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DESCRIPTION
Title of the Invention: METHOD FOR MODIFYING TARGET SITE IN
DOUBLE-STRANDED DNA IN CELL
[Technical Field]
[0001]

The present invention relates to a method for modifying a
double-stranded DNA, which enables modification of a targeted
site in a particular region of a double-stranded DNA, which a
cell has, using homologous recombination, withdut cleaving
double-stranded DNA (with no cleavage or single strand
cleavage).

[Background Art]
[0002] ,

CRISPR (clustered regularly interspaced short palindromic
repeats) and CRISPR-associated (Cas) protein are known to work
as a bacterial adaptive immune system by cleaving target DNA in
a manner dependent on a single guide RNA (sgRNA) and
protospacer adjacent motif (PAM). Cas9 nuclease from
Streptococcus pyogenes is widely used as a powerful genome
editing tool in eukaryotes having a double-stranded DNA break
(DSB) repair pathway (e.g., non-patent documents 1, 2). During
the repair of DSB by the non-homologous end joining (NHEJ)
pathway, a small insertion and/or deletion (indels) are/is
introduced into the target DNA, and site-specific mutation or
gene destruction occurs. Even though the efficiency depends on
the host cell, homologous recombination repair (HDR) can be
promoted by providing a donor DNA containing a homology arm to
the target region for more accurate editing. However, since
the above-mentioned conventional methods involve unexpected
genome modifications during cleavage of double-stranded DNA,
side effects such as strong cytotoxicity, chromosomal
rearrangement and the like occur, and they have common problems
of impaired reliability in gene therapy, extremely small number
of surviving cells by nucleotide modification, and the like.

While homologous recombination using Cas9 nickase (nCas9) has
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also been reported (non-patent documents 1, 2), the
recombination induction efficiency is often very low as
compared to that of Cas9 nuclease (non-patent document 3). To
the knowledge of the present inventor, homologous recombination
using Cas9 in which both nuclease activities are inactivated
(dCas9) has not been reported.

[0003]

Recently, deaminase-mediated target base editing has been
demonstrated in which nucleotides are directly edited at the
target gene locus without using donor DNA containing a homology
arm for the target region (e.g., patent document 1, non-patent
documents 4 - 6). Since this technique utilizes DNA
deamination instead of nuclease-mediated DNA cleavage, cell
toxicity is low and pinpoint mutation can be introduced.
[Citation List]

[Patent Literature]

[0004]

Patent Literature 1: WO 2015/133554

[Non-Patent Literature]

[0005]

Non-Patent Literature 1: Mali, P. et al., Science 339:823-827
(2013) |

Non-Patent Literature 2: Cong, L. et al., Science 339:819-823
(2013)

Non-Patent Literature 3: Ran, F.A. et al., Nat Protoc, 8:2281-
2308 (2013)

Non-Patent Literature 4: Komor, A. C. et al., Nature 61:5985-91
(2016)

Non-Patent Literature 5: Nishida, K. et al., Science 102:553-
563 (2016)

Non-Patent Literature 6: Ma, Y. et al., Nat. Methods 1-9 (2016)

doi:10.1038/nmeth.4027
[SUMMARY OF INVENTION]

[Technical Problem]
[0006]
However, since this technique uses deaminase, there are
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restrictions on the type of mutation that can be introduced or
the site of mutation, and it was not possible to switch the
direction and combination of genes or knock-in gene segments.
Therefore, the problem of the present invention is the
provision of a novel DNA modification technique using a nucleic
acid base converting enzyme such as deaminase and the like, or
DNA glycosylase, wherein the technique is not limited by the
type of mutation that can be introduced or the site of mutation,
can switch the direction and combination.of genes, and can
knock-in gene segments.

[Solution to Problem]

[0007]

For dividing cells, a particularly serious mode of DNA
damage is a disorder in which both strands of the DNA double
strand are cleaved. As a mechanism for repairing this disorder,
homologous recombination and non-homologous end-joining are
known. On the other hand, in the case of damage to one strand
of the DNA double strand, it is mainly repaired by base
excision repair, which is a mechanism for repairing damage due
to alkylation or deamination, or nucleotide excision repair
(NER), which is a mechanism for repairing a relatively large-
scale damage on some tens of base pairs that distorts the
double strand. While the ratio and the like have not been
verified, it is also known that repair of the complementary
strand is induced even when one of the DNA double strands is
damaged.

[0008]

However, the degree of activity of complementary strand
repair to the base excision repair has not been sufficiently
verified, and DNA editing by homologous recombination using
base excision repair has not been actively performed. To the
knowledge of the present inventor, there is no report of such
DNA editingf Under such circumstances, the present inventor
conceived an idea that complementary strand repair can be

induced by causing deamination or base excision of
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intracellular DNA by using a nucleic acid base converting
enzyme, during which the DNA can be recombined using homologous
recombination by contacting a donor DNA with the DNA. Based on
this idea, the inventor conducted further studies. As a result,
the inventor has found that homologous recombination of DNA is
possible while suppressing cell toxicity by bringing a complex
in which a nucleic acid sequence-recognizing module and a
nucleic acid base converting enzyme are linked, and a donor DNA
containing an insertion sequence into contact with a target DNA,
and that, in a preferable embodiment, surprisingly,
approximately 100% homologous recombination activity occurs in
a targeted site. The present inventor has conducted further
studies based on these findings and completed the present
invention.‘
[0009]

Specifically, the present invention provides the
following.
[1] A method for modifying a targeted site of a double-stranded
DNA of a cell, comprising a step of bringing a complex in which
a nucleic acid sequence-recognizing module that specifically
binds to a selected target nucleotide sequence in a double-
stranded DNA and a nucleic acid base converting enzyme or DNA
glycosylase are linked, and a donor DNA containing an insertion
sequence into contact with said double-stranded DNA, to
substitute the targeted site with the insertion sequence, or to
insert the insertion sequence into said targeted site, without
cleaving at least one strand of said double-stranded DNA in the
targeted site. 7
[2] The method of [1], wherein the donor DNA comprises a
sequence homologous to a region adjacent to the targeted site.
[3] The method of [1] or [2], wherein the nucleic acid
sequence-recognizing module is selected from the group
consisting of a CRISPR-Cas system in which at least one DNA
cleavage ability of Cas effector protein is inactivated, a zinc

finger motif, a TAL effector and a PPR motif.
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[4] The method of any of [1] to [3], wherein the nucleic acid
sequence-recognizing module is a CRISPR-Cas system in which
only one of the two DNA cleavage abilities of the‘Cas effector
protein is inactivated.

[5] The method of any of [1] to [3], wherein the nucleic acid
sequence-recognizing module is a CRISPR-Cas system in which
both DNA cleavage abilities of the Cas effector protein are
inactivated.

[6] The method of any of [1] to [5], wherein the nucleic acid
base converting enzyme is a deaminase.

[7] The method of [6], wherein the deaminase is cytidine

deaminase.

[8] The method of [7], wherein the cytidine deaminase is PmCDALl.

[9] The method of any of [1] to [8], wherein the double-
stranded DNA is contacted with the complex by introducing a
nucleic acid encoding the complex into the cell;

[10] The method of any of [1] to [9], wherein the cell is a
prokaryotic cell or a eukaryotic cell.

[11] The method of [10], wherein the cell is a microbial cell.
[12] The method of [10], wherein the cell is a plant cell, an
insect cell or an animal cell.

[13] The method of [12], wherein the animal cell is a
vertebrate cell.

[14] The method of [13], wherein the vertebrate cell is a
mammalian cell.

[Advantageous Effects of Invention]

[0010]

According to the present invention, a novel DNA
modification technique using a nucleic acid base converting
enzyme such as deaminase and the like or DNA glycosylase,
wherein the technique is not limited by the type of mutation
that can be introduced or the site of mutation, can switch the
direction and combination of genes, and can knock-in gene
segments is provided. Since the DNA modification technique of

the present invention can modify the targeted site without
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cleaving the double-stranded DNA, unexpected rearrangement and
toxicity accompanying the cleavage are suppressed, and the
targeted site can be modified much more efficiently compared to
the conventional methods.

[Brief Description of Drawings]

[0011]

Fig. 1 shows a schematic drawing of the mechanism of
genome modification by complementary strand modification.
Introduction of a complex in which a nucleic acid sequence-
recognizing module and a nucleic acid base converting enzyme or
DNA glycosylase are linked, and a donor DNA for recombination
into a cell enables highly efficient knock-in of an insertion
sequence.

Fig. 2 shows successful introduction of mutation into a
targeted site by using dCas9-CDA or nCas9-CDA, and a donor DNA.
vector 1525:pRS415“dCas9—CDA+CAN(mut); vector 1526:
pRS415 nCas9-CDA+CAN (mut); vector 1059:pRS426_SNR52-Can7R-
sgRNA; vector 1149: pRS426 SNR52-CanlOR-sgRNA

Fig. 3 shows a recombination evaluation system using a
budding yeast (BY4741 strain) in which a marker switch has been
previously introduced between Adel and the prémoter region of
Adel. When the marker switch is reversed by recombination in
the homologous region, the function of Adel is restored and the
color of the colony changes from red to white.

Fig. 4 shows the results of a demonstration experiment of
a recombination reaction using the recombination evaluation
system of Fig. 3. Plasmid vector (hereinafter sometimes to be
abbreviated as “vector”) 1553: nCas9-CDA UraAde target 2
(target nucleotide sequence: cctttagcggcttaactgtg (SEQ ID NO:
9)); vector 1557: nCas9-CDA UraAde target 6 (target nucleotide
sequence: ggcccaggtattgttagcgg (SEQ ID NO: 10)), vector 1559:
nCas9-CDA UraAde target 8 (target nucleotide sequence:
ttggcggataatgcectttag (SEQ ID NO: 11)); vector 1560: nCas9-
CDA UraAde target 9 (target nucleotide sequence:
tgcagttgggttaagaatac (SEQ ID NO: 12)), vector 1562: nCas9-
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CDA UraAde target 11 (target nucleotide sequence:
gctaacatcaaaaggcctct (SEQ ID NO: 13)); vector 1565: dCas9-

CDA UraAde target 3 (target nucleotide sequence:
ttggcggataatgcctttag (SEQ ID NO: 14)). The above-mentioned
vectors (1553, 1557, 1559, 1560, 1562, 1565) correspond to
vectors in which the nucleotide sequences at the 3890th to the
3909th position in the sequence of vector 1059 (SEQ ID NO: 3)
have been substituted with the above-mentioned target
nucleotide sequences. The last two digits of the vector number
correspond to the numbers of the targeted sites in Fig. 4.

Fig. 5 shows a schematic diagram of a knock-in or knock-
out method using the DNA modification method of the present
invention.

Fig. 6 shows the results of a demonstration experiment of
knock-in or knock-out using the method of Fig. 5.

Fig. 7 shows a schematic diagram and experimental
conditions of the evaluation system of recombination performed
in Example 5 using animal cells.

Fig. 8 shows the results of a demonstration experiment of
a recombination reaction using the recombination evaluation
system of Fig. 7. The horizontal axis of the graph shows
homologous recombination rate (%) .

Fig. 9 shows a schematic diagram and experimental
conditions of the evaluation system of recombination performed
in Example 6 using animal cells.

Fig. 10 shows the results of a demonstration experiment
of a recombination reaction using the recombination evaluation
system of Fig. 9. The vertical axis of the graph shows
homologous recombination rate (%).

Fig. 11 shows a schematic diagram and experimental
conditions of the evaluation system of recombination performed
in Example 7 using animal cells.

Fig. 12 shows the results of a demonstration experiment
of a recombination reaction using the recombination evaluation

system of Fig. 11. The horizontal axis of the graph shows
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homologous recombination rate (%).
[Description of Embodiments]
[0012]

The present invention provides a method for modifying a
targeted site of a double-stranded DNA by substituting the
targeted site in the double-stranded DNA with an insertion
sequence contained in an exogenous donor DNA, or inserting the
insertion sequence into the targeted site, without cleaving at
least one of the strands of a double-stranded DNA (e.g.,
chromosome DNA, mitochondria DNA, chloroplast DNA; hereinafter
these are to be also comprehensively referred to as “genomic
DNA”) (hereinafter sometimes to be abbreviated as ™“the method
of the present invention”). The method is characterized by a
step of bringing a complex of a nucleic acid sequence-
recognizing module that specifically binds to the target
nucleotide sequence in the double-stranded DNA, and a nucleic
acid base converting enzyme or DNA glycosylase (hereinafter
sometimes to be abbreviated as “nucleic acid base converting
enzyme etc.”), and a donor DNA containing an insertion sequence
into contact with the double-stranded DNA.

[0013]

In the present invention, the “modification” of a double-
stranded DNA means that a nucleotide (e.g., dA, dC, dG or dT)
or a nucleotide sequence on a DNA strand is replaced with
another nucleotide or a nucleotide sequence, or that another
nucleotide or a nucleotide sequence is inserted between certain
nucleotides on a DNA strand. While the double-stranded DNA to
be modified is not particularly limited, it is preferably a
genomic DNA.

[0014]

In the present invention, “donor DNA” means a DNA
containing an exogenous insertion sequence, and the donor DNA
generally contains two kinds of sequences homologous to the
sequences (hereinafter sometimes to be referred to as “homology

arm”) of the two regions on the upstream side and the

8



10

15

20

25

30

35

downstream side of the targeted site adjacent to the targeted
site (hereinafter to be aléo referred to as “adjacent region”).
When respective homology arms are distinguished, they may be
referred to as “5’ homology arm” and “3’ homology arm”. The
“targeted site” of the double-stranded DNA means a region to be
substituted by an insertion sequence contained in the donor DNA,
or a region between nucleotides into which the insertion
sequence is inserted, and the targeted site does not include
the aforementioned adjacent sequence.

[0015] ,

The sequence homologous to the region adjacent to the
targeted site is not only a completely identical sequence but
also a sequence having preferably not less than 80% (e.g., not
less than 85%, not less than 90%, not less than 95%, not less
than 96%, not less than 97%, not less than 98%, not less thén
99%) identity with the completely identical sequence, as long
as homologous recombination can occur in a cell.

[0016]

The insertion sequence may contain, where necessary, a
drug resistance gene (e.g., kanamycin resistance gene,
ampicillin resistance gene, puromycin resistance gene and the
like), a selection marker sequence such as a thymidine kinase
gene, a diphtheria toxin gene and the like, a reporter gene
sequence such as a green fluorescent protein (GFP), red
fluorescent protein, B-glucuronidase (GUS), FLAG, and the like.
Moreover, a LoxP sequence, a FRT sequence, or a transposon
specific terminal insertion sequence (PiggyBac Terminal Repeat)
may be provided before and after the gene so that these genes
can be excised after cell sorting or the like is completed.
Examples of preferred transposon include piggyBac, which is a
transposon derived from the Lepidoptera insect, and the like
(Kaji, K. et al., Nature, 458: 771-775 (2009), Woltjen et al.,
Nature, 458: 766-770 (2009), WO 2010/012077). Alternatively,
as described in 0ji A et al., Sci Rep, 6: 31666 (2016) and the

like, an expression vector containing the above-mentioned drug
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resistance gene is co-transfected, and transient (about several
days) drug selection may be performed. Whether the insertion
sequence is inserted into the targeted site or substituted with
the targeted site can be confirmed by decoding the sequence and
screening for chromosomal DNA separated and extracted from
cells by Southern hybridization or PCR method or the like.

When the above-mentioned drug resistance gene or the like is
present in the donor DNA, confirmation can also be performed
using the expression thereof as an index.

[0017]

The donor DNA may be linear (e.g., synthetic double-
stranded DNA), circular (e.g., plasmid DNA), or single-stranded
DNA (e.g., single-stranded oligodeoxynucleotide) (ssODN)) or a
double-stranded DNA. The donor DNA can be appropriately
designed depending on the base length of the insertion sequence,
homologous recombination activity of the host cell, and the
like. For example, when the insertion sequence is 100 bases in
length or shorter, ssODN or synthetic double-stranded DNA is
generally used, and when it is longer than that, usually,
synthetic double-stranded DNA or plasmid DNA is generally used.
Also, the length of the donor DNA is not particularly limited,
and can be appropriately designed depending on the length of
the insertion sequence and the like. The length of the
insertion sequence is not particularly limited, and it can be
appropriately designed generally within the range of 1 to tens
of thousands of bases (e.g., in the case of ssODN, not more
than 100 bases in length (e.g., not more than 70 bases, not
more than 50 bases)) according to the purposes. Also, the
length of each homology arm is not particularly limited. When
the donor DNA is ssODN, one with a length of 10 bases to 150
bases is generally used. When the donor DNA is synthetic
double-stranded DNA, one with a length of 10 bases to 5000
bases is generally used, and when the donor DNA is plasmid DNA,
one with a length of 100 bases to 5000 bases, preferably 500

bases to 1000 bases, is generally used. These donor DNAs can
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be designed by referring to known literatures (e.g., Ochiai H,
Int J Mol Sci, 16:21128-21137 (2015), Hockemeyer D et al., Nat
Biotefchnol, 27:851-857 (2009)).

[0018]

In the present invention, the “nucleic acid sequencé—
recognizing module” means a molecule or molecule complex having
an ability to specifically recognize and bind to a particular
nucleotide sequence (i.e., target nucleotide sequence) on a DNA
strand. Binding of the nucleic acid sequence-recognizing
module to a target nucleotide sequence enables a nucleic acid
base converting enzyme etc. linked to the module to
specifically act on a site targeted by a nucleic acid base
converting enzyme and the like of a double-stranded DNA (i.e.,
target nucleotide sequence and nucleotide in the vicinity
thereof) .

[0019]

As shown in the below-mentioned Examples, it has been
demonstrated that a targeted site can.be modified by
introducing a complex of a nucleic acid base converting enzyme
and a nucleic acid sequence-recognizing module, and a donor DNA
into a cell. While not wishing to be bound by any theory, the
mechanism of targeted site modification by the method is
assumed to be as follows. A base present in the site targeted
by the nucleic acid base converting enzyme is converted to
another base, the converted base is removed by DNA glycosylase,
an abasic site (apurinic/apyrimidic (AP) site) resulting from
the base excision reaction by the enzyme is treated by an
enzyme at the downstream of the base excision repair (BER)
pathway such as an AP endonuclease, DNA polymerase, DNA ligase
and the like. On the other hand, the presence of abnormal
nucleotide or mismatched structure without BER completion also
activates the complementary strand repair pathway, causing
homologous recombination between the targeted site and the
region contained in the donor DNA, whereby the modification of

the targeted site has occurred. Therefore, even when DNA
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glycosylase is used, it is assumed that the same modification
occurs by causing base excision at a site targeted by the
enzyme. Thus, not only nucleic acid base converting enzyme but
also DNA glycosylase can be applied to the method of the
present invention.

[0020]

In the present invention, the “nucleic acid base
converting enzyme” means an enzyme capable of converting a
target nucleotide to other nucleotide by catalyzing a reaction
for converting a substituent on a purine or pyrimidine ring on
a DNA base to other group or atom, without cleaving the DNA
strand.

[0021]

In the present invention, “DNA glycosylase” means an
enzyme that hydrolyzes N-glycosidic bond of DNA. DNA
glycosylase originally plays a role of removing damaged base
from DNA in BER. In the present invention, one capable of
acting on normal bases in DNA (that is, dC, dT, dA or dG, or
those that underwent epigenetic modification) is preferred. A
mutated DNA glycosylase that does not originally react with
normal base or has low reactivity, but has acquired reactivity
with normal base due to mutation or has improved reactivity is
also included in the DNA glycosylase of the present invention,
and can be preferably used; A site without a base
(apurinic/apyrimidic (AP) site) generated as a result of the
base excision reaction by the enzyme is treated by an enzyme
downstream of the BER pathway such as an AP endonuclease, DNA
polymerase, DNA ligase and the like.

In addition, “sufficiently low reactivity with DNA having
a double helix structure without distortion” means that a base
excision reaction occurs in regions where DNA having a double
helix structure without distortion is formed, only at a
frequency that suppresses cytotoxicity to a level that does not
affect cell viability. As used herein, the QDNA having a

double helix structure without distortion” means that a strong
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double helix structure is formed (i.e., unrelaxed double-
helical DNA (or to be also simply referred to as unrelaxed
DNA)), and not only the state of single-stranded DNA in which
the bases forming pairs are completely dissociated, but also
the state of relaxed double-stranded DNA in which base pairs
are formed but the double helix structure is unwound are not
included. Examples of the DNA glycosylase with sufficiently
low reactivity with DNA having a double helix structure without
distortion include a DNA glycosylase inherently having
sufficiently low reactivity with DNA having a double helix
structure without distortion, a mutated DNA glycosylase into
which a mutation that lowers reactivity with DNA having a
double helix structure without distortion as compared to the
wild-type has been introduced and the like. Furthermore, a DNA
glycosylase divided into two segments which is a split enzyme
designed such that each segment is bound to either of two
divided nucleic acid sequence recognition modules to form two
complexes, the nucleic acid sequence-recognizing module can
specifically bind to a target nucleotide sequence when the both
complexes are refolded, and the DNA glycosylase can catalyze a
base excision reaction by the specific binding is also
encompassed in the “DNA glycosylase with sufficiently low
reactivity with DNA having a double helix structure without
distortion” of the present invention.

[0022]

In the present invention, the “nucleic acid-modifying
enzyme complex” means a molecular complex comprising a complex
comprising the above-mentioned nucleic acid sequence-
recognizing module and nucleic acid base converting enzyme or
DNA glycosylase are connected, and having a catalyst function
of a nucleic acid base conversion reaction or a base excision
reaction and imparted with a particular nucleotide sequence
recognition ability. The “complex” here encompasses not only
one constituted of multiple molecules, but also one having a

nucleic acid sequence-recognizing module and a nucleic acid
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base converting enzyme etc. in a single molecule, like a fusion
protein.
[0023]

The nucleic acid base converting enzyme to be used in the
present invention is not particularly limited as long as it can
catalyze the above-mentioned reaction, and examples thereof
include deaminase belonging to the nucleic acid/nucleotide
deaminase superfamily, which catalyzes a deamination reaction
that converts an amino group to a carbonyl group. Preferable
examples thereof include cytidine deaminase capable of
converting cytosine or 5-methylcytosine to uracil or thymine,
respectively, adenosine deaminase capable of converting adenine
to hypoxanthine, guanosine deaminase capable of converting
guanine to xanthine and the like. As cytidine deaminase, more
preferred is activation-induced cytidine deaminase (hereinafter
to be also referred to as AID) which is an enzyme that
introduces a mutation into an immunoglobulin gene in the
acquired immunity of vertebrata or the like.

[0024]

While the derivation of nucleic acid base converting
enzyme is not particularly limited, for example, PmCDA1
(Petromyzon marinus cytosine deaminase 1) derived from
Petromyzon marinus, or AID (Activation-induced cytidine
deaminase; AICDA) derived from mammal (e.g., human, swine,
bovine, horse, monkey etc.) can be used. For example, GenBank
accession Nos. EF094822 and AB015149 can be referred to for the
base sequence and amino acid sequence of cDNA of PmCDAlL,
GenBank accession No. NM 020661 and NP_065712 can be referred
to for the base sequence and amino acid sequence of cDNA of
human AID. From the aspect of enzyme activity, PmCDAl is
preferred.

[0025]

The DNA glycosylase to be used in the present invention

is not particularly limited as long as it can catalyze a

reaction to hydrolyze the N-glycosidic bond of DNA and
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eliminate the base. To enhance broad utility as a genome
editing technique, preferred are those which can act on normal
bases (i.e., dC, dT, dA or dG, or those obtained by epigenetic
modification, for example, 5-methylcytosine etc.). Examples of
such enzyme include an enzyme having CDG activity that
catalyzes a‘reaction to remove cytosine, an enzyme that has TDG
activity that catalyzes a reaction to remove thymine, an enzyme
that has an activity to remove 5-methylcytosine (5-mCDG
activity) and the like. Specifically, thymine DNA glycosylase,
oxoguanine glycosylase, alkyladenine DNA glycosylase (e.g.,
yeast 3-methyladenine-DNA glycosylase (MAGI) etc.) and the like
can be mentioned. The present inventor previously reported
that use of a DNA glycosylase with sufficiently low reactivity
with DNA having a double helix structure without distortion
(unrelaxed DNA) as DNA glycosylase can reduce cytotoxicity and
efficiently modify a target sequence (WO 2016/072399).
Therefore, as DNA glycosylase, a DNA glycosylase with
sufficiently low reactivity with DNA having a double helix
structure without distortion is preferably used. Examples of
such DNA glycosylase include a mutant of UNG having cytosine-
DNA glycosylase (CDG) activity and/or thymine-DNA glycosylase
(TDG) activity (uracil-DNA glycosylase), and UDG mutant from
vaccinia virus, which are described in WO 2016/072399.

[0026] .

