcgectcggcc
gtctcgeggt
ctacacgacg
tgcctcactg
tgatttaaaa
catgaccaaa
gatcaaagga
aaaaccaccg
gaaggtaact

gttaggccac

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920



cacttcaaga
gctgectgceca
gataaggcgc
acgacctaca
gaagggagaa
agggagcttc
tgacttgagc
agcaacgcgg
cctgecgttat
gctcgccgcea
ccaatacgca
aggtttcccg
cattaggcac
agcggataac
aaccctcact
tggcagagca
tggacgcaaa
tacatatcca
agcctaaaaa
ttgaagtacg
cgtgcgtcct
gctccgaaca
cagtaacctg
aatgcgatta

gatctattaa

actctgtagc
gtggcgataa
agcggtecggg
ccgaactgag
aggcggacasg
caggggggaa
gtcgattttt
cctttttacg
cccctgattc
gccgaacgac
aaccgcctct
actggaaagc
cccaggcttt
aatttcacac
aaagggaaca
ggtggaggsgt
gaagtttaat
tatctaatct
aaccttctct
gattagaagc
cgtcttcacc
ataaagattc
gccccacaaa
gttttttagc

cagatatata

accgcctaca
gtcgtgtctt
ctgaacgggg
atacctacag
gtatccggta
cgcctggtat
gtgatgctcg
gttcctggcc
tgtggataac
cgagcgcagc
ccccgegegt
gggcagtgag
acactttatg
aggaaacagc
aaagctgggt
cgaccatact
aatcatatta
tacttatatg
ttggaacttt
cgccgagegg
ggtcgcgttc
tacaatacta
ccttcaaatg
cttatttctg

aatgcaaaaa

tacctcgctc
accgggttgg
ggttcgtgca
cgtgagcatt
agcggeagss
ctttatagtc
tcagggggsc
ttttgctggce
cgtattaccg
gagtcagtga
tggccgattc
cgcaacgcaa
cttccggctc
tatgaccatg
accgggeccg
agtttcaaaa
catggcatta
ttgtggaaat
cagtaatacg
gtgacagccc
ctgaaacgca
gcttttatgg
aacgaatcaa
gggtaattaa

ctgcataacc

tgctaatcct
actcaagacg
cacagcccag
gagaaagcgc
tcggaacagg
ctgtcgggtt
cgagcctatg
cttttgctca
cctttgagtg
gcgaggaagc
attaatgcag
ttaatgtgag
ctatgttgtg
attacgccaa
aattctctcc
attcttactt
ccaccatata
gtaaagagcc
cttaactgct
tccgaaggaa
gatgtgcctc
ttatgaagag
attaacaacc
tcagcgaagc

actttaacta
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gttaccagtg
atagttaccg
cttggagcga
cacgcttccc
agagcgcacg
tcgccacctc
gaaaaacgcc
catgttcttt
agctgatacc
ggaagagcgc
ctggcacgac
ttacctcact
tggaattgtg
gctcggaatt
ttctcttagg
tttttttgga
catatccata
ccattatctt
cattgctata
gactctcctc
gcgccgcact
gaaaaattgg
ataggatgat
gatgattttt

atactttcaa

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420



cattttcggt
aatatacctc
gtacgtgaga
Ccaaaaaatcc
tagagcgtgt
tcacgccgaa
attcacgata
agaatggtat
actctattac
ggttgggttg
atcgtcgcac
aaaacgacgg
tcctgectgtt
ttgggccgtc
taccgatcgc
gacggccgaa
tcggatctgc
cttccatagg
aatctttggc
tctgaggaag
gctggecgcat
caacagcgat
agagaacccg

caaatcccgg

ttgtattact
tatactttaa
atccatgaga
gtgtcgcata
ttttggggct
atctttagca
aattggtact
aaccaggagc
gagaaaaatg
aatgtaatgg
aatcaattga
agcgagttgt
atggacaaga
attacggacg
cacagcataa
gccacgeggce
tacctgcagg
ctggaggagt
aatatcgtgg
aagcttgtag
atgatcaaat
gtcgacaaac
atcaacgcat

cggctcgaaa

tcttattcaa
cgtcaaggag
agttggacat
gatgctacgt
atgctgtgaa
ttagaaaagt
catcctggag
tgcgggggaa
cgaggaatca
taagtgaaca
atgagaatag
ccattatgat
agtactccat
agtacaaggt
agaagaacct
tcaaaagaac
agatctttag
cctttttggt
acgaggtggc
acagtactga
ttcggggaca
tctttatcca
ccggagttga

acctcatcgc

atgtaataaa
aaaaaaccgc
ctacacgttt
tctctttgaa
taaaccacag
cgaagaatac
tccttgtgca
cggccacact
aattgggctg
ctaccaatgt
atggcttgag
tcaggtaaaa
tgggctcgct
gccgagcaaa
cattggcgcc
agcacggcgc
taatgagatg
ggaggaggat
gtaccatgaa
taaggctgac
cttcctcatc
actggttcag
cgccaaagca

acagctccct

agtatcaaca
tcttcgatga
aagaaacagt
ttaaaacgac
agcgggacag
ctgcgcgaca
gattgcgctg
ttgaaaatct
tggaacctca
tgcaggaaaa
aagactttga
atactccaca
atcggcacaa
aaattcaaag
ctcctgttcg
agatataccc
gctaaggtgg
aaaaagcacg
aagtacccaa
ttgcggttga
gagggggacc
acttacaatc
atcctgagcg

ggggagaaga
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aaaaattgtt
ccgacgctga
ttttcaacaa
ggggtgaacg
aacgtggcat
accccggaca
aaaagatctt
gggcttgcaa
gagataacgg
tattcatcca
agcgagctga
ccactaagag
acagcgtcgg
ttctgggcaa
actccgggga
gcagaaagaa
atgactcttt
agcgccaccc
ccatatatca
tctatctcgc
tgaacccaga
agcttttcga
ctaggctgtc

agaacggcct

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860



gtttggtaat
cctggeccgaa
tctgetggcec
agacgccatt
gagcgctagt
ccttgtcaga
tggctacgcc
gcccatcttg
tctgttgcegce
cgaactgcac
ggaaaagatt
gggaaattcc
cttcgaggaa
ctttgataaa
cttcacagtt
agcattcctg
gaaagttacc
tgttgaaatc
cctgaaaatc
ggacattgtc
aacttacgct
aggatgggses
gacaatcctg
ccatgatgac

ggacagtctt

cttatcgccc
gatgccaagc
cagatcggcg
ctgctgagtg
atgatcaagc
cagcaactgc
ggatacattg
gaaaaaatgg
aaacagcgca
gctatcctca
gagaaaatcc
agattcgcgt
gtcgtggata
aatctgccta
tataacgagc
tctggagagc
gtgaaacagc
agcggagtgg
attaaagaca
ctcaccctta
catctcttcg
cggctgtcaa
gattttctta
tctctcacct

cacgagcaca

tgtcactcgg
ttcaactgag
accagtacgc
atattctgcg
gctatgatga
ctgagaagta
acggcggagc
acggcaccga
ctttcgacaa
ggcggcaaga
tcacatttcg
ggatgactcg
agggggectc
acgaaaaggt
tcaccaaggt
agaagaaagc
tcaaagaaga
aggatcgctt
aggacttcct
cgttgtttga
acgacaaagt
gaaaactgat
agtccgatgg
ttaaggagga

tcgctaatct

gctgaccccc
caaagacacc
agaccttttt
agtgaacacg
gcaccaccaa
caaggaaatt
aagccaggag
ggagctgctg
tggaagcatc
ggatttctac
gataccctac
caaatcagaa
tgcccagtcc
gcttcctaaa
caaatacgtc
tatcgtggac
ctatttcaaa

caacgcatcc

ggacaatgag
agatagggag
catgaaacag
caatgggatc
atttgccaac
catccagaaa

tgcaggtagc

aactttaaat
tacgatgatg
ttggcggcaa
gagatcacca
gacttgactt
ttcttcgatc
gaattttaca
gtaaagctta
ccccaccaga
ccctttttga
tatgtaggcc
gagaccatca
ttcatcgaaa
cactctctgc
acagaaggga
ctcctcttca
aagattgaat
ctgggaacgt
gagaacgagsg
atgattgaag
ctcaagaggc
cgagacaagc
cggaacttca
gcacaagttt

ccagctatca
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ctaacttcga
atctcgacaa
agaacctgtc
aagctccgct
tgctgaaggc
agtctaaaaa
aatttattaa
acagagaaga
ttcacctggg
aagataacag
ccctcgececg
ctccctggaa
ggatgactaa
tgtacgagta
tgagaaagcc
agacgaaccg
gtttcgactc
atcacgatct
acattcttga
aacgcttgaa
gccgatatac
agagtggaaa
tgcagttgat
ctggccaggg

aaaagggaat

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360



actgcagacc
gaatatcgtt

tagggaaagg

ggaacaccca
gaacggcagg
cgtggatcat
gacaagatcc
gaaaatgaaa
cgataatctg
caaaaggcag
acgcatgaac
tctgaagtct
gatcaacaat
tatcaaaaaa
tgttaggaaa
cttttacagc
tcggaagcga
tagggatttc
gaccgaagta
caagctgatc
tacagtcgct
caaaagcgtc
ccccatcgac

gcttcccaag

gttaaggtcg
atcgagatgg
atgaagagga
gttgaaaaca
gacatgtacg
atcgtgcccc
gataaaaata
aattattggc
actaaggctg
cttgttgaga
accaagtacg
aagctggtct
taccaccatg
tatcccaagc
atgatcgcaa
aatattatga
ccacttatcg
gcgacagtcc
cagaccggag
gcacgcaaaa
tacagtgtac
aaggaactgc
tttctcgagg

tactctctct

tggatgaact
cccgagagaa
ttgaagaggg
cccagcttca
tggatcagga
agtcttttct
gagggaagag
ggcagctgct
aacgaggtgg
cacgccagat
atgaaaatga
cagatttcag
cgcatgatgc
ttgaatctga
agtctgagca
attttttcaa
aaacaaacgg
ggaaggtcct
gcttctccaa
aagattggga
tggttgtggc
tgggcatcac
cgaaaggata

ttgagcttga

cgtcaaagta
ccaaactacc
tataaaagaa
gaatgagaag
actggacatc
caaagatgat
tgataacgtc
gaacgccaaa
cctgtctgag
caccaagcac
caaactgatt
aaaggacttt
ctacctgaat
atttgtttac
ggaaataggc
gaccgagatt
agaaacagga
gtccatgccg
ggaaagtatc
ccccaagaaa
caaagtggag
aatcatggag

taaagaggtc

aaacggccgg

atgggaaggc

cagaagggac

ctggggtccc
ctctacctgt
aatcggctct
tctattgata
ccctcagaag
ctgatcacac
ttggataaag
gtggcccaaa
cgagaggtga
cagttttata
gcagtggtag
ggagactata
aaggccaccg
acactggcca
gaaatcgtgt
caggtgaaca
ctcccgaaaa
tacggcggat
aaagggaagt
cgatcaagct
aaaaaagacc

aaacgaatgc
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ataagcccga
agaagaacag
aaatccttaa
actacctgca
ccgactacga
ataaagtgtt
aagttgtcaa
aacggaagtt
ccggcttcat
ttctcgattc
aagttattac
aggtgagaga
gcactgcact
aagtgtacga
ctaagtactt
atggagagat
gggacaageg
tcgttaaaaa
ggaacagcga
tcgattctcc
ctaaaaaact
tcgaaaaaaa
tcatcattaa

tcgctagtgc

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800



gggcgagcetg
tctggccagc
gttcgtggaa
caaaagagtg
cagggataag
cttgggegceg
ctctacaaag
aacaagaatc
gaaggtgtag
gatttttatt
ttaggtttta
ttctcaggta
atgcctgcaa
ggttatgcta
tattacaatt
caacttaatc
cgcaccgatc
tgtagcggcg
gccagegecc
ggctttcccc
cggcacctcg
tgatagacgg
ttccaaactg
ttgccgattt

tttaacaaaa

cagaaaggta
cactatgaaa
caacacaaac
atcctcgccg
cccatcaggg
cctgcagcct
gaggtcctgg
gacctctctc
tctagaggct
attaaataag
aaacgaaaat
tagcatgagg
atcgctcccg
tgcataccaa
cactggccgt
gccttgcagc
gcccttccca
cattaagcgc
tagcgcccgc
gtcaagctct
accccaaaaa
tttttcgccc
gaacaacact
cggcctattg

tattaacgtt

acgagctggc
agctcaaagg
actaccttga
acgctaacct
agcaggcaga
tcaagtactt
acgccacact
agctcggtgg
ccggataagg
ttataaaaaa
tcttattctt
tcgctcttat
ggcaaaaaac
gcttccgegg
cgttttacaa
acatcccccc
acagttgcgc
ggcgggtgtg
tcctttegcet
aaatcgggeg
acttgattag
tttgacgttg
caaccctatc
gttaaaaaat

tacaatttcc

actgccctct
gtctcccgaa
tgagatcatc
cgataaggtg
aaacattatc
cgacaccacc
gattcatcag
agacagcagg
atcctaataa
aataagtgta
gagtaactct
tgaccacacc
cccctcaaga
tggagctcca
cgtcgtgact
ttcgccagct
agcctgaatg
gtggttacgc
ttcttcectt
ctccctttag
ggtgatggtt
gagtccacgt
tcggtctatt
gagctgattt

tgatgcggta

aaatacgtta
gataatgagc
gagcaaataa
ctttctgctt
cacttgttta
atagacagaa
tcaattacgg
gctgacccca
gcgaatttct
tacaaatttt
ttcctgtagg
tctaccggca
cccgtttaga
attcgcccta
gggaaaaccc
ggcgtaatag
gcgaatggeg
gcagcgtgac
cctttctcgce
ggttccgatt
cacgtagtgg
tctttaatag
cttttgattt
aacaaaaatt

ttttctcctt
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atttcttgta
agaagcagct
gcgaattctc
acaataagca
ctctgaccaa
agcggtacac
ggctctatga
agaagaagag
tatgatttat
aaagtgactc
tcaggttgct
tgccgagcaa
ggccccaagg
tagtgagtcg
tggcgttacc
cgaagaggcc
cgacgcgccc
cgctacactt
cacgttcgcc
tagtgcttta
gccatcgccc
tggactcttg
ataagggatt
taacgcgaat