Specific examples of the aforementioned mutant of UNG
include yeast UNG1 N222D/L304A double mutant, N222D/R308E
double mutant, N222D/R308C double mutant, Y164A/ L304A double
mutant, Y164A/R308E double mutant, Y164A/R308C double mutant,
Y¥164G/ L304A double mutant, Y164G/R308E double mutant,
Y164G/R308C double mutant, N222D/Y164A/1L304A triple mutant,
N222D/Y164A/R308E triple mutant, N222D/Y164A/R308C triple
mutant, N222D/Y164G/L304A triple mutant, N222D/Y164G/R308E
triple mutant, N222D/Y164G/R308C triple mutant and the like.
When another UNG is used in place of the yeast UNG1l, a mutant

in which a similar mutation has been introduced into the amino
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acid corresponding to each mutant described above may be used.
For example, as a mutation of E. coli UNG corresponding to
Y164A or Y164G mutation of yeast UNG1l, which is a mutation
imparting TDG activity, Y66A or Y66G can be mentioned and, as a
mutation of human UNG, Y147A or Y147G can be mentioned. As a
mutation of Escherichia coli UNG corresponding to N222D
mutation of yeast UNG1l, which is a mutation imparting CDG
activity, N123D can be mentioned and, as a mutation of human
UNG, N204D can be mentioned. As a mutation of Escherichia coli
UNG corresponding to L304A, R308E or R308C mutation of yeast
UNG1l, which decreases reactivity‘with DNA having a double helix
structure without distortion, L191A, R195E or R195C can be
mentioned and, as a mutation of human UNG, L272A, R276E or
R276C can be mentioned. As UDG mutant from vaccinia virus,
N120D mutant (to which CDG activity is imparted), Y70G mutant
(to which TDG activity is imparted), Y70A mutant (to which TDG
activity is imparted), N120D/Y70G double mutant, N120D/Y70A
double mutant and the like can be mentioned. Alternatively, it
may be a DNA glycosylase divided into two segments which is a
split enzyme designed such that each segment is bound to either
of two divided nucleic acid sequence recognition modules to
form two complexes, the nucleic acid sequence-recognizing
module can specifically bind to a target nucleotide sequence
when both complexes are refolded, and the DNA glycosylase can
catalyze a base excision reaction by the specific binding. The
split enzyme can be designed and produced by referring to the
descriptions of, for example, WO 2016/072399, Nat Biotechnol.
33(2): 139-142 (2015), PNAS 112(10): 2984-2989 (2015).

[0027]

While the derivation of UNG is not particularly limited,
for example, ung from Escherichia coli (Varshney, U. et al.
(1988) J. Biol. Chem., 263, 7776-7784), UNGl or UNG2 derived
from yeast, mammal (e.g., human, mouse, swine, bovine, horse,
monkey etc.) or the like, or UDG derived from virus (e.g.,

Poxviridae (vaccinia virus etc.), Herpesviridae and the like)
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can be used.
[0028]

A target nucleotide sequence in a double-stranded DNA to
be recognized by the nucleic acid sequence-recognizing module
in the nucleic acid-modifying enzyme complex of the present
invention is not particularly limited as long as the module
specifically binds to, and may be any sequence in the double-
stranded DNA. The length of the target nucleotide sequence
only needs to be sufficient for specific binding of the nucleic
acid sequence-recognizing module. For example, when mutation
is introduced into a particular site in the genomic DNA of a
mammal, it is not less than 12 nucleotides, preferably not less
than 15 nucleotides, more preferably not less than 17
nucleotides, according to the genome si%e thereof. While the
upper limit of the length is not particularly limited, it is
preferably not more than 25 nucleotides, more preferably not
more than 22 nucleotides. As shown in the Examples below, high
modification efficiency was demonstrated in any of the
experimental systems in which the target nucleotide sequence is
present in the targeted site, a sequence homologous to the
homology arm, and a region containing a partial sequence
homologous to the homology arm. Therefore, the target
nucleotide sequence may be present at the targeted site, may be
present in at least a part of the region of a sequence
homologous to the homology arm, or may be present in a region
near a sequence homologous to the hoﬁology arm.

[0029]

As the nucleic acid sequence-recognizing module in the
nucleic acid-modifying enzyme complex of the present invention,
a CRISPR-Cas system wherein at least one DNA cleavage ability
of the Cas effector protein (hereinafter to be also referred to
as Cas nuclease) is inactivated (hereinafter to be also
referred to as “CRISPR-mutant Cas”), zinc finger motif, TAL
(transcription activator-like) effector and PPR

(pentatricopeptide repeat) motif and the like, as well as a
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fragment which contains a DNA binding domain of a protein that
specifically binds to DNA, such as restriction enzyme,
transcription factor, RNA polymerase and the like, and does not
have a DNA double strand cleavage ability and the like can be
used, but the module is’not limited thereto. Preferably,
CRISPR-mutant Cas; zinc finger motif, TAL effector, PPR motif
and the like can be mentioned. 1In the present specification,
the aforementioned Cas effector protein in which at least one
DNA cleavage ability is inactivated is also referred to as Cas
effector protein mutant.

[0030]

A zinc finger motif is constituted by linkage of 3 - 6
different Cys2His2 type zinc finger units (1 finger recognizes
about 3 bases), and can recognize a target nucleotide sequence
of 9 — 18 bases. A zinc finger motif can be produced by a
known method such as Modular assembly method (Nat Biotechnol
(2002) 20: 135-141), OPEN method (Mol Cell (2008) 31: 294-301),
CoDA method (Nat Methods (2011) 8: 67-69), Escherichia coli
one-hybrid method (Nat Biotechnol (2008) 26:695-701) and the
like. JP-B-4968498 can be referred to as for the detail of the
zinc finger motif production.

[0031]

A TAL effector has a module repeat structure with about
34 amino acids as a unit, and the 12th and 13th amino acid
residues (called RVD) of one module determine the binding
stability and base specificity. Since each module is highly
independent, TAL effector specific to a target nucleotide
sequence can be produced by simply connecting the module. For
TAL effector, a production method utilizing an open resource
(REAL method (Curr Protoc Mol Biol (2012) Chapter 12: Unit
12.15), FLASH method (Nat Biotechnol (2012) 30: 460-465), and
Golden Gate method (Nucleic Acids Res (2011) 39: e82) etc.)
have been established, and a TAL effector for a target
nucleotide sequence can be designed comparatively conveniently.

National Publication of International Patent Application No.
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2013-513389 can be referred to as for the detail of the
production of a TAL effector.
[0032]

PPR motif is constituted such that a particular
nucleotide sequence is recognized by a continuation of PPR
motifs each consisting of 35 amino acids and recognizing one
nucleic acid base, and recognizes a target base only by 1, 4
and ii(-2) amino acids of each motif. Motif constitution has
no dependency, and is free of interference of motifs on both
sides. Therefore, like TAL effector, a PPR protein specific to
the target nucleotide sequence can be produced by simply
connecting PPR motifs. JP-A-2013-128413 can be referred to as
for the detail of the production of a PPR motif.

[0033]

When a fragment of restriction enzyme, transcription
factor, RNA polymerase and the like is used, since the DNA
binding domains of these proteins are well known, a fragment
which contains the domain and does not have a DNA double strand
cleavage ability, can be easily designed and constructed.
[0034]

Any of the above-mentioned nucleic acid sequence-
recognizing module can be provided as a fusion protein with the
above-mentioned nucleic acid base converting enzyme etc., or a
protein binding domain such as SH3 domain, PDZ domain, GK
domain, GB domain and the like and a binding partner thereof
may be fused with a nucleic acid sequence-recognizing module
and a nucleic acid base converting enzyme etc., respectively,
and provided as a protein complex via an interaction of the
domain and a binding partner thereof. Alternatively, a nucleic
acid sequence-recognizing module and a nucleic acid base
converting enzyme etc. may be each fused with intein, and they
can be linked by ligation after protein synthesis.

[0035]
The nucleic acid-modifying enzyme complex of the present

invention containing a complex (including fusion protein)
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wherein a nucleic acid sequence-recognizing module and a
nucleic acid base converting enzyme are linked is desirably
contacted with a double stranded DNA by introducing a nucleic
acid encoding the complex into a cell having the double
stranded DNA of interest (e.g., ge%omic DNA). In the present
specification, a nucleic acid encoding a nucleic acid
modification enzyme complex includes a base sequence encoding a
nucleic acid sequence recognition module, and a base sequence
encoding a nucleic acid base converting enzyme or DNA
glycosylase. When the nucleic acid sequence recognition module
is CRISPR-Cas system, it further contains a sequence encoding
guide RNA.

Therefore, the nucleic acid sequence-recognizing module
and the nucleic acid base converting enzyme etc. are preferably
prepared as a nucleic acid encoding a fusion protein thereof,
or in a form capable of forming é complex in a host cell after
translation into a protein by utilizing a binding domain,
intein and the like, or as a nucleic acid encoding each of them.
The nucleic acid here may be a DNA or an RNA. When it is a DNA,
it is preferably a double stranded DNA, and provided in the
form of an expression vector disposed under regulation of a
functional prémoter in a host cell. When it is an RNA, it is
preferably a single strand RNA.

Since the complex of the present invention wherein a
nucleic acid sequence-recognizing module and a nucleic acid
base converting enzyme etc. are linked does not accompany
double-stranded DNA breaks (DSB), genome editing with low
toxicity is possible, and the method of the present invention
can be applied to a wide range of biological materials.
Therefore, the cells to be introduced with nucleic acid
encoding nucleic acid sequence-recognizing module and/or
nucleic acid base converting enzyme etc. can encompass cells of
any species, from bacterium of Escherichia coli and the like
which are prokaryotes, cells of microorganism such as yeast and

the like which are lower eukaryotes, to cells of higher
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eukaryotes such as vertebrata including mammals such as human
and the like, insect, plant and the like.
[0036]

A DNA encoding a nucleic acid sequence-recognizing module
such as zinc finger motif, TAL effector, PPR motif and the like
can be obtained by any method mentioned above for each module.

A DNA encoding a sequence—recognizing‘module of restriction

enzyme, transcription factor, RNA polymerase and the like can

be cloned by, for example, synthesizing an oligoDNA primer
covering a region encoding a desired part of the protein (part
containing DNA binding domain) based on the cDNA sequence
information thereof, and amplifying by the RT-PCR method using,
as a template, the total RNA or mRNA fraction prepared from the
protein-producing cells.

A DNA encoding a nucleic acid base converting enzyme etc.
(i.e., DNA encoding nucleic acid base converting enzyme or DNA
encoding DNA glycosylase) can also be cloned similarly by
synthesizing an oligoDNA primer based on the cDNA sequence
information thereof, and amplifying by the RT-PCR method using,
as a template, the total RNA or mRNA fraction prepared from the
enzyme-producing cells. For example, a DNA encoding PmCDAl of

Petromyzon marinus can be cloned by designing suitable primers

for the upstream and downstream of CDS based on the cDNA

sequence (accession No. EF094822) registered in the NCBI
database, and cloning from mRNA from Petromyzon marinus by the
RT-PCR method. A DNA encoding human AID can be cloned by
designing suitable primers for the upstream and downstream of
CDS based on the cDNA sequence (accession No. AB040431)
registered in the NCBI database, and cloning from, for example,
mRNA from human lymph node by the RT-PCR method. Also, the
donor DNA can be cloned in the same manner as described above
based on the sequence information of the targeted site and the
like.

The cloned DNA may be directly, or after digestion with a

restriction enzyme when desired, or after addition of a

21



10

15

20

25

30

35

suitable linker and/or a nuclear localization signal (each
organelle transfer signal when the double-stranded DNA of
interest is mitochondria or chloroplast DNA), ligated with a
DNA encoding a nuqleic acid sequence-recognizing module to
prepare a DNA encoding a fusion protein. Alternatively, a DNA
encoding a nucleic acid sequence-recognizing module, and a DNA
encoding a nucleic acid base converting enzyme etc. may be each
fused with a DNA encoding a binding domain or a binding partner
thereof, or both DNAs may be fused with a DNA encoding a
separation intein, whereby the nucleic acid sequence-
recognizing conversion module and the nucleic acid base
converting enzyme etc. are translated in a host cell to form a
complex. In these cases, a linker and/or a nuclear
localization signal can be linked to a suitable position of one
of or both DNAs when desired. The donor DNA may be prepared as
a single DNA, or may be provided as a single DNA with a nucleic
acid encoding a nucleic acid sequence recognition module and/or
a nucleic acid base converting enzyme and the like.
[0037]

A DNA encoding a nucleic acid sequence-recognizing module,
a DNA encoding nucleic acid base converting enzyme etc., and a
donor DNA can be obtained by chemically synthesizing the DNA
strand, or by connecting synthesized partly overlapping
0ligoDNA short strands by utilizing the PCR method and the
Gibson Assembly method to construct a DNA encoding the full
length thereof. When the donor DNA is a single-stranded
nucleic acid, as a method other than chemically synthesizing a
DNA strand, for example, a plasmid DNA containing the DNA is
digested with a restriction enzyme into a single strand, RNA 1is
synthesized by RNA polymerase, after which cDNA is synthesized
with reverse transcriptase and the RNA strand is differentiated
with RNaseH. Alternatively, it can be prepared by digesting a
plasmid containing a donor DNA with a nickase-type restriction
enzyme, and separating and purifying same by electrophoresis.

The advantage of constructing a full-length DNA by chemical
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synthesis or a combination of PCR method or Gibson Assembly
method is that the codon to be used can be designed in CDS
full-length according to the host into which the DNA is
introduced. In the expression of a heterologous DNA, the
protein expression level is expected to increase by converting
the DNA sequence thereof to a codon highly frequently used in
the host organism. As the daté of codon use frequency in host
to be used, for example, the genetic code use frequency
database disclosed in the home page of Kazusa DNA Research
Institute (http://www.kazusa.or.jp/codon/index.html) can be
used, or documents showing the codon use frequency in each host
may be referred to. By reference to the obtained data and the
DNA sequence to be introduced, codons showing low use frequency
in the host from among those used for the DNA sequence may be
converted to a codon coding the same amino acid and showing
high use frequency.

When a site other than the target nucleotide sequence and
the PAM sequence is used as the targeted site, these sequences
may remain even after modification, and a nucleic acid base
conversion reaction or a base excision reaction may occur due
to a nucleic acid modifying enzyme and the like. Therefore, it
is preferable to design the donor DNA such that these sequences
would be removed, or introduce a silent mutation into the
target nucleotide sequence or the PAM sequence on the homology
arm.

[0038]

An expression vector containing a DNA encoding a nucleic
acid sequence-recognizing module and/or a nucleic acid base
converting enzyme etc. can be produced, for example, by linking
the DNA to the downstream of a promoter in a suitable
expression vector.

As the expression vector, plasmids from Escherichia coli
(e.g., PBR322, pBR325, pUCl2, pUC13); plasmids from Bacillus
subtilis (e.g., pUB110, pTP5, pCl94); plasmids from yeast (e.g.,
pSH19, pSH15); insect cell expression plasmids (e.g., pFast-
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Bac); animal cell expression plasmids (e.g., pAl-11, pXTI,
pRc/CMV, pRc/RSV, pcDNAI/Neo); bacteriophages such as Aphage
and the like; insect virus vectors such as baculovirus and the
like (e.g., BmNPV, AcNPV); animal virus vectors such as
retrovirus, vaccinia virus, adenovirus and the like, and the
like are used.

As the promoter, any promoter appropriate for a host used
for gene expression can be used. In a conventional method
involving DSB, since the survival rate of the host cell
sometimes decreases markedly due to the toxicity, it is
desirable to increase the number of cells by the start of the
induction by using an inductive promoter.A However, since
sufficient cell proliferation can also be achieved by
expressing the nucleic acid—modifying enzyme complex of the
present invention, a constitutive promoter can also be used
without limitation.

For example, when the host is an animal cell, SRax
promoter, SV40 promoter, LTR promoter, CMV (cytomegalovirus)
promoter, RSV (Rous sarcoma virus) promoter, MoMuLV (Moloney
mouse leukemia virus) LTR, HSV-TK (simple herpes virus
thymidine kinase) promoter and the like are used. Of these,
CMV promoter, SRa promoter and the like are preferable.

When the host is Escherichia coli, trp promoter, lac
promoter, recA promoter, AP, promoter, lpp promoter, T7
promoter and the like are preferable.

When the host is genus Bacillus, SPOl promoter, SPOZ
promoter, penP promoter and the like are preferable.

When the host is a yeast, the Gall/l10 promoter,. PHOS
promoter, PGK promoter, GAP promoter, ADH promoter and the like
are preferable.

When the host is an insect cell, a polyhedrin promoter,
P10 promoter and the like are preferable.

When the host is a plant cell, CaMV35S promoter, CaMV19S
promoter, NOS promoter and the like are preferable.

[0039]
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As the expression vector, besides those mentioned above,
one containing an enhancer, a splicing signal, a terminator, a
polyA addition signal, a selection marker such as drug
resistance gene, an auxotrophic complementary gene and the like,
a replication origin and the like on demand can be used.

[0040]

An RNA encoding a nucleic acid sequence-recognizing
module and/or a nucleic acid base converting enzyme etc. can be
prepared by, for example, transcription to mRNA in an in vitro
transcription system known per se by using a vector encoding
DNA encoding the above-mentioned nucleic acid sequence-
recognizing module and/or a nucleic acid base converting enzyme
etc. as a template.

[0041]

A complex of a nucleic acid sequence-recognizing module
and a nucleic acid base converting enzyme etc. can be
intracellularly expressed by introducing an expression vector
containing a DNA encoding a nucleic acid sequence-recognizing
module and/or a nucleic acid base converting enzyme etc. into a
host cell, and culturing the host cell.

As the host, genus Escherichia, genus Bacillus, yeast,'
insect cell, insect, animal cell and the like are used.

As the genus Escherichia, Escherichia coli K12+-DH1 [Proc.
Natl. Acad. Sci. USA, 60, 160 (1968)]1, Escherichia coli JM103
[Nucleic Acids Research, 9, 309 (1981)], Escherichia coli JA221
[Journal of Molecular Biology, 120, 517 (1978)1, Escherichia
coli HB101l [Journal of Molecular Biology, 41, 459 (1969)],
Escherichia coli C600 [Genetics, 39, 440 (1954)] and the like
are used.

As the genus Bacillus, Bacillus subtilis MI114 [Gene, 24,
255 (1983)], Bacillus subtilis 207-21 [Journal of Biochemistry,
95, 87 (1984)] and the like are used.

As the yeast, Saccharomyces cerevisiae AHZ2Z, AH22R7,
NA87-11A, DKD-5D, 20B-12, Schizosaccharomyces pombe NCYC1913,
NCYC2036, Pichia pastoris KM71 and the like are used.
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[0042]

As the insect cell, when the virus is AcNPV, cells of
established line from cabbage armyworm larva (Spodoptera
frugiperda cell; Sf cell), MGl cells from the mid-intestine of
Trichoplusia ni, High Five™ cells from an egg of Trichoplusia
ni, cells from Mamestra braésicae, cells from Estigmena acrea
and the like are used. When the virus is BmNPV, cells of
established line from Bombyx mori (Bombyx mori N cell; BmN
cell) and the like are used as insect cells. As the Sf cell,
for example, Sf9 cell (ATCC CRL1711), Sf21 cell [all above, In
Vivo, 13, 213-217 (1977)] and the like are used.

As the insect, for example, larva of Bombyx mori,
Drosophila, cricket and the like are used [Nature, 315, 592
(1985) 1.

[0043]

As the animal cell, cell lines such as monkey COS-7 cell,
monkey Vero cell, Chinese hamster ovary (CHO) cell, dhfr gene-
deficient CHO cell, mouse L cell, mouse AtT-20 cell, mouse
myeloma cell, rat GH3 cell, cell from human fetal kidney (e.g.,
HEK293 cell), cell from human liver cancer (e.g., HepG2), human
FL cell and the like, pluripotent stem cells such as iPS cell,
ES céll and the like of human and other mammals, and primary
cultured cells prepared from various tissues are used.
Furthermore, zebrafish embryo, Xenopus oocyte and the like can
also be used.

[0044]

As the plant cell, suspended cultured cells, callus,
protoplast, leaf segment, root segment and the like prepared
from various plants (e.g., grain such as rice, wheat, corn and
the like, product crops such as tomato, cucumber, egg plant and
the like, garden plants such as carnation, Eustoma russellianum
and the like, experiment plants such as tobacco, arabidopsis
thaliana and the like, and the like) are used.

[0045]

An expression vector can be introduced by a known method
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(e.g., lysozyme method, competent method, PEG method, CaCl,
coprecipitation method, electroporation method, the
microinjection method, the particle gun method, lipofection
method, Agrobacterium method and the like) according to the
kind of the host. Donor DNA can also be introduced into cells
by a similar method. When introducing the expression vector
and the donor DNA as different molecules, the introduction of
the expression vector and the donor DNA may be performed
simultaneously or at different timings.

Escherichia coli can be transformed according to the
methods described in, for example, Proc. Natl. Acad. Sci. USA,
69, 2110 (1972), Gene, 17, 107 (1982) and the like.

The genus Bacillus can be introduced into a vector
according to the methods described in, for example, Molecular &
General Genetics, 168, 111 (1979) and the like.

A yeast can be introduced into a vector according to the
methods described in, for example, Methods in Enzymology, 194,
182-187 (1991), Proc. Natl. Acad. Sci. USA, 75, 1929 (1978) and
the like.

An insect cell and an insect can be introduced into a
vector according to the methods described in, for example,‘
Bio/Technology, 6, 47-55 (1988) and the like.

An animal cell can be introduced into a vector according
to the methods described in, for example, Cell Engineering
additional volume 8, New Cell Engineering Experiment Protocol,
263-267 (1995) (published by Shujunsha), and Virology, 52, 456
(1973) .

[0046]

A cell introduced with a vector and a donor DNA can be
cultured according to a known method according to the kind of
the host.

For example, when Escherichia coli or genus Bacillus is
cultured, a liquid medium is a preferable medium to be used for
the culture. The medium preferably contains a carbon source, a

nitrogen source, an inorganic substance and the like necessary
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for the growth of a transformant. Examples of the carbon

source include glucose, dextrin, soluble starch, sucrose and
the like; examples of the nitrogen source include inorganic or
organic substances such as ammonium salts, nitrate salts, corn
steep liquor, peptone,‘casein, meat extract, soybean cake,
potato extract and the like; and examples of the inorganic
substance include calcium chloride, sodium dihydrogen phosphate,
magnesium chloride and the like. The medium may contain yeast
extract, vitamins, growth promoting factor and the like. The
pH of the medium is preferably about 5 to about 8.

As a medium for culturing Escherichia coli, for example,
M9 medium containing glucose, casamino acid [Journal of
Experiments in Molecular Genetics, 431-433, Cold Spring Harbor
Laboratory, New York 1972] is preferable. Where necessary, for
example, agents such as 3B-indolylacrylic acid may be added to
the medium to ensure an efficient function of a promoter.
Escherichia coli is cultured at generally about 15 to about
43°C. Where necessary, aeration and stirring may be performed.

The genus Bacillus is cultured at generally about 30 to
about 40°C. Where necessary, aeration and stirring may be
performed.

Examples of the medium for culturing yeast include
Burkholder minimum medium [Proc. Natl. Acad. Sci. USA, 77, 4505
(1980) 1, SD medium containing 0.5% casamino acid [Proc. Natl.
Acad. Sci. USA, 81, 5330 (1984)] and the like. The pH of the
medium is preferably about 5 to about 8. The culture is
performed at generally about 20°C to about 35°C. Where
necessary, aeration and stirring may be performed.

As a medium for culturing insect cells or insects, for
example, Grace’s Insect Medium [Nature, 195, 788 (1962)]
containing an additive such as inactivated 10% bovine serum and
the like as appropriate and the like are used. The pH of the
medium is preferably about 6.2 to about 6.4. The culture is
performed at generally about 27°C. Where necessary, aeration

and stirring may be performed.
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As a medium for culturing animal cells, for example,
minimum essential medium (MEM) containing about 5 to about 20%
of fetal bovine serum [Science, 122, 501 (1952)1, Dulbecco’s
modified Eagle medium (DMEM) [Virology, 8, 396 (1959)], RPMI
1640 medium [The Journal of the American Medical Association,

199, 519 (1967)]1, 199 medium [Proceeding of the Society for the

Biological Medicine, 73, 1 (1950)]1 and the like are used. The

pH of the medium is preferably about 6 tovabout 8. The culture
is performed at generally about 30°C to about 40°C. Where
necessary, aeration and stirring may be performed.

As a medium for culturing plant cells, for example, MS
medium, LS medium, B5 medium and the like are used. The pH of
the medium is preferably about 5 to about 8. The culture is
performed at generally about 20°C to about 30°C. Where
necessary, aerétion and stirring may be performed.

As mentioned above, a complex of a nucleic acid sequence-
recognizing module and a nucleic acid base converting enzyme
etc., i.e., nucleic acid-modifying enzyme complex, can be
expressed intracellularly.

[0047]

An RNA encoding a nucleic acid sequence-recognizing
module and/or a nucleic acid base converting enzyme etc. can be
introduced into a host cell by microinjection method,
lipofection method and the like. RNA introduction can be
performed once or repeated multiple times (e.g., 2 to 5 times)
at suitable intervals.

[0048]

As for zinc finger motifs, production of many actually
functionable zinc finger motifs is not easy, since production
efficiency of a zinc finger that specifically binds to a target
nucleotide sequence is not high and selection of a zinc finger
having high binding specificity is complicated. While TAL
effectors and PPR motifs have a high degree of freedom of
target nucleic acid sequence recognition as compared to zinc

finger motifs, a problem remains in the efficiency since a

29



10

15

20

25

30

35

large protein needs to be designed and constructed every time
according to the target nucleotide sequence.

In contrast, since the CRISPR-Cas system recognizes the
double-stranded DNA sequence of interest with a guide RNA
complementary to the target nucleotide sequence, any sequence
can be targeted by simply synthesizing an oligoDNA capable of
specifically hybridizing with the target nucleotide sequence.

Therefore, in a more preferable embodiment of the present
invéntion, a CRISPR-Cas system wherein DNA cleavage ability of
only one or both of the Cas effector proteins is inactivated
(CRISPR-mutant Cas) is used as a nucleic acid sequence-
recognizing module.