acgcatctgt

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520

8580

8640

8700

8760

8820

8880

8940

9000

9060

9120

9180

9240

9300



gcggtatttc
atattattgc
aaaatcaatt
taattatact
gattcaagaa
agagttcgaa
gcgctatcgc
ctgacgcata
aaccggcttt
tgaagttgac
cttactttct
tataccattc
gaccacgttg
gttcgttcca
gctacaggtg
ttgttaggtg
ttactaaaaa
tccgactctc
gttgttgtca
gatggtgtcg
atggccgctt
gctaatgttt
gaattcccta

aagaacccaa

acaccgcata
cttattaaaa
gtcctgtact
ctatttctca
atatcttgac
tctcttagca
acagaatcaa
tacctttttc
tcatatagaa
aatattattt
aacttttctt
taatgtctgc
gtcaagaaat
atgtcaagtt
tcccacttcc
ctgtgggtes
tccgtaaaga
ttttagactt
gagaattagt
cttgggatag
tcatggccct
tggcctcttc
cattgaaggt

cccacctaaa

tcgaccctcg
atggaatcgg
tccttgttca
acaagtaatt
cgcagttaac
accattattt
attcgatgac
aactgaaaaa
tagagaagcg
aaggacctat
accttttaca
ccctatgtct
cacagccgaa
cgatttcgaa
agatgaggcg
tcctaaatgg
acttcaattg
atctccaatc
gggaggtatt
tgaacaatac
acaacatgag
aagattatgg
tcaacatcaa

tggtattata

aggagaactt
aacaattaca
tgtgtgttca
ggttgtttgg
tgtgggaata
ttttcctcaa
tggaaatttt
ttgggagaaa
ttcatgacta
tgttttttcc
tttcagcaat
gcccctaaga
gccattaagg
aatcatttaa
ctggaagcct
ggtaccggta
tacgccaact
aagccacaat
tactttggta
accgttccag
ccaccattgc
agaaaaactg
ttgattgatt

atcaccagca

ctagtatatc
tcaaaatcca
aaaacgttat
ccgagcggtc
ctcaggtatc
cataacgaga
ttgttaattt
aaggaaaggt
aatgcttgca
aataggtggt
atatatatat
agatcgtcgt
ttcttaaagc
ttggtggtgc
ccaagaaggt
gtgttagacc
taagaccatg
ttgctaaagg
agagaaagga
aagtgcaaag
ctatttggtc
tggaggaaac
ctgccgeccat

acatgtttgg
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cacataccta
cattctcttc
atttatagga
taaggcgcct
gtaagatgca
acacacaggg
cagaggtcgc
gagaggccgg
tcacaatact
tagcaatcgt
atttcaagga
tttgccaggt
tatttctgat
tgctatcgat
tgatgccgtt
tgaacaaggt
taactttgca
tactgacttc
agacgatggt
aatcacaaga
cttggataaa
catcaagaac
gatcctagtt

tgatatcatc

9360

9420

9480

9540

9600

9660

9720

9780

9840

9900

9960

10020

10080

10140

10200

10260

10320

10380

10440

10500

10560

10620

10680

10740



tccgatgaag
tctttgccag
gatttgccaa
aaattgtcat
ttggatgcag
gatgctgtcg
tatttgtaca
ggaatatgtt
gagaaaaagg
gataaggaaa
aaagttaggt
tctctaaaaa
agtttaagtc
ttactctgtc
ctctgatgcc
acgggcttgt
catgtgtcag
<210>
<211>

<212>
<213>

13

DNA

<220>
<223>

<220>
<221>
222>
<223>

rep_
(70)..(573)
CEN/ARS

cctccgttat
acaagaacac
agaataaggt
tgaacttgcc
gtatcagaac
ccgaagaagt
taaactttat
catagggtag
aggatagtaa
aagaattgca
gtaacagaaa
aaaaaaaata
aataccttct
agaaacggcc
gcatagttaa
ctgctcccgg

aggttttcac

11575

origin

cccaggttcc
cgcatttggt
tgaccctatc
tgaagaaggt
tggtgattta
taagaaaatc
aaatgaaatt
acgaaactat
aggaatacag
ctttaacatt
atcatgaaac
caacaaataa
tgaaccattt
ttacgacgta
gccagccccg
catccgctta

cgtcatcacc

Artificial Sequence

ttgggtttgt
ttgtacgaac
gccactatct
aaggccattg
ggtggttcca
cttgcttaaa
cataatagaa
atacgcaatc
gtaagcaaat
aatattgaca
tacgattcct
aaaacactca
cccataatgg
gtcgatatgg
acacccgcca

cagacaagct

gaaacgcgcg

full-length sequence of vector pALO22

tgccatctgc
catgccacgg
tgtctgctgc
aagatgcagt
acagtaccac
aagattctct
acgacacgaa
tacatacatt
tgatactaat
aggaggagss
aatttgatat
atgacctgac
tgaaagttcc
tgcactctca
acacccgctg
gtgaccgtct

a
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gtccttggcc
ttctgctcca
aatgatgttg
taaaaaggtt
cgaagtcggt
ttttttatga
attacaaaat
tatcaagaag
ggctcaacgt
caccacacaa
tggaggattt
catttgatgg
ctcaagaatt
gtacaatctg
acgcgccctg

ccgggagctg

10800

10860

10920

10980

11040

11100

11160

11220

11280

11340

11400

11460

11520

11580

11640

11700

11741



<220>

<221> promoter
222> (610)..(714)
<223> AmpR promoter

220>

<221> gene

222> (715)..(1575)
<223> AmpR

<220>

<221> rep_origin
222> (1746)..(2334)
<223> ori

<220>

<221> promoter

<222> (2658)..(2688)
<223> lac promoter

<220>

<221> misc_feature
<222> (2696)..(2712)
<223> lac operator

220>

<221> promoter

<222> (2852)..(3516)
<223> GAL1,10 promoter

<220>

<221> misc_feature
<222> (3068)..(3185)
<223> UAS

220>

<221> gene

<222> (3532)..(3894)
<223> PmCDA1

<220>

<221> mutation

<222> (3820)..(3822)

<223> Expsose N (V150 Y128 interaction)

<220>

<221> mutation

<222> (3826)..(3828)

<223> Expose Q (V150 L126 interaction)
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<220>

<221> mutation

<222> (3868)..(3873)
<223> H130A R131E

<220>

<221> mutation

<222>  (3892)..(3894)

<223> Expose T (L126 Y128 interaction)

<220>

<221> misc_feature
<222> (3895)..(3984)
<223> 6XGS Linker

<220>

<221> gene

<222> (3985)..(8088)
<223> Cas9(D1eA)

<220>

<221> mutation

<222> (3985)..(3986)
<223> truncated 161

<220>

<221> sig peptide
<222> (8101)..(8121)
<223> SV40 NLS

<220>

<221> terminator
<222> (8155)..(8342)
<223> ADH1 terminator

<220>

<221> rep_origin
<222> (8647)..(9102)
<223> f1 ori

220>

<221> promoter

222> (9402)..(9806)
<223> LEU2 promoter

<220>
<221> gene
<222> (9819)..(10913)
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<223> LEU2

<400> 13
gacgaaaggg

cttaggacgg
atttgggaat
aaataaagaa
atttcaacaa
gatatacatt
tctacacaga
aaaggtagta
attttttctt
atttaaatta
ggaaatgtgc
ctcatgagac
attcaacatt
gctcacccag
ggttacatcg
cgttttccaa
gacgcceggec
tactcaccag
gctgccataa
ccgaaggagc
tgggaaccgg
gcaatggcaa

caacaattaa

cctcgtgata
atcgcttgcc
ttactctgtg
ggtagaagag
aaagcgtact
cgattaacga
caagatgaaa
tttgttggceg
taatttcttt
taattatttt
gcggaacccc
aataaccctg
tccgtgtcgce
aaacgctggt
aactggatct
tgatgagcac
aagagcaact
tcacagaaaa
ccatgagtga
taaccgcttt
agctgaatga
caacgttgcg

tagactggat

cgcctatttt
tgtaacttac
tttatttatt
ttacggaatg
ttacatatat
taagtaaaat
caattcggca
atccccctag
ttttactttc
tatagcacgt
tatttgttta
ataaatgctt
ccttattccc
gaaagtaaaa
caacagcggt
ttttaaagtt
cggtcgecgc
gcatcttacg
taacactgcg
ttttcacaac
agccatacca

caaactatta

ggaggcggat

tataggttaa
acgcgcctcg
tttatgtttt
aagaaaaaaa
atttattaga
gtaaaatcac
ttaatacctg
agtcttttac
tatttttaat
gatgaaaagg
tttttctaaa
caataatatt
ttttttgegg
gatgctgaag
aagatccttg
ctgctatgtg
atacactatt
gatggcatga
gccaacttac
atgggggatc
aacgacgagc
actggcgaac

aaagttgcag

tgtcatgata
tatcttttaa
gtatttggat
aataaacaaa
caagaaaagc
aggattttcg
agagcaggaa
atcttcggaa
ttatatattt
acccaggtgg
tacattcaaa
gaaaaaggaa
cattttgcct
atcagttggg
agagttttcg
gcgeggtatt
ctcagaatga
cagtaagaga
ttctgacaac
atgtaactcg
gtgacaccac
tacttactct

gaccacttct
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ataatggttt
tgatggaata
tttagaaagt
ggtttaaaaa
agattaaata
tgtgtggtct
gagcaagata
aacaaaaact
atattaaaaa
cacttttcgg
tatgtatccg
gagtatgagt
tcctgttttt
tgcacgagtg
ccccgaagaa
atcccgtatt
cttggttgag
attatgcagt
gatcggagga
ccttgatcgt
gatgcctgta
agcttcccgg

gcgectecggcc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380



cttccggctg
atcattgcag
ggcagtcagg
attaagcatt
cttcattttt
atcccttaac
tcttcttgag
ctaccagcgg
ggcttcagca
cacttcaaga
gctgctgceca
gataaggcgc
acgacctaca
gaagggagaa
agggagcttc
tgacttgagc
agcaacgcgg
cctgecgttat
gctcgccgcea
ccaatacgca
aggtttcccg
cattaggcac
agcggataac

aaccctcact

ggcagagcag

gctggtttat
cactggggcc
caactatgga
ggtaactgtc
aatttaaaag
gtgagttttc
atcctttttt
tggtttgttt
gagcgcagat
actctgtagc
gtggcgataa
agcggtcggg
ccgaactgag
aggcggacag
cagggggaaa
gtcgattttt
cctttttacg
cccctgattc
gccgaacgac
aaccgcctct
actggaaagc
cccaggcttt
aatttcacac

aaagggaaca

gtggagggtc

tgctgataaa
agatggtaag
tgaacgaaat
agaccaagtt
gatctaggtg
gttccactga
tctgcgegta
gccggatcaa
accaaatact
accgcctaca
gtcgtgtctt
ctgaacgggg
atacctacag
gtatccggta
cgcctggtat
gtgatgctcg
gttcctggcc
tgtggataac
cgagcgcagc
ccccgegegt
gggcagtgag
acactttatg
aggaaacagc
aaagctggta

gaccatacta

tctggagccg
ccctcccgta
agacagatcg
tactcatata
aagatccttt
gcgtcagacc
atctgctgcect
gagctaccaa
gtccttctag
tacctcgctc
accgggttgg
ggttcgtgca
cgtgagctat
agcggeagss
ctttatagtc
tcagggggsc
ttttgctggc
cgtattaccg
gagtcagtga
tggccgattc
cgcaacgcaa
cttccggctc
tatgaccatg

ccgggeccga

gtttcaaaaa

gtgagcgtgg
tcgtagttat
ctgagatagg
tactttagat
ttgataatct
ccgtagaaaa
tgcaaacaaa
ctctttttcc
tgtagccgta
tgctaatcct
actcaagacg
cacagcccag
gagaaagcgc
tcggaacagg
ctgtcgggtt
ggagcctatg
cttttgctca
cctttgagtg
gcgaggaagc
attaatgcag
ttaatgtgag
gtatgttgtg
attacgccaa
attctctcct

ttcttacttt
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gtctcgeggt
ctacacgacg
tgcctcactg
tgatttaaaa
catgaccaaa
gatcaaagga
aaaaccaccg
gaaggtaact
gttaggccac
gttaccagtg
atagttaccg
cttggagcga
cacgcttccc
agagcgcacg
tcgccacctc
gaaaaacgcc
catgttcttt
agctgatacc
ggaagagcgc
ctggcacgac
ttagctcact
tggaattgtg
gctcgaaatt
tctcttaggt

ttttttggat

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880



ggacgcaaag

acatatccat
gcctaaaaaa
tgaagtacgg
gtgcgtcctc
ctccgaacaa
agtaacctgg
atgcgattag
atctattaac
attttcggtt
atatacctct
tgctacgttc
gctgtgaata
agaaaagtcg
tcctggagtc
cgggggaacg
aggaatcaaa
ggtggcagtg
ggtggctegg
acaaacagcg
aaagttctgg
ttcgactccg
acccgcagaa

gtggatgact

aagtttaata
atctaatctt
accttctctt
attagaagcc
gtcttcaccg
taaagattct
ccccacaaac
ttttttagcc
agatatataa
tgtattactt
atactttaac
tctttgaatt
aaccacagag
aagaatacct
cttgtgcaga
gccacacttt
ttgggctgty
gcgggeetes
gtgggggagsg
tcggttgggc
gcaataccga
gggagacggc
agaatcggat

ctttcttcca

atcatattac
acttatatgt
tggaactttc
gcecgageges
gtcgcgttcc
acaatactag
cttcaaatga
ttatttctgg
atgcaaaaac
cttattcaaa
gtcaaggaga
aaaacgacgg
cgggacagaa
gcgcgacaac
ttgcgctgaa
gaaaatctgg
gaacctcaga
ctcgggtggs
atccatggac
cgtcattacg
tcgccacagc
cgaagccacg
ctgctacctg

taggctggag

atggcattac
tgtggaaatg
agtaatacgc
tgacagccct
tgaaacgcag
cttttatggt
acgaatcaaa
ggtaattaat
tgcataacca
tgtaataaaa
aaaaaccagc
ggtgaacgta
cgtggcattc
cccggacaat
aagatcttag

gcttgcaaac

gataacgggg
ggaggcagtg
aagaagtact
gacgagtaca
ataaagaaga
cggctcaaaa
caggagatct

gagtcctttt

caccatatac
taaagagccc
ttaactgctc
ccgaaggaag
atgtgcctcg
tatgaagagg
ttaacaacca
cagcgaagcg
ctttaactaa
gtatcaacaa
gctcttcgat
gagcgtgttt
acgccgaaat
tcacgataaa
aatggtataa
tctattacga
ttgggttgaa
gcggaggtgg
ccattgggct
aggtgccgag
acctcattgg
gaacagcacg

ttagtaatga

tggtggagga
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atatccatat
cattatctta
attgctatat
actctcctcc
cgccgcactg
aaaaattggc
taggatgata
atgatttttg
tactttcaac
aaaattgtta
gtcgcataga
ttggggctat
ctttagcatt
ttggtactca
ccaggagctg
gaaaaatgcg
tgtaggcgga
cagtggcggsg
cgctatcggc
caaaaaattc
cgccctectg
gcgcagatat
gatggctaag

ggataaaaag

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320



cacgagcgcc
ccaaccatat
ttgatctatc
gacctgaacc
aatcagcttt
agcgctaggc
aagaagaacg
aaatctaact
gatgatctcg
gcaaagaacc
accaaagctc
actttgctga
gatcagtcta
tacaaattta
cttaacagag
cagattcacc
ttgaaagata
ggccccctceg
atcactccct
gaaaggatga
ctgctgtacg
gggatgagaa
ttcaagacga
gaatgtttcg

acgtatcacg

acccaatctt
atcatctgag
tcgecgetggce
cagacaacag
tcgaagagaa
tgtccaaatc
gcctgtttgg
tcgacctggc
acaatctgct
tgtcagacgc
cgctgagcegc
aggcccttgt
aaaatggcta
ttaagcccat
aagatctgtt
tgggcgaact
acagggaaaa
cccggggaaa
ggaacttcga
ctaactttga
agtacttcac
agccagcatt
accggaaagt
actctgttga

atctcctgaa

tggcaatatc
gaagaagctt
gcatatgatc
cgatgtcgac
cccgatcaac
ccggeggctc
taatcttatc
cgaagatgcc
ggcccagatc
cattctgctg
tagtatgatc
cagacagcaa
cgccggatac
cttggaaaaa
gcgcaaacag
gcacgctatc
gattgagaaa
ttccagattc
ggaagtcgtg
taaaaatctg
agtttataac
cctgtctgga
taccgtgaaa
aatcagcgga

aatcattaaa

gtggacgagg
gtagacagta
aaatttcggg
aaactcttta
gcatccggag
gaaaacctca
gccctgtcac
aagcttcaac
ggcgaccagt
agtgatattc
aagcgctatg
ctgcctgaga
attgacggcg
atggacggca

cgcactttcg

ctcaggcggc
atcctcacat
gcgtggatga
gataaggggsg
cctaacgaaa
gagctcacca
gagcagaaga
cagctcaaag
gtggaggatc

gacaaggact

tggcgtacca
ctgataaggc
gacacttcct
tccaactggt
ttgacgccaa
tcgcacagct
tcgggctgac
tgagcaaaga
acgcagacct
tgcgagtgaa
atgagcacca
agtacaagga
gagcaagcca
ccgaggagct
acaatggaag
aagaggattt
ttcggatacc
ctcgcaaatc
cctctgccca
aggtgcttcc
aggtcaaata
aagctatcgt
aagactattt
gcttcaacgc

tcctggacaa
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tgaaaagtac
tgacttgcgg
catcgagggsg
tcagacttac
agcaatcctg
ccctggggag
ccccaacttt
cacctacgat
ttttttggceg
cacggagatc
ccaagacttg
aattttcttc
ggaggaattt
gctggtaaag
catcccccac
ctaccccttt
ctactatgta
agaagagacc
gtccttcatc
taaacactct
cgtcacagaa
ggacctcctc
Ccaaaaagatt

atccctggga

tgaggagaac

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820



gaggacattc
gaagaacgct
aggcgccgat
aagcagagtg
ttcatgcagt
gtttctggcc
atcaaaaagg
aggcataagc
ggacagaaga
tcccaaatcc
ctgtactacc
ctctccgact
gataataaag
gaagaagttg
acacaacgga
aaagccggct
caaattctcg
gtgaaagtta
tataaggtga
gtaggcactg
tataaagtgt

accgctaagt

gccaatggag

gtgtgggaca

ttgaggacat
tgaaaactta
atacaggatg
gaaagacaat
tgatccatga
agggggacag
gaatactgca
ccgagaatat
acagtaggga
ttaaggaaca
tgcagaacgg
acgacgtgga
tgttgacaag
tcaagaaaat
agttcgataa
tcatcaaaag
attcacgcat
ttactctgaa
gagagatcaa
cacttatcaa
acgatgttag
acttctttta

agattcggaa

agggtaggga

tgtcctcacc
cgctcatctc
ggggcggctg
cctggatttt
tgactctctc
tcttcacgag
gaccgttaag
cgttatcgag
aaggatgaag
cccagttgaa
cagggacatg
tcatatcgtg
atccgataaa
gaaaaattat
tctgactaag
gcagcttgtt
gaacaccaag
gtctaagctg
caattaccac
aaaatatccc
gaaaatgatc
cagcaatatt
gcgaccactt

tttcgcgaca

cttacgttgt
ttcgacgaca
tcaagaaaac
cttaagtccg
acctttaagg
cacatcgcta
gtcgtggatg
atggcccgag
aggattgaag
aacacccagc
tacgtggatc

ccccagtctt

aatagaggga
tggcggeagce
gctgaacgag
gagacacgcc
tacgatgaaa
gtctcagatt
catgcgcatg
aagcttgaat
gcaaagtctg
atgaattttt

atcgaaacaa

gtccggaagg

ttgaagatag
aagtcatgaa
tgatcaatgg
atggatttgc
aggacatcca
atcttgcagg
aactcgtcaa
agaaccaaac
agggtataaa
ttcagaatga
aggaactgga
ttctcaaaga
agagtgataa
tgctgaacgc
gtggcctgtc
agatcaccaa
atgacaaact
tcagaaagga
atgcctacct
ctgaatttgt
agcaggaaat
tcaagaccga
acggagaaac

tcctgtccat
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ggagatgatt
acagctcaag
gatccgagac
caaccggaac
gaaagcacaa
tagcccagct
agtaatggga
tacccagaag
agaactgggg
gaagctctac
catcaatcgg
tgattctatt
cgtcccctca
caaactgatc
tgagttggat
gcacgtggcc
gattcgagag
ctttcagttt
gaatgcagtg
ttacggagac
aggcaaggcc
gattacactg

aggagaaatc

gccgcaggtg

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260



aacatcgtta
aaaaggaaca
ggattcgatt
aagtctaaaa
agcttcgaaa
gacctcatca
atgctcgcta
gttaatttct
gagcagaagc
ataagcgaat
gcttacaata
tttactctga
agaaagcggt
acggggctct
cccaagaaga
ttcttatgat
ttttaaagtg
taggtcaggt
ggcatgccga
tagaggcccc
cctatagtga
accctggcegt
atagcgaaga
ggcgegacgce

tgaccgctac

aaaagaccga
gcgacaagct
ctcctacagt
aactcaaaag
aaaaccccat
ttaagcttcc
gtgcgggcega
tgtatctggc
agctgttcgt
tctccaaaag
agcacaggga
ccaacttggg
acacctctac
atgaaacaag
agaggaaggt
ttatgatttt
actcttaggt
tgctttctca
gcaaatgcct
aaggggttat
gtcgtattac
tacccaactt
ggcccgcacc
gccctgtagc

acttgccagc

agtacagacc
gatcgcacgc
cgcttacagt
cgtcaaggaa
cgactttctc
caagtactct
gctgcagaaa
cagccactat
ggaacaacac
agtgatcctc
taagcccatc
cgcgectgcea
aaaggaggtc
aatcgacctc
gtagtctaga
tattattaaa
tttaaaacga
ggtatagcat
gcaaatcgct
gctatgcata
aattcactgg
aatcgccttg
gatcgccctt
ggcgcattaa

gccctagcegc

ggaggcttct
aaaaaagatt
gtactggttg
ctgctgggca
gaggcgaaag
ctctttgagc
ggtaacgagc
gaaaagctca
aaacactacc
gccgacgcta
agggagcagg
gccttcaagt
ctggacgcca
tctcagctcg
ggctccggat
taagttataa
aaattcttat
gaggtcgctc
cccgggeaaa
ccaagcttcc
ccgtcgtttt
cagcacatcc
cccaacagtt
gegegeeges

ccgctccttt

ccaaggaaag
gggaccccaa
tggccaaagt
tcacaatcat
gatataaaga
ttgaaaacgg
tggcactgcc
aagggtctcc
ttgatgagat
acctcgataa
cagaaaacat
acttcgacac
cactgattca
gtggagacag
aaggatccta
aaaaaataag
tcttgagtaa
ttattgacca
aaaccccctc
gcggtggagce
acaacgtcgt
ccccttcgcec
gcgcagcectg
tgtggtggtt

cgctttcttce
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tatcctcccg

gaaatacggc

ggagaaaggs
ggagcgatca
ggtcaaaaaa
ccggaaacga
ctctaaatac
cgaagataat
catcgagcaa
ggtgctttct
tatccacttg
caccatagac
tcagtcaatt
cagggctgac
ataagcgaat
tgtatacaaa
ctctttcctg
cacctctacc
aagacccgtt
tccaattcgc
gactgggaaa
agctggcgta
aatggcgaat
acgcgcagceg

ccttcctttc

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520

8580

8640

8700

8760



tcgccacgtt
gatttagtgc
gtgggccatc
atagtggact
atttataagg
aatttaacgc
ccttacgcat
tatccacata
tccacattct
ttatatttat
ggtctaaggc
tatcgtaaga
gagaacacac
atttcagagg
aggtgagagg
tgcatcacaa
tggttagcaa
atatatttca
tcgttttgcc
aagctatttc
gtgctgctat
aggttgatgc
gacctgaaca

catgtaactt

cgeceggettt
tttacggcac
gccctgatag
cttgttccaa
gattttgccg
gaattttaac
ctgtgcggta
cctaatatta
cttcaaaatc
aggataatta
gcctgattca
tgcaagagtt
aggggcgcta
tcgcctgacg
ccggaaccgg
tacttgaagt
tcgtcttact
aggatatacc
aggtgaccac
tgatgttcgt
cgatgctaca
cgttttgtta
aggtttacta

tgcatccgac

ccccgtcaag
ctcgacccca
acggtttttc
actggaacaa
atttcggcct
aaaatattaa
tttcacaccg
ttgccttatt
aattgtcctg
tactctattt
agaaatatct
cgaatctctt
tcgcacagaa
catatacctt
cttttcatat
tgacaatatt
ttctaacttt
attctaatgt
gttggtcaag
tccaatgtca
ggtgtcccac
ggtgctgtgg
aaaatccgta

tctcttttag

ctctaaatcg
aaaaacttga
gccctttgac
cactcaaccc
attggttaaa
cgtttacaat
catatcgacc
aaaaatggaa
tacttccttg
ctcaacaagt
tgaccgcagt
agcaaccatt
tcaaattcga
tttcaactga
agaatagaga
atttaaggac
tcttaccttt
ctgcccctat
aaatcacagc
agttcgattt
ttccagatga
gtggtcctaa
aagaacttca

acttatctcc

ggggctccct
ttagggtgat
gttggagtcc
tatctcggtc
aaatgagctg
ttcctgatgc
ctcgaggaga
tcggaacaat
ttcatgtgtg
aattggttgt
taactgtggg
atttttttcc
tgactggaaa
aaaattggga
agcgttcatg
ctattgtttt
tacatttcag
gtctgcccct
cgaagccatt
cgaaaatcat
ggcgctggaa
atggggtacc
attgtacgcc

aatcaagcca
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ttagggttcc
ggttcacgta
acgttcttta
tattcttttg
atttaacaaa
ggtattttct
acttctagta
tacatcaaaa
ttcaaaaacg
ttggccgagc
aatactcagg
tcaacataac
ttttttgtta
gaaaaaggaa
actaaatgct
ttccaatagg
caatatatat
aagaagatcg
aaggttctta
ttaattggtg
gcctccaaga
ggtagtgtta
aacttaagac

caatttgcta

8820

8880

8940

9000

9060

9120

9180

9240

9300

9360

9420

9480

9540

9600

9660

9720

9780

9840

9900

9960

10020

10080

10140

10200



aaggtactga
aggaagacga
aaagaatcac
ggtccttgga
aaaccatcaa
ccatgatcct
ttggtgatat
ctgcgtcectt
acggttctgc
ctgcaatgat
cagttaaaaa
ccaccgaagt
ctecttttttt
cgaaattaca
catttatcaa
taatggctca
agggcaccac
atattggagg
tgaccatttg
ttccctcaag
ctcagtacaa
gctgacgcegc
gtctccggga