[0049]

The nucleic acid sequencé—recognizing module of the
present invention using CRISPR-mutant Cas is provided as a
complex of a CRISPR-RNA (crRNA) containing a sequence
complementary to the target nucleotide sequence and, where
necessary, trans-activating RNA (tracrRNA) necessary for
recruiting mutant Cas effector protein (when tracrRNA is
necessary, possibly provided as chimeric RNA with crRNA) and
mutant Cas effector protein. An RNA molecule consisting of
crRNA alone or a chimeric RNA of crRNA and tracrRNA that
constitutes a nucleic acid sequence-recognizing module in
combination with a mutant Cas effector protein is collectively
referred to as a “guide RNA”. The same also applies when a
CRISPR/Cas system without introduction of mutation is used.
[0050]

While the Cas effector protein to be used in the present
invention is not particularly limited as long as it can form a
complex with guide RNA and recognize and bind to the target
nucleotide sequence in the gene of interest and a protospacer
adjacent motif (PAM) adjacent thereto, it is preferably Cas?9
(also referred to as Cas9 nuclease) or Cpfl (also referred to
as Cpfl nuclease). Examples of Cas9 include, but are not

limited to, Cas9 derived from Streptococcus pyogenes (SpCas9;
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PAM sequence NGG (N is A, G, T or C, hereinafter the same) ),
Cas9 derived from Streptococcus thermophilus (StCas9; PAM
sequence NNAGAAW), Cas9 derived from Neisseria meningitidis
(MmCas9; PAM sequence NNNNGATT) and the like. Preferred is
SpCas9 with less restriction by PAM (substantially 2 bases, and
can target theoretically any site in the genome). Examples of
the Cpfl include, but are not limited to, Cpfl derived from
Francisella novicida (FnCpfl; PAM sequence NTT), Cpfl derived
from Acidaminococcus sp. (AsCpfl; PAM sequence NTTT), Cpfl
derived from Lachnospiraceae bacterium (LbCpfl; PAM sequence
NTTT) and the like. As a mutant Cas effector protein
(sometimes to be abbreviated as mutant Cas) to be used in the
present invention, any of Cas effector protein wherein the
cleavage ability of the both strands of the double-stranded DNA
is inactivated and one having nickase activity wherein at least
one cléavage ability of one strand alone is inactivated can be
used. For example, in the case of SpCas9, a D10A mutant in
which the 10th Asp residue is converted to an Ala residue and
lacking cleavage ability of a strand opposite to the strand
forming a complementary strand with a guide RNA (thus having
nickase activity for a strand forming complementary strand with
guide RNA), or H840A mutant in which the 840th His residue is
converted to an Ala residue and lacking cleavage ability of a
strand forming a complementary strand to guide RNA (thus having
nickase activity for a strand forming complementary strand with
guide RNA, or a double mutant thereof (dCas9) can be used. In
the case of FnCpfl, a mutant in which the 917th Asp residue is
converted to an Ala residue (D917A) or the 1006th Glu residue
is converted to an Ala residue (E1006A), and lacking cleavage
ability of both strands can be used. As long as at least one
of the strands of double-stranded DNA lacks cleavage ability,
other mutant Cas can also be used similarly.
[0051]

A DNA encoding Cas effector protein (including mutant Cas,

hereinafter the same) can be cloned by a method similar to the
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above-mentioned method for a DNA encoding a base excision
repair inhibitor, from a cell producing the enzyme. A mutant
Cas can be obtained by introducing a mutation to convert an
amino acid residue of the site important for the DNA cleavage
activity (e.g., 10th Asp residue and 840th His residue for
SpCas9, 917th Asp residue and 1006th Glu residue for FnCpfl and
the like, though not limited thereto) to other amino acids,
into a DNA encoding cloned Cas, by a site specific mutation
induction method known per se.

Alternatively, a DNA encoding Cas effector protein can
also be constructed as a DNA with codon usage suitable for
expression in a host cell to be used, by a method similar to
those mentioned above for a DNA encoding a nucleic acid
sequence-recognizing module and a DNA encoding a nucleic acid
base converting enzyme, and in a combination of chemical
synthesis or PCR method or Gibson Assembly method.

[0052]

The obtained DNA encoding a Cas effector protein and/or
nucleic acid modification enzyme and/or base excision repair
inhibitor can be inserted into the downstream of a promoter of
an expression vector similar to the one mentioned above,
according to the target cell.

[0053]

On the other hand, a DNA encoding guide RNA can be
obtained by designing an oligoDNA sequence linking a coding
sequence of crRNA sequence containing a nucleotidé sequence
complementary to the target nucleotide sequence (to be also
referred to as “targeting sequence” in the present
specification) (e.g., when FnCpfl is recruited as Cas effector

protein, crRNA containing SEQ ID NO: 1; AAUUUCUACUGUUGUAGAU at

the 5’-side of the targeting sequence can be used, and the
underlined sequences form base pairs to form a stem-loop
structure), or a crRNA coding sequence and, where necessary, a
known tracrRNA coding sequence (e.g., as tracrRNA coding

sequence when Cas is recruited as Cas9 effector protein,
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gttttagagctagaaatagcaagttaaaataaggctagtccgttatcaacttgaaaaagtggc
accgagtcggtgettttttt; SEQ ID NO: 2, or
gttttagagctagaaatagcaagttaaaataaggctagtccgttatcaacttgaaaaagtggc
accgagtcggtggtgetttt; SEQ ID NO: 3) and chemically synthesizing
using a DNA/RNA synthesizer.

The “targeted strand” here means a strand forming a
hybrid with crRNA of the target nucleotide sequence, and the
opposite strand, which becomes single-stranded after
hybridization of the targeted strand and crRNA, is referred to
as a “non-targeted strand”. When the target nucleotide
sequence is to be expressed by dne of the strands (e.g., when
PAM sequence is indicated, when positional relationship of
target nucleotide sequence and PAM is shown etc.), it is
represented by a sequence of the non-targeted strand.

[0054]

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

[0055]

When Cas9 is used as a Cas effector protein, a targeting
sequence can be designed, for example, using a guide RNA design
website open to public (CRISPR Design Tool, CRISPRdirect etc.)
by listing up 20 mer sequences having PAM (e.g., NGG in the
case of SpCas9) adjacent to the 3’-side from the CDS sequences
of the gene of interest, and selecting a sequence that causes
an amino acid change in the protein encoded by the target gene
when C within 7 nucleotides from the 5’ end thereof toward 3’
direction is converted to T. An appropriate sequence can be
selected even when a targeting sequence with a length other
than 20 mer is used. A candidate sequence having a small
number of off-target sites in the host genome of interest can
be used as a targeting sequence. When the guide RNA design
software to be used does not have a function to search off-

target sites in the genome of the host, for example, off-target
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sites can be searched by applying a Blast search against the
genome of the host, for example, 8 — 12 nucleotides on the 3'-
side of the candidate sequence (seed sequence with high
discrimination ability of target nucleotide sequence) .

[0056] A

While a DNA encoding guide RNA can aléo be inserted into
an expression vector similar to the one mentioned above. As
the promoter, pol III system promoter (e.g., SNR6, SNR52, SCR1,
RPR1, U3, U6, H1l promoter etc.) and terminator (e.g., polyT
sequence (Tg sequence etc.)) are preferably used.

[0057]

A DNA encoding guide RNA (crRNA or crRNA-tracrRNA
chimera) can be obtained by designing an oligoRNA sequence
linking a sequence complementary to the target strand of the
target nucleotide sequence and a known tracrRNA sequence {(when
Cas9 is recruited) or a direct repeat sequence of crRNA (when
Cpfl is recruited) and chemically synthesizing using a DNA/RNA
synthesizer.

[0058]

A DNA or RNA encoding mutant Cas and/or a nucleic acid
base converting enzyme etc., guide RNA-tracrRNA or a DNA
encoding same can be introduced into a host cell by a method
similar to the above, according to the host.

[0059]

Since conventional artificial nuclease accompanies
double-stranded DNA breaks (DSB), inhibition of growth and cell
death assumedly caused by disordered cleavage of chromosome
(off-target cleavage) occurred by targeting a sequence in the
genome. In the present invention, the targeted site is
modified not by DNA cleavage but by utilizing a conversion
reaction of the substituent on the DNA base (particularly
deamination reaction), or a base excision reaction, and a
repair mechanism thereafter. Therefore, drastic reduction of
toxicity can be realized.

[0060]
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In the method of the present invention, it is also
possible to modify the targeted site by using multiple target
nucleotide sequences at different positions. Therefore, in one
preferable embodiment of the present iﬁvention, two or more
kinds of nucleic acid sequence-recognizing modules that
specifically bind to different target nucleotide sequences can
be used. In this case, each one of these nucleic acid
sequence-recognizing modules and nucleic acid base converting
enzyme etc. form a nucleic acid-modifying enzyme complex. Here,
a common nucleic acid base converting enzyme etc. can be used.
For example, when CRISPR-Cas system is used as a nucleic acid
sequence-recognizing module, a common complex (including fusion
protein) of a Cas effector protein and a nucleic acid base
converting enzyme etc. is used, and two or more kinds of
chimeric RNAs of two or more tracrRNA or each of two‘or more
crRNAs that respectively form a complementary strand with a
different target nucleotide sequence are produced and used as
guide RNA (crRNA or crRNA-tracrRNA chimera). On the other hand,
when zinc finger motif, TAL effector and the like are used as
nucleic acid sequence-recognizing modules, for example, a
nucleic acid base converting enzyme etc. can be fused with a
nucleic acid sequence-recognizing module that specifically
binds to a different target nucleotide.

[0061]

To express the nucleic acid-modifying enzyme complex of
the present invention in a host cell, as mentioned above, an
expression vector containing a DNA encoding the nucleic acid-
modifying enzyme complex is introduced into a host ceil. For
efficient introduction of mutation, it is desirable to maintain
an expression of nucleic acid-modifying enzyme complex of a
given level or above for not less than a given period. From
such viewpoint, it is certain that the expression vector is
incorporated into the host genome. Since continuous expression
of the nucleic acid-modifying enzyme complex increases the risk

of off-target cleavage, it is preferably removed immediately

35



10

15

20

25

30

35

after achieving modification of the targeted site. Examples of
the means for removing DNA incorporated into the host genome
include a method using a Cre-loxP system or FLP-FRT system, a
method using transposon and the like.

[0062]

Alternatively, editing of host genome can be efficiently
realized while avoiding the risk of off-target cleavage by
causing a nucleic acid reaction in a desired stage, and
transiently expressing the nucleic acid-modifying enzyme
complex of the present invention in a host cell for a period
necessary for stabilizing the modification of the targeted site.
Those of ordinary skill in the art can appropriately determine
a preferable expression induction period based on the culture
conditions and the like to be used. The expression induction
period of a nucleic acid encoding the nucleic acid-modifying
enzyme complex of the present invention may be extended beyond
the above-mentioned “period necessary for stabilizing the
modification of the targeted site” as long as the host cell is
free of side effects.

[0063]

As a means for transiently expressing the nucleic acid-
modifying enzyme complex of the present invention at a desired
stage for a desired period, a method including producing a
construct (expression vector) containing a nucleic acid (a DNA
encoding a guide RNA and a DNA encoding a Cas effector protein
and nucleic acid modifying enzyme etc. in the mutant CRISPR-Cas
system) encoding the nucleic acid-modifying enzyme complex, in
a form capable of controlling the expression period,
introducing the construct into a host can be mentioned. The
“form capable of controlling the expression period” is
specifically, for example, a nucleic acid encoding the nucleic
acid-modifying enzyme complex of the present invention placed
under regulation of an inducible regulatory region. While the
“inducible regulatory region” is not particularly limited, it

is, for example, an operon of a temperature sensitive (ts)
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mutation repressor and an operator regulated thereby. Examples

of the ts mutation repressor include, but are not limited to,
ts mutation of cI repressor from Aphage. In the case of Aphage
cI repressor (ts), it is linked to an operator to suppress
expression of gene in the downstream at not more than 30°C
(e.g., 28°C). At a high temperature of not less than 37°C (e.g.,
42°C), it is dissociated from the operator to allow for
induction of gene expression. Therefore, the period when the
expression of the target gene is suppressed can be minimized by
culturing a host cell introduced with a nucleic acid encoding
nucleic acid-modifying enzyme complex generally at not more
than 30°C, raising the temperature to not less than 37°C at an
appropriate stage, performing culture for a given period to
carry out homologous recombination and, after introduction of
mutation into the target gene, rapidly lowering the temperature
to not more than 30°C. Thus, even when an essential gene for
the host cell is targeted, it can be efficiently edited while
suppressing the side effects.

When temperature sensitive mutation is utilized, for
example, a temperature sensitive mutant of a protein necessary
for autonomous replication of a vector is included in a vector
containing a DNA encoding the nucleic acid-modifying enzyme
complex of the present invention. As a result, autonomous
replication becomes impossible rapidly after expression of the
nucleic acid-modifying enzyme complex, and the vector naturally
falls off during the cell division. Examples of the
temperature sensitive mutant protein include, but are not
limited to, a temperature sensitive mutant of ReplOl ori
necessary for the replication of pSC101 ori. ReplOl ori (ts)
acts on pSC101 ori to enable autonomous replication of plasmid
at not more than 30°C (e.g., 28°C), but loses function at not
less than 37°C (e.g., 42°C), and plasmid cannot replicate
autonomously. Therefore, a combined use with cI repressor (ts)
of the above-mentioned Aphage simultaneously enables transient

expression of the nucleic acid-modifying enzyme complex of the
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present invention, and removal of the plasmid.
[0064]

In addition, a DNA encoding the nucleic acid-modifying
enzyme complex of the present invention is introduced into a
host cell under regulation of inducible promoter (e.g., lac
promoter (induced by IPIG), cspA promoter (induced by cold
shock), araBAD promoter (induced by arabinose) etc.), the
inducing substance is added to the medium (or removed from the
medium) at an appropriate stage to induce expression of the
nucleic acid—modifying‘enzyme complex, culture is performed for
a given period to carry out a nucleic acid modification
reaction and, introduction of mutation into the target gene,
transient expression of the nucleic acid-modifying enzyme
complex can be realized.

[0065]

The present invention is explained in the following by
feferring to Examples, which are not to be construed as
limitative.

[Example]
[0066]

<Cell line, culture, transformation, and expression induction

of budding yeast>

Budding yeast Saccharomyces cerevisiae BY4741 strain
(requiring leucine and uracil) was cultured in a standard YPDA
medium or SD medium with a Dropout composition meeting the
auxotrophicity. The culture was performed in static culture on
an agar plate or in agitating culture in a liquid medium
between 25°C and 30°C. Transformation was performed by a
lithium acetate method, and selection was made in SD medium
showing appropriate auxotrophicity. For expression induction
by galactose, after preculture overnight in an appropriate SD
medium, culture in SR medium overnight with carbon source
changed from 2% glucose to 2% raffinose, and further culture in
SGal medium for 3 hr to about two nights with carbon source

changed to 0.2% galactose were conducted for expression
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induction.

For the measurement of the number of surviving cells and
Canl mutation rate, a cell suspension was appropriately diluted,
and applied to SD plate medium and SD-Arg+60 mg/l Canavanine
plate medium or SD+300 mg/l Canavanine plate medium, and the
number of colonies that emerge 3 days later was counted as the
number of surviving cells. Using the number of surviving
colonies in SD plate as the total number of cells, and the
number of surviving colonies on Canavanine plate as the number
of resistant mutant strains, the mutation rate was calculated
and evaluated. The site of mutation was identified by
amplifying DNA fragments containing the target gene region of
each strain by a colony PCR method, followed by DNA sequencing
and an alignment analysis based on the sequence of
Saccharomyces Genome Database (http://www.yeastgenome.org/).
[0067]
<Cell line, culture, expression induction of animal ceil>

Cells from human fetal kidney (HEK293T cells) were
cultured in a DME-glutamax medium (Thermo Fisher Scientific)
added with 10 pg/mL puromycin (Life Technologies) and 10% fetal
bovine serum (FBS) (Biosera, Nuaille, France) under 37°C, 5%
CO, conditions. The cells were recovered using 5% trypsin.
HEK293T cells preserved in a deep freezer were dissolved in a
water bath at 37°C and seeded in a 75 T-flask at 5x10° cells.
After culturing for 1-3 days, the cells were recovered and

seeded in each well of a 24 well plate at 0.5x10° cells/well.

" After culturing for 1-3 days, 60-80% confluent cells in each

well were transfected with each 500 ng/well of the following
plasmid (effector plasmid and reporter plasmid) (total 1
ug/well), 200 nM donor DNA, 1.5 ul FugeneHD (Promega). The
donor DNA used in each Example is shown in Table 1. After
transfectién for 72 hr, the cells were recovered, and the
fluorescence of iRFP and EGFP was detected using FACS. The
recombinant efficiency (%) was calculated from the number of

detected cells by the following formula.
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[0069]

iRFP and GFP double positive

homologous cell number

recombination = x 100
rate (%) iRFP positive cell number

[0070]

<Nucleic acid manipulation>

DNA was processed or constructed by any of PCR method,
restriction enzyme treatment, ligation, Gibson Assembly method,
and artificial chemical synthesis. For plasmid, as a yeast-
Escherichia coli shuttle vector, pRS415 for leucine selection
and pRS426 for uracil selection were used as the backbone.
Plasmid was amplified by Escherichia coli line XL-10 gold or
DH5a, and introduced into yeast by the lithium acetate method.
[0071]
<Construction of budding yeast construct>

Sequences of homology arm, guide RNA, insertion sequence
and the like were designed by referring to yeast genome
database (https://www.yeastgenome.org/). Vector was
constructed according to the method described in Nishida K. et
al., Science 16:353(6305) (2016) doi: 10.1126/science.aaf8729.
1 x gRNA vector corresponds to a vector in which the 5871lst -
5890th base sequence of the sequence shown in SEQ ID NO: 15 is
substituted by a complementary sequence of L86 or M4 target
nucleotide sequence. 2 x gRNA vector corresponds to a vector
in which the 2638th — 2657th base sequence of the sequence
shown in SEQ ID NO: 16 is substituted by a complementary
sequence of a target nucleotide sequence of any of L86, L87,
188, 193 and R90, and the 6293rd - 6312nd base sequence of SEQ
ID NO: 16 is substituted by a complementary sequence of a
target nucleotide sequence of any of L87, R89, R90, RI91 and R92Z.
The above-mentioned target nucleotides are as follows.

186: CGAACAGAGTAAACCGAATC (SEQ ID NO: 17)

1.87: AGCACTATCAAGGCTAATAA (SEQ ID NO: 18)

1.88: GCGAACTTGAAGAATAACCA (SEQ ID NO: 19)
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R89: TCACCTAACTCAGACATTAT (SEQ ID NO: 20)

R90: TTGCTGATTCTATTTACAAA (SEQ ID NO: 21)

R91: GCAAACTCTATTCTTGGTGC (SEQ ID NO: 22)

R92: ACCAGAGTATCATCCATGTC (SEQ ID NO: 23)

193: AATTCGGACACTTTAGGGTT (SEQ ID NO: 24)

M4 : AGATATTATACCTGGACCCC (SEQ ID NO: 25)

[0072]
<Construction of animal cell construct>

The pcDNA3.1 vector backbone and the respective sequences
of CMV, PmCDAl, Cas9, H1l, sgRNA are derived from a paper by
Nishida et al. 2016. Each mutation was introduced by the PCR
method. EF1l, iRFP and mEGEP segmehts were generated by
artificial gene synthesis. The segments were inserted and
substituted by Gibson assembly or ligation reaction.

[0073]

The sequences of the produced vector SY4 (H1_sgRNA,
CMV_mEGFP) (reporter plasmid), vector SY45 (CMV_Cas9-PmCDAIT,
EFl iRFP) and vector SY45 (CMV_Cas9, EF1_iRFP) are respectively
shown in SEQ ID NOs: 42 - 44. Vector SY45 (CMV nCas9(D10A)-
PmCDAl, EF1 iRFP) corresponds to one in which the 770th - 772nd
bases of sequenée number 43 are substituted by gct. Vector
SY45 (CMV;nCas9(H84OA)—PmCDA1, EF1l iRFP) corresponds to one in
which the 3260th — 3262nd bases of sequence number 43 are
substituted by gct. Vector SY45 (CMV_dCas9-PmCDAl, EF1_iREFP)
corresponds to one in which the 770th — 772nd bases of sequence
number 43 are substituted by gct, and the 3260th — 3262nd bases
are substituted by gct. Vector SY45 (CMV _nCas9(D10A),

EF1l iRFP) corresponds to one in which the 3724th - 3726th bases
of sequence number 44 are substituted by gct. Vector SY45
(CMV_nCas9 (H840A), EF1_iRFP) corresponds to one in which the
6214th — 6216th bases of sequence number 44 are substituted by
gct. Vector SY45 (CMV_dCas9, EF1_iRFP) corresponds to one in
which the 3724th - 3726th bases of sequence number 44 are
substituted by gct, and the 6214th — 6216th bases are
substituted by gct.
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[0074]
<Sequencing of DNA in cell>

The iRFP-positive cells were separated by FACS, the
genomic DNA and the introduced plasmid DNA were extracted, and
the following samples were prepared and subjected to PCR under
the following conditions to amplify the targeted site.

sample preparation:

gDNA 1 pL
primer each 1 pL
rTag 10x Buffer 5 uL
25 mM MgCl, 3 uL
2 mM dNTP 5 uL
rTag (TOYOBO) - 0.5 uL
ddH,0 ' 33.5 pL
total 50 uL

PCR conditions: maintained at 94°C for 2 min, a cycle of 94°C
for 45 sec, 55°C for 45 sec and 72°C for 1 min 30 sec was
performed 33 times, and finally maintained at 72°C for 5 min.
As amplification primers, the following SY157 and SY182
were used. The size of the amplification product was 1554 bp.
SY157: TTCTGCTTGTCGGCCATGAT (SEQ ID NO: 47)
SY182: AGGCAAGGCTTGACCGACAATT (SEQ ID NO: 48)

The amplified product was cut out and purified using
Fastgene. Then, TA Cloning was performed with each purified
product using pGEM-t easy vector, and Escherichia coli (JM109)
was transformed with the vector. Then, 24 colonies were selected
from each sample (with blue-white selection), and the plasmid
DNA was purified by Mini prep (using Fastgene).

[0075]

Then, the following sequencing mixture was prepared and

outsourced to Genewiz to obtain sequence information.
each sample 2.5 uL
primer SY157 (10 pmol/uL) 2.5 uL
ddH,0 10 uL
total 15 uL
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Finally, the obtained sequence informatioh was aligned
using Snapgene.
[0076]

Example 1: Insertion of insertion sequence into targeted site

using dCas9-CDA or nCas9-CDA and donor DNA

‘ The budding yeast strain BY4741 was subjected to double
transformation with plasmid vector 1525 (in SEQ ID NO: 4,
6036th base is g, 6037th base is c) or 1526 (in SEQ ID NO: 4,
6036th base is c, 6037th base is a), and 1059 (SEQ ID NO: 5) or
1149 (corresponds to vector in which the 3890th — 3909th base
sequence of sequence SEQ ID NO: 5 is substituted by
TCCAATAACGGAATCCAACT (SEQ ID NO: 6)), and the .strain was
selected using auxotrophic medium (SD-Leu-Ura). The cells were
cultured overnight in S-Leu-Ura 2% raffinose medium. They were
diluted 1/32 in S-Leu-Ura 2% raffinose + 0.02% galactose medium
and cultured overnight at 30°C. They were spotted at 10-fold
dilution in SD-Ura-Leu and SD-Ura-Leu+Canavanine plate. Two
days later, Canavanine resistant colonies were subjected to
sequence analysis. As a result, insertion of the mutation into
the targeted site was confirmed (Fig. 2).

[0077]

Example 2: Construction of recombinant evaluation system

Plasmid vector 1548 (SEQ ID NO: 7) was treated with
SmaI/Hpal to produce a DNA fragment, BY4741 strain was
transformed with the fragment and selected in SD-Ura medium.
Sequence analysis confirmed integration into the Adel region.
[0078]

Example 3: Demonstration experiment of recombination reaction

using recombinant evaluation system

Either of the above-mentioned plasmid vectors was
transformed into a demonstration experiment strain and selected
using SD-Leu-Ura medium. The cells were cultured overnight in
S-Leu-Ura 2% raffinose medium. They were diluted 1/32 with S-
Leu 2% raffinose + 0.02% (or 0.2%) galactose médium, cultured

overnight at 30°C resulting in 5 generations. For generating
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20 generations, 1/32 dilution was repeated 4 times in total.
They were spotted on SD-Leu plate at 10-fold dilution, and two
days later, the number and color of the colonies were evaluated.
As a result, colonies with restored Adel function and white
appearance were frequently appeared, indicating that homologous
recombination was induced at the targeted site by the method of
the present invention (Fig. 4).

[0079]

Example 4: Demonstration experiment of knock-in or knock-out by

the present invention

The budding yeast strain BY4741 was double-transformed
with the plasmid vector 1251 (SEQ ID NO: 8) and the 2x gRNA
vector, and selected using an auxotrophic medium (SD-Leu-Ura).
The cells were cultured overnight in S-Leu-Ura 2% raffinose
medium. The cells were diluted 1/32 with S-Leu-Ura 2%
raffinose + 0.2% galactose medium and cultured overnight at
30°C. They were spotted at 10-fold dilution in SD-Ura-Leu and
SD-Ura-Leu (+Canavanine) plates. Two days later, Canavanine
resistance colony was subjected to sequence analysis. As a
result, knock-in was realized with high efficiency by the
method of the present invention (Fig. 6).