<210>
<211>

14

cttcgttgtt
tggtgatggt
aagaatggcc
taaagctaat
gaacgaattc
agttaagaac
catctccgat
ggcctetttg
tccagatttg
gttgaaattg
ggttttggat
cggtgatgct
atgatatttg
aaatggaata
gaaggagaaa
acgtgataag
acaaaaagtt
attttctcta
atggagttta
aattttactc
tctgctctga

cctgacgggc

gctgcatgtg

11801

gtcagagaat
gtcgcttggg
gctttcatgg
gttttggect
cctacattga
ccaacccacc
gaagcctccg
ccagacaaga
Ccaaagaata
tcattgaact
gcaggtatca
gtcgccgaag
tacataaact
tgttcatagg
aaggaggata
gaaaaagaat
aggtgtaaca
aaaaaaaaaa
agtcaatacc
tgtcagaaac
tgccgcatag
ttgtctgctc

tcagaggttt

tagtgggagg
atagtgaaca
ccctacaaca
cttcaagatt
aggttcaaca
taaatggtat
ttatcccagg
acaccgcatt
aggttgaccc
tgcctgaaga
gaactggtga
aagttaagaa
ttataaatga
gtagacgaaa
gtaaaggaat
tgcactttaa
gaaaatcatg
aatacaacaa
ttcttgaacc
ggccttacga
ttaagccagc
ccggcatccg

tcaccgtcat

tatttacttt
atacaccgtt
tgagccacca
atggagaaaa
tcaattgatt
tataatcacc
ttccttgggt
tggtttgtac
tatcgccact
aggtaaggcc
tttaggtggt
aatccttgct
aattcataat
ctatatacgc
acaggtaagc
cattaatatt
aaactacgat
ataaaaaaca
atttcccata
cgtagtcgat
cccgacaccc
cttacagaca

caccgaaacg
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ggtaagagaa
ccagaagtgc
ttgcctattt
actgtggagg
gattctgccg
agcaacatgt
ttgttgccat
gaaccatgcc
atcttgtctg
attgaagatg
tccaacagta
taaaaagatt
agaaacgaca
aatctacata
aaattgatac
gacaaggagsg
tcctaatttg
ctcaatgacc
atggtgaaag
atggtgcact
gccaacaccc
agctgtgacc

cgcga

10260

10320

10380

10440

10500

10560

10620

10680

10740

10800

10860

10920

10980

11040

11100

11160

11220

11280

11340

11400

11460

11520

11575



<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>

DNA

Artificial Sequence

full-length sequence of vector V5679

rep_origin
(70)..(573)
CEN/ARS

promoter
(610)..(714)
AmpR promoter

gene
(715)..(1575)
AmpR

rep_origin
(1746)..(2334)
ori

promoter
(2658)..(2688)
lac promoter

misc_feature
(2696)..(2712)
lac operator

promoter
(2853)..(3517)
GAL1,10 promoter

misc_feature
(3069)..(3186)
UAS

gene
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222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>

(3502)..(6681)
nCas9(D10A)

mutation
(3547)..(3549)
D10A for Nuclease deficient

misc_feature
(6682)..(6688)
GS linker insert

misc_feature
(6689)..(6702)
Linker

misc_feature
(6703)..(6768)
3xFLAG

gene
(6775)..(7398)
PMCDA1

misc_feature
(7419)..(7431)
GS linker insert

gene
(7432)..(8409)
nCas9(D10A)

sig peptide
(8386)..(8406)
SV40 NLS

terminator
(8422)..(8669)
CYC1 terminator
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<221>
<222>
<223>

(887
fl o

<220>
<221>
222>
<223>

prom

LEU2

<220>
<221>
<222>
<223>

gene
LEU2

<400> 14
gacgaaaggg

cttaggacgg
atttgggaat
aaataaagaa
atttcaacaa
gatatacatt
tctacacaga
aaaggtagta
attttttctt
atttaaatta
ggaaatgtgc
ctcatgagac
attcaacatt
gctcacccag
ggttacatcg

cgttttccaa

gacgccgggc

rep_origin

3)..(9328)
ri

oter

(9628)..(10032)

promoter

cctcgtgata
atcgcttgcc
ttactctgtg
ggtagaagag
aaagcgtact
cgattaacga
caagatgaaa
tttgttggceg
taatttcttt
taattatttt
gcggaacccc
aataaccctg
tccgtgtcgc
aaacgctggt
aactggatct
tgatgagcac

aagagcaact

(10045) . .(11139)

cgcctatttt
tgtaacttac
tttatttatt
ttacggaatg
ttacatatat
taagtaaaat
caattcggca
atccccctag
ttttactttc
tatagcacgt
tatttgttta
ataaatgctt
ccttattccc
gaaagtaaaa
caacagcggt

ttttaaagtt

cggtcgecgc

tataggttaa
acgcgcctcg
tttatgtttt
aagaaaaaaa
atttattaga
gtaaaatcac
ttaatacctg
agtcttttac
tatttttaat
gatgaaaagg
tttttctaaa
caataatatt
ttttttgegg
gatgctgaag
aagatccttg
ctgctatgtg

atacactatt

tgtcatgata
tatcttttaa
gtatttggat
aataaacaaa
caagaaaagc
aggattttcg
agagcaggaa
atcttcggaa
ttatatattt
acccaggtgg
tacattcaaa
gaaaaaggaa
cattttgcct
atcagttggg
agagttttcg
gcgeggtatt

ctcagaatga
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ataatggttt
tgatggaata
tttagaaagt
ggtttaaaaa
agattaaata
tgtgtggtct
gagcaagata
aacaaaaact
atattaaaaa
cacttttcgg
tatgtatccg
gagtatgagt
tcctgttttt
tgcacgagtg
ccccgaagaa
atcccgtatt

cttggttgag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020



tactcaccag
gctgccataa
ccgaaggagc
tgggaaccgg
gcaatggcaa
caacaattaa
cttccggctg
atcattgcag
gggagtcagg
attaagcatt
cttcattttt
atcccttaac
tcttcttgag
ctaccagcgg
ggcttcagca
cacttcaaga
gctgctgceca
gataaggcgc
acgacctaca
gaagggagaa
agggagcttc
tgacttgagc
agcaacgcgg
cctgecgttat

gctcgccgcea

tcacagaaaa
ccatgagtga
taaccgcttt
agctgaatga
caacgttgcg
tagactggat
gctggtttat
cactggggcc
caactatgga
ggtaactgtc
aatttaaaag
gtgagttttc
atcctttttt
tggtttgttt
gagcgcagat
actctgtagc
gtggcgataa
agcggtcggg
ccgaactgag
aggcggacag
cagggggaaa
gtcgattttt
cctttttacg
cccctgattc

gccgaacgac

gcatcttacg
taacactgcg
tttgcacaac
agccatacca
caaactatta
ggaggcggat
tgctgataaa
agatggtaag
tgaacgaaat
agaccaagtt
gatctaggtg
gttccactga
tctgcgegta
gccggatcaa
accaaatact
accgcctaca
gtcgtgtctt
ctgaacgggg
atacctacag
gtatccggta
cgcctggtat
gtgatgctcg
gttcctggcc

tgtggataac

cgagcgcagc

gatggcatga
gccaacttac
atgggggatc
aacgacgagc
actggcgaac
aaagttgcag
tctggagccg
ccctcccgta
agacagatcg
tactcatata
aagatccttt
gcgtcagacc
atctgctgcect
gagctaccaa
gtccttctag
tacctcgctc
accgggttgg
ggttcgtgca
cgtgagctat
agcggeagss
ctttatagtc
tcagggggsc
ttttgctggc
cgtattaccg

gagtcagtga

cagtaagaga
ttctgacaac
atgtaactcg
gtgacaccac
tacttactct
gaccacttct
gtgagcgtgg
tcgtagttat
ctgagatagg
tactttagat
ttgataatct
ccgtagaaaa
tgcaaacaaa
ctctttttcc
tgtagccgta
tgctaatcct
actcaagacg
cacagcccag
gagaaagcgc
tcggaacagg
ctgtcgggtt
ggagcctatg
cttttgctca
cctttgagtg

gcgaggaagc
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attatgcagt
gatcggagga
ccttgatcgt
gatgcctgta
agcttcccgg
gcgctceggcec
gtctcgeggt
ctacacgacg
tgcctcactg
tgatttaaaa
catgaccaaa
gatcaaagga
aaaaccaccg
gaaggtaact
gttaggccac
gttaccagtg
atagttaccg
cttggagcga
cacgcttccc
agagcgcacg
tcgccacctc
gaaaaacgcc
catgttcttt

agctgatacc

gg8aagagcgc

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520



ccaatacgca
aggtttcccg
cattaggcac
agcggataac
aaccctcact
tggcagagca
tggacgcaaa
tacatatcca
agcctaaaaa
ttgaagtacg
cgtgcgtcect
gctccgaaca
cagtaacctg
aatgcgatta
gatctattaa
cattttcggt
aatatacctc
gggctcgcta
ccgagcaaaa
attggcgccc
gcacggcgcea
aatgagatgg
gaggaggata

taccatgaaa

aaccgcctct
actggaaagc
cccaggcecttt
aatttcacac
aaagggaaca
ggtggagggt
gaagtttaat
tatctaatct
aaccttctct
gattagaagc
cgtcttcacc
ataaagattc
gccccacaaa
gttttttagc
cagatatata
ttgtattact
tatactttaa
tcggcacaaa
aattcaaagt
tcctgttcga
gatatacccg
ctaaggtgga
aaaagcacga

agtacccaac

ccccgegegt
gggcagtgag
acactttatg
aggaaacagc
aaagctgggt
cgaccatact
aatcatatta
tacttatatg
ttggaacttt
cgccgagegg
ggtcgecgttc
tacaatacta
ccttcaaatg
cttatttctg
aatgcaaaaa
tcttattcaa
cgtcaaggag
cagcgtcggt
tctgggcaat
ctccggggag
cagaaagaat
tgactctttc
gcgccaccca

catatatcat

tggccgattc
cgcaacgcaa
cttccggctc
tatgaccatg
accgggccecg
agtttcaaaa
catggcatta
ttgtggaaat
cagtaatacg
gtgacagccc
ctgaaacgca
gcttttatgg
aacgaatcaa
gggtaattaa
ctgcataacc
atgtaataaa
aaaaaaccca
tgggccgtca
accgatcgcc
acggccgaag
cggatctgct
ttccataggc

atctttggca

ctgaggaaga

attaatgcag
ttaatgtgag
ctatgttgtg
attacgccaa
aattctctcc
attcttactt
ccaccatata
gtaaagagcc
cttaactgct
tccgaaggaa
gatgtgcctc
ttatgaagag
attaacaacc
tcagcgaagc
actttaacta
agtatcaaca
tggacaagaa
ttacggacga
acagcataaa
ccacgcggct
acctgcagga
tggaggagtc
atatcgtgga

agcttgtaga
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ctggcacgac
ttacctcact
tggaattgtg
gctcggaatt
ttctcttagg
tttttttgga
catatccata
ccattatctt
cattgctata
gactctcctc
gcgeccgcact
gaaaaattgg
ataggatgat
gatgattttt
atactttcaa
aaaaattgtt
gtactccatt
gtacaaggtg
gaagaacctc
caaaagaaca
gatctttagt
ctttttggtg
cgaggtggcg

cagtactgat

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960



aaggctgact
ttcctcatcg
ctggttcaga
gccaaagcaa
cagctccctg
ctgaccccca
aaagacacct
gacctttttt
gtgaacacgg
caccaccaag
aaggaaattt
agccaggags
gagctgctgg
ggaagcatcc
gatttctacc
ataccctact
aaatcagaag
gcccagtcect
cttcctaaac
aaatacgtca
atcgtggacc
tatttcaaaa

aacgcatccc

gacaatgagg

gatagggaga

tgcggttgat
agggggacct
cttacaatca
tcctgagcgc
gggagaagaa
actttaaatc
acgatgatga
tggcggcaaa
agatcaccaa
acttgacttt
tcttcgatca
aattttacaa
taaagcttaa
cccaccagat
cctttttgaa
atgtaggccc
agaccatcac
tcatcgaaag
actctctgct
cagaagggat
tcctcttcaa
agattgaatg
tgggaacgta
agaacgagga

tgattgaaga

ctatctcgcg
gaacccagac
gcttttcgaa
taggctgtcc
gaacggcctg
taacttcgac
tctcgacaat
gaacctgtca
agctccgctg
gctgaaggcc
gtctaaaaat
atttattaag
cagagaagat
tcacctgggc
agataacagg
cctcgececgg
tccctggaac
gatgactaac
gtacgagtac
gagaaagcca
gacgaaccgg
tttcgactct
tcacgatctc
cattcttgag

acgcttgaaa

ctggcgcata
aacagcgatg
gagaacccga
aaatcccggc
tttggtaatc
ctggccgaag
ctgectggccc
gacgccattc
agcgctagta
cttgtcagac
ggctacgccg
cccatcttgg
ctgttgcgca
gaactgcacg
gaaaagattg
ggaaattcca
ttcgaggaag
tttgataaaa
ttcacagttt
gcattcctgt
aaagttaccg
gttgaaatca
ctgaaaatca
gacattgtcc

acttacgctc

tgatcaaatt
tcgacaaact
tcaacgcatc
ggctcgaaaa
ttatcgccct
atgccaagct
agatcggcga
tgctgagtga
tgatcaagcg
agcaactgcc
gatacattga
aaaaaatgga
aacagcgcac
ctatcctcag
agaaaatcct
gattcgcgtg
tcgtggataa
atctgcctaa
ataacgagct
ctggagagca
tgaaacagct
gcggagtgga
ttaaagacaa
tcacccttac

atctcttcga
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tcggggacac

ctttatccaa
cggagttgac
cctcatcgca
gtcactcggg
tcaactgagc
ccagtacgca
tattctgcga
ctatgatgag
tgagaagtac
cggcggagcea
cggcaccgag
tttcgacaat
gcggeaagag
cacatttcgg
gatgactcgc
gggggectct
cgaaaaggtg
caccaaggtc
gaagaaagct
caaagaagac
ggatcgcttc
ggacttcctg
gttgtttgaa

cgacaaagtc

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460



atgaaacagc
aatgggatcc
tttgccaacc
atccagaaag
gcaggtagcc
gtcaaagtaa
caaactaccc
ataaaagaac
aatgagaagc
ctggacatca
aaagatgatt
gataacgtcc
aacgccaaac
ctgtctgagt
accaagcacg
aaactgattc
aaggactttc
tacctgaatg
tttgtttacg
gaaataggca
accgagatta
ggagactaca
gacgctgagt

ttcaacaaca

tcaagaggcg
gagacaagca
ggaacttcat
cacaagtttc

cagctatcaa

tgggaaggca

agaagggaca

tggggtccca
tctacctgta
atcggctctc
ctattgataa
cctcagaaga
tgatcacaca
tggataaagc
tggcccaaat
gagaggtgaa
agttttataa
cagtggtagg
gagactataa
aggccaccgc
cactggccaa
aggatcatga
acgtgagaat

aaaaatccgt

ccgatataca
gagtggaaag
gcagttgatc
tggccagggg
aaagggaata
taagcccgag
gaagaacagt
aatccttaag
ctacctgcag
cgactacgac
taaagtgttg
agttgtcaag
acggaagttc
cggcttcatc
tctcgattca
agttattact
ggtgagagag
cactgcactt
agtgtacgat
taagtacttc
tggtggagct
tattgattac
ccatgagaag