[0080]

Example 5: Demonstration experiment of recombinant reaction in

animal cell

Using a single-stranded oligo DNA (70 bases in length)
(Table 1) as a donor DNA, whether or not a recombination
reaction occurs in animal cells (HEK293T cells) was verified.
A schematic drawing of the experiment is shown in Fig. 7.
Vector SY4 (H1 sgRNA, CMV_mEGFP) was used as reporter plasmid
and vector SY45 (CMV_Cas9-PmCDAl, EF1_iRFP), vector SY45
(CMV_nCas9 (D10A) -PmCDA1, EF1 iRFP), vector SY45
(CMV_nCas9 (H840A) -PmCDAL, EF1l iRFP), vector SY45 (CMV_dCas9-
PmCDAl, EF1 iRFP), vector SY45 (CMV_Cas9, EF1 _iRFP), vector
SY45 (CMV_nCas9(D10A), EFl iRFP), vector SY45 (CMV_nCas9 (H840A),
EF1 iRFP) or vector SY45 (CMV_dCas9, EF1_iRFP) was used as an
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effector plasmid. When Fw2 or Fw3 is used as a donor DNA and
when homologous recombination is successfully performed, the
initiation codon is generated in the sequence encoding EGFEP,
resulting in the expression of EGFP. Fwl is a donor DNA
designed to prevent occurrence of an initiation codon in a
sequence encoding EGFP even when homologous recombination
occurs, and was used as a negative control. Fw3 is a
homologous arm of Fw2 in which one base is substituted (c—g),
and was used to verify whether homologous recombination occurs
even when'the homology arm is not completely homologous to the
adjacent region of the targeted site and whether mutations at a
plurality of different locations can be introduced.

[0081]

The results are shown in Fig. 8. It was shown that when
nCas9-pmCDAl was used, the homologous recombination efficiency
was higher than when nCas9 was used, and the homologous
recombination efficiency was equal to or higher than that when
Cas9 was used. In addition, significant homologous
recombination was observed even when dCas9-pmCDAl was used.
There was no significant difference in the homologous
recombination rate between when Fw2 was used as the donor DNA
and when Fw3 was used as the donor DNA.

[0082]

Example 6: Verification of influence of base number of donor

DNA, and kind of complementary strand (Forward (Fw) or Reverse

(Rv)) on homologous recombination reaction

Using a single-stranded oligo DNA (50 bases in length)
(Table 1) as a donor DNA, whether or not a recombination
reaction occurs in animal cells (HEK293T cells) was verified.

A schematic drawing of the experiment is shown in Fig. 9.
Vector SY4 (H1 sgRNA, CMV_mEGFP) was used as a reporter plasmid
and vector SY45 (CMV_nCas9(DlOA))—PmCDAl, EFl iRFP) or vector
SY45 (CMV_nCas9(H840A))-PmCDAl was used as an effector plasmid.
[0083] |

The results are shown in Fig. 10. It was shown that
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homologous recombination is possible even with a single-
stranded oligo DNA having 50 bases in length, homologous
recombination is possible with both complementary strands Fw
and Rv, and that homologous recombination is possible with both
versions of nCas9 of nCas9 (D10A) and nCas9 (H840A).

[0084]

Example 7: Verification of homology arm of donor DNA

Using a donor DNA having a homology arm for a different
homologous region (Table 1), variation in the efficiency of
homologous recombination reaction due to homologous region was
verified. A schematic drawing of the experiment is shown in
Fig. 11. Vector SY4 (Hl1 sgRNA, CMV_mEGFP) was used as a
reporter plasmid and vector SY45 (CMV_nCas9(D10A))-PmCDAl,

EFl iRFP) or vector SY45 (CMV_nCas9(H84OA))—PmCDAl was used as
an effector plasmid.
[0085]

The results are shown in Fig. 12. It was shown that the
efficiency of homologous recombination is improved by designing
donor DNA such that when the site where a nick is generated or
the deaminase site of PmCDAl in the homologous region is
considered as the center, the homology arm on the 3’-side of
the region would be longer than the homology arm on the 5’-side.
[0086]

Example 8: Verification of modification of DNA of mammalian

cell

Using the same gRNA and donor DNA as in the experiment
using Fw2 in Example 5, modification of DNA was verified. The
results are shown in the following Table 2. It was
demonstrated that when nCas9(D10A)-PmCDAl and nCas9 (H840A) -
PmCDA1 were used, the occurrence of Indel, a by-product, is
remarkably suppressed compared to the use of Cas9, that is,
cytotoxicity is reduced. The term “DNA” used in this Example
includes both genomic DNA and plasmid DNA.

[0087]
[Table 2]
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vector success/failure indel Substitution
nCas9 {D10A) 23/24 0/23 1/23
Cas9 22/24 5/22 0/22
nCas9 (D10A)-CDAl 23/24 1/23 0/23
nCas9 (H840A)-CDAL 22/24 0/22 3/22

Substitution in this study shows base substitution seen
in the target sequence of gRNA.

Mutation such as base substitutution C - T assumed to
have involvement in the action of CDAl is not found.

[0088]
From the above, when nCas9-CDA is used, the efficiency of
homologous recombination is at least as high as that using Cas9,
and it avoids generating Indel as a by-product and high
cytotoxicity that occurs when using Cas9. Therefore, a method
using nCas9-CDA can be more beneficial and useful than the
conventional method. Furthermore, nCas9-CDA can achieve higher
efficiency than nCas9 for the purpose of avoiding the above-
mentioned problem that occurs when using Cas?9.
[0089]

This application is based on Japanese Patent Applicatioh
No. 2018-059073 filed in Japan (filing date: March 26, 2018),
the contents of which are incorporated in full herein.
[Industrial Applicability]

[0090]

The present invention provides a novel DNA modification
technique using a nucleic acid base converting enzyme such as
deaminase and the like or DNA glycosylase, wherein the
technique is not limited by the type of mutation that can be
introduced or the site of mutation, can switch the direction
and combination of genes, and can knock-in gene segments.

Since the DNA modification technique of the present invention

can modify the targeted site without cleaving the double-

48



stranded DNA, unexpected rearrangement and toxicity
accompanying the cleavage are suppressed, and the targeted site
can be modified much more efficiently compared to the

conventional methods, it is extremely useful.

49



<110>
<120>

<130>

<150>
<151>

<160>
<170>

<210>
AN D2
212>
213>

<2207
221>
<222>
<223>

<400>

SEQUENCE LISTING
NATIONAL UNIVERSITY CORPORATION KOBE UNIVERSITY

Method for modifying a target site in a double stranded DNA of
cell

092857

JP 2018-059073
2018-03-26

48

PatentIn version 3.5

1

19

RNA

Francisella novicida

misc_structure
(1)..(19)
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<210>
AN D2
212>
213>

<2207
221>
<222>
<223>

<400>

2

83

DNA

Streptococcus pyogenes

misc_structure
(1).. (83)
tracrRNA

2

gttttagagc tagaaatagc aagttaaaat aaggctagtc cgttatcaac ttgaaaaagt 60

ggcaccgagt cggtgetttt ttt 83

<210>
AN D2
212>
213>

<2207
221>
<222>
<223>

3

83

DNA

Streptococcus pyogenes

misc_structure
(1).. (83)
tracrRNA



<400>

gttttagagc tagaaatagc aagttaaaat aaggctagtc cgttatcaac ttgaaaaagt

3

ggcaccgagt cggtggtget ttt

<210>
Q211>
212>
213>

<220>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
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<2207
221>
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<2207
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<222>
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<2207
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<223>

<2207
221>
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<2207
221>
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12344

DNA

Artificial Sequence

Plasmid Vector 1525 (dCas9/nCas9-CDA)

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

promoter
(610).. (714)
AmpR pro

rep_origin
(1746) .. (2334)
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promoter
(2852) .. (3516)
GALT, 10 promoter

misc_feature
(3068) .. (3185)
Gal4 UAS

gene
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dCas9 (D10A, H840A) /nCas9 (D10A)
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(3546) . . (3548)
D10A

mutation
(6036) .. (6038)
H840A or Wild Type

misc_feature

60
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<222> (7635).. (7655)
<223> SV40 NLS

220>

<221> misc_feature
222> (7686).. (7856)
<223> dead SH3
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<221> misc_feature
222> (7863).. (7928)
<223> 3xFLAG
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<222> (8589).. (8776)
<223> ADH1 terminator

220>

<221> misc_feature

<222> (8862).. (9209)
<223> CAN1(mut) fragment

220>

<221> mutation
<222> (8875).. (8875)
<223> Mutation 1

220>

<221> mutation
<222> (8911).. (8911)
<223> Mutation 2

<220>

<221> promoter

222> (10171).. (10575)

223> S. cerevisiae LEU2 LEU2 prom

<220>
<221> gene
<222> (10588).. (11682)

223> S. cerevisiae LEU2

<400> 4
gacgaaaggg ccteogtgata cgectatttt tataggttaa tgtcatgata

cttaggacgg atcgettgec tgtaacttac acgecgecctcg tatcttttaa
atttgggaat ttactctgtg tttatttatt tttatgtttt gtatttggat
aaataaagaa ggtagaagag ttacggaatg aagaaaaaaa aataaacaaa

atttcaacaa aaagcgtact ttacatatat atttattaga caagaaaagc
3

ataatggttt
tgatggaata
tttagaaagt
ggtttaaaaa

agattaaata

60
120
180
240
300



gatatacatt
tctacacaga
aaaggtagta
attttttett
atttaaatta
ggaaatgtge
ctcatgagac
attcaacatt
gctcacccag
ggttacatcg
cgttttccaa
£aCgccgeec
tactcaccag
gctgeccataa
ccgaaggage
tgggaacceg
gcaatggcaa
caacaattaa
cttcecggetg
atcattgcag
ggcagtoagg
attaagcatt
cttcattttt
atcccttaac
tcttecttgag
ctaccagegg
ggcttcagea
cacttcaaga

gctgetgeoca

cgattaacga
caagatgaaa
tttgttggeg
taatttecttt
taattatttt
gCggaaccce
aataaccctg
tccgtgteoge
aaacgetggt
aactggatct
tgatgagcac
aagagcaact
tcacagaaaa
ccatgagtga
taaccgettt
agctgaatga
caacgttgeg
tagactggat
getggtttat
cactggggec
caactatgga
ggtaactgte
aatttaaaag
gtgagttttc
atcctttttt
tggtttgttt
gagcgcagat
actctgtage
gtggcgataa

taagtaaaat
caattcggcea
atccccctag
ttttactttc
tatagcacgt
tatttgttta
ataaatgett
ccttattecce
gaaagtaaaa
caacageggt
ttttaaagtt
cggtegeoge
gcatcttacg
taacactgcg
ttttcacaac
agccatacca
caaactatta
ggaggeggat
tgctgataaa
agatggtaag
tgaacgaaat
agaccaagtt
gatctaggtg
gttccactga
tctgegegta
gccggatcaa
accaaatact
accgcctaca

gtegtgtott

gtaaaatcac
ttaatacctg
agtcttttac
tatttttaat
gatgaaaagg
tttttctaaa
caataatatt
ttttttgegg
gatgctgaag
aagatcottg
ctgetatgtg
atacactatt
gatggcatga
gccaacttac
atggggeatc
aacgacgage
actggcgaac
aaagttgcag
tctggagecg
cccteccegta
agacagatcg
tactcatata
aagatcecttt
gcgtcagacc
atctgetget
gagctaccaa
gtcctteotag

tacctcgeote

accgggttgg
4

aggatttteg
agagcaggaa
atcttcggaa
ttatatattt
acccaggtgg
tacattcaaa
gaaaaaggaa
cattttgect
atcagttggg
agagttttcg
gecgeggtatt
ctcagaatga
cagtaagaga
ttctgacaac
atgtaactcg
gtgacaccac
tacttactct
gaccacttet
gtgagegteg
tcgtagttat
ctgagatagg
tactttagat
ttgataatct
ccgtagaaaa
tgcaaacaaa
ctetttttec
tgtagccgta
tgctaateoct

actcaagacg

tgtgtggtet
gagcaagata
aacaaaaact
atattaaaaa
cacttttegg
tatgtatccg
gagtatgagt
tectgttttt
tgcacgagtg
ccccgaagaa
atcccgtatt
cttggttgag
attatgcagt
gatcggagga
ccttgateogt
gatgecctgta
agcttceoegg
gcgeteggece
gtctegeggt
ctacacgacg
tgcctcactg
tgatttaaaa
catgaccaaa
gatcaaagga
aaaaccaccg
gaaggtaact
gttaggccac
gttaccagtg
atagttaccg

360
420
480
940
600
660
120
180
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040



gataaggoge
acgacctaca
gaagggagaa
agggagette
tgacttgage
agcaacgegg
cctgegttat
gctcgeeogea
ccaatacgca
aggttteoccg
cattaggcac
agcggataac
aaccctcact
ggcagagecag
ggacgcaaag
acatatccat
gcctaaaaaa
tgaagtacgg
gtgcgteote
ctccgaacaa
agtaacctgg
atgcgattag
atctattaac
atttteggtt
atatacctct
ggctegetat
cgagcaaaaa
ttggegeoot

cacggcgeag

agoggtogeg
ccgaactgag
aggceggacag
cagggeeggaa
gtecgattttt
cctttttacg
cccctgatte
gccgaacgac
aaccgcectoet
actggaaagc
cccaggettt
aatttcacac
aaagggaaca
gtggagegtc
aagtttaata
atctaatctt
accttctett
attagaagcc
gtcttcaccg
taaagattct
ccccacaaac
ttttttagee
agatatataa
tgtattactt
atactttaac
cggcacaaac
attcaaagtt
cctgttegac

atatacccge

ctgaacgggg

atacctacag
gtatccggta
cgcctggtat
gtgatgetceg
gttcectggece
tgtggataac
cgagcgeage
ccccgegogt
gggoagtgag
acactttatg
aggaaacagc
aaagctggta
gaccatacta
atcatattac
acttatatgt
tggaacttte
gCCLagceee
gtcgegttece
acaatactag
cttcaaatga
ttatttetgg
atgcaaaaac
cttattcaaa
gtcaaggaga
agcgteggtt
ctgggcaata
tccggggaga

agaaagaatc

ggttegtgea
cgtgagecatt
agcggecagesg
ctttatagte
tcagggggec
ttttgetgge
cgtattaccg
gagtcagtga
tggccgatte
cgcaacgcaa
cttcecggeote
tatgaccatg
ccgggeecga
gtttcaaaaa
atggcattac
tgtggaaatg
agtaatacgc
tgacagccct
tgaaacgcag
cttttatggt
acgaatcaaa
ggtaattaat
tgcataacca
tgtaataaaa
aaaaacccat
gggccgtoat
ccgatcgecea
cggocgaage

ggatctgeota
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cacagcccag
gagaaagcge
tcggaacagg
ctgtegggtt
cgagcctatg
cttttgetea
cctttgagtg
gcgaggaage
attaatgcag
ttaatgtgag
gtatgttgtg
attacgccaa
attctctect
ttettacttt
caccatatac
taaagagccce
ttaactgete
ccgaaggaag
atgtgeotceg
tatgaagagg
ttaacaacca
cagcgaagceg
ctttaactaa
gtatcaacaa
ggacaagaag
tacggacgag
cagcataaag
cacgecggote

cctgcaggag

cttggagega
cacgctteoce
agagcgcacg
tcgccaccte
gaaaaacgcc
catgttettt
agctgatacc
ggaagagcgce
ctggcacgac
ttagctcact
tggaattgtg
gctcgaaatt
tctcttaggt
ttttttggat
atatccatat
cattatctta
attgctatat
actctecctec
cgccgeactg
aaaaattgge
taggatgata
atgatttttg
tactttcaac
aaaattgtta
tactccattg
tacaaggtge
aagaacctca
aaaagaacag

atctttagta

2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780



atgagatggce
aggaggataa
accatgaaaa
aggctgactt
tcctcateoga
tggttcagac
ccaaagcaat
agctccootgg
tgacccccaa
aagacaccta
accttttttt
tgaacacgga
accaccaaga
aggaaatttt
gccaggagega
agctgetggt
gaagcatccce
atttctaccc
taccctacta
aatcagaaga
cccagteott
ttcctaaaca
aatacgtcac
tcgtggacct
atttcaaaaa
acgcatcoct
acaatgagga
atagggagat

tgaaacagct

taaggtggat
aaagcacgag
gtacccaacc
geggttgate
gggggacctg
ttacaatcag
cctgageget
ggagaagaag
ctttaaatct
cgatgatgat
ggcggcaaag
gatcaccaaa
cttgactttg
cttcgatcag
attttacaaa
aaagcttaac
ccaccagatt
ctttttgaaa
tgtaggeccce
gaccatcact
catcgaaagg
ctctetgetg
agaagggatg
cctecttcaag
gattgaatgt
gggaacgtat
gaacgaggac
gattgaagaa

caagaggege

gactctttet
cgccacccaa
atatatcatc
tatctcgeoge
aacccagaca
cttttcgaag
aggctgteoca
aacggeotgt
aacttcgacc
ctcgacaatc
aacctgtcag
gctcecgetga
ctgaaggecce
tctaaaaatg
tttattaage
agagaagatc
cacctgggcg
gataacaggg
ctcgecoggg
ccctggaact
atgactaact
tacgagtact
agaaagccag
acgaaccgga
ttcgactctg
cacgatctcc
attcttgagg
cgcttgaaaa

cgatatacag

tccatagget
tctttggcaa
tgaggaagaa
tggcgeatat
acagcgatgt
agaacccgat
aatccoggeg
ttggtaatet
tggccgaaga
tgctggecca
acgccattet
gcgetagtat
ttgtcagaca
gctacgeegg
ccatcttgga
tgttgegeaa
aactgcacgce
aaaagattga
gaaattccag
tcgaggaagt
ttgataaaaa
tcacagttta
cattcctgte
aagttaccgt
ttgaaatcag
tgaaaatcat
acattgtect

cttacgctca

gatgggggceg
6

ggaggagtce
tatcgtggac
gecttgtagac
gatcaaattt
cgacaaactc
caacgcatcc
gctcgaaaac
tatcgcoctg
tgccaageott
gatcggegac
gctgagtgat
gatcaagegce
gcaactgect
atacattgac
aaaaatggac
acagcgcact
tatcctcagg
gaaaatccte
attcgegtgg
cgtggataag
tctgectaac
taacgagctc
tggagagcag
gaaacagctc
cggagtggag
taaagacaag
cacccttacg
tctettegac
gctgtcaaga

tttttggteg
gaggtggegt
agtactgata
cggggacact
tttatccaac
ggagttgacg
ctcatcgecac
tcactcggge
caactgagca
cagtacgcag
attctgegag
tatgatgage
gagaagtaca
ggcggageaa
ggcaccgageg
ttcgacaatg
cggcaagageg
acatttcgga
atgactcgea
ggggectety
gaaaaggtge
accaaggtca
aagaaagcta
aaagaagact
gatcgcttea
gacttcotgg
ttgtttgaag
gacaaagtca

aaactgatca

3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
9460
9520



atgggatccg
ttgccaaccg
tccagaaagce
caggtageccce
tcaaagtaat
aaactaccca
taaaagaact
atgagaagct
tggacatcaa
aagatgattc
ataacgtccce
acgccaaact
tgtctgagtt
ccaagcacgt
aactgattcg
aggactttca
acctgaatgce
ttgtttacgg
aaataggcaa
ccgagattac
aaacaggaga
ccatgeccgea
aaagtatcct
ccaagaaata
aagtggagaa
tcatggagceg
aagaggtcaa
acggccggaa

tgccctcetaa

agacaagcag
gaacttcatg
acaagtttet
agctatcaaa
gggaaggeat

gaagggacag
ggggtcccaa

ctacctgtac
tcggetetece
tattgataat
ctcagaagaa
gatcacacaa
ggataaagcc
ggcccaaatt
agaggtgaaa
gttttataag
agtggtagge
agactataaa
ggccaccget
actggccaat
aatcgtgtgg
ggtgaacatc
cccgaaaagg
cggeggatte
agggaagtet
atcaagcttc
aaaagacctc
acgaatgete

atacgttaat

agtggaaaga
cagttgatcc
g8ccageees
aagggaatac
aagcccgaga
aagaacagta
atccttaagg
tacctgcaga
gactacgacg
aaagtgttga
gttgtcaaga
cggaagttcg
ggcttcatea
ctcgattecac
gttattacte
gtgagagaga
actgcactta
gtgtacgatg
aagtacttoet
ggagagattc
gacaagggta
gttaaaaaga
aacagcgaca
gattctccta
aaaaaactca
gaaaaaaacc
atcattaagc
gctagtgegg
ttcttgtate

caatcctgga
atgatgactc
acagtcttca
tgcagacogt
atatcgttat
gggaaaggat
aacacccagt
acggcaggega
tggatsmtat
caagatccga
aaatgaaaaa
ataatctgac
aaaggcagoet
gcatgaacac
tgaagtctaa
tcaacaatta
tcaaaaaata
ttaggaaaat
tttacagcaa
ggaagecgace
gggatttoge
ccgaagtaca
agctgatoge
cagtcgetta
aaagcgtcaa
ccatcgactt
ttcccaagta
gcgagetgea

tggccagecea
Ji

ttttcttaag
tctcaccttt
cgagcacatc
taaggteogtg
cgagatggec
gaagaggatt
tgaaaacacc
catgtacgtg
cgtgeccccag
taaaaataga
ttattggegg
taaggctgaa
tgttgagaca
caagtacgat
gctggteotea
ccaccatgceg
tcccaagett
gatcgcaaag
tattatgaat
acttatcgaa
gacagtocgg
gaccggageco
acgcaaaaaa
cagtgtactg
ggaactgetg
tctcgaggeg
ctctetettt
gaaaggtaac

ctatgaaaag

tccgatggat
aaggaggaca
gctaatottg
gatgaactcg
cgagagaacc
gaagagggta
cagcttcaga
gatcaggaac
tettttcteca
gggaagagtg
cagctgetga
cgaggtggece
cgccagatcea
gaaaatgaca
gatttcagaa
catgatgect
gaatctgaat
tctgagcagg
tttttcaaga
acaaacggag
aaggtcotgt
ttctccaagg
gattgggacc
gttgtggeoca
ggcatcacaa
aaaggatata
gagcttgaaa
gagctggeoac
ctcaaagggt