gtcgcataga

ggatgggggc

acaatcctgg
catgatgact
gacagtcttc
ctgcagaccg
aatatcgtta

agggaaagga

gaacacccag
aacggcaggsg
gtggatcata
acaagatccg
aaaatgaaaa
gataatctga
aaaaggcagc
cgcatgaaca
ctgaagtcta
atcaacaatt
atcaaaaaat
gttaggaaaa
ttttacagca
agcggttccg
aaagacgatg
ttggacatct

tgctacgttc

ggctgtcaag
attttcttaa
ctctcacctt
acgagcacat
ttaaggtcgt
tcgagatggc
tgaagaggat
ttgaaaacac
acatgtacgt
tcgtgcccca
ataaaaatag
attattggcg
ctaaggctga
ttgttgagac
ccaagtacga
agctggtctc
accaccatgc
atcccaagct
tgatcgcaaa
atattatgaa
gagactataa
acgataagtc
acacgtttaa

tctttgaatt
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aaaactgatc
gtccgatgga
taaggaggac
cgctaatctt
ggatgaactc
ccgagagaac
tgaagagggt
ccagcttcag
ggatcaggaa
gtcttttctc
agggaagagt
gcagctgctg
acgaggtggc
acgccagatc
tgaaaatgac
agatttcaga
gcatgatgcc
tgaatctgaa
gtctgagcag
ttttttcaag
ggaccacgac
taggatgacc
gaaacagttt

aaaacgacgg

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900



ggtgaacgta
cgtggcattc
cccggacaat
aagatcttag
gcttgcaaac
gataacgggg
ttcatccaat
cgagctgaaa
actaagagtc
cggaagcgac
agggatttcg
accgaagtac
aagctgatcg
acagtcgctt
aaaagcgtca
cccatcgact
cttcccaagt
ggcgagctgc
ctggccagcc
ttcgtggaac
aaaagagtga
agggataagc
ttgggegegc
tctacaaagg

acaagaatcg

gagcgtgttt
acgccgaaat
tcacgataaa
aatggtataa
tctattacga
ttgggttgaa
cgtcgcacaa
aacgacggag
ctgctgttgg
cacttatcga
cgacagtccg
agaccggagsg
cacgcaaaaa
acagtgtact
aggaactgct
ttctcgaggc
actctctctt
agaaaggtaa
actatgaaaa
aacacaaaca
tcctcgecga
ccatcaggga
ctgcagcctt
aggtcctgga

acctctctca

ttggggctat
ctttagcatt
ttggtactca
ccaggagctg
gaaaaatgcg
tgtaatggta
tcaattgaat
cgagttgtcc
cggaggeggt
aacaaacgga
gaaggtcctg
cttctccaag
agattgggac
ggttgtggec
gggcatcaca
gaaaggatat
tgagcttgaa
cgagctggca
gctcaaaggg
ctaccttgat
cgctaacctc
gcaggcagaa
caagtacttc

cgccacactg

gctcggtgga

gctgtgaata
agaaaagtcg
tcctggagtc
cgggggaacg
aggaatcaaa
agtgaacact
gagaatagat
attatgattc
agcgacgtcg
gaaacaggag
tccatgccgc
gaaagtatcc
cccaagaaat
aaagtggaga
atcatggagc
aaagaggtca
aacggccgga
ctgccctcta
tctcccgaag
gagatcatcg
gataaggtgc
aacattatcc
gacaccacca

attcatcagt

gacagcaggsg

aaccacagag
aagaatacct
cttgtgcaga
gccacacttt
ttgggctgtg
accaatgttg
ggcttgagaa
aggtaaaaat
gtggaggttc
aaatcgtgtg
aggtgaacat
tcccgaaaag
acggcggatt
aagggaagtc
gatcaagctt
aaaaagacct
aacgaatgct
aatacgttaa
ataatgagca
agcaaataag
tttctgctta
acttgtttac
tagacagaaa
caattacggg

ctgaccccaa
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cgggacagaa
gcgcgacaac
ttgcgctgaa
gaaaatctgg
gaacctcaga
caggaaaata
gactttgaag
actccacacc
aggagagatt
ggacaagggt
cgttaaaaag
gaacagcgac
cgattctcct
taaaaaactc
cgaaaaaaac
catcattaag
cgctagtgceg
tttcttgtat
gaagcagctg
cgaattctcc
caataagcac
tctgaccaac
gcggtacacc

gctctatgaa

gaagaagagg

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400



aaggtgtgat
cccccacatc
tttatttttt
tttttctgta
ttttgggacg
gtattacgcg
tacccaactt
ggcccgcacc
tgtagcggcg
gccagegecc
ggctttcccc
cggcacctcg
tgatagacgg
ttccaaactg
ttgccgattt
tttaacaaaa
gcggtatttc
atattattgc
aaaatcaatt
taattatact
gattcaagaa
agagttcgaa
gcgctatcgc

ctgacgcata

ctcttctcga
cgctctaacc
tatagttatg
cagacgcgtg
ctcgaaggct
cgctcactgg
aatcgccttg
gatcgccctt
cattaagcgc
tagcgcccgc
gtcaagctct
accccaaaaa
tttttcgccc
gaacaacact
cggcctattg
tattaacgtt
acaccgcata
cttattaaaa
gtcctgtact
ctatttctca
atatcttgac
tctcttagca
acagaatcaa

tacctttttc

gtcatgtaat
gaaaaggaag
ttagtattaa
tacgcatgta
ttaatttgcg
ccgtcgtttt
cagcacatcc
cccaacagtt
ggcgggtgtyg
tcctttcgcet
aaatcggggsg
acttgattag
tttgacgttg
caaccctatc
gttaaaaaat
tacaatttcc
tcgacggtcg
atggaatccc
tccttgttca
acaagtaatt
cgcagttaac
accattattt
attcgatgac

aactgaaaaa

tagttatgtc
gagttagaca
gaacgttatt
acattatact
gccggtaccc
acaacgtcgt
ccctttcgec
gcgcagcectg
gtggttacgc
ttcttccctt
ctccctttag
ggtgatggtt
gagtccacgt
tcggtctatt
gagctgattt
tgatgcggta
aggagaactt
aacaattaca
tgtgtgttca
ggttgtttgg
tgtgggaata
ttttcctcaa
tggaaatttt

ttgggagaaa

acgcttacat
acctgaagtc
tatatttcaa
gaaaaccttg
aattcgccct
gactgggaaa
agctggecgta
aatggcgaat
gcagcgtgac
cctttctcgc
ggttccgatt
cacgtagtgg
tctttaatag
cttttgattt
aacaaaaatt
ttttctcctt
ctagtatatc
tcaaaatcca
aaaacgttat
ccgagcggtc
ctcaggtatc
cataacgaga

ttgttaattt

aaggaaaggt
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tcacgccctc
taggtcccta
atttttcttt
cttgagaagg
atagtgagtc
accctggcegt
atagcgaaga
ggacgcgccc
cgctacactt
cacgttcgcc
tagtgcttta
gccatcgccc
tggactcttg
ataagggatt
taacgcgaat
acgcatctgt
cacataccta
cattctcttc
atttatagga
taaggcgcct
gtaagatgca
acacacaggg
cagaggtcgc

gagaggccgsg

8460

8520

8580

8640

8700

8760

8820

8880

8940

9000

9060

9120

9180

9240

9300

9360

9420

9480

9540

9600

9660

9720

9780

9840



aaccggcttt
tgaagttgac
cttactttct
tataccattc
gaccacgttg
gttcgttcca
gctacaggtg
ttgttaggtg
ttactaaaaa
tccgactctc
gttgttgtca
gatggtgtcg
atggccgctt
gctaatgttt
gaattcccta
aagaacccaa
tccgatgaag
tctttgccag
gatttgccaa
aaattgtcat
ttggatgcag
gatgctgtcg
tatttgtaca

ggaatatgtt

gagaaaaagg

tcatatagaa
aatattattt
aacttttctt
taatgtctgc
gtcaagaaat
atgtcaagtt
tcccacttcc
ctgtgggtgg
tccgtaaaga
ttttagactt
gagaattagt
cttgggatag
tcatggccct
tggcctcttc
cattgaaggt
cccacctaaa
cctccgttat
acaagaacac
agaataaggt
tgaacttgcc
gtatcagaac
ccgaagaagt
taaactttat
catagggtag

aggatgtaaa

tagagaagcg
aaggacctat
accttttaca
ccctatgtct
cacagccgaa
cgatttcgaa
agatgaggcg
tcctaaatgg
acttcaattg
atctccaatc
gggaggtatt
tgaacaatac
acaacatgag
aagattatgg
tcaacatcaa
tggtattata
cccaggttcc
cgcatttggt
caaccctatc
tgaagaaggt
tggtgattta
taagaaaatc
aaatgaaatt

acgaaactat

ggaatacagg

ttcatgacta
tgttttttcc
tttcagcaat
gcccctaaga
gccattaagg
aatcatttaa
ctggaagcct
ggtaccggta
tacgccaact
aagccacaat
tactttggta
accgttccag
ccaccattgc
agaaaaactg
ttgattgatt
atcaccagca
ttgggtttgt
ttgtacgaac
gccactatct
aaggccattg
ggtggttcca
cttgcttaaa
cataatagaa
atacgcaatc

taagcaaatt

aatgcttgca
aataggtggt
atatatatat
agatcgtcgt
ttcttaaagc
ttggtggtgc
ccaagaaggt
gtgttagacc
taagaccatg
ttgctaaagg
agagaaagga
aagtgcaaag
ctatttggtc
tggaggaaac
ctgccgccat
acatgtttgg
tgccatctgc
catgccacgg
tgtctgctgc
aagatgcagt
acagtaccac
aagattctct
acgacacgaa
tacatacatt

gatactaatg
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tcacaatact
tagcaatcgt
atttcaagga
tttgccaggt
tatttctgat
tgctatcgat
tgatgccgtt
tgaacaaggt
taactttgca
tactgacttc
agacgatggt
aatcacaaga
cttggataaa
catcaagaac
gatcctagtt
tgatatcatc
gtccttggcc
ttctgctcca
aatgatgttg
taaaaaggtt
cgaagtcggt
ttttttatga
attacaaaat
tatcaagaag

gctcaacgtg

9900

9960

10020

10080

10140

10200

10260

10320

10380

10440

10500

10560

10620

10680

10740

10800

10860

10920

10980

11040

11100

11160

11220

11280

11340



ataaggaaaa
aagttaggtg
tctctaaaaa
agtttaagtc
ttactctgtc
ctctgatgcc
acgggcttgt
catgtgtcag
<210>
<211>

<212>
<213>

15

DNA

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>

rep_
(70)..(573)
CEN/ARS

agaattgcac
taacagaaaa
aaaaaaaata
aataccttct
agaaacggcc
gcatagttaa
ctgctcccgg

aggttttcac

11447

origin

promoter
(610)..(714)
AmpR promoter

<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>

gene
(715)..(1575)
AmpR

rep_origin
(1746)..(2334)
ori

promoter

tttaacatta
tcatgaaact
caacaaataa
tgaaccattt
ttacgacgta
gccagccccg
catccgctta

cgtcatcacc

Artificial Sequence

atattgacaa
atgattccta
aaaacactca
cccataatgg
gtcgatatgg
acacccgcca

cagacaagct

gaaacgcgcg

full-length sequence of vector pAL@47

g8aggageec
atttatatat
atgacctgac
tgaaagttcc
tgcactctca
acacccgctg
gtgaccgtct

a
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accacacaaa
tggaggattt
catttgatgg
ctcaagaatt
gtacaatctg
acgcgccctg

ccgggagetg

11400

11460

11520

11580

11640

117060

11760

11801



<222> (2658)..(2688)
<223> lac promoter

<220>

<221> misc_feature
<222> (2696)..(2712)
<223> lac operator

<220>

<221> promoter

<222> (2853)..(3517)
<223> GAL1,10 promoter

220>

<221> gene

<222> (3520)..(6681)
<223> nCas9(D10A)

<220>

<221> mutation

<222> (3547)..(3549)

<223> D10A for Nuclease deficient

220>

<221> gene

<222> (6682)..(7044)
<223> PmCDA1

<220>

<221> misc_feature
<222> (6790)..(6897)
<223> Catalytic Domain

220>

<221> mutation

<222> (6958)..(6960)
<223> W122E

<220>

<221> mutation

<222> (6970)..(6972)

<223> Expsose N (V150 Y128 interaction)

<220>

<221> mutation

<222> (6976)..(6978)

<223> Expose Q (V150 L126 interaction)

<220>
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<221> mutation
222> (6976)..(6978)
<223> Expose Y to D

<220>

<221> mutation

<222> (7000)..(7002)
<223> Expose I to E

<220>

<221> mutation

<222> (7009)..(7011)
<223> W139Q

<220>

<221> mutation

<222> (7018)..(7023)
<223> H130A R131E

<220>

<221> mutation

<222> (7042)..(7044)

<223> Expose T (L126 Y128 interaction)

<220>

<221> misc_feature
<222> (7045)..(7070)
<223> 6xGS Linker

<220>

<221> misc_feature
<222> (7065)..(7077)
<223> GS linker insert

<220>

<221> gene

<222> (7078)..(8055)
<223> nCas9(D10A)

<220>

<221> sig peptide
<222> (8032)..(8052)
<223> SV40 NLS

<220>

<221> terminator
<222> (8068)..(8315)
<223> CYC1 terminator
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<220>
<221>
222>
<223>