9580
9640
5700
5760
9820
5880
9940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
1020
7080
1140
1200
1260



ctcccgaaga
agatcatcga
ataaggtget
acattatcca
acaccaccat
ttcatcagte
acagcagggc
gttctgcaga
cctttaagaa
cagaggacag
gagactataa
acgataagtc
acacgtttaa
tctttgaatt
aaccacagag
aagaatacct
cttgtgcaga
gccacacttt
ttgggctgty
accaatgttg
ggcttgagaa
aggtaaaaat
cctaataage
taagtgtata
gtaactettt
accacacctc
cctcaagacc
ccaggtgeoct
tgggtttoct

taatgagcag
gcaaataagc
ttctgettac
cttgtttact
agacagaaag
aattacgggg
tgaccccaag
gtatgtgeeg
aggagacatc
cgaaggaaag
ggaccacgac
taggatgacc
gaaacagttt
aaaacgacgg
cgggacagaa
gcgogacaac
ttgcgetgaa
gaaaatctgg
gaacctcaga
caggaaaata
gactttgaag
actccacacc
gaatttctta
caaattttaa
cctgtaggte
taccggeoatg
cgtttagagg
ggggtccagg
ctttgattaa

aagcagetgt
gaattctcca
aataagcaca
ctgaccaact
cggtacacct
ctctatgaaa
aagaagagga
geccctotttg
ctgagaatcc
agggggatga
ggagactaca
gacgctgagt
ttcaacaaca
ggtgaacgta
cgtggeatte
cccggacaat
aagatcttag
gcttgcaaac
gataacggeg
ttcatccaat
cgagctgaaa
actaagagtc
tgatttatga
agtgacteott
aggttgettt
ccgagcaaat
ccccaaggeg
tataatatct

cgctgeeotte

tcgtggaaca
aaagagtgat
gggataagece
tgggegegece
ctacaaagga
caagaatcga
aggtegeteg
actttaatgg
gggataagec
ttcttgteoce
aggatcatga
acgtgagaat
aaaaatcogt
gagegtgttt
acgccgaaat
tcacgataaa
aatggtataa
tctattacga
ttgggttgaa
cgtcgcacaa
aacgacggag
ctgetgttte
tttttattat
aggttttaaa
ctcaggtata
gcctgecaaat
ttatgctatg
taggataaaa

acatttcaag
8

acacaaacac
cctcgecgac
catcagggag
tgcagecette
ggtcctggac
cctectetcag
aggaggttet
gaatgatgaa
tgaagagcag
ttacgtggag
tattgattac
ccatgagaag
gtcgecataga
ttggggetat
ctttagecatt
ttggtactca
ccaggagctg
gaaaaatgcg
tgtaatggta
tcaattgaat
cgagttgtec
tagaggectcce
taaataagtt
acgaaaattc
gcatgaggte
cgcteccoggg
cattccgtta
acgaagggag
gtactgaact

taccttgatg
gctaacctceg
caggcagaaa
aagtacttcg
gccacactga
cteggtggag
ggaggtggag
gaagatctte
tggtggaaty
aagtattccg
aaagacgatg
ttggacatct
tgctacgtte
gctgtgaata
agaaaagtcg
tcctggagte
cggeggaaceg
aggaatcaaa
agtgaacact
gagaatagat
attatgattec
ggataaggat
ataaaaaaaa
ttattcttga
gctettattg
caaaaaaccc
ttggtgaaac
gttcttaggt

agttggtate

1320
1380
1440
1500
1560
1620
1680
11740
1800
1860
1920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
8820
8880
8940
9000



actgetggtg
ttccgtatet
aatgacccta
attgagaact
tcgtattaca
acccaactta
gcecgeacey
ccctgtageg
cttgccageg
geccggettte
ttacggcacc
ccctgataga
ttgttccaaa
attttgeeoga
aattttaaca
tgtgeggtat
ctaatattat
ttcaaaatca
ggataattat
cctgattcaa
gcaagagttc
ggggogotat
cgcctgacge
cggaaccgec
acttgaagtt
cgtettactt
ggatatacca
ggtgaccacg
gatgttegtt

aagctgcaaa
taaccttcta
aactaacaca
ctggtacaaa
attcactgge
atcgccttge
atcgccectte
gcgecattaag
ccctagegece
cccgtcaage
tcgaccccaa
cggttttteg
ctggaacaac
tttcggecta
aaatattaac
ttcacaccge
tgccttatta
attgtceotgt
actctatttc
gaaatatett
gaatctctta
cgcacagaat
atataccttt
ttttcatata
gacaatatta
tctaactttt
ttctaatgte
ttggtcaaga

ccaatgtcaa

ccccagaaaa
cattggetet
atctacttcc
gottttgecg
cgtegtttta
agcacatccce
ccaacagttg
cgoggeogegt
cgctecttte
tctaaatcgg
aaaacttgat
ccctttgacg
actcaaccct
ttggttaaaa
gtttacaatt
atatcgaccc
aaaatggaat
acttccttgt
tcaacaagta
gaccgcagtt
gcaaccatta
caaattcgat
ttcaactgaa
gaatagagaa
tttaaggacc
cttacctttt
tgcccctatg
aatcacagcc

gttcgattte

tccgttccaa
ctattattca
tacgtttcta
cggtggaget
caacgtogtg
cccttegeocea
cgcagectga
gtggtgetta
getttettee
gggctceott
tagggtgatg
ttggagtcca
atctecggtet
aatgagctga
tcctgatgeg
tcgaggagaa
cggaacaatt
tcatgtgtgt
attggttgtt
aactgtggga
tttttttect
gactggaaat
aaattgggag
gecgttcatga
tattgttttt
acatttcage
tctgecccta
gaagccatta

gaaaatcatt
9

gagccatcaa
ttggactttt
cttetecctt
ccaattecgec
actgggaaaa
gctggegtaa
atggcgaatg
cgcgeagogt
cttectttet
tagggttecg
gttcacgtag
cgttectttaa
attcttttga
tttaacaaaa
gtattttete
cttctagtat
acatcaaaat
tcaaaaacgt
tggccgageg
atactcaggt
caacataacg
tttttgttaa
aaaaaggaaa
ctaaatgett
tccaataggt
aatatatata
agaagatogt
aggttcttaa
taattggtgg

aaaagttgtt
agttccatac
tattattget
ctatagtgag
ccctggegtt
tagcgaagag
gecgegacgesg
gaccgctaca
cgccacgtte
atttagtget
tgggeccateg
tagtggactc
tttataaggg
atttaacgcg
cttacgcate
atccacatac
ccacattctc
tatatttata
gtctaaggceg
atcgtaagat
agaacacaca
tttcagaggt
ggtgagaggc
gcatcacaat
ggttagcaat
tatatttcaa
cgttttgecca
agctatttet

tgctgetate

9060
9120
9180
9240
9300
9360
9420
9480
9540
9600
9660
9720
9780
9840
9900
9960
10020
10080
10140
10200
10260
10320
10380
10440
10500
10560
10620
10680
10740



gatgctacag
gttttgttag
ggtttactaa
gcatccgact
ttecgttgtteg
getgatggty
agaatggecg
aaagctaatg
aacgaattcc
gttaagaacc
atctccgatg
gocctetttge
ccagatttge
ttgaaattgt
gttttggatg
ggtgatgetg
tgatatttgt
aatggaatat
aaggagaaaa
cgtgataagg
caaaaagtta
ttttctctaa
tggagtttaa
attttactct
ctgctetgat
ctgacgggct
ctgcatgtgt

<210> 5
211> 6274

gtgtcccact
gtgotgtgeg
aaatccgtaa
ctcttttaga
tcagagaatt
tcgettggga
ctttcatgge
ttttggeote
ctacattgaa
caacccacct
aagccteogt
cagacaagaa
caaagaataa
cattgaactt
caggtatcag
tcgccgaaga
acataaactt
gttcataggg
aggaggatag
aaaaagaatt
ggtgtaacag
aaaaaaaaaa
gtcaatacct
gtcagaaacg
gccgecatagt
tgtctgetece
cagaggtttt

tccagatgag
tggtcctaaa
agaacttcaa
cttatctcca
agtgggaggt
tagtgaacaa
cctacaacat
ttcaagatta
ggttcaacat
aaatggtatt
tatcccaggt
caccgcattt
ggttgaccct
gcctgaagaa
aactggtgat
agttaagaaa
tataaatgaa
tagacgaaac
taaaggaata
gcactttaac
aaaatcatga
atacaacaaa
tcttgaacca
gccttacgac
taagccagcce
cggcatcoge

caccgtecate

gcgetggaag
tgggetaceg
ttgtacgeca
atcaagccac
atttactttg
tacaccgtte
gagccaccat
tggagaaaaa
caattgattg
ataatcacca
tccttgggtt
gogtttgtacg
atcgccacta
ggtaaggeoca
ttaggtggtt
atccttgett
attcataata
tatatacgca
caggtaagca
attaatattg
aactacgatt
taaaaaacac
tttcccataa
gtagtcgata
cCcgacacceg
ttacagacaa

accgaaacgc

10

cctccaagaa
gtagtgttag
acttaagacc
aatttgctaa
gtaagagaaa
cagaagtgcea
tgcotatttg
ctgtggagea
attctgeoge
gcaacatgtt
tgttgccate
aaccatgcca
tcttgtetge
ttgaagatge
ccaacagtac
aaaaagattc
gaaacgacac
atctacatac
aattgatact
acaaggagga
cctaatttga
tcaatgacct
tggtgaaagt
tggtgcacte
ccaacacccg
gectgtgaccg

gecga

ggttgatgece
acctgaacaa
atgtaacttt
aggtactgac
ggaagacgat
aagaatcaca
gtccttggat
aaccatcaag
catgatccta
tggtgatate
tgcgtoottg
cggttetget
tgcaatgatg
agttaaaaag
caccgaagtc
tottttttta
gaaattacaa
atttatcaag
aatggctcaa
gggeaccaca
tattggagga
gaccatttga
tccctcaaga
tcagtacaat
ctgacgegece

tctcecgggag

10800
10860
10920
10980
11040
11100
11160
11220
11280
11340
11400
11460
11520
11580
11640
11700
11760
11820
11880
11940
12000
12060
12120
12180
12240
12300
12344



<212> DNA
<213> Artificial Sequence

<220>
<223> Plasmid Vector 1059 (Can1-7R)

<220>

<221> rep_origin
222> (69).. (1411)
223> 2 micro ori

<220>

<221> promoter
222> (1438).. (1542)
<223> AmpR promoter

<220>
<221> gene
222> (1543).. (2403)

<220>

<221> rep_origin
222> (2574).. (3162)
223> ori

<220>

<221> promoter

222> (3621).. (3889)
<223> SNR52 promoter

220>

<221> misc_feature
<222> (3890).. (3909)
<223> Gan1-7R

220>

<221> misc_structure
222> (3910).. (3992)
<223> tracrRNA

220>

<221> terminator
<222> (3995).. (4008)
<223> Sup4 term

220>

<221> terminator
<222> (4014).. (4261)
<223> CGYC1 terminator

<220>

<221> promoter
222> (4280).. (4298)
223> TI promoter

<220>
<221> rep_origin



<222>
<223>

<2207
221>
<222>
<223>
<2207
221>
<222>
<223>

<400> 5
gacgaaaggg

cttagtatga
aggagtggoea
catggaatgg
gcatataagt
tatacaggca
gegttgeatt
cctattctet
gacgcacttt
ataccgette
ccctatataa
acatttttta
ttcatagagt
agacaaaata
actttetgtt
ttatcttgaa
caggettttt
acctacagtg
gtaatctaag
aaagaagtat
aaaatgcagce

acaaaaatga

gene
(5055) . . (5858)
URA3

(4469) . . (4924)
1 ori

promoter
(5859) .. (6074)
URA3 promoter

cctcgtgata
tccaatatca
gcatatagaa
gataatatca
acgcatttaa
acacgcagat
ttcggaageg
agaaagtata
caaaaaacca
cacaaacatt
cctacccatce
tgtttatecte
gaatcgaaaa
gaagaaaccg
cacaaagtat
aaaatgcacc
ttatggaaga
caaaaagtta
atgetttgtt
agattotttg
tcagatteott

agcacagatt

cgecctatttt
aaggaaatga
cagctaaagg
caggaggtac
gcataaacac
ataggtgega
ctegtttteg
ggaacttcag
aaaacgcacc
gctcaaaagt
caccttteoge
tagtattact
caatacgaaa
ttcataattt
gcgcaateccea
cgcagetteg
gaaaatagac
tcaagagact
agaaaaatag
ttggtaaaat
tgtttgaaaa
cttegttggt

tataggttaa
tagcattgaa
gtagtgetga
tagactacct
gcactatgec
cgtgaacagt
gaaacgettt
agcgettttg
ggactgtaac
atctectttge
tccttgaact
ctttagacaa
atgtaaacat
tctgaccaat
catcggtata
ctagtaatca
accaaagtag
gcattataga
cgctetoggg
agcgetoteg
attagcgete

aaaatagocgce

12

tgtcatgata
ggatgagact
aggaagcata
ttcatcctac
gttcttctea
gagctgtatg
gaagttccta
aaaaccaaaa
gagctactaa
tatatatctc
tgcatctaaa
aaaaattgta
ttcctatacg
gaagaatcat
gaatataatc
gtaaacgegg
ccttettcta
gcgeacaaag
atgcattttt
cgttgeattt
tcgegttgea
tttcgegtteg

ataatggttt
aatccaattg
cgataccccg
ataaatagac
tgtatatata
tgcgeagetce
ttccgaagtt
gcgetetgaa
aatattgega
tgtgectatat
ctcgacctet
gtaagaacta
tagtatatag
caacgctate
ggggatgeot
gaagtggagt
accttaacgg
gagaaaaaaa
gtagaacaaa
ctgttetgta
tttttgtttt
catttetgtt

60
120
180
240
300
360
420
480
940
600
660
120
180
840
900
960

1020
1080
1140
1200
1260
1320



ctgtaaaaat
gttctacaaa
ggaaccccta
taaccctgat
cgtgtegeoee
acgctggtga
ctggatctea
atgagcactt
gagcaactcg
acagaaaagc
atgagtgata
accgettttt
ctgaatgaag
acgttgegea
gactggateg
tggtttattg
ctggggccag
actatggatg
taactgtcag
tttaaaagga
gagttttogt
cettttttte
gtttgtttge
gcgcagatac
tctgtagecac
ggcgataagt
cggtogggot
gaactgagat

gcggacaggt

gcagctcaga
atgaagcaca
tttgtttatt
aaatgcttcea
ttattccctt
aagtaaaaga
acagcggtaa
ttaaagttet
gtcgecgeoat
atcttacgga
acactgegge
tgcacaacat
ccataccaaa
aactattaac
aggcggataa
ctgataaatc
atggtaagcc
aacgaaatag
accaagttta
tctaggtgaa
tccactgage
tgcgegtaat
cggatcaaga
caaatactgt
cgcctacata
cgtgtettac
gaacggeees
acctacagcg

atccggtaag

ttetttgttt
gatgecttogt
tttctaaata
ataatattga
ttttgeggea
tgctgaagat
gatccttgag
goctatgtgge
acactattct
tggcatgaca
caacttactt
gggeggatcat
cgacgagogt
tggcgaacta
agttgcagga
tggagecggt
ctccecgtate
acagatcget
ctcatatata
gatcottttt
gtcagaccce
ctgetgeottg
gctaccaact
ccttctagtg
cctegetetg
cgggttggac
ttcgtgcaca
tgagctatga

cggcagggte

gaaaaattag
tcaggtggea
cattcaaata
aaaaggaaga
ttttgectte
cagttgggty
agttttegece
gecggtattat
cagaatgact
gtaagagaat
ctgacaacga
gtaactcgece
gacaccacga
cttactctag
ccacttetge
gagegtgget
gtagttatet
gagataggtg
ctttagattg
gataatctca
gtagaaaaga
caaacaaaaa
ctttttceoga
tagccgtagt
ctaatcctgt
tcaagacgat
cagcccaget
gaaagcgcca

ggaacaggag

13

cgcteteogeg
cttttegggse
tgtatcecget
gtatgagtat
ctgtttttge
cacgagtgeg
ccgaagaacg
cccgtattga
tggttgagta
tatgcagtge
tcggaggacce
ttgatecgttg
tgcctgtage
cttccecggea
gcteggeoot
ctcgeggtat
acacgacggg
cctcactgat
atttaaaact
tgaccaaaat
tcaaaggatc
aaccaccget
aggtaactgg
taggccacca
taccagtggc
agttaccgga
tggagcgaac
cgctteeeoga

agcgeacgag

ttgecattttt
aaatgtgege
catgagacaa
tcaacatttc
tcacccagaa
ttacatcgaa
ttttccaatg
cgcogggeaa
ctcaccagtc
tgccataacc
gaaggagota
ggaaccggag
aatggcaaca
acaattaata
tceggeotggce
cattgcagca
gagtcaggcea
taagcattgg
tcatttttaa
cccttaacgt
ttcttgagat
accagcggtg
cttcagcaga
cttcaagaac
tgctgecagt
taaggcgcag
gacctacacc
agggagaaag
ggagcttcca

1380
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
2940
3000
3060



gggggaaacg
cgatttttgt

tttttacggt
cctgattectg
cgaacgaccg
ccgectetece
tggaaagogg
caggctttac
tttcacacag
agggaacaaa
ttatacagaa
agtacaactc
acaccctaca
gecgeatgttt
tattataccg
tgaaaaagtg
attagttatg
aggagttaga
aagaacgtta
taacattata
cggcecggtac
ttacaacgtc
cccccttteg
ttgcgecagece
getgtegteg
ttcgetttet
cgggggetoc

gattagggtg
acgttggagt

cctggtatet
gatgctegte
tcctggeott
tggataaccg
agcgcagega
ccgegegttg
geagtgageg
actttatget
gaaacagcta
agctggaget
acttgatgtt
tagattttgt
atgttetgtt
cggegttoga
ttttagaget
gcaccgagte
tcacgcttac
caacctgaag
tttatatttc
ctgaaaacct
ccaattecgece
gtgactggga
ccagctggeg
tgaatggega
ttacgcgcag
tcccttectt
ctttagggtt
atggttcacg
ccacgtteott

ttatagtecct
ageeegeeces
ttgetggeoct
tattaccgece
gtcagtgage
gccgatteat
caacgcaatt
tccggetoct
tgaccatgat
tctttgaaaa
ttctttegag
agtgccctoet
caaaagattt
aacttctccg
agaaatagca
getggtectt
gttcacgece
tctaggtecce
aaatttttet
tgcttgagaa
ctatagtgag
aaaccctgge
taatagcgaa
atggecgcgac
cgtgaccget
tctecgecacg
ccgatttagt
tagtgggcca
taatagtgga

gtecgggttte
agcctatgga
tttgctcaca
tttgagtgag
gaggaageces
taatgcaget
aatgtgagtt
atgttgtgtg
tacgccaage
gataatgtat
tatatacaag
tgggctageg
tggtcaaacg
cagtgaaaga
agttaaaata
tttttgtttt
tccccccaca
tatttatttt
tttttttete
ggttttegea
tcgtattacg
gttacccaac
gaggeccgea
gcgecctgta
acacttgecca
ttecgecgget
gectttacgge
tcgecctgat
ctettgttece

14

gccacctetg
aaaacgccag
tgttetttee
ctgataccge
aagagegece
ggecacgacag
acctcactca
gaattgtgag
gcgcaattaa
gattatgett
gtgattacat
gtaaaggtge
ctgtagaagt
taaatgatct
aggctagtec
ttatgtectte
tccgetctaa
tttatagtta
tacagacgcg
cgctcgaagg
cgcgeteoact
ttaatcgect
ccgatcgece
gcggegeatt
gcgecctage
ttccecegtea
acctcgacce
agacggtttt

aaactggaac

acttgagegt
caacgegece
tgcgttatece
tcgeccgeage
aatacgcaaa
gtttcccgac
ttaggcacce
cggataacaa
ccctcactaa
tcactcatat
gtacgtttga
geatttttte
gaaagttggt
tatccttaga
gttatcaact
gagtcatgta
ccgaaaagga
tgttagtatt
tgtacgcatg
ctttaatttg
ggccgtogtt
tgcagcacat
ttcccaacag
aagegegecse
gcccgetoot
agctctaaat
caaaaaactt
tcgecotttg

aacactcaac

3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800



cctatctegg
aaaaatgagc
atttcctgat
aataactgat
tataatacag
tttctgtaac
acaataataa
aatgegteote
tcatctctte
ttcgecaatgt
aattctgecta
aaaccgctaa
gectattetgt
tttectgtott
gtgcccteocea
ggacctaatg
cacaagtttg
tgagtagcag
gtttttgtte
catatgegta
gagattaccg
aatgatgaat
gccgecatagt
tgtctgetece
cagaggtttt
<210> 6
211> 20
<212> DNA
213>

<400> 6
tccaataacg

tetattettt
tgatttaaca
geggtatttt
ataattaaat
ttttttagtt
gttcacccte
tgtcagatcce
ccttgteate
cacccatgte
caacagtacc
acatcaaaag
caatacctgg
atacaccocgce
cgaagagtaa
tggaaaaatc
cttcaactaa
tttgetttte
cacgttecott
tgtgcagttg
tatataccaa
aatcaaaaaa
tgaattgaaa
taagccagcce
cggcatcoge

caccgtecate

gaatccaact

tgatttataa
aaaatttaac
ctccttacge
tgaagctcta
ttgetggecg
taccttagca
tgtagagacc
taaacccaca
tctttgagea
cttagtatat
gccteotaggt
gcccaccaca
agagtactge
aaaattgtac
agtcaagata
ctccagtaat
gtgcatgata
atatgtaget
ggttaagaat
tctaagtctg
atttcaagga
agctgtggta
cCcgacacceg
ttacagacaa

accgaaacgc

Saccharomyces cerevisiae

gggattttge
gcgaatttta
atctgtgegg
atttgtgagt
catcttctca
tcccttecct
acatcatcca
ccgggtgtea
ataaagccga
tctccagtag
tcctttgtta
ccgtgtgeoat
aatttgactg
ttggeggata
tccacatgtg
tccttggteg
ttaaataget
ttcgacatga
actgggcaat
tgctecttee
aaccgaaatc
tggtgcacte
cCcaacacccg
gctgtgaccg

gecga

15

cgatttegge
acaaaatatt
tatttcacac
ttagtataca
aatatgette
ttgcaaatag
cggttctata
taatcaacca
taacaaaatc
atagggagcc
cttcttetge
tcgtaatgte
tattaccaat
atgcctttag
tttttagtaa
tacgaacatc
tggcagcaac
tttatcttcg
ttcatgttte
ttecgttette
aaaaaaaaga
tcagtacaat
ctgacgegece

tctcecgggag

ctattggtta
aacgtttaca
cgcatagggt
tgcatttact
ccagecctget
tcctetteca
ctgttgacce
atcgtaacct
tttgtegeote
cttgcatgac
cgectgette
tgcccattet
gtcagcaaat
cggcttaact
acaaattttg
caatgaagca
aggactagga
tttcctgcag
ttcaacacta
cttetgtteg
ataaaaaaaa
ctgctetgat
ctgacggget
ctgcatgtgt

4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
9460
9520
9580
9640
5700
5760
9820
5880
9940
6000
6060
6120
6180
6240
6274

20



210> 7

<211> 3648

<212> DNA

<213> Artificial Sequence

220>
<223> Plasmid Vector 1548

<220>

<221> promoter
222> (1)..(8)
<223> AmpR promoter

<220>

<221> misc_feature
222> (97).. (182)

<223> adel pro homology

<220>

<221> gene

222> (288)..(1091)
<223> URA3

<220>

<221> promoter
222> (1092).. (1307)
<223> URA3 promoter

<220>

<221> misc_feature

<222> (1359).. (1538)

<223> URA3 switch homology

<220>

<221> misc_feature

222> (1544).. (1633)

<223> Ade ORF start homology

<220>

<221> rep_origin
222> (1932).. (2520)
223> ori

<220>

<221> gene

222> (2691).. (3551)
<223> AmpR

<220>

<221> promoter
222> (3552).. (3648)
<223> AmpR promoter

<400> 7
gttccgogea catttccccg aaaagtgeca cctgacgtect aagaaaccat tattatcatg 60

16



acattaacct
ctattaagaa
cgcatctgtg
ctaatttgtg
ccgecatette
gcatccectte
accacatcat
acaccgggtg
gcaataaagc
tattctccag
gogttecotttg
acaccgtgtg
tgcaatttga
tacttggegg
atatccacat
aattcottgg
atattaaata
gctttcgaca
aatactggge
ctgtgeteoct
agaaaccgaa
gtatggtgea
tatccgccaa
cagtcaaatt
atgcacacgg
aactggacgg
acgctggtac
aacctgtogt
attgggcget

ataaaaatag
caatcgaatc
cggtatttea
agtttagtat
tcaaatatge
cctttgcaaa
ccacggttet
tcataatcaa
cgataacaaa
tagataggga
ttacttcttc
cattcgtaat
ctgtattacc
ataatgcott
gtgtttttag
tggtacgaac
gecttggeage
tgatttatet
aatttcatgt
tccttegtte
atcaaaaaaa
ctctcagtac
gtacaatttt
gcagtactoet
tgtggtegec
tatattgecca
gttaactcac
gccagetgea

cttcecgette

gcgtatcacg
ataagcattg
caccgcatag
acatgcattt
ttcccagect
tagtcctott
atactgttga
ccaatcgtaa
atctttgtceg
gecccttgeoat
tgccgeetge
gtctgececat
aatgtcagca
tagcggetta
taaacaaatt
atccaatgaa
aacaggacta
tecgttteoctg
ttcttcaaca
ttccttotgt
agaataaaaa
aatctgetoet
ttactcttcg
gogggtetat
ccaggtattg
ttggtggcca
attaattgcg
ttaatgaatc

ctcgetecact

aggcccgggt

cttacaaaga
ggtaataact
acttataata
goettttotgt
ccaacaataa
cccaatgegt
ccttecatcte
ctcttcgecaa
gacaattctg
ttcaaaccgce
tctgetatte
aattttetgt
actgtgeeoct
ttgggaccta
gcacacaagt
geatgagtag
caggtttttg
ctacatatge
tcggagatta
aaaaatgatg
gatgccgeoac
aagacagaaa
acagaatagc
ttagegeteg
gaggtaaagt
ttgcgeteoac
ggecaacgesg

gactcgetge
17

tttatetttt
atacacatac
gatataatta
cagtttttta
aacgttcacc
taatgtcaga
ctccecttgte
ttccacccat
tgtcaacagt
ctaacatcaa
taacaatacc
tgtatacacc
cttcgaagag
ccatggaaaa
atgcttcaac
ttgtttgott
cagcacgtte
ttctgtgcag
gtatatatac
ccgaatcaaa
aattgaattg
agttaagccg
atttgetgac
agaatgggcea
agggtcaatt
tagagacata
tgccogettt
cggggagage
gcteggtogt

gcagttggta
gaaatattaa
aattgaaget
gttttgotgg
ctctacctta
tcctgtagag
atctaaaccc
gtctetttga
acccttagta
aaggcctota
tgggcccace
cgcagagtac
taaaaaattg
atcagtcaag
taactccagt
ttcgtgeatg
cttatatgta
ttgggttaag
caatctaagt
aaaatttcaa
aaaagetgtg
ctaaaggecat
attggtaata
gacattacga
acgaagactg
tatgaggtag
ccagtcggga
cggtttgeogt

tcggetgegg

120
180
240
300
360
420
480
940
600
660
120
180
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800



cgageggtat
gcaggaaaga
ttgctggeogt
agtcagaggt
tccctegtge
ccttecgggaa
gtecgtteget
ttatccggta
gcagccactg
aagtggtgec
aagccagtta
ggtageggty
gaagatcott
gegattiteg
tgaagtttta
ttaatcagtg
ctcccegteg
atgataccge
g£g€aaggeecce
tgttgecoggg
attgctacag
tcccaacgat
ttcggteote
gcagcactge
gagtactcaa
gcgtcaatac
aaacgttett
taacccactc

tgagcaaaaa

cagctcacte
acatgtgagce
ttttccatag
ggcgaaacce
gctcteotgt
gegtggeget
ccaagetggg
actatcgtet
gtaacaggat
ctaactacgg
ccttcggaaa
gtttttttgt
tgatctttte
tcatgagatt
aatcaatcta
aggcacctat
tgtagataac
gagacccacg
agcgcagaag
aagctagagt
gcatecgtggt
caaggcgagt
cgatecgttgt
ataattctct
ccaagtcatt
gggataatac
cggggcgaaa
gtgcacccaa

caggaaggca

aaaggeggta
aaaaggccag
gctccgeoce
gacaggacta
tccgaccctg
ttctcatage
ctgtgtgecac
tgagtccaac
tagcagagcg
ctacactaga
aagagttggt
ttgcaagcag
tacggggtet
atcaaaaagg
aagtatatat
ctcagcgate
tacgatacgg
ctcaccgget
tggtcoctgea
aagtagttcg
gtcacgeotceg
tacatgatcc
cagaagtaag
tactgtcatg
ctgagaatag
cgcgecacat
actctcaagg
ctgatcttca

aaatgccgea

atacggttat
caaaaggcca
cctgacgage
taaagatacc
ccgettaccg
tcacgctgta
£aacccceceg
ccggtaagac
aggtatgtag
agaacagtat
agctecttgat
cagattacgc
gacgctcagt
atcttcacct
gagtaaactt
tgtctattte
gagggettac
ccagatttat
actttatccg
ccagttaata
tecgtttggta
cccatgttgt
ttggeccgeag
ccatccgtaa
tgtatgegge
agcagaactt
atcttaccge
gcatctttta

aaaaagggaa
18

ccacagaatc
ggaaccgtaa
atcacaaaaa
aggegtttece
gatacctgte
ggtatctcag
ttcagcceoga
acgacttatc
gecggtgetac
ttggtatetg
ccggcaaaca
gcagaaaaaa
ggaacgaaaa
agatcctttt
ggtctgacag
gttcatcecat
catctggecce
cagcaataaa
cctecatcca
gtttgegeaa
tggetteatt
gcaaaaaagc
tgttatcact
gatgetttte
gaccgagttg
taaaagtget
tgttgagatec
ctttcaccag

taagggecgac

aggggataac
aaaggeegesg
tcgacgetcea
ccctggaage
cgectttote
ttcggtgtag
ccgetgegece
gccactggea
agagttottg
cgctetgetg
aaccaccgoet
aggatctcaa
ctcacgttaa
aaattaaaaa
ttaccaatge
agttgcctga
cagtgectgea
cCcagecagee
gtctattaat
cgttgttgece
cagctcoggt
ggttagetece
catggttatg
tgtgactggt
ctettgeccg
catcattgga
cagttcgatg
cgtttotggg
acggaaatgt

1860
1920
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
3480
3540



tgaatactca tactcttcct ttttcaatat tattgaagca tttatcaggg ttattgtcte

atgagcggat acatatttga atgtatttag aaaaataaac aaataggg

<210>
Q211>
212>
213>

<220>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>

8

12060

DNA

Artificial Sequence

Plasmid Vector 1251

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

rep_origin
(1746) .. (2334)
ori

promoter
(2852) .. (3516)
GALT and GAL10 genes of S. cerevisiae promoter

gene
(3519) .. (7655)
Cas9

misc_feature
(7635) .. (7655)
NLS of SV40

misc_feature
(7686) .. (7856)
dead SH3

misc_feature
(7863) .. (7928)
three tandem FLAG

gene
(7935) .. (8558)
PmCDAT

terminator
(8589) .. (8776)

19

3600
3648



<223>

220>

221> re
222> (91
223> fi

<2207
221>
<222>
<223> S.