(851
fl o

<220>
<221>
<222>
<223>

prom
(927
LEU2

<220>
<221>
222>
<223>

gene
LEU2

<400> 15
gacgaaaggg

cttaggacgg
atttgggaat
aaataaagaa
atttcaacaa
gatatacatt
tctacacaga
aaaggtagta
attttttctt
atttaaatta
ggaaatgtgc
ctcatgagac
attcaacatt
gctcacccag
ggttacatcg

cgttttccaa

gacgccgggc

rep_origin

9)..(8974)
ri

oter
4)..(9678)
promoter

(9691)..(10785)

cctcgtgata
atcgcttgcc
ttactctgtg
ggtagaagag
aaagcgtact
cgattaacga
caagatgaaa
tttgttggceg
taatttcttt
taattatttt
gcggaacccc
aataaccctg
tccgtgtcgc
aaacgctggt
aactggatct
tgatgagcac

aagagcaact

cgcctatttt
tgtaacttac
tttatttatt
ttacggaatg
ttacatatat
taagtaaaat
caattcggca
atccccctag
ttttactttc
tatagcacgt
tatttgttta
ataaatgctt
ccttattccc
gaaagtaaaa
caacagcggt

ttttaaagtt

cggtcgecgc

tataggttaa tgtcatgata ataatggttt

acgcgcctcg tatcttttaa tgatggaata

tttatgtttt gtatttggat tttagaaagt

aagaaaaaaa aataaacaaa ggtttaaaaa

atttattaga caagaaaagc agattaaata

gtaaaatcac aggattttcg tgtgtggtct

ttaatacctg agagcaggaa gagcaagata

agtcttttac atcttcggaa aacaaaaact

tatttttaat ttatatattt atattaaaaa

cacttttcgg

gatgaaaagg acccaggtgg

tttttctaaa tacattcaaa tatgtatccg

caataatatt gaaaaaggaa gagtatgagt

ttttttgecgg cattttgecct tcctgttttt

gatgctgaag atcagttggg tgcacgagtg

aagatccttg agagttttcg ccccgaagaa

ctgctatgtg gcgcggtatt atcccgtatt

atacactatt ctcagaatga cttggttgag
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60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020



tactcaccag
gctgccataa
ccgaaggagc
tgggaaccgg
gcaatggcaa
caacaattaa
cttccggctg
atcattgcag
gggagtcagg
attaagcatt
cttcattttt
atcccttaac
tcttcttgag
ctaccagcgg
ggcttcagca
cacttcaaga
gctgctgcca
gataaggcgc
acgacctaca
gaagggagaa
agggagcttc
tgacttgagc
agcaacgcgg

cctgcgttat

tcacagaaaa
ccatgagtga
taaccgcttt
agctgaatga
caacgttgcg
tagactggat
gctggtttat
cactggggcc
caactatgga
ggtaactgtc
aatttaaaag
gtgagttttc
atcctttttt
tggtttgttt
gagcgcagat
actctgtagc
gtggcgataa
agcggtecggg
ccgaactgag
aggcggacag
cagggggaaa
gtcgattttt
cctttttacg

cccctgattc

gcatcttacg
taacactgcg
tttgcacaac
agccatacca
caaactatta
ggaggcggat
tgctgataaa
agatggtaag
tgaacgaaat
agaccaagtt
gatctaggtg
gttccactga
tctgcgcgta
gccggatcaa
accaaatact
accgcctaca
gtcgtgtctt
ctgaacgggsg
atacctacag
gtatccggta
cgcctggtat
gtgatgctcg
gttcctggcc

tgtggataac

gatggcatga
gccaacttac
atgggggatc
aacgacgagc
actggcgaac
aaagttgcag
tctggagccg
ccctcccgta
agacagatcg
tactcatata
aagatccttt
gcgtcagacc
atctgctgct
gagctaccaa
gtccttctag
tacctcgctc
accgggttgg
ggttcgtgca
cgtgagctat
agcggeages
ctttatagtc
tcagggggsc
ttttgctggc

cgtattaccg

cagtaagaga
ttctgacaac
atgtaactcg
gtgacaccac
tacttactct
gaccacttct
gtgagcgtgg
tcgtagttat
ctgagatagg
tactttagat
ttgataatct
ccgtagaaaa
tgcaaacaaa
ctctttttcc
tgtagccgta
tgctaatcct
actcaagacg
cacagcccag
gagaaagcgc
tcggaacagg
ctgtcgggtt
ggagcctatg
cttttgctca

cctttgagtg
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attatgcagt
gatcggagga
ccttgatcgt
gatgcctgta
agcttcccgg
gcgectcggcc
gtctcgeggt
ctacacgacg
tgcctcactg
tgatttaaaa
catgaccaaa
gatcaaagga
aaaaccaccg
gaaggtaact
gttaggccac
gttaccagtg
atagttaccg
cttggagcga
cacgcttccc
agagcgcacg
tcgccacctc
gaaaaacgcc
catgttcttt

agctgatacc

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460



gctcgccgcea
ccaatacgca
aggtttcccg
cattaggcac
agcggataac
aaccctcact
tggcagagca
tggacgcaaa
tacatatcca
agcctaaaaa
ttgaagtacg
cgtgcgtcct
gctccgaaca
cagtaacctg
aatgcgatta
gatctattaa
cattttcggt
aatatacctc
gggctcgcta
ccgagcaaaa
attggcgccc
gcacggcgca
aatgagatgg
gaggaggata

taccatgaaa

gccgaacgac
aaccgcctct
actggaaagc
cccaggcttt
aatttcacac
aaagggaaca
ggtggaggst
gaagtttaat
tatctaatct
aaccttctct
gattagaagc
cgtcttcacc
ataaagattc
gccccacaaa
gttttttagc
cagatatata
ttgtattact
tatactttaa
tcggcacaaa
aattcaaagt
tcctgttcga
gatatacccg
ctaaggtgga
aaaagcacga

agtacccaac

cgagcgcagc
ccccgegegt
gggcagtgag
acactttatg
aggaaacagc
aaagctgggt
cgaccatact
aatcatatta
tacttatatg
ttggaacttt
cgccgagegg
ggtcgcgttc
tacaatacta
ccttcaaatg
cttatttctg
aatgcaaaaa
tcttattcaa
cgtcaaggag
cagcgtcggt
tctgggcaat
ctccggggag
cagaaagaat
tgactctttc
gcgccaccca

catatatcat

gagtcagtga
tggccgattc
cgcaacgcaa
cttccggctc
tatgaccatg
accgggcccg
agtttcaaaa
catggcatta
ttgtggaaat
cagtaatacg
gtgacagccc
ctgaaacgca
gcttttatgg
aacgaatcaa
gggtaattaa
ctgcataacc
atgtaataaa
aaaaaaccca
tgggccgtca
accgatcgcc
acggccgaag
cggatctgct
ttccataggc

atctttggca

ctgaggaaga

gcgaggaagc
attaatgcag
ttaatgtgag
ctatgttgtg
attacgccaa
aattctctcc
attcttactt
ccaccatata
gtaaagagcc
cttaactgct
tccgaaggaa
gatgtgcctc
ttatgaagag
attaacaacc
tcagcgaagc
actttaacta
agtatcaaca
tggacaagaa
ttacggacga
acagcataaa
ccacgcggct
acctgcagga
tggaggagtc
atatcgtgga

agcttgtaga
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ggaagagcgc
ctggcacgac
ttacctcact
tggaattgtg
gctcggaatt
ttctcttagg
tttttttgga
catatccata
ccattatctt
cattgctata
gactctcctc
gcgccgcact
gaaaaattgg
ataggatgat
gatgattttt
atactttcaa
aaaaattgtt
gtactccatt
gtacaaggtg
gaagaacctc
caaaagaaca
gatctttagt
ctttttggtg
cgaggtggceg

cagtactgat

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960



aaggctgact
ttcctcatcg
ctggttcaga
gccaaagcaa
cagctccctg
ctgaccccca
aaagacacct
gacctttttt
gtgaacacgg
caccaccaag
aaggaaattt
agccaggagsg
gagctgctgg
ggaagcatcc
gatttctacc
ataccctact
aaatcagaag
gcccagtcect
cttcctaaac
aaatacgtca
atcgtggacc
tatttcaaaa

aacgcatccc

gacaatgagg

tgcggttgat
agggggacct
cttacaatca
tcctgagcgc
gggagaagaa
actttaaatc
acgatgatga
tggcggcaaa
agatcaccaa
acttgacttt
tcttcgatca
aattttacaa
taaagcttaa
cccaccagat
cctttttgaa
atgtaggccc
agaccatcac
tcatcgaaag
actctctgct
cagaagggat
tcctcttcaa
agattgaatg
tgggaacgta

agaacgagga

ctatctcgcg
gaacccagac
gcttttcgaa
taggctgtcc
gaacggcctg
taacttcgac
tctcgacaat
gaacctgtca
agctccgctg
gctgaaggcc
gtctaaaaat
atttattaag
cagagaagat
tcacctgggc
agataacagg
cctcgececegg
tccctggaac
gatgactaac
gtacgagtac
gagaaagcca
gacgaaccgg
tttcgactct
tcacgatctc

cattcttgag

ctggcgcata
aacagcgatg
gagaacccga
aaatcccggc
tttggtaatc
ctggccgaag
ctgctggccc
gacgccattc
agcgctagta
cttgtcagac
ggctacgccg
cccatcttgg
ctgttgcgca
gaactgcacg
gaaaagattg
ggaaattcca
ttcgaggaag
tttgataaaa
ttcacagttt
gcattcctgt
aaagttaccg
gttgaaatca
ctgaaaatca

gacattgtcc

tgatcaaatt
tcgacaaact
tcaacgcatc
ggctcgaaaa
ttatcgccct
atgccaagct
agatcggcga
tgctgagtga
tgatcaagcg
agcaactgcc
gatacattga
aaaaaatgga
aacagcgcac
ctatcctcag
agaaaatcct
gattcgcgtg
tcgtggataa
atctgcctaa
ataacgagct
ctggagagca
tgaaacagct
gcggagtgga
ttaaagacaa

tcacccttac
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tcggggacac

ctttatccaa
cggagttgac
cctcatcgca
gtcactcggg
tcaactgagc
ccagtacgca
tattctgcga
ctatgatgag
tgagaagtac
cggcggagca
cggcaccgag
tttcgacaat
gcggeaagag
cacatttcgg
gatgactcgc
gggggectct
cgaaaaggtg
caccaaggtc
gaagaaagct
caaagaagac
ggatcgcttc
ggacttcctg

gttgtttgaa

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400



gatagggaga
atgaaacagc
aatgggatcc
tttgccaacc
atccagaaag
gcaggtagcc
gtcaaagtaa
caaactaccc
ataaaagaac
aatgagaagc
ctggacatca
aaagatgatt
gataacgtcc
aacgccaaac
ctgtctgagt
accaagcacg
aaactgattc
aaggactttc
tacctgaatg
tttgtttacg
gaaataggca
accgagatta
ggtgaacgta
cgtggcattc

cccggacaat

tgattgaaga
tcaagaggcg
gagacaagca
ggaacttcat
cacaagtttc

cagctatcaa

tgggaaggca

agaagggaca

tggggtccca
tctacctgta
atcggctctc
ctattgataa
cctcagaaga
tgatcacaca
tggataaagc
tggcccaaat
gagaggtgaa
agttttataa
cagtggtagg
gagactataa
aggccaccgc
cactggccaa
gagcgtgttt
acgccgaaat

tcacgataaa

acgcttgaaa
ccgatataca
gagtggaaag
gcagttgatc
tggccagggsg
aaagggaata
taagcccgag
gaagaacagt
aatccttaag
ctacctgcag
cgactacgac
taaagtgttg
agttgtcaag
acggaagttc
cggcttcatc
tctcgattca
agttattact
ggtgagagag
cactgcactt
agtgtacgat
taagtacttc
ttcgcataga
ttggggctat
ctttagcatt

ttggtactca

acttacgctc
ggatgggsgsc
acaatcctgg
catgatgact
gacagtcttc
ctgcagaccg
aatatcgtta

agggaaagga

gaacacccag
aacggcagsgs
gtggatcata
acaagatccg
aaaatgaaaa
gataatctga
aaaaggcagc
cgcatgaaca
ctgaagtcta
atcaacaatt
atcaaaaaat
gttaggaaaa
ttttacagca
tgctacgttc
gctgtgaata
agaaaagtcg

tcctggagtc

atctcttcga
ggctgtcaag
attttcttaa
ctctcacctt
acgagcacat
ttaaggtcgt
tcgagatggc
tgaagaggat
ttgaaaacac
acatgtacgt
tcgtgcccca
ataaaaatag
attattggcg
ctaaggctga
ttgttgagac
ccaagtacga
agctggtctc
accaccatgc
atcccaagct
tgatcgcaaa
atattatgaa
tctttgaatt
aaccacagag
aagaatacct

cttgtgcaga
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cgacaaagtc
aaaactgatc
gtccgatgga
taaggaggac
cgctaatctt
ggatgaactc
ccgagagaac
tgaagagggt
ccagcttcag
ggatcaggaa
gtcttttctc
agggaagagt
gcagctgctg
acgaggtggc
acgccagatc
tgaaaatgac
agatttcaga
gcatgatgcc
tgaatctgaa
gtctgagcag
ttttttcaag
aaaacgacgg
cgggacagaa
gcgcgacaac

ttgcgctgaa

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900



aagatcttag
gcttgcaaac
gataacgggg
gagattcgga
aagggtaggg
aaaaagaccg
agcgacaagc
tctcctacag
aaactcaaaa
aaaaacccca
attaagcttc
agtgcgggcg
ttgtatctgg
cagctgttcg
ttctccaaaa
aagcacaggg
accaacttgg
tacacctcta
tatgaaacaa
aagaggaagg
gccctccccc
tccctattta
ttettttttt

agaaggtttt

aatggtataa
tctattacga
ttgggttgaa
agcgaccact
atttcgcgac
aagtacagac
tgatcgcacg
tcgcttacag
gcgtcaagga
tcgactttct
ccaagtactc
agctgcagaa
ccagccacta
tggaacaaca
gagtgatcct
ataagcccat
gcgegcectgc
caaaggaggt
gaatcgacct
tgtgatctct
cacatccgct
tttttttata

tctgtacaga

gggacgctcg

ccaggagctg
gaaaaatgcg
tgtaggcgga
tatcgaaaca
agtccggaag
cggaggcttc
Caaaaaagat
tgtactggtt
actgctgggc
cgaggcgaaa
tctctttgag
aggtaacgag
tgaaaagctc
caaacactac
cgccgacgct
cagggagcag
agccttcaag
cctggacgcc
ctctcagctc
tctcgagtca
ctaaccgaaa
gttatgttag
cgcgtgtacg

aaggctttaa

cgggggaacg
aggaatcaaa
ggcggtageg
aacggagaaa
gtcctgtcca
tccaaggaaa
tgggacccca
gtggccaaag
atcacaatca
ggatataaag
cttgaaaacg
ctggcactgc
aaagggtctc
cttgatgaga
aacctcgata
gcagaaaaca
tacttcgaca
acactgattc
ggtggagaca
tgtaattagt
aggaaggagt
tattaagaac
catgtaacat