<220>
<221> gen
222> (

223> S.

<400> 8

pro

p_origin

32).. (9587)
ori

moter

(9887).. (10291)

cerevisiae LEU2 prom

e

10304) .. (11398)

cerevisiae LEU2

gacgaaaggg cctecgtgata cgectatttt

cttaggacgg
atttgggaat
aaataaagaa
atttcaacaa
gatatacatt
tctacacaga
aaaggtagta
attttttett
atttaaatta
ggaaatgtge
ctcatgagac
attcaacatt
gctcacccag
ggttacatcg
cgttttccaa
£aCgccgeec
tactcaccag
gctgeccataa

ccgaaggage

atcgettgece
ttactctgtg
ggtagaagag
aaagcgtact
cgattaacga
caagatgaaa
tttgttggeg
taatttecttt
taattatttt
gCggaaccce
aataaccctg
tccgtgteoge
aaacgetggt
aactggatct
tgatgagcac
aagagcaact
tcacagaaaa
ccatgagtga
taaccgettt

tgtaacttac
tttatttatt
ttacggaatg
ttacatatat
taagtaaaat
caattcggea
atcccccotag
ttttactttc
tatagcacgt
tatttgttta
ataaatgett
ccttattecce
gaaagtaaaa
caacageggt
ttttaaagtt
cggtegeoge
gcatcttacg
taacactgcg

ttttcacaac

S. cerevisiae ADH1 terminator

tataggttaa
acgecgeotceg
tttatgtttt
aagaaaaaaa
atttattaga
gtaaaatcac
ttaatacctg
agtcttttac
tatttttaat
gatgaaaagg
tttttctaaa
caataatatt
ttttttgegg
gatgctgaag
aagatcottg
ctgetatgtg
atacactatt
gatggcatga
gccaacttac

atgggggatc

20

tgtcatgata
tatcttttaa
gtatttggat
aataaacaaa
caagaaaagc
aggatttteg
agagcaggaa
atcttcggaa
ttatatattt
acccaggtgg
tacattcaaa
gaaaaaggaa
cattttgect
atcagttggg
agagttttcg
gecgeggtatt
ctcagaatga
cagtaagaga
ttctgacaac

atgtaactcg

ataatggttt
tgatggaata
tttagaaagt
ggtttaaaaa
agattaaata
tgtgtggtet
gagcaagata
aacaaaaact
atattaaaaa
cacttttegg
tatgtatccg
gagtatgagt
tectgttttt
tgcacgagtg
ccccgaagaa
atcccgtatt
cttggttgag
attatgcagt
gatcggagga
ccttgateogt

60
120
180
240
300
360
420
480
940
600
660
120
180
840
900
960

1020
1080
1140
1200



tgggaacceg
gcaatggcaa
caacaattaa
cttccggetg
atcattgcag
ggcagtcagg
attaagcatt
cttecattttt
atcccttaac
tcttecttgag
ctaccagcgg
ggcttcagea
cacttcaaga
gctgetgeoca
gataaggoge
acgacctaca
gaagggagaa
agggagette
tgacttgage
agcaacgegg
cctgegttat
gctcgeeogea
ccaatacgca
aggttteoccg
cattaggcac
agcggataac
aaccctcact
ggcagagecag

ggacgcaaag

agctgaatga
caacgttgeg
tagactggat
getggtttat
cactggggcc
caactatgga
ggtaactgte
aatttaaaag
gtgagtttte
atcctttttt
tggtttgttt
gagcgcagat
actctgtage
gtggcgataa
agoggtogeg
ccgaactgag
aggceggacag
cagggeeggaa
gtecgattttt
cctttttacg
cccctgatte
gccgaacgac
aaccgcectoet
actggaaagc
cccaggettt
aatttcacac
aaagggaaca
gtggagegtc
aagtttaata

agccatacca
caaactatta
ggaggeggat
tgctgataaa
agatggtaag
tgaacgaaat
agaccaagtt
gatctaggtg
gttccactga
tctgegegta
gccggatcaa
accaaatact
accgcctaca
gtegtgtott
ctgaacggeg
atacctacag
gtatccggta
cgcctggtat
gtgatgetceg
gttcectggece
tgtggataac
cgagcgeage
cccegegegt
gggoagtgag
acactttatg
aggaaacagc
aaagctggta
gaccatacta

atcatattac

aacgacgagc
actggcgaac
aaagttgcag
tctggagecg
cccteccegta
agacagatcg
tactcatata
aagatcettt
gcgtcagace
atctgetget
gagctaccaa
gtcctteotag
tacctcgeote
accgggtteg
ggttegtgea
cgtgagecatt
agcggcages
ctttatagtc
tcagggggec
ttttgetggce
cgtattaccg
gagtcagtga
tggccgatte
cgcaacgcaa
cttcecggeote
tatgaccatg
ccgggeecga
gtttcaaaaa

atggcattac
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gtgacaccac
tacttactct
gaccacttet
gtgagegteg
tcgtagttat
ctgagatagg
tactttagat
ttgataatct
ccgtagaaaa
tgcaaacaaa
ctetttttec
tgtagccgta
tgctaateoct
actcaagacg
cacagcccag
gagaaagege
tcggaacagg
ctgtegggtt
cgagcctatg
cttttgetea
cctttgagtg
gcgaggaage
attaatgcag
ttaatgtgag
gtatgttgtg
attacgccaa
attctctect
ttettacttt

caccatatac

gatgecctgta
agcttceoegg
gcgeteggece
gtctegeggt
ctacacgacg
tgcctcactg
tgatttaaaa
catgaccaaa
gatcaaagga
aaaaccaccg
gaaggtaact
gttaggccac
gttaccagtg
atagttaccg
cttggagcga
cacgctteoce
agagcgcacg
tcgccaccte
gaaaaacgcc
catgttettt
agctgatacc
ggaagagecgeo
ctggcacgac
ttagctcact
tggaattgtg
gctcgaaatt
tctcttaggt
ttttttggat

atatccatat

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
2760
2820
2880
2940



acatatccat
gcctaaaaaa
tgaagtacgg
gtgcgteote
ctccgaacaa
agtaacctgg
atgcgattag
atctattaac
atttteggtt
atatacctct
ggctegetat
cgagcaaaaa
ttggegeoot
cacggcgeag
atgagatgge
aggaggataa
accatgaaaa
aggctgactt
tcctcateoga
tggttcagac
ccaaagcaat
agctccootgg
tgacccccaa
aagacaccta
accttttttt
tgaacacgga
accaccaaga

aggaaatttt

gccaggagea

atctaatctt
accttctett
attagaagcc
gtcttcaccg
taaagattct
ccccacaaac
ttttttagee
agatatataa
tgtattactt
atactttaac
cggcacaaac
attcaaagtt
cctgttegac
atatacccge
taaggtggat
aaagcacgag
gtacccaacc
geggttgate
gegggacctg
ttacaatcag
cctgageget
ggagaagaag
ctttaaatct
cgatgatgat
ggcggcaaag
gatcaccaaa
cttgactttg
cttcgatcag

attttacaaa

acttatatgt
tggaacttte
g£CCLagceee
gtcgegttece
acaatactag
cttcaaatga
ttatttetgg
atgcaaaaac
cttattcaaa
gtcaaggaga
agcgteggtt
ctgggcaata
tcoggggaga
agaaagaatc
gactctttet
cgccacccaa
atatatcatc
tatctcgeoge
aacccagaca
cttttcgaag
aggctgteoca
aacggeotgt
aacttcgacc
ctcgacaatc
aacctgtcag
gctcecgetga
ctgaaggccc
tctaaaaatg

tttattaage

tgtggaaatg
agtaatacgc
tgacagccct
tgaaacgcag
cttttatggt
acgaatcaaa
ggtaattaat
tgcataacca
tgtaataaaa
aaaaacccat
gggccgtoat
ccgatcgecea
cggocgaage
ggatctgeota
tccatagget
tctttggcaa
tgaggaagaa
tggcgeatat
acagcgatgt
agaacccgat
aatccoggeg
ttggtaatet
tggccgaaga
tgetggecca
acgccattet
gcgotagtat
ttgtcagaca
gctacgeegg
ccatcttgga

22

taaagagccce
ttaactgete
ccgaaggaag
atgtgeotceg
tatgaagagg
ttaacaacca
cagcgaagceg
ctttaactaa
gtatcaacaa
ggacaagaag
tacggacgag
cagcataaag
cacgecggote
cctgcaggag
ggaggagtce
tatcgtggac
gecttgtagac
gatcaaattt
cgacaaactc
caacgcatcc
gctcgaaaac
tatcgcoctg
tgccaageott
gatcggcgac
gctgagtgat
gatcaagegce
gcaactgect
atacattgac

aaaaatggac

cattatctta
attgctatat
actctcctec
cgccgeactg
aaaaattgge
taggatgata
atgatttttg
tactttcaac
aaaattgtta
tactccattg
tacaaggtge
aagaacctca
aaaagaacag
atctttagta
tttttggteg
gaggtggcgt
agtactgata
cggggacact
tttatccaac
ggagttgacg
ctcatcgecac
tcactcggge
caactgagca
cagtacgcag
attctgegag
tatgatgage
gagaagtaca
ggcggagecaa
ggcaccgagsg

3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680



agctgetggt
gaagcatccce
atttctaccc
taccctacta
aatcagaaga
cccagteott
ttcctaaaca
aatacgtcac
tcgtggacct
atttcaaaaa
acgcatcoct
acaatgagga
atagggagat
tgaaacagct
atgggatccg
ttgccaaccg
tccagaaagce
caggtageccce
tcaaagtaat
aaactaccca
taaaagaact
atgagaagct
tggacatcaa
aagatgattc
ataacgtccce
acgccaaact
tgtctgagtt
ccaagcacgt

aactgattcg

aaagcttaac
ccaccagatt
ctttttgaaa
tgtaggccoce
gaccatcact
catcgaaagg
ctctetgetg
agaagggatg
cctecttcaag
gattgaatgt
gggaacgtat
gaacgaggac
gattgaagaa
caagaggege
agacaagcag
gaacttcatg
acaagtttet
agctatcaaa
gggaaggeat

gaagggacag
ggggtcccaa

ctacctgtac
tcggetetece
tattgataat
ctcagaagaa
gatcacacaa
ggataaagcc
ggcccaaatt

agaggtgaaa

agagaagatc
cacctgggcg
gataacaggg
ctcgecoggg
ccctggaact
atgactaact
tacgagtact
agaaagccag
acgaaccgga
ttcgactctg
cacgatctcc
attcttgagg
cgcttgaaaa
cgatatacag
agtggaaaga
cagttgatcc
g8Cccagegees
aagggaatac
aagcccgaga
aagaacagta
atccttaagg
tacctgcaga
gactacgacg
aaagtgttga
gttgtcaaga
cggaagttcg
ggcttcatea
ctcgattecac

gttattacte

tgttgegeaa
aactgcacgce
aaaagattga
gaaattccag
tcgaggaagt
ttgataaaaa
tcacagttta
cattcctgte
aagttaccgt
ttgaaatcag
tgaaaatcat
acattgtect
cttacgctca
gatgggggeg
caatcctgga
atgatgactc
acagtcttca
tgcagacogt
atatcgttat
gggaaaggat
aacacccagt
acggcaggega
tggatgetat
caagatcocga
aaatgaaaaa
ataatctgac
aaaggcagct
gcatgaacac

tgaagtctaa

23

acagcgcact
tatcctcagg
gaaaatccte
attcgegtgg
cgtggataag
tctgectaac
taacgagctc
tggagagcag
gaaacagctc
cggagtggag
taaagacaag
cacccttacg
tctettegac
gctgtcaaga
ttttcttaag
tctcaccttt
cgagcacatc
taaggtogtg
cgagatggec
gaagaggatt
tgaaaacacc
catgtacgtg
cgtgeccccag
taaaaataga
ttattggegg
taaggctgaa
tgttgagaca
caagtacgat

gctggteotea

ttcgacaatg
cggcaagageg
acatttcgga
atgactcgea
ggggectety
gaaaaggtge
accaaggtca
aagaaagcta
aaagaagact
gatcgcttea
gacttcotgg
ttgtttgaag
gacaaagtca
aaactgatca
tccgatggat
aaggaggaca
gctaatottg
gatgaactcg
cgagagaacc
gaagagggta
cagcttcaga
gatcaggaac
tettttcteca
gggaagagtg
cagctgetga
cgaggtggcc
cgccagatcea
gaaaatgaca

gatttcagaa

4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
9460
9520
9580
9640
5700
5760
9820
5880
9940
6000
6060
6120
6180
6240
6300
6360
6420



aggactttca
acctgaatgce
ttgtttacgg
aaataggcaa
ccgagattac
aaacaggaga
ccatgeccgea
aaagtatcct
ccaagaaata
aagtggagaa
tcatggagceg
aagaggtcaa
acggccggaa
tgccctcetaa
ctcccgaaga
agatcatcga
ataaggtget
acattatcca
acaccaccat
ttcatcagte
acagcagggc
gttctgcaga
cctttaagaa
cagaggacag
gagactataa
acgataagtc
acacgtttaa
tctttgaatt

aaccacagag

gttttataag
agtggtagge
agactataaa
ggccaccget
actggccaat
aatcgtgtgg
ggtgaacatc
cccgaaaagg
cggeggatte
agggaagtet
atcaagcttc
aaaagacctc
acgaatgecte
atacgttaat
taatgagcag
gcaaataagc
ttctgettac
cttgtttact
agacagaaag
aattacgggg
tgaccccaag
gtatgtgeeg
aggagacatc
cgaaggaaag
ggaccacgac
taggatgacc
gaaacagttt
aaaacgacgg

cgggacagaa

gtgagagaga
actgcactta
gtgtacgatg
aagtacttoet
ggagagattc
gacaagggta
gttaaaaaga
aacagcgaca
gattctccta
aaaaaactca
gaaaaaaacc
atcattaagc
gctagtgegg
ttcttgtate
aagcagetgt
gaattctcca
aataagcaca
ctgaccaact
cggtacacct
ctctatgaaa
aagaagagga
geccctotttg
ctgagaatcc
agggggatga
ggagactaca
gacgctgagt
ttcaacaaca
ggtgaacgta
cgtggeatte

tcaacaatta
tcaaaaaata
ttaggaaaat
tttacagcaa
ggaagcgace
gggatttoge
ccgaagtaca
agctgatoge
cagtcgetta
aaagcgtcaa
ccatcgactt
ttcccaagta
gcgagetgea
tggccageca
tcgtggaaca
aaagagtgat
gggataagec
tgggegegece
ctacaaagga
caagaatcga
aggtgegteg
actttaatgg
gggataagec
ttcttgtece
aggatcatga
acgtgagaat
aaaaatcogt
gagegtgttt

acgccgaaat
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ccaccatgceg
tcccaagett
gatcgcaaag
tattatgaat
acttatcgaa
gacagtocgg
gaccggageco
acgcaaaaaa
cagtgtactg
ggaactgetg
tctcgaggeg
ctctetettt
gaaaggtaac
ctatgaaaag
acacaaacac
cctcgecgac
catcagggag
tgcagecette
ggtcctggac
cctectetcag
aggaggttet
gaatgatgaa
tgaagagcag
ttacgtggag
tattgattac
ccatgagaag
gtcgecataga
ttggggctat
ctttagecatt

catgatgect
gaatctgaat
tctgagcagg
tttttcaaga
acaaacggag
aaggtcotgt
ttctccaagg
gattgggacc
gttgtggeoca
ggcatcacaa
aaaggatata
gagcttgaaa
gagctggeoac
ctcaaagggt
taccttgatg
gctaacctceg
caggcagaaa
aagtacttcg
gccacactga
cteggtggag
ggaggtggag
gaagatctte
tggtggaaty
aagtattccg
aaagacgatg
ttggacatet
tgctacgtte
gctgtgaata

agaaaagtcg

6480
6540
6600
6660
6720
6780
6840
6900
6960
1020
7080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
11740
1800
1860
1920
7980
8040
8100
8160



aagaatacct
cttgtgcaga
gccacacttt
ttggectgty
accaatgttg
ggcttgagaa
aggtaaaaat
cctaataage
taagtgtata
gtaactettt
accacacctc
cctcaagacc
gaagctctaa
ttcgecctat
ggaaaaccct
gcgtaatage
cgaatggege
cagcgtgacc
ctttectegece
gttccgattt
acgtagtgeg
ctttaatagt
ttttgattta
acaaaaattt
tttctectta
tagtatatcc
caaaatccac
aaacgttata

cgageggtet

gcgegacaac
ttgcgetgaa
gaaaatctgg
gaacctcaga
caggaaaata
gactttgaag
actccacacc
gaatttctta
caaattttaa
cctgtaggte
taccggeoatg
cgtttagagg
tttgtgagtt
agtgagtogt
ggcgttacce
gaagaggeece
gacgcgeoct
gctacacttg
acgttegecg
agtgectttac
ccatcgeoct
ggactecttgt
taagggattt
aacgcgaatt
cgcatctgtg
acatacctaa
attctcttca
tttataggat

aaggegoctg

cccggacaat
aagatcttag
gcttgecaaac
gataacggeg
ttcatccaat
cgagctgaaa
actaagagtc
tgatttatga
agtgacteott
aggttgettt
ccgagcaaat
ccccaagges
tagtatacat
attacaattc
aacttaatcg
gcaccgatcg
gtagoggcge
ccagcgeoct
gcttteeoccg
ggcacctoga
gatagacggt
tccaaactgg
tgccgattte
ttaacaaaat
cggtatttea
tattattgece
aaatcaattg
aattatactc

attcaagaaa

tcacgataaa
aatggtataa
tctattacga
ttgggttgaa
cgtcgcacaa
aacgacggag
ctgetgttte
tttttattat
aggttttaaa
ctcaggtata
gcctgecaaat
ttatgctatg
gcataccaag
actggeegte
ccttgcagea
cccttcccaa
attaagecgceg
agcgeccget
tcaagctcta
ccccaaaaaa
ttttegeeoct
aacaacactc
ggcctattgg
attaacgttt
caccgcatat
ttattaaaaa
tcctgtactt
tatttctcaa

tatcttgacc
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ttggtactca
ccaggagetg
gaaaaatgcg
tgtaatggta
tcaattgaat
cgagttgtec
tagaggctcce
taaataagtt
acgaaaattc
gcatgaggte
cgcteccoggg
catactgata
cttcecgeggt
gttttacaac
catccccecct
cagttgegea
gegegeteteg
cctttegeott
aatcggggec
cttgattagg
ttgacgttgg
aaccctatct
ttaaaaaatg
acaatttcct
cgaccctoga
tggaatcgga
ccttgtteat
caagtaattg
gcagttaact

tcctggagte
cggggeaacg
aggaatcaaa
agtgaacact
gagaatagat
attatgattc
ggataaggat
ataaaaaaaa
ttattcttga
gctettattg
caaaaaaccc
taattaaatt
ggagctccaa
gtcgtgactg
tcgecagetg
gcctgaatgg
tggttacgeg
tettecctte
tccetttagg
gtgatggtte
agtccacgtt
cggtetatte
agctgattta
gatgeggtat
ggagaacttc
acaattacat
gtgtgttcaa
gttgtttgge

gtgggaatac

8220
8280
8340
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
9900



tcaggtatcg
ataacgagaa
tgttaattte
aggaaaggtg
atgcttgeat
ataggtggtt
tatatatata
gatcgtegtt
tcttaaaget
tggtggtget
caagaaggtt
tgttagacct
aagaccatgt
tgctaaaggt
gagaaaggaa
agtgcaaaga
tatttggtece
ggaggaaacc
tgcecgecoatg
catgtttggt
gccatetgeg
atgccacggt
gtctgetgea
agatgcagtt
cagtaccacc
agattcteott
cgacacgaaa
acatacattt

gatactaatg

taagatgcaa
cacacagggsg
agaggtecgece
agaggecgga
cacaatactt
agcaatcgte
tttcaaggat
ttgccaggtg
atttctgatg
gctatcgatg
gatgecegttt
gaacaaggtt
aactttgeat
actgacttcg
gacgatggtg
atcacaagaa
ttggataaag
atcaagaacg
atcctagtta
gatatcatct
tccttggeoct
tctgeteocag
atgatgttga
aaaaaggttt
gaagtcggty
tttttatgat
ttacaaaatg
atcaagaagg

gctcaacgtg

gagttcgaat
cgctatcgea
tgacgcatat
accggetttt
gaagttgaca
ttactttcta
ataccattct
accacgttgg
ttcgttccaa
ctacaggtgt
tgttaggtge
tactaaaaat
ccgactectet
ttgttgtcag
atggtgteoge
tggcogettt
ctaatgtttt
aattccctac
agaacccaac
ccgatgaage
ctttgccaga
atttgccaaa
aattgtcatt
tggatgoagg
atgectgteoge
atttgtacat
gaatatgtte
agaaaaagga

ataaggaaaa

ctcttagcaa
cagaatcaaa
acctttttca
catatagaat
atattattta
acttttctta
aatgtectgece
tcaagaaatc
tgtcaagttec
cccacttcca
tgtgggteet
ccgtaaagaa
tttagactta
agaattagtg
ttgggatagt
catggcccta
ggcctettea
attgaaggtt
ccacctaaat
ctcecgttate
caagaacacc
gaataaggtt
gaacttgect
tatcagaact
cgaagaagtt
aaactttata
atagggtaga
ggatagtaaa

agaattgecac

26

ccattatttt
ttcgatgact
actgaaaaat
agagaagogt
aggacctatt
ccttttacat
cctatgtetg
acagccgaag
gatttcgaaa
gatgaggecge
cctaaatggg
cttcaattgt
tctccaatca
ggaggtattt
gaacaataca
caacatgagc
agattatgga
caacatcaat
ggtattataa
ccaggtteoct
gecatttggtt
gaccctatcg
gaagaaggta
ggtgatttag
aagaaaatcc
aatgaaattc
cgaaactata
ggaatacagg
tttaacatta

tttcctcaac
ggaaattttt
tgggagaaaa
tcatgactaa
gtttttteoca
ttcagcaata
cccctaagaa
ccattaaggt
atcatttaat
tggaagecotce
gtaccggtag
acgccaactt
agccacaatt
actttggtaa
ccgttccaga
caccattgec
gaaaaactgt
tgattgatte
tcaccagcaa
tgggtttgtt
tgtacgaacc
ccactatctt
aggccattga
gtggttccaa
ttgcttaaaa
ataatagaaa
tacgcaatct
taagcaaatt

atattgacaa

9960
10020
10080
10140
10200
10260
10320
10380
10440
10500
10560
10620
10680
10740
10800
10860
10920
10980
11040
11100
11160
11220
11280
11340
11400
11460
11520
11580
11640



ggaggageec
atttgatatt
tgacctgacc
gaaagttccce
gcactctcag
cacccgetga

tgaccgteote

<210>
AN D2
212>
213>

<400>

accacacaaa aagttaggtg

ggaggatttt ctctaaaaaa

atttgatgga gtttaagtca

tcaagaattt tactctgtca

tacaatctge

cgcgecoctga cgggottgte

cgggagetge atgtgtcaga

9

20

DNA

Saccharomyces cerevisiae

9

cctttagegg cttaactgtg

<210>
AN D2
212>
213>

<400>

10
20
DNA
Saccharomyces cerevisiae

10

ggcccaggta ttgttagegg

<210>
AN D2
212>
213>

<400>

11

20

DNA

Saccharomyces cerevisiae

11

ttggecggata atgectttag

<210>
AN D2
212>
213>

<400>

12

20

DNA

Saccharomyces cerevisiae

12

tgcagttggg ttaagaatac

<210>
AN D2
212>
213>

<400>

13

20

DNA

Saccharomyces cerevisiae

13

gctaacatca aaaggectct

tctgatgecg

taacagaaaa
aaaaaaatac
ataccttett
gaaacggoct
catagttaag
tgctccegge
ggttttcacce

21

tcatgaaact
aacaaataaa
gaaccattte
tacgacgtag
ccagccccga
atccgcttac

gtcatcaccg

acgattccta
aaacactcaa
ccataatggt
tcgatatggt
cacccgecaa
agacaagctg

aaacgcgega

11700
11760
11820
11880
11940
12000
12060

20

20

20

20

20



<210> 14

211> 20

<212> DNA

<213> Saccharomyces cerevisiae

<400> 14
ttggecggata atgectttag

<210> 15

211> 7250

<212> DNA

<213> Artificial Sequence

<220>
<223> Plasmid Vector 1xgRNA Can cross

<220>

<221> gene

222> (133)..(993)
<223> AmpR

<220>

<221> promoter
222> (994).. (1098)
<223> AmpR promoter

<220>

<221> rep_origin
222> (1125).. (2467)
223> 2 micro ori

220>

<221> misc_feature
222> (2521).. (2994)
223> CGanl_Left arm

<220>

<221> promoter
222> (3231).. (3446)
<223> URA3 promoter

<220>

<221> gene

222> (3447).. (4250)
<223> URA3

<220>

<221> rep_origin
<222> (4381).. (4836)
223> f1 ori

220>
<221> misc_feature
222> (5054).. (5507)



<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<400>

Can1_Right Arm

terminator
(5519) .. (5766)
CYC1 terminator

terminator
(5772) .. (5785)
Sup4 term

misc_structure
(5788) .. (5870)
tracrRNA

misc_feature
(5871) .. (5890)
targetiR

promoter
(5891) .. (6159)
SNR52 promoter

misc_feature
(6222) .. (6238)
M13 rev

misc_feature
(6246) .. (6262)
lac operator

promoter
(6270) .. (6300)
lac promoter

rep_origin
(6624) .. (7212)
ori

15

gtggaacgaa aactcacgtt

ctagatcctt ttaaattaaa

ttggtctgac agttaccaat

tcgttcatcc atagttgect

accatctggc cccagtgetg

aagggatttt ggtcatgaga
aatgaagttt taaatcaatc
gcttaatcag tgaggcacct
gactcccogt cgtgtagata

caatgatacc gcgagaccca

29

ttatcaaaaa ggatcttcac
taaagtatat atgagtaaac
atctcagecga tctgtetatt
actacgatac gggagggctt
cgctcaccgg ctccagattt

60
120
180
240
300



atcagcaata
cgcctecate
tagtttgege
tatggcttca
gtgcaaaaaa
agtgttatca
aagatgettt
gcgaccgagt
tttaaaagtg
getgttgaga
tactttcacc
aataagggcg
catttatcag
acaaataggg
ttcattttgt
gectgeatttt
gtgctteatt
tctgagetgce
aatctatact
agcatcttag
ttttgecactg
cataaaaaaa
attttttcaa
ttgtgaacag
tettetattt
gattcactet
aaacataaaa
gtaggttata
ttgtggaagce

aaccagccag
cagtctatta
aacgttgttg
ttcagcteccg
gecggttaget
ctcatggtta
tctgtgactg
tgctettgee
ctcatcattg
tccagttcoga
agegtttetg
acacggaaat
ggttattgte
gttccgegea
agaacaaaaa
tacagaacag
tttgtaaaac
atttttacag
tottttttgt
attacttttt
taggtcegtt
gcctgactece
gataaaggca
aaagtgatag
tgtctctata
atgaatagtt
aatgtagagg
tagggatata
ggtattcgea

CGggaageec
attgttgecg
ccattgetac
gttcccaacg
cctteggtece
tggcagecact
gtgagtactec
cggegteaat
gaaaacgttc
tgtaacccac
ggtgagcaaa
gttgaatact
tcatgagcgg
catttcecccg
tgcaacgega
aaatgcaacg
aaaaatgcaa
aacagaaatg
tctacaaaaa
ttctecotttg
aaggttagaa
acttccogeg
tccccgatta
cgttgatgat
tactacgtat
cttactacaa
tcgagtttag
gcacagagat

atattttagt

cgagcgcaga
ggaagctaga
aggcatogtg
atcaaggega
tccgategtt
gcataattoet
aaccaagtca
acgggataat
ttcgggecga
tcgtgcacce
aacaggaagg
catactcttc
atacatattt
aaaagtgecca
gagcgctaat
cgaaagegoet
cgcgagagesg
caacgcgaga
tgcatcceoga
tgcgeteotat
gaaggctact
tttactgatt
tattctatac
tcttcattgg
aggaaatgtt
tttttttgte
atgcaagttec
atatagcaaa

agctcgttac

30

agtggteoctg
gtaagtagtt
gtgtcacget
gttacatgat
gtcagaagta
cttactgtca
ttctgagaat
accgegecac
aaactctcaa
aactgatett
caaaatgccg
ctttttcaat
gaatgtattt
cctgaacgaa
ttttcaaaca
attttaccaa
ctaatttttc
gegetatttt
gagcgetatt
aatgcagtoet
ttggtgtota
actagcgaag
cgatgtggat
tcagaaaatt
tacattttcg
taaagagtaa
aaggagcgaa
gagatacttt
agtccggtge

caactttatc
cgccagttaa
cgtegttteg
cccccatgtt
agttggeoge
tgccatcogt
agtgtatgceg
atagcagaac
ggatcttacc
cagcatettt
caaaaaaggg
attattgaag
agaaaaataa
gcatctgtge
aagaatctga
cgaagaatct
aaacaaagaa
accaacaaag
tttctaacaa
cttgataact
ttttetette
ctgeggetec
tgcgeatact
atgaacggtt
tattgtttte
tactagagat
aggtggateg
tgagcaatgt
gtttttggtt

360
420
480
940
600
660
120
180
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040



ttttgaaagt
tttctagaga
ccgaaaatge
cgtgttgeoct
tgcgtactta
ttatcccatt
tatgectgeoca
ttggatcata
ttattagect
gcaaacagca
ggcaagtgeg
gattccaaac
caataatata
gtggtttecg
aatgaaaatt
taaagcacaa
agacctaggt
tctgacacat
gacaagcceg
cggcatcaga
catttttttt
tctccgaaca
tatgtagtgt
aaacctgcag
ctcatcctag
tgtgtgette
gtcccaaaat
gcacagttaa

gaaaatttge

gecgtettcag
ataggaactt
aacgcgagoet
gtatatatat
tatgecgtcota
ccatgogges
ctcctcaatt
ctaagaaacc
tgatagtget
aaggccacag
tataaattaa
cctaaagtgt
tcttttagta
ggtgagteoat
tcgaggaaga
attagcagaa
catgccgagg
gcagcteoccg
tcagggegoeg
gcagattgta
ttattetttt
gaaggaagaa
tgaagaaaca
gaaacgaaga
tcctgttget
attggatgtt
ttgtttacta
gccgetaaag

tgacattggt

agcgettttg
cggaatagga
gcgcacatac
atacatgaga
tttatgtagg
tatcgtatge
ggattagtet
attattatca
gaaaaaaaga
aaccgtatte
acctatttct
ccgaatttte
taaccctgaa
acggettttt
cgataaggtt
agaagagtgg
ccctttegte
gagacggtca
tcagegggty
ctgagagtgc
ttttgattte
cgaaggaagg
tgaaattgece
taaatcatgt
gccaagetat
cgtaccacca
aaaacacatg
gcattatccg

aatacagtca

gttttcaaaa
acttcaaagc
agctcactgt
agaacggoat
atgaaaggta
ttccttcage
catccttcaa
tgacattaac
aaaaaaacaa
atgttactte
ttatcatcat
aatagggeoga
atttgcccta
tgaatttett
aagataagta
ttgcgaacag
tcgegegttt
cagcttgtet
ttggegesty
accataccac
gogtttoottg
agcacagact
cagtattett
cgaaagctac
ttaatatcat
aggaattact
tggatatett
ccaagtacaa

aattgcagta

31

gcgetetgaa
gtttccgaaa
tcacgtcgea
agtgegtgtt
gtctagtacc
actacccttt
tgctatcatt
ctataaaaat
aaaaaagaaa
tgcaatatca
atttacttat
acttgaagaa
tagaaatcta
tttttgecagt
gataagagaa
agtaaaccga
cggtgatgac
gtaagcggat
teggegoteg
agcttttcaa
aaattttttt
tagattggta
aacccaactg
atataaggaa
gcacgaaaag
ggagttagtt
gactgatttt
ttttttacte

ctctgegggt

gttcctatac
acgagcgott
cctatatctg
tatgcttaaa
tcctgtgata
agctgtteota
tcctttgata
aggcgeatge
taaaataacg
atcacttact
atctttaaca
taaccaaggt
gggtttotgt
tgtctctate
tgatacgaga
atcagacgtc
ggtgaaaacc
gcecgggagea
cttaactatg
ttcaattcat
gattcggtaa
tatatacgca
cacagaacaa
cgtgetgeota
caaacaaact
gaagcattag
tccatggagg
ttcgaagaca

gtatacagaa

2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780



tagcagaatg
gtttgaagca
aattgtcatg
cgaagagcga
atgaaggtta
cattgggtca
ttgttggaag
gaaaagcagg
tataagtaaa
tattacccta
aaattgtaaa
tttttaacca
tagggtigag
acgtcaaagg
aatcaagttt
cccgatttag
cgaaaggage
cacccgecge
gcaactgttg
geggatgtec
gtaaaacgac
ctaggttaat
ttagaacgga
atgacggaag
tggttaatga
atctagcaaa
ctggtatatt
taagacttat

aacatgtaat

ggcagacatt
ggcggcagaa
caagggetcce
caaagatttt
cgattggttg
acagtataga
aggactattt
ctgggaagea
tgcatgtata
tgcggtgtga
cgttaatatt
ataggccgaa
tgttgttcoca
gcgaaaaace
tttgegeteg
agcttgacgg
gggegeotagg
gcttaatgeg
ggaaggecega
tgcaaggega
ggccagtgag
taagataatg
gtttgaattg
ccaagggecag
tgtacttcga
ctctattett
aggeggecta
tgtcattaac

gggtaaaaaa

acgaatgecac
gaagtaacaa
ctatctactg
gttatcgget
attatgacac
accgtggatg
gcaaagggaa
tatttgagaa
ctaaactcac
aataccgecac
ttgttaaaat
atcggcaaaa
gtttggaaca
gtctatcagg
aggtgccgta
g£gaaagccegg
gecgetggeaa
ccgectacagg
teggtgogeg
ttaagttggg
cgegegtaat
tctgagttag
acaaattttc
aactctttga
gaaaacgata
ggtgecggaa
ttatcatacg
ttgactottg

gggaaattge

acggtgteggt
aggaacctag
gagaatatac
ttattgctca
ceggteteeg
atgtggteote
gggatgctaa
gatgecggeoca
aaattagagc
agatgcgtaa
tcgegttaaa
tcecttataa
agagtccact
gcgatggecece
aagcactaaa
cgaacgtgge
gtgtageget
gegegtogeg
cctetteget
taacgccagg
acgactcact
gtgagtattc
cttttccagg
atatcattac
aaaagtctag
taattactca
tagccctegg
ctggcaagag
tgattctatt

32

gggoccaggt
aggccttttg

taagggtact
aagagacatg
tttagatgac
tacaggatct
ggtagagggt
gcaaaactaa
ttcaatttaa
ggagaaaata
tttttgttaa
atcaaaagaa
attaaagaac
actacgtgaa
tcggaaccct
gagaaaggaa
cacgectgeoge
ccattcgeca
attacgccag
gttttcccag
atagggcgaa
taaattagaa
cacaactgat
tcctgacatg
tatgagaatg
gcegttogeg
atttatagtt
aacataccag

tacaaactgg

attgttagceg
atgttagcag
gttgacattg
ggtggaagag
aagggagacg
gacattatta
gaacgttaca
aaaactgtat
ttatatcagt
ccgecatcagg
atcagctecat
tagaccgaga
gtggactcca
ccatcaccct
aaagggagec
gggaagaaag
gtaaccacca
ttcaggetge
ctggecgaaag
tcacgacgtt
ttgggtactc
aacaaagagc
aacgactccg
gatgatactc
gettttatga
atcaaaaatg
gattggacgt
ggtacggtceg

taccggeoge

3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
9460
9520



aaattaaagc
atgcgtacac
atactaacat
cctttteggt
acatgactcg
gttgataacg
tcctattgac
ccaactttca
aaaaaatgceg
caaacgtaca
tatgagtgaa
tagtgatcac
tgaaattgtt
geotggggty
ttccagtcgg
ggoggtttec
gttcggetge
tcaggggata
aaaaaggccg
aatcgacget
ccccctggaa
tccgecttte
agtteggtgt
gaccgetgeg
tcgeccactgg
acagagttet
tgcgeteotge
caaaccaccg

aaaggatcte

cttcgagegt
gecgtetgtac
aactataaaa
tagagcggat
aagacataaa
gactageott
gatcatttat
cttctacage
cacctttacc
tgtaatcacc
agcataatca
gtceggattg
atccgctecac
cctaatgagt
gaaacctgte
gtattgggeg
ggogagoeggt
acgcaggaaa
cgttgetgge
caagtcagag
gctcecctogt
tccettoggg
aggtegttceg
ccttateccgg
cagcagccac
tgaagtggteg
tgaagccagt
ctggtagegg

aagaagatcc

cccaaaacct
agaaaaaaaa
aaataaatag
gteggegegag
aaacaaaaaa
attttaactt
ctttcactge
gtttgaccaa
gctageccaa
ttgtatatac
tacattatct
cggecgottg
aattccacac
gagctaacte
gtgccagetg
ctctteceget
atcagctcac
gaacatgtga
gtttttcecat
gtggcgaaac
gcgeteteoot
aagegtggeg
ctccaagctg
taactategt
tggtaacagg
gcctaactac
taccttcgga
tggttttttt
tttgatettt

tctcaagcaa
gaaaaatttg
ggacctagac
ggegtgaacg
agcaccaccg
gectattteota
ggagaagttt
aatcttttga
gagggcacta
tcgaaagaaa
tttcaaagaa
gcgtaateat
aacatacgag
acattaattg
cattaatgaa
tcctegetea
tcaaaggegg
gcaaaaggcec
aggctcegece
ccgacaggac
gttccgacce
ctttctcata
ggotgtgtec
cttgagtcca
attagcagag
ggctacacta
aaaagagttg
gtttgcaage
tctacggggt

33

gogttttcagt
aaatataaat
ttcaggttgt
taagcgtgac
actcggtgec
gctctaaaac
cgaacgccga
acagaacatt
caaaatctag
acatcaagtt
gctccagett
ggtcataget
ccggaagoat
cgttgegeote
tcggeccaacg
ctgactecget
taatacggtt
agcaaaaggc
cccctgacga
tataaagata
tgccgettac
gctcacgetg
acgaacccce
acccggtaag
cgaggtatgt
gaaggacagt
gtagctottg
agcagattac

ctgacgctcea

ataatgttac
aacgttctta
ctaactcctt
ataactaatt
actttttcaa
gaaaagggea
aacatgecgea
gtagggtgty
agttgtactt
tctgtataaa
ttgttccott
gtttcotgtg
aaagtgtaaa
actgcceget
cgcggeegaga
gcgeteggte
atccacagaa
caggaacogt
gcatcacaaa
ccaggegttt
cggatacctg
taggtatcte
cgttcagece
acacgactta
aggeggtget
atttggtate
atccggcaaa

gcgcagaaaa

9580
9640
5700
5760
9820
5880
9940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
1020
7080
1140
1200
1250



<210> 16

211> 7672

<212> DNA

<213> Artificial Sequence

<220>
<223> Plasmid Vector 2xgRNA Can cross

<220>

<221> gene

222> (133)..(993)
<223> AmpR

<220>

<221> promoter
222> (994).. (1098)
<223> AmpR promoter

<220>

<221> rep_origin
222> (1125).. (2467)
223> 2 micro ori

220>

<221> terminator
<222> (2539).. (2552)
<223> Sup4 term

220>

<221> misc_structure
<222> (2555).. (2637)
<223> tracrRNA

220>

<221> misc_feature
222> (2638).. (2657)
<223> targetlR

<220>

<221> promoter

222> (2658).. (2926)
<223> SNR52 promoter

220>

<221> misc_feature
222> (2943).. (3416)
223> CGanl_Left arm

<220>

<221> promoter
222> (3653).. (3868)
<223> URA3 promoter

<220>
<221> gene
222> (3869).. (4672)



<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<400>

URA3

rep_origin
(4803) .. (5258)
1 ori

misc_feature
(5476) .. (5929)
Can1_Right Arm

terminator
(5941) .. (6188)
CYC1 terminator

terminator
(6194) .. (6207)
Sup4 term

misc_structure
(6210) .. (6292)
tracrRNA

misc_feature
(6293) .. (6312)
target?2R

promoter
(6313).. (6581)
SNR52 promoter

rep_origin
(7046) .. (7634)
ori

16

gtggaacgaa
ctagatceott
ttggtetgac
tcgttcatee
accatctgge
atcagcaata
cgcctecate

tagtttgege

aactcacgtt
ttaaattaaa
agttaccaat
atagttgect
cccagtgetg
aaccagccag
cagtctatta
aacgttgttg

aagggatttt
aatgaagttt
gcttaatcag
gactcccogt
caatgatacc
CCggaageec
attgttgecg

ccattgetac

ggtcatgaga
taaatcaatc
tgaggcacct
cgtgtagata
gcgagaccca
cgagcgcaga
ggaagctaga

aggcatogtg
35

ttatcaaaaa
taaagtatat
atctcagega
actacgatac
cgctcaccgg
agtggteoctg
gtaagtagtt
gtgtcacget

ggatcttecac
atgagtaaac
tctgtetatt
gggaggectt
ctccagattt
caactttatc
cgccagttaa

cgtegtttgg

60
120
180
240
300
360
420
480



tatggcttca
gtgcaaaaaa
agtgttatca
aagatgettt
gcgaccgagt
tttaaaagtg
getgttgaga
tactttcacc
aataagggcg
catttatcag
acaaataggg
ttcattttgt
gectgeatttt
gtgctteatt
tctgagetgce
aatctatact
agcatcttag
ttttgecactg
cataaaaaaa
attttttcaa
ttgtgaacag
tettetattt
gattcactet
aaacataaaa
gtaggttata
ttgtggaagce
ttttgaaagt
tttctagaga

ccgaaaatge

ttcagctecg
gecggttaget
ctcatggtta
tctgtgactg
tgctettgee
ctcatcattg
tccagttcoga
agegtttetg
acacggaaat
ggttattgte
gttccgegea
agaacaaaaa
tacagaacag
tttgtaaaac
atttttacag
tottttttgt
attacttttt
taggtcegtt
gcctgactece
gataaaggca
aaagtgatag
tgtctctata
atgaatagtt
aatgtagagg
tagggatata
ggtattcgea
gecgtettcag
ataggaactt

aacgcgagoet

gttcccaacg
cctteggtece
tggcagecact
gtgagtactec
cggegteaat
gaaaacgttc
tgtaacccac
ggtgagcaaa
gttgaatact
tcatgagegg
catttcecccg
tgcaacgega
aaatgcaacg
aaaaatgcaa
aacagaaatg
tctacaaaaa
ttctecotttg
aaggttagaa
acttccogeg
tccccgatta
cgttgatgat
tactacgtat
cttactacaa
tcgagtttag
gcacagagat
atattttagt
agcgettttg
cggaatagga

gcgcacatac

atcaaggega
tccgategtt
gcataattet
aaccaagtca
acgggataat
ttcgggecga
tcgtgcacce
aacaggaagg
catactcttc
atacatattt
aaaagtgecca
gagcgctaat
cgaaagegoet
cgcgagagesg
caacgcgaga
tgcatcceoga
tgcgeteotat
gaaggctact
tttactgatt
tattctatac
tcttcattgg
aggaaatgtt
tttttttgte
atgcaagttec
atatagcaaa
agctecgttac
gttttcaaaa
acttcaaagc

agctcactgt
36

gttacatgat
gtcagaagta
cttactgtca
ttctgagaat
accgegecac
aaactctcaa
aactgatett
caaaatgccg
ctttttcaat
gaatgtattt
cctgaacgaa
ttttcaaaca
attttaccaa
ctaatttttc
gegetatttt
gagcgetatt
aatgcagtoet
ttggtgtota
actagcgaag
cgatgtggat
tcagaaaatt
tacattttcg
taaagagtaa
aaggagcgaa
gagatacttt
agtccggtge
gcgetetgaa
gtttccgaaa

tcacgtcgea

cccccatgtt
agttggeoge
tgccatcogt
agtgtatgceg
atagcagaac
ggatcttacc
cagcatettt
caaaaaaggg
attattgaag
agaaaaataa
gcatctgtge
aagaatctga
cgaagaatct
aaacaaagaa
accaacaaag
tttctaacaa
cttgataact
ttttetette
ctgeggetec
tgcgeatact
atgaacggtt
tattgtttte
tactagagat
aggtggateg
tgagcaatgt
gtttttggtt
gttcctatac
acgagcgott
cctatatctg