tttgcggecg

gccacacttt
ttgggctgca
acgtcggtgg
caggagaaat
tgccgcaggt
gtatcctccc
agaaatacgg
tggagaaagg
tggagcgatc
aggtcaaaaa
gccggaaacg
cctctaaata
ccgaagataa
tcatcgagca
aggtgctttc
ttatccactt
ccaccataga
atcagtcaat
gcagggctga
tatgtcacgc
tagacaacct
gttatttata
tatactgaaa

gtacccaatt
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gaaaatcgaa
aaacctcaga
aggttcagga
cgtgtgggac
gaacatcgtt
gaaaaggaac
cggattcgat
gaagtctaaa
aagcttcgaa
agacctcatc
aatgctcgct
cgttaatttc
tgagcagaag
aataagcgaa
tgcttacaat
gtttactctg
cagaaagcgg
tacggggctc
ccccaagaag
ttacattcac
gaagtctagg
tttcaaattt
accttgcttg

cgccctatag

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340



tgagtcgtat
tggcgttacc
cgaagaggcc
gcgccctgta
acacttgcca
ttcgccggcet
gctttacggc
tcgccctgat
ctcttgttcc
gggattttgc
gcgaatttta
atctgtgcgg
tacctaatat
ctcttcaaaa
ataggataat
gcgecctgatt
gatgcaagag
acaggggcsc
ggtcgcctga
ggccggaacc
aatacttgaa
aatcgtctta
caaggatata
ccaggtgacc

tctgatgttc

tacgcgcgct
caacttaatc
cgcaccgatc
gcggegeatt
gcgccctagc
ttccccgtca
acctcgaccc
agacggtttt
aaactggaac
cgatttcggc
acaaaatatt
tatttcacac
tattgcctta
tcaattgtcc
tatactctat
caagaaatat
ttcgaatctc
tatcgcacag
cgcatatacc
ggcttttcat
gttgacaata
ctttctaact
ccattctaat
acgttggtca

gttccaatgt

cactggccgt
gccttgcagc
gcccttccca
aagcgegecs
gcccgctcect
agctctaaat
Caaaaaactt
tcgeccctttg
aacactcaac
ctattggtta
aacgtttaca
cgcatatcga
ttaaaaatgg
tgtacttcct
ttctcaacaa
cttgaccgca
ttagcaacca
aatcaaattc
tttttcaact
atagaataga
ttatttaagg
tttcttacct
gtctgcccct
agaaatcaca

caagttcgat

cgttttacaa cgtcgtgact

acatccccct ttcgccagcet

acagttgcgc agcctgaatg
ggtgtggtgg ttacgcgcag

ttcgectttct tcccttectt

cgggggectcc ctttagggtt

gattagggtg atggttcacg

acgttggagt ccacgttctt

cctatctcgg tctattcttt

aaaaatgagc tgatttaaca

atttcctgat gcggtatttt

cggtcgagga gaacttctag

aatcccaaca attacatcaa

tgttcatgtg tgttcaaaaa

gtaattggtt gtttggccga

gttaactgtg ggaatactca

ttattttttt cctcaacata

gatgactgga aattttttgt

gaaaaattgg gagaaaaagg

gaagcgttca tgactaaatg

acctattgtt ttttccaata

tttacatttc agcaatatat
atgtctgccc ctaagaagat
gccgaagcca ttaaggttct

ttcgaaaatc atttaattgg
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gggaaaaccc
ggcgtaatag
gcgaatggac
cgtgaccgct
tctcgccacg
ccgatttagt
tagtgggcca
taatagtgga
tgatttataa
aaaatttaac
ctccttacgc
tatatccaca
aatccacatt
cgttatattt
gcggtctaag
ggtatcgtaa
acgagaacac
taatttcaga
aaaggtgaga
cttgcatcac
ggtggttagc
atatatattt
cgtcgttttg
taaagctatt

tggtgctgct

8400

8460

8520

8580

8640

8700

8760

8820

8880

8940

9000

9060

9120

9180

9240

9300

9360

9420

9480

9540

9600

9660

9720

9780

9840



atcgatgcta
gcecgttttgt
caaggtttac
tttgcatccg
gacttcgttg
gatggtgatg
acaagaatgg
gataaagcta
aagaacgaat
ctagttaaga
atcatctccg
ttggcctctt
gctccagatt
atgttgaaat
aaggttttgg
gtcggtgatg
ttatgatatt
caaaatggaa
aagaaggaga
aacgtgataa
cacaaaaagt
ggattttctc
tgatggagtt

agaattttac

caggtgtccc
taggtgctgt
taaaaatccg
actctctttt
ttgtcagaga
gtgtcgcttg
ccgctttcat
atgttttggc
tccctacatt
acccaaccca
atgaagcctc
tgccagacaa
tgccaaagaa
tgtcattgaa
atgcaggtat
ctgtcgeccga
tgtacataaa
tatgttcata
aaaaggagga
ggaaaaagaa
taggtgtaac
taaaaaaaaa
taagtcaata

tctgtcagaa

acttccagat
gggtggtect
taaagaactt
agacttatct
attagtggga
ggatagtgaa
ggccctacaa
ctcttcaaga
gaaggttcaa
cctaaatggt
cgttatccca
gaacaccgca
taaggtcaac
cttgcctgaa
cagaactggt
agaagttaag
ctttataaat
gggtagacga
tgtaaaggaa
ttgcacttta
agaaaatcat
aaaatacaac
ccttcttgaa

acggccttac

gaggcgetgg
aaatggggta
caattgtacg
ccaatcaagc
ggtatttact
caatacaccg
catgagccac
ttatggagaa
catcaattga
attataatca
ggttccttgg
tttggtttgt
cctatcgcca
gaaggtaagg
gatttaggtg
aaaatccttg
gaaattcata
aactatatac
tacaggtaag
acattaatat
gaaactatga
aaataaaaaa
ccatttccca

gacgtagtcg

aagcctccaa
ccggtagtgt
ccaacttaag
cacaatttgc
ttggtaagag
ttccagaagt
cattgcctat
aaactgtgga
ttgattctgc
ccagcaacat
gtttgttgcc
acgaaccatg
ctatcttgtc
ccattgaaga
gttccaacag
cttaaaaaga
atagaaacga
gcaatctaca
caaattgata
tgacaaggag
ttcctaattt
cactcaatga
taatggtgaa

atatggtgca
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gaaggttgat
tagacctgaa
accatgtaac
taaaggtact
aaaggaagac
gcaaagaatc
ttggtccttg
ggaaaccatc
cgccatgatc
gtttggtgat
atctgcgtcc
ccacggttct
tgctgcaatg
tgcagttaaa
taccaccgaa
ttctecttttt
cacgaaatta
tacatttatc
ctaatggctc
gagggcacca
atatattgga
cctgaccatt
agttccctca

ctctcagtac

9900

9960

10020

10080

10140

10200

10260

10320

10380

10440

10500

10560

10620

10680

10740

10800

10860

10920

10980

11040

11100

11160

11220

11280



aatctgctct gatgccgcat agttaagcca gccccgacac ccgccaacac ccgetgacgce 11340
gccctgacgg gettgtctge tcccggecatc cgecttacaga caagectgtga ccgtctecegg 11400

gagctgcatg tgtcagaggt tttcaccgtc atcaccgaaa cgcgcga 11447

<210> 16

<211> 5860

<212> DNA

<213> Artificial Sequence

<220>
<223> full-length sequence of vector pAL5®

<220>

<221> rep_origin
<222> (11)..(599)
<223> ori

220>

<221> gene

222> (773)..(1630)
<223> AmpR

<220>

<221> promoter
<222> (1631)..(1735)
<223> AmpR promoter

<220>

<221> misc_feature
<222> (1751)..(1831)
<223> Scpl

<220>

<221> misc_feature
<222> (1838)..(1847)
<223> Kozak sequence

<220>

<221> misc_feature
<222> (1844)..(1894)
<223> NLS unit

<220>
<221> sig peptide
<222> (1850)..(1870)
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<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>

Sv4e NLS

gene
(1895)..(2275)
nSaCas9(D10A)

mutation
(1919)..(1921)
D10A

gene
(2276)..(2638)
HsPmCDA1 (30E150_W122E_W139Q)

mutation
(2552)..(2554)
W122E

misc_feature
(2639)..(2671)
6XGS Linker

gene
(2672)..(5446)
nSaCas9(D10A)

sig peptide
(5456)..(5476)
SV40 NLS

gene
(5483)..(5734)
Ugi

polyA signal
(5738)..(5786)
polyA signal

promoter
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222>
<223>

<220>
<221>

<222>

<223> CMV

<400> 16
tgctggegtt

gtcagaggtg
ccctcgtgeg
cttcgggaag
tcgttcgctc
tatccggtaa
cagccactgg
agtggtggcc
agccagttac
gtagcggtgg
aagatccttt
ggattttggt
gaagttttaa
taatcagtga
tcccegtegt
tgataccgcg
gaagggccega
gttgccggga
ttgctacagg

cccaacgatc

(5787)..(5791)
H1 promoter

enhancer
(5811)..(5826)

enhance

tttccatagg
gcgaaacccg
ctctecctgtt
cgtggecgcett
caagctgggc
ctatcgtctt
taacaggatt
taactacggc
cttcggaaaa
tttttttgtt
gatcttttct
catgagatta
atcaatctaa
ggcacctatc
gtagataact
agacccacgc
gcgcagaagt
agctagagta
catcgtggtg

aaggcgagtt

ctccgccccc
acaggactat
ccgaccctgc
tctcatagct
tgtgtgcacg
gagtccaacc
agcagagcga
tacactagaa
agagttggta
tgcaagcagc
acggggtctg
tcaaaaagga
agtatatatg
tcagcgatct
acgatacggg
tcaccggctc
ggtcctgcaa
agtagttcgc
tcacgctcgt

acatgatccc

ctgacgagca
aaagatacca
cgcttaccgg
cacgctgtag
aaccccccgt
cggtaagaca
ggtatgtagg
gaacagtatt
gctcttgatc
agattacgcg
acgctcagtg
tcttcaccta
agtaaacttg
gtctatttcg
agggcttacc
cagatttatc
ctttatccgc
cagttaatag
cgtttggtat

ccatgttgtg

tcacaaaaat
ggcgtttccc
atacctgtcc
gtatctcagt
tcagcccgac
cgacttatcg
cggtgctaca
tggtatctgc
cggcaaacaa
cagaaaaaaa
gaacgaaaac
gatcctttta
gtctgacagt
ttcatccata
atctggcccc
agcaataaac
ctccatccag
tttgcgcaac
ggcttcattc

caaaaaagcg
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cgacgctcaa
cctggaagct
gcctttctcc
tcggtgtagg
cgctgegcect
ccactggcag
gagttcttga
gctctgctga
accaccgctg
ggatctcaag
tcacgttaag
aattaaaaat
taccaatgct
gttgcctgac
agtgctgcaa
cagccagccg
tctattaatt
gttgttgcca
agctccggtt

gttagctcct

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200



tcggtcctcc
cagcactgca
agtactcaac
cgtcaatacg
aacgttcttc
aacccactcg
gagcaaaaac
gaatactcat
tgagcggata
cgtcgctagc
actcgagccg
gcgtaaagtc
cattggcatt
cgeccggegtg
gaggggagea
gctgttcgat
ggccagagtg
gcacctggca
ccgctgctac
ctatgccgtc
tatccgaaag
ttccagctgg
acttcgggga

tgcccggaac

tggaggtggc

gatcgttgtc
taattctctt
caagtcattc
ggataatacc

ggggCgaaaa

tgcacccaac
aggaaggcaa
actcttcctt
catatttgaa
gtacttatat
agcagacgtg
ggaatccacg
acatcagtgg
agactgttca
aggcgcctga
tacaacctgc
aagggcctgt
aagaggagag
gtgctgtttg
aacaagcccc
gtggaagagt
agtccttgceg
aacgggcaca
cagataggac

agtgatgtcg

agaagtaagt
actgtcatgc
tgagaatagt
gcgccacata
ctctcaagga
tgatcttcag
aatgccgcaa
tttcaatatt
tgtatttaga
aagggegtes
cctacggacc
gagttcctgc
gctatggcat
aggaggccaa
agcggagaag
tgaccgacca
cccagaagct
gcgtgcacaa
agttgaagcg
aaagtggcac
atcttcggga
ctgattgtgc
cattgaaaat

tccagaatct

gcggaggctc

tggccgcagt
catccgtaag
gtatgcggeg
gcagaacttt
tcttaccgcet
catcttttac
aaaagggaat
attgaagcat
aaaataaaca
gggcgegttc
gtctagagcc
ggcaaagcga
cattgactac
cgtggagaac
gcgccacaga
ctccgagctg
gtctgaggag
cgtgaatgag
aaggggcgaa
cgagagagga
taatcctggg
cgagaaaatt
cgaagcctgc
gagggacaat

cggcaacgag

gttatcactc
atgcttttct
accgagttgc
aaaagtgctc
gttgagatcc
tttcaccagc
aagggcgaca
ttatcagggt
aataggggtt
gtcctcagtc
accatggcac

aattacattc

gagacaaggsg
aatgagggcc
atccagagag
tctggcatca
gagtttagcg
gtggaggagg
agaagggctt
atacacgctg
cagtttacga
ctggaatggt
aagctgtact
ggtgtaggcc

ctgtccacaa
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atggttatgg
gtgactggtg
tcttgcccgg
atcattggaa
agttcgatgt
gtttctgggt
cggaaatgtt
tattgtctca
ccgecggtcga
gcgatcgaac
cgaagaagaa
tggggctggc
acgtgatcga
ggagatccaa
tgaagaagct
atccttatga
ccgececctget
acacctcaca
gcttttgggg
agatattcag
tcaactggta
ataatcagga
acgagaagaa
tgaacgtggg

aggagcagat

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700



cagccgcaat
gaagaaggat
ggaggccaag
cgatacatat
ctctcecttc
ctattttcca
cctgaatgac
tgagaagttc
gatcgccaag
aggcaagcca
gaaggagatc
tcagagctcc
ggagatcgag
ggccatcaat
taaccggctg
cacactggtg
caaagtgatc
ggccagggag
ccgccagacc
gtacctgatc
ggaggccatc
catcccccgg
ggagaacagc

gatcagctac

tccaaggccc
ggcgaggtga
cagctgctga
atcgacctgc
ggctggaagg
gaggagctga
ctgaacaacc
cagatcatcg
gagatcctgg
gagttcacca
atcgagaacg
gaggacatcc
cagatcagca
ctgatcctgg
aagctggtgc
gacgatttca
aacgccatca
aagaactcca
aatgagcgga
gagaagatca
cctctggagg
agcgtgagct
aagaagggca

gagacattca

tggaggagaa
ggggctccat
aggtgcagaa
tggagacaag
acatcaagga
gaagcgtgaa
tggtcatcac
agaacgtgtt
tgaacgagga
atctgaaggt
ccgagctgct
aggaggagct
atctgaaggg
atgagctgtg
caaagaaggt
tcctgtctcc
tcaagaagta
aggacgccca
tcgaggagat
agctgcacga
acctgctgaa
tcgacaattc
ataggacccc

agaagcacat

gtatgtggcc
caatcgcttc
ggcctaccac
gcgcacatac
gtggtacgag
gtacgcctat
cagggatgag
caagcagaag
ggacatcaag
gtatcacgat
ggatcagatc
gaccaacctg
ctacaccggc
gcacacaaac
ggacctgtcc
cgtggtgaag
cggcctgcecc
gaagatgatc
catcagaacc
tatgcaggag
caatccattc
ttttaacaat
tttccagtac

cctgaatctg

gagctgcagc
aagacctctg
cagctggatc
tatgagggac
atgctgatgg
aacgccgatc
aacgagaagc
aagaagccta
ggctaccgceg
atcaaggaca
gccaagatcc
aatagcgagc
acacacaacc
gacaatcaga
cagcagaagg
cggagcttca
aatgatatca
aatgagatgc
acaggcaagg
ggcaagtgtc
aactacgagg
aaggtgctgg

ctgtctagct

gccaagggca
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tggagcggct
actacgtgaa
agtcctttat
caggagagesg
gccactgcac
tgtacaacgc
tggagtacta
cactgaagca
tgacctccac
tcacagcccg
tgaccatcta
tgacacagga
tgagcctgaa
tcgccatctt
agatcccaac
tccagagcat
tcatcgagct
agaagaggaa
agaacgccaa
tgtattctct
tggatcacat
tgaagcagga
ccgattctaa

agggccgcat

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140



cagcaagacc
gaaggacttc
tctgectgegg
cggcttcacc
taagcaccac
gaagaagctg
cgagagcatg
ccagatcaag
gcccaaccgce
taccctgatc
gctgatcaac
gaagctgaag
tgaggagaca
gaagatcaag
taactctcgc
ggacaacggc
ctactatgag
ccaggccgag
gtatagagtg
catcacctac
gaccatcgcc
gtatgaagtc
gaagaaaaga
caaacagttg

tgggaataag

aagaaggagt
atcaaccgga
tcttatttca
tcctttctgce
gccgaggatg
gacaaggcca
cccgagatcg
cacatcaagg
gagctgatca
gtgaacaatc
aagtctcccg
ctgatcatgg
ggcaactacc
tactatggca
aataaggtgg
gtgtataagt
gtgaacagca
ttcatcgect
atcggcgtga
agggagtatc
tctaagacac
aagagcaaga
aaagtcggta

gtcatccaag

ccggaaagtg

acctgctgga
atctggtgga
gagtgaacaa
ggagaaagtg
ccctgatcat
agaaagtgat
agacagagca
acttcaagga
atgacaccct
tgaacggcct
agaagctgct
agcagtacgg
tgacaaagta
acaagctgaa
tgaagctgag
ttgtgacagt
agtgctacga
ctttttacaa
acaatgatct
tggagaacat
agagcatcaa
aacatcctca
ccatgaccaa
agtcgatact

acattctcgt

ggagcgggac
caccagatac
tctggatgtg
gaagtttaag
cgccaatgcc
ggagaaccag
ggagtacaag
ctacaagtat
gtatagcaca
gtacgacaag
gatgtaccac
cgacgagaag
tagcaagaag
tgcccacctg
cctgaagcca
gaagaatctg
ggaggccaag
caatgacctg
gctgaacaga
gaatgataag
gaagtacagc
gattatcaag
cctttccgac
catgcttcct

acacactgcg

atcaacagat
gccacacgceg
aaggtgaaga
aaggagcgca
gacttcatct
atgttcgagg
gagattttca
tctcacaggg
cggaaggacg
gataatgaca
cacgatcctc
aacccactgt
gataatggcc
gacatcaccg
taccggttcg
gatgtgatca
aagctgaaga
atcaagatca
atcgaagtga
aggccccctc
acagacatcc
aaaggcggtg
atcatagaga
gaagaagttg

tatgatgaga

Page 65

tctccgtgca
gcctgatgaa
gtatcaacgg
acaagggcta
ttaaggagtg
agaagcaggc
tcacacctca
tggataagaa
ataagggcaa
agctgaagaa
agacatatca
ataagtacta
ccgtgatcaa
acgattaccc
acgtgtacct
agaaggagaa
agatcagcaa
atggcgagct
atatgatcga
gcatcatcaa
tggggaacct
gaggtcccaa
aggaaacagg
aggaggtcat

gcaccgatga

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640



gaacgtgatg ctgctcacgt cagatgcccc agagtacaaa ccctgggectc tggtgattca 5700

ggactctaat ggagagaaca agatcaagat gctatagaat aaaagatctt tattttcatt 5760
agatctgtgt gttggttttt tgtgtgaatt cactagtggg cccacgcgtt gacattgatt 5820
attgaccagc aaaaggccag gaaccgtaaa aaggccgcgt 5860
<210> 17

<211> 20

<212> DNA

<213> Homo sapiens

<400> 17
gatgttccaa tcagtacgca 20

<210> 18

<211> 20

<212> DNA

<213> Homo sapiens

<400> 18
gatgttccaa tcagtacgca 20

<210> 19

<211> 20

<212> DNA

<213> Homo sapiens

<400> 19
gatgttccaa tcagtacgca 20

<210> 20

<211> 20

<212> DNA

<213> Homo sapiens

<400> 20
gatgttccaa tcagtacgca 20

<210> 21
<211> 7
<212> PRT
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<213> Homo sapiens
<400> 21

Val Arg Trp Ala Lys Gly Arg
1 5

<210> 22

<211> 22

<212> PRT

<213> Homo sapiens

<400> 22

Lys Ala Trp Glu Gly Leu His Glu Asn Ser Val Arg Leu Ser Arg Gln
1 5 10 15

Leu Arg Arg Ile Leu Leu
20

<210> 23

<211> 7

<212> PRT

<213> Petromyzon marinus

<400> 23
Gln Phe Phe Asn Asn Lys Lys
1 5

<210> 24

<211> 21

<212> PRT

<213> Petromyzon marinus

<400> 24

Asn Glu Asn Arg Trp Leu Glu Lys Thr Leu Lys Arg Ala Glu Lys Arg
1 5 10 15

Arg Ser Glu Leu Ser
20

Page 67



10

15

20

25

30

35

[Claims]
[Claim 1]

A complex of a nucleic acid sequence recognition module
bound with a deaminase, wherein

the nucleic acid sequence recognition module
specifically binds to a target nucleotide sequence in a
double stranded DNA,

the deaminase 1s altered so that the deaminase has a
smaller size than a wild-type deaminase corresponding to the
deaminase, and an area of a cross-section exposed as a result
of alteration or an index indicating the area is less than
or equal to a predetermined wvalue, and

the complex has an ability to alter a targeted site of
the double stranded DNA.

[Claim 2]

The complex of claim 1, wherein the deaminase is altered
so that the number of hydrophobic amino acid residues
manifested on a cross-section exposed as a result of altering
the deaminase is less than or equal to a predetermined value,
and the alteration comprises a deletion.

[Claim 3]

The complex of claim 1 or 2, wherein the deaminase is
altered so that a ratio of the number of hydrophobic residues
manifested on a cross-section exposed as a result of
alteration to the number of altered amino acid residues 1is
less than or equal to a predetermined wvalue, and the
alteration comprises a deletion.

[Claim 4]

The complex of any one of claims 1 to 3, wherein the
deaminase is altered so that the number of hydrophobic amino
acid residues manifested on a cross-section exposed as a
result of altering the deaminase is minimized.

[Claim 5]
The complex of any one of claims 1 to 4, wherein the

deaminase 1is altered so that a ratio of the number of

_73_



10

15

20

25

30

35

hydrophobic residues manifested on a cross-section exposed
as a result of alteration to the number of altered amino
acid residues is minimized.

[Claim ©]

The complex of any one of claims 1 to 5, wherein the
deaminase 1is from altering an N-terminus side and a C-
terminus side of the wild-type deaminase.

[Claim 7]

The complex of any one of claims 1 to 6, wherein at least
one hydrophobic internal amino acid residue exposed in the
deaminase 1is substituted with a hydrophilic amino acid
residue.

[Claim 8]

The complex of any one of claims 1 to 7, wherein the
deaminase comprises a cytidine deaminase.
[Claim 9]

The complex of any one of claims 1 to 8, wherein the
deaminase consists of:

(1) an amino acid sequence consisting of a region of amino
acid residues at positions 30 to 150 in the amino acid
sequence set forth in SEQ ID NO: 1;

(2) an amino acid sequence consisting of a region
corresponding to the region of (1) which is an ortholog of
a protein consisting of the amino acid sequence set forth in
SEQ ID NO: 1;

(3) the amino acid sequence of (1) or (2) with one or several
amino acid deletions, substitutions, insertions, and/or
additions; or

(4) an amino acid sequence with 90% or greater similarity or
identity with the amino acid sequence of (1) or (2).

[Claim 10]

The complex of claim 9, wherein the amino acid sequence
of (3) comprises one or more substitutions of an amino acid
residue at a position selected from the group consisting of

positions 122, 126, and 139 in the amino acid sequence set
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forth in SEQ ID NO: 1 or an amino acid residue corresponding
to said position to a hydrophilic amino acid residue.
[Claim 11]

The complex of claim 9 or 10, wherein the amino acid
sequence of (3) comprises two or more substitutions of an
amino acid residue at position 122 and an amino acid residue
at position 139 in the amino acid sequence set forth in SEQ
ID NO: 1 or amino acid residues corresponding to said
positions to hydrophilic amino acid residues.

[Claim 12]

The complex of any one of claims 1 to 11, wherein the
nucleic acid sequence recognition module is selected from
the group consisting of a CRISPR-Cas system wherein at least
one DNA cleaving capability of a Cas protein is inactivated,
a zinc finger motif, a TAL effector, and a PPR motif.
[Claim 13]

The complex of any one of claims 1 to 12, wherein the
nucleic acid sequence recognition module is a CRISPR-Cas
system wherein at least one DNA cleaving capability of a Cas
protein is inactivated.

[Claim 14]

The complex of claim 12 or 13, wherein the Cas protein
is a Cas9 protein.
[Claim 15]

A complex of an N-terminal fragment of a nucleic acid
sequence recognition module, a deaminase, and a C-terminal
fragment of a nucleic acid sequence recognition module bound
therewith, wherein

when the N-terminal fragment and the C-terminal fragment
of the nucleic acid sequence recognition module are refolded,
the nucleic acid sequence recognition module has an ability
to specifically bind to a target nucleotide sequence in a
double stranded DNA and alter a targeted site of the double
stranded DNA.

[Claim 16]
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The complex of claim 15, wherein the deaminase is altered
so that the deaminase has a smaller size than a wild-type
deaminase corresponding to the deaminase, and an area of a
cross-section exposed as a result of alteration or an index
indicating the area is less than or equal to a predetermined
value.

[Claim 17]

The complex of claim 15 or 16, wherein the deaminase is
altered so that the number of hydrophobic amino acid residues
manifested on a cross-section exposed as a result of altering
the deaminase is less than or equal to a predetermined value,
and the alteration comprises a deletion.

[Claim 18]

The complex of any one of claims 15 to 17, wherein the
deaminase 1is altered so that a ratio of the number of
hydrophobic residues manifested on a cross-section exposed
as a result of alteration to the number of altered amino
acid residues is less than or equal to a predetermined value,
and the alteration comprises a deletion.

[Claim 19]

The complex of any one of claims 15 to 18, wherein the
deaminase is altered so that the number of hydrophobic amino
acid residues manifested on a cross-section exposed as a
result of altering the deaminase is minimized.

[Claim 20]

The complex of any one of claims 15 to 19, wherein the
deaminase is altered so that a ratio of the number of
hydrophobic residues manifested on a cross-section exposed
as a result of alteration to the number of altered amino
acid residues is minimized.

[Claim 21]

The complex of any one of claims 15 to 20, wherein the
deaminase 1is from altering an N-terminus side and a C-
terminus side of the wild-type deaminase.

[Claim 22]
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The complex of any one of claims 15 to 21, wherein at
least one hydrophobic internal amino acid residue exposed in
the deaminase is substituted with a hydrophilic amino acid
residue.

[Claim 23]

The complex of any one of claims 15 to 22, wherein the
deaminase comprises a cytidine deaminase.
[Claim 24]

The complex of any one of claims 15 to 23, wherein the
deaminase consists of:

(1) an amino acid sequence consisting of a region of amino
acid residues at positions 30 to 150 in the amino acid
sequence set forth in SEQ ID NO: 1;

(2) an amino acid sequence consisting of a region
corresponding to the region of (1) which is an ortholog of
a protein consisting of the amino acid sequence set forth in
SEQ ID NO: 1;

(3) the amino acid sequence of (1) or (2) with one or several
amino acid deletions, substitutions, insertions, and/or
additions; or

(4) an amino acid sequence with 90% or greater similarity or
identity with the amino acid sequence of (1) or (2).

[Claim 25]

The complex of any one of claims 15 to 24, wherein the
nucleic acid sequence recognition module is selected from
the group consisting of a CRISPR-Cas system wherein at least
one DNA cleaving capability of a Cas protein is inactivated,
a zinc finger motif, a TAL effector, and a PPR motif.
[Claim 206]

A nucleic acid encoding the complex of any one of claims
1 to 25.

[Claim 27]

A vector comprising the nucleic acid of claim 26.

[Claim 28]

The vector of claim 27, which is an adeno-associated

_77_



10

viral vector.
[Claim 29]

A method of altering a targeted site of a double stranded
DNA of a cell, comprising contacting the complex of any one
of claims 1 to 25 with the double stranded DNA.

[Claim 30]

The method of claim 29, wherein contacting a double
stranded DNA with a complex is performed through introduction
of the nucleic acid or vector of any one of claims 26 to 28

into the cell.