940

600

660

120

180

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220



cgtgttgeoct
tgcgtactta
ttatcccatt
tatgectgeoca
ttggatcata
cgactacccg
ttttcaagtt
aaggggatcce
atgcgcacca
gegtgtgaaa
tgtacttcaa
gtataaatat
gecttattage
cggcaaacag
ctggcaagtg
cagattccaa
gtcaataata
gtgtggttte
tcaatgaaaa
gataaagcac
tcagacctag
cctctgacac
cagacaagcc
tgcggeatcea
atcatttttt
aatctccgaa
catatgtagt
aaaaacctge

tactcatcct

gtatatatat
tatgecgtcota
ccatgogges
ctcctcaatt
ctaagaaacc
ggaactcgag
gataacggac
tattgacgat
actttcactt
aaatgcgecac
acgtacatgt
gagtgaaagc
cttgatagtg
caaaggccac
cgtataaatt
accctaaagt
tatcttttag
cgggtgagte
tttcgaggaa
aaattagcag
gtcatgeceoga
atgcagctcc
cgtcagggeg
gagcagattg
ttttattett
cagaaggaag
gttgaagaaa
aggaaacgaa

agtcctgttg

atacatgaga
tttatgtagg
tatcgtatge
ggattagtet
attattatca
acataaaaaa
tagccttatt
catttatctt
ctacagegtt
ctttaccget
aatcaccttg
ataatcatac
ctgaaaaaaa
agaaccgtat
aaacctattt
gtccgaattt
tataaccctg
atacggettt
gacgataagg
aaagaagagt
ggcccttteg
cggagacggt
cgtcagegeg
tactgagagt
ttttttgatt
aacgaaggaa
catgaaattg
gataaatcat

ctgccaaget

agaacggoat
atgaaaggta
ttccttcage
catccttcaa
tgacattaac
caaaaaaagc
ttaacttget
tcactgegga
tgaccaaaat
agcccaagag
tatatactcg
attatctttt
gaaaaaaaac
tcatgttact
ctttatcatc
tcaataggge
aaatttgeccce
tttgaattte
ttaagataag
ggttgecgaac
tctegegeogt
cacagcttgt
tgttegoges
gcaccatacc
tcggttteoct
ggagcacaga
cccagtatte
gtcgaaaget

atttaatatc
37

agtgegtgtt
gtctagtacc
actacccttt
tgctatcatt
ctataaaaat
accaccgact
atttctaget
gaagtttcoga
cttttgaaca
ggcactacaa
aaagaaaaca
caaagaattc
aaaaaaaaga
tctgcaatat
atatttactt
gaacttgaag
tatagaaatc
tttttttgea
tagataagag
agagtaaacc
ttcggtgatg
ctgtaagegg
tgtcgggget
acagctttte
tgaaattttt
cttagattgg
ttaacccaac
acatataagg

atgcacgaaa

tatgcttaaa
tcctgtgata
agctgtteota
tcctttgata
aggcgeatgt
cggtgecact
ctaaaacgaa
acgccgaaac
gaacattgta
aatctagagt
tcaagtttet
accggtgeoat
aataaaataa
caatcactta
atatctttaa
aataaccaag
tagggtttet
gttgtcteota
aatgatacga
gaatcagacg
acggtgaaaa
atgecgggag
ggcttaacta
aattcaattc
ttgatteggt
tatatatacg
tgcacagaac
aacgtgetge

agcaaacaaa

2280
2340
2400
2460
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



cttgtgtget
aggtcccaaa
gggcacagtt
cagaaaattt
aatagcagaa
cggtttgaag
agaattgtca
tgcgaagage
agatgaaggt
cgcattgggt
tattgttgga
cagaaaagca
attataagta
gttattacce
ggaaattgta
attttttaac
gatagggttg
caacgtcaaa
ctaatcaagt
cccccgattt
agcgaaagga
£acacccgee
gcgcaactgt
agggggatgt
ttgtaaaacg
tcctaggtta
gcttagaacg
cgatgacgga
tctggttaat

tcattggatg
atttgtttac
aagccgetaa
gctgacattg
tgggcagaca
caggcgeeag
tgcaaggget
gacaaagatt
tacgattggt
caacagtata
agaggactat
ggotgggaag
aatgcatgta
tatgeggtgt
aacgttaata
caataggccg
agtgttgtte
gggogaaaaa
tttttggggt
agagcttgac
gegggegeta
gcgettaatg
tgggaagggc
gctgcaagge
acggccagtg
attaagataa
gagtttgaat
agccaagggce

gatgtacttec

ttcgtaccac
taaaaacaca
aggcattate
gtaatacagt
ttacgaatge
aagaagtaac
ccctatctac
ttgttategg
tgattatgac
gaaccgtgga
ttgcaaaggg
catatttgag
tactaaactc
gaaataccgce
ttttgttaaa
aaatcggecaa
cagtttggaa
ccgtectatea
cgaggtgecg
ggggaaagecce
gggegetgge
cgccgetaca
gatcggtgeg
gattaagttg
agcgegegta
tgtctgagtt
tgacaaattt
agaactettt

gagaaaacga

caaggaatta
tgtggatate
cgccaagtac
caaattgcag
acacggtgtg
aaaggaacct
tggagaatat
ctttattget
acccggtgtg
tgatgtggte
aagggatget
aagatgegge
acaaattaga
acagatgoegt
attcgegtta
aatcccttat
caagagtcca
gggogatggc
taaagcacta
ggegaacgty
aagtgtagceg
gggogegteg
ggcctotteg
ggtaacgeca
atacgactca
aggtgagtat
tcetttteca
gaatatcatt

taaaaagtct
38

ctggagttag
ttgactgatt
aattttttac
tactctgegg
gtgggcccag
agaggeottt
actaagggta
caaagagaca
gogtttagatg
tctacaggat
aaggtagagg
cagcaaaact
gcttcaattt
aaggagaaaa
aatttttgtt
aaatcaaaag
ctattaaaga
ccactacgtg
aatcggaacc
gcgagaaagg
gtcacgetge
cgccatteoge
ctattacgcc
gggttttoce
ctatagggcg
tctaaattag
ggcacaactg
actcctgaca

agtatgagaa

ttgaagcatt
tttccatgga
tcttcgaaga
gtgtatacag
gtattgttag
tgatgttage
ctgttgacat
tgggtegaag
acaagggaga
ctgacattat
gtgaacgtta
aaaaaactgt
aattatatca
taccgcatca
aaatcagctc
aatagaccga
acgtggactc
aaccatcacc
ctaaagggag
aagggaagaa
gcgtaaccac
cattcagget
agctggegaa
agtcacgacg
aattgggtac
aaaacaaaga
ataacgactc
tggatgatac
tggettttat

4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
9460
9520
9580
9640
5700



gaatctagca
tgctggtata
gttaagactt
cgaacatgta
gcaaattaaa
acatgcgtac
taatactaac
ttcetttteg
ttacatgact
aagttgataa
gatcctattg
caccaacttt
tgaaaaaatg
ttcaaacgta
aatatgagtg
tttagtgate
tgtgaaattg
aagectggeg
ctttccagte
gaggoggttt
tcgttegget
aatcagggga
gtaaaaaggc
aaaatcgacg
ttccceotgg
tgtcecgeott
tcagttcggt
ccgaccgetg

tatcgccact

aactctattc
ttaggeggec
attgtcatta
atgggtaaaa
gccttecgage
acgegtotgt
ataactataa
gttagagegg
cgaagacata
cggactagcc
acgatcattt
cacttctaca
cgcaccttta
catgtaatca
aaagcataat
acgtccggat
ttatccgeote
tgcctaatga
gggaaacctg
gegtattgeg
gcgecgages
taacgcagga
cgegttgetg
ctcaagtcag
aagctccote
tcteccotteg
gtaggtcgtt
cgccttatece

ggcagcagcce

ttggtgcceg
tattatcata
acttgactct
aagggaaatt
gtcccaaaac
acagaaaaaa
aaaaataaat
atgtggeges
aaaaacaaaa
ttattttaac
atctttcact
gegtttgace
ccgectagece
ccttgtatat
catacattat
tgcggecget
acaattccac
gtgagctaac
tcgtgeccage
cgctettecg
gtatcagecte
aagaacatgt
gegtttttece
aggtggegaa
gtgegetecte
ggaagegteg
cgctccaage
ggtaactate

actggtaaca

aataattact
cgtagccote
tgctggcaag
gctgatteota
cttctcaage
aagaaaaatt
agggacctag
agggegtgaa
aaagcaccac
ttgctattte
gcggagaagt
aaaatctttt
aagagggeac
actcgaaaga
cttttcaaag
tggcgtaatce
acaacatacg
tcacattaat
tgcattaatg
cttccteget
actcaaaggc
gagcaaaagg
ataggctccg
acccgacagg
ctgttcecgac
cgctttetea
tgggetgtgt
gtcttgagte

ggattagcag
39

cagccgtteg
ggatttatag
agaacatacc
tttacaaact
aaggttttea
tgaaatataa
acttcaggtt
cgtaagegtg
cgactcggtg
tagctctaaa
ttcgaacgece
gaacagaaca
tacaaaatct
aaacatcaag
aagctccage
atggtcatag
agccggaage
tgcgttgeoge
aatcggccaa
cactgactcg
ggtaatacgg
ccagcaaaag
cccccctgac
actataaaga
cctgecgeott
tagctcacge
gcacgaacce
caacccggta

agcgaggtat

cgatcaaaaa
ttgattggac
agggtacggt
ggtaccggece
gtataatgtt
ataacgttet
gtctaactcce
acataactaa
ccactttttc
acgaaaaggg
gaaacatgcg
ttgtagggty
agagttgtac
tttctgtata
ttttgttece
ctgttteoctg
ataaagtgta
tcactgeccg
cgcgegegeea
ctgegetegg
ttatccacag
gccaggaace
gagcatcaca
taccaggegt
accggatacc
tgtaggtatc
cccgttecage

agacacgact

gtaggeggtyg

5760
9820
5880
9940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
1020
7080
1140
1200
1260
1320
1380
1440



ctacagagtt cttgaagtgg tggectaact acggectacac tagaaggaca gtatttggta 7500
tctgeogetet getgaageca gttaccttcg gaaaaagagt tggtagetct tgatccggea 7560
aacaaaccac cgectggtage ggtggttttt ttgtttgecaa gecagcagatt acgcegeagaa 7620
aaaaaggatc tcaagaagat cctttgatct tttctacggg gtctgacget ca 1672

210> 17

211> 20

<212> DNA

<213> Saccharomyces cerevisiae

<400> 17
cgaacagagt aaaccgaatc 20

<210> 18

211> 20

<212> DNA

<213> Saccharomyces cerevisiae

<400> 18
agcactatca aggctaataa 20

<210> 19

211> 20

<212> DNA

<213> Saccharomyces cerevisiae

<400> 19
gcgaacttga agaataacca 20

<210> 20

211> 20

<212> DNA

<213> Saccharomyces cerevisiae

<400> 20
tcacctaact cagacattat 20

210> 21

211> 20

<212> DNA

<213> Saccharomyces cerevisiae

<400> 21
ttgctgattc tatttacaaa 20

<210> 22
211> 20
<212> DNA

40



213>
<400>

Saccharomyces cerevisiae

22

gcaaactcta ttcttggtgc

<210>
Q211>
212>
213>

<400>

23

20

DNA

Saccharomyces cerevisiae

23

accagagtat catccatgtc

<210>
AN D2
212>
213>

<400>

24
20
DNA
Saccharomyces cerevisiae

24

aattcggaca ctttagggtt

<210>
AN D2
212>
213>

<400>

25

20

DNA

Saccharomyces cerevisiae

25

agatattata cctggacccc

<210>
AN D2
212>
213>

<400>

26

23

DNA

Saccharomyces cerevisiae

26

cccagttgga ttcogttatt gga

<210>
AN D2
212>
213>

<400>

27

23

DNA

Saccharomyces cerevisiae

2]

ccaggtataa tatctaagga taa

<210>
AN D2
212>
213>

<220>
<223>

28

94

DNA

Artificial Sequence

Part of Plasmid Vector 1059 (Can1-7R) or Plasmid Vector

41

20

20

20

20

23

23



<400>

ggttatgeta tgecattccgt tattggtgaa acccaggtge ctggggtcca ggtataatat
cttaggataa aaacgaaggg aggttcttag gttg

<210>
Q211>
212>
213>

<400>

ccggecocagt tggattccgt tattggagaa acccaggtge ctggggtcca ggtataatat
ctaaggataa aaacgaaggg aggttcttag gttg

<210>
AN D2
212>
213>

<400>

1148 (Can1-11R)
28

29
94
DNA

Saccharomyces cerevisiae

29

30
23
DNA

Saccharomyces cerevisiae

30

ccaggtataa tatctaagga taa

<210>
AN D2
212>
213>

<400>

31
23
DNA

Saccharomyces cerevisiae

31

ccgttattgg agaaacccag gtg

<210>
AN D2
212>
213>

<2207
<223>

<400>

gcgetaccgg actcagatct accggcccag ttggaatgta ggtggtgage aagggegagg

32

70

DNA

Artificial Sequence

donor DNA
32

agctgttecac

<210>
AN D2
212>
213>

<220>
<223>

33

70

DNA

Artificial Sequence

donor DNA

42

60
94

60
94

23

23

10



<400>

33

gcgetaccgg actcagatct accggcccag ttggaatgta gatggtgage aagggcegagg

agctgttecac

<210>
Q211>
212>
213>

<220>
<223>

<400>

34
70
DNA
Artificial Sequence

donor DNA
34

gcgetaccgg actcagatct acgggcccag ttggaatgta gatggtgage aagggcegagg

agctgttecac

<210>
AN D2
212>
213>

<2207
<223>

<400>

35

70

DNA

Artificial Sequence

donor DNA
35

gtgaacagcet ccteogecctt gotcaccacc tacattccaa ctgggecggt agatctgagt

ccggtageoge

<210>
AN D2
212>
213>

<2207
<223>

<400>

36

70

DNA

Artificial Sequence

donor DNA
36

gtgaacagcet ccteogecctt gotcaccatc tacattccaa ctgggecggt agatctgagt

ccggtageoge

<210>
AN D2
212>
213>

<2207
<223>

<400>

37

70

DNA

Artificial Sequence

donor DNA

317
43

60
10

60
10

60
10

60
10



gtgaacagcet ccteogecctt gotcaccatc tacattccaa ctgggeccgt agatctgagt
ccggtageoge

<210> 38

211> 170

<212> DNA

<213> Artificial Sequence

<220>
<223> donor DNA

<400> 38
ccgtcagatc cgetageget accggactca gatctaccgg cccagttgga atgtagatgg

tgagcaaggg

<210> 39

211> 170

<212> DNA

<213> Artificial Sequence

<220>
<223> donor DNA

<400> 39
gatctaccgg cccagttgga atgtagatgg tgagcaaggg cgaggagetg ttcaccgggg

tggtgeceoat

<210> 40

<211> 50

<212> DNA

<213> Artificial Sequence

220>
<223> donor DNA

<400> 40
actcagatct accggcccag ttggaatgta gatggtgage aagggegagg

210> 41

<211> 50

<212> DNA

<213> Artificial Sequence

220>
<223> donor DNA

<400> 41
cctcgeoctt getcaccatc tacattccaa ctgggecggt agatctgagt

<210> 42
44

60
10

60
10

60
10

90

90



<211> 6189
<212> DNA
<213> Artificial Sequence

<220>
<223> Vector SY4(H1_sgRNA, CMV_mEGFP) (Reporter plasmid)

<220>

<221> promoter
222> (263).. (491)
<223> H1 promoter

220>

<221> misc_structure
222> (512).. (587)
<223> gRNA scaffold

220>

<221> enhancer
222> (602).. (981)
<223> CGMV enhancer

<220>

<221> promoter
222> (982)..(1185)
<223> CMV promoter

220>

<221> misc_feature
222> (1231).. (1250)
223> KI_target2

220>

<221> misc_feature

222> (1236).. (1255)
223> eGFP switch target

220>

<221> misc_feature
222> (1247).. (1249)
223> Start codon

<220>

<221> gene

222> (1254).. (1969)
<223> EGFP

<220>

<221> polyA_signal
222> (2012).. (2236)
<223> DbGH poly (A)

<220>

<221> rep_origin
222> (2282).. (2710)
223> f1 ori

45



<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<400>

cacatttccc
tggtgcactc
goettgtgtgt
ggcttgaccg
gatgtacgeg
cgegggeeoca
getgtgageg
aatcaccata
cacagatccce
taaggctagt
tgacattgat

promoter
(2724) .. (3053)
SV40 promoter

rep_origin
(2904) . . (3039)
SV40 ori

gene
(3070) .. (3669)
PuroR

misc_structure
(3683).. (4271)
WPRE

rep_origin
(4468) . . (5053)
ori

gene
(5224) .. (6084)
AmpR

promoter
(6085) .. (6189)
AmpR promoter

42
cgaaaagtge

tcagtacaat
tggaggtege
acaattgecat
ccagatatac
gtgtcactag
acaggggagt
aacgtgaaat
ccacctacat
ccgttatcaa

tattgactag

cacctgacgt
ctgctetgat
tgagtagtge
gaagaatctg
gcaattcgaa
gcgggaacac
ggcgecetge
gtectttggat
tccaactggg
cttgaaaaag

ttattaatag

cgacggatcg
gccgeatagt
gcgagcaaaa
cttagggtta
cgctgacgte
ccagegegeg
aatatttgea
ttgggaatct
cgttttagag
tggcaccgag

taatcaatta

46

ggagatctcc
taagccagta
tttaagctac
ggcgttttge
atcaaccoge
tgcgecotgg
tgtcgetatg
tataagttet
ctagaaatag
tecggtgettt

cggggteoatt

cgatcccota
tctgeteeoot
aacaaggcaa
gctgettoge
tccaaggaat
caggaagatg
tgttetggga
gtatgaggac
caagttaaaa
ttttacgegt

agttcatage

60
120
180
240
300
360
420
480
940
600
660



ccatatatgg
aacgacccce
actttccatt
caagtgtatc
tggcattatg
ttagtcatcg
cggtttgact
tggcaccaaa
atgggeggta
cagatccget
Caagggcgag
aaacggccac
gaccctgaag
caccttcacc
cttcttcaag
cgacggcaac
catcgagctg
gtacaactac
ggtgaacttec
ccagcagaac
cacccagtcc
gttcgtgacce
agcttaagtt
gtttgeceoct
taataaaatg
ggggteggec
geggtgggot
cacgecgeoct

gctacacttg

agttccgeogt
gcccattgac
gacgtcaatg
atatgccaag
cccagtacat
ctattaccat
cacggggatt
atcaacggga
ggogtgtacg
agcgctaccg
gagctgttea
aagttcagcg
ttcatctgea
tacggegtgc
tccgeccatge
tacaagaccc
aagggcatcg
aacagccaca
aagatccgec
acccccatceg
gccctgagea
gccgecgeega
taaaccgetg
ccccegtgece
aggaaattge
aggacagcaa
ctatggette
gtagcggege

ccagcgeoct

tacataactt
gtcaataatg
ggtggagtat
tacgcccoct
gaccttatgg
ggtgatgeeg
tccaagtecte
ctttccaaaa
gtgggaggte
gactcagatc
ccggggtggt
tgtcecggeoga
ccaccggeaa
agtgcttcag
ccgaaggota
gcgecgaggt
acttcaagga
acgtctatat
acaacatcga
gCgacggece
aagaccccaa
tcactcacgg
atcagcctcg
ttccttgace
atcgcattgt
gggggaggat
tgaggcggaa
attaagcgeg

agcgecceget

acggtaaatg
acgtatgtte
ttacggtaaa
attgacgtca
gactttccta
ttttggcagt
caccccattg
tgtcgtaaca
tatataagca
taccggecca
gcccateoctg
g£88Cgageec
gctgecogtg
ccgctaccce
cgtccaggag
gaagttcgag
ggacggcaac
catggccgac
ggacggcage
cgtgetgetg
cgagaagege
catggacgag
actgtgeott
ctggaaggty
ctgagtaggt
tgggaagaca
agaaccagct
gegggtateg
cctttegett

47

gccecgeotgg
ccatagtaac
ctgcccactt
atgacggtaa
cttggcagta
acatcaatgg
acgtcaatgg
actccgeoce
gagetggttt
gttggaatgt
gtegagoteg
gatgccacct
ccctggeccea
gaccacatga
cgcaccatoet
ggcgacacce
atcctggggc
aagcagaaga
gtgcagetcg
cccgacaace
gatcacatgg
ctgtacaagg
ctagttgecca
ccactcccac
gtcattctat
atagcaggca
ggggctotag
tggttacgeg
tecttecctte

ctgaccgece
gccaataggg
ggcagtacat
atggccecgece
catctacgta
gegtggatag
gagtttgttt
attgacgcaa
agtgaacocgt
aggtggtgag
acggcgacgt
acggcaagoet
ccctegtgac
agcagcacga
tcttcaagga
tggtgaaccg
acaagctgga
acggcatcaa
ccgaccacta
actacctgag
tcetgetgga
ctcgagctcea
gccatetgtt
tgtcctttee
tetggeggst

tgctggggat
ggggtatcce

cagcgtgacc

ctttectegece

120

180

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400



acgttcgecg
agtgectttac
ccatcgeoct
ggactecttgt
taagggattt
aacgcgaatt
cagcaggcag
ccccaggete
tagtccecgece
cgccccatgg
agctattcca
cggtctagaa
cgggeegtac
gacccggace
gggctcgaca
acgccggaga
ttgageggtt
cccaaggage
ggtotgggcea
geccttootgg
gtcaccgecg
ggtgcctaga
tggtattott
gtatcatget
getgtetott
gtttgetgac
gacttteget
ctgectggaca
gacgtcottt

gcttteeoccg
ggcacctoga
gatagacggt
tccaaactgg
tgccgattte
aattctgtgg
aagtatgcaa
cccagcagge
cctaactccg
ctgactaatt
gaagtagtga
tgaccgagta
gcaccctoge
gccacateoga
tcggcaaggt
gcgtegaage
cccggetgge
ccgegtggtt
gcgeocgtogt
agacctcoge
acgtcgaggt
cgegtetgga
aactatgttg
attgecttecce
tatgaggagt
gcaaccccca
ttccccctee

ggggetegge
ccatggetge

tcaagctcta
ccccaaaaaa
ttttegeeoct
aacaacactc
ggcctattgg
aatgtgtgte
agcatgcate
agaagtatgce
cccatcecoge
ttttttattt
ggaggetttt
caagcccacg
cgcecgegtte
gecgggteoace
gtgggtogeg
gggggegsty
cgcgeageaa
cctggecace
gctcccegga
gccocgeaac
gcccgaagga
acaatcaacc
ctecttttac
gtatggettt
tgtggecogt
ctggttggeg
ctattgccac
tgttgggcac
tcgeotgtgt

aatcgggggc
cttgattagg

ttgacgttgg
aaccctatct
ttaaaaaatg
agttagggte
tcaattagtec
aaagcatgcea
ccctaactcce
atgcagaggce
ttggaggeoct
gtgcgeotceg
gccgactace
gagctgcaag
gacgacggecg
ttcgecgaga
cagatggaag
gtcggegtet
gtggaggeeg
ctccecttet
ccgegeacct
tctggattac
goctatgtgga
cattttctcc
tgtcaggcaa
cattgccacc
ggcggaacte
tgacaattcc

tgccacctgg
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tccetttagg
gtgatggtte
agtccacgtt
cggtetatte
agctgattta
tggaaagtcc
agcaaccagg
tctcaattag
gcccagttece
Cgaggecgee
aggcettttge
ccacccgega
ccgecacgeg
aactcttcct
ccgoggtggc
tcggecogeg
gccteoectgge
cgcccgacca
cCgagegege
acgageggoet
ggtgcatgac
aaaatttgtg
tacgectgeott
tccttgtata
cgtggegteg
acctgtcage
atcgccgeoct
gtggtgttgt

attctgegeg

gttccgattt
acgtagtgeg
ctttaatagt
ttttgattta
acaaaaattt
ccaggceteocce
tgtggaaagt
tcagcaacca
gcccatteote
tctgectetg
aaaaagctcc
cgacgtececce
ccacaccgte
cacgegegte
ggtctggace
catggccogag
gecgeacegg
ccagggcaag
cggggtgece
cggcttecace
€Cgcaagece
aaagattgac
taatgcettt
aatcctggtt
tgtgcactgt
tccttteoegg
geccttgeoecg

cggggaaget
ggacgteott

2460
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
4020
4080
4140



ctgctacgte
tctgeggeoot
cgccteoccg
getogticeg
agaatcaggg
ccgtaaaaag
caaaaatcga
gtttcccoct
cctgteegece
tctcagttcg
gCCecgaccge
cttatcgecca
tgctacagag
tatctgeget
caaacaaacc
aaaaggatct
aaactcacgt
tttaaattaa
cagttaccaa
catagttgec
ccccagtget
aaaccagcca
ccagtctatt
caacgttgtt
attcagctcc
agcggttage
actcatggtt
ttctgtgact
ttgctettge

cctteggeoce
cttcecgegte
cctggaatta
ctgeggogag
gataacgcag
goccgegttge
cgctcaagte
ggaagcteoce
tttetecctt
gtgtaggtcg
tgcgecttat
ctggcagcag
ttcttgaagt
ctgctgaage
accgetggta
caagaagatc
taagggattt
aaatgaagtt
tgcttaatca
tgactccccg
gcaatgatac
gccggaages
aattgttgece
gccattgeota
ggttcccaac
tcctteggte
atggcagecac
ggtgagtact

ccggegteoaa

tcaatccage
ttcgeotteg
attctgegge
cggtatcage
gaaagaacat
tggegttttt
agaggtggeg
tcgtgegeote
cgggaagegt
ttcgectccaa
ccggtaacta
ccactggtaa
ggtggectaa
cagttacctt
goeggtttttt
ctttgatett
tggtcatgag
ttaaatcaat
gtgaggecacc
tcgtgtagat
cgcgagacce
ccgagcgeag
gggaagotag
caggcatogt
gatcaaggcg
ctccgateogt
tgcataattec
caaccaagtc

tacgggataa

ggaccttoct
ccctcagacg
cgctteoteg
tcactcaaag
gtgagcaaaa
ccataggete
aaacccgaca
tcctgttecg
ggcgetttet
gotgggotet
tcgtettgag
caggattage
ctacggctac
cggaaaaaga
tgtttgcaag
ttctacgggg
attatcaaaa
ctaaagtata
tatctcagcg
aactacgata
acgctcaccg
aagtggteoct
agtaagtagt
ggtgtcacge
agttacatga
tgtcagaagt
tcttactgte
attctgagaa

taccgecgeoca
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tccecgeggece
agtcggatoet
ctcactgact
gcggtaatac
ggccagcaaa
cgccceoctg
ggactataaa
accctgeoge
catagctcac
gtgcacgaac
tccaaccegg
agagcgaggt
actagaagaa
gttggtaget
cagcagatta
tctgacgeote
aggatcttca
tatgagtaaa
atctgtctat
cgggaggget
gctccagatt
gcaactttat
tcgccagtta
tcgtegttteg
tcccccatgt
aagttggecg
atgccatccg
tagtgtatge

catagcagaa

tgctgeegge
ccctttggge
cgetgegote
ggttatccac
aggccaggaa
acgagcatca
gataccaggce
ttaccggata
gectgtaggta
cccccgttea
taagacacga
atgtaggegg
cagtatttgg
cttgatccgg
cgcgeagaaa
agtggaacga
cctagatecct
cttggtetga
ttcgttecate
taccatctgg
tatcagcaat
ccgecteeoat
atagtttgeg
gtatggette
tgtgcaaaaa
cagtgttate
taagatgett
ggcgaccgag
ctttaaaagt

4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
9460
9520
9580
9640
5700
5760
9820
5880



gctcatcatt ggaaaacgtt cttcggggeg aaaactctca aggatcttac cgotgttgag
atccagttcg atgtaaccca ctcgtgcacc caactgatct tcagcatctt ttactttcac
cagegtttct gggtgagcaa aaacaggaag gcaaaatgcc gcaaaaaagg gaataaggge
gacacggaaa tgttgaatac tcatactctt cctttttcaa tattattgaa gcatttatca
gggttattgt ctcatgagcg gatacatatt tgaatgtatt tagaaaaata aacaaatagg

ggttcecgeog

<210> 43

211> 10648

<212> DNA

<213> Artificial Sequence
<220>

223>

<220>

<221> enhancer
222> (23).. (402)
<223> CMV enhancer
<220>

<221> promoter
222> (403).. (606)
<223> CMV promoter
<220>

<221> promoter
222> (651).. (669)
223> TI promoter
<220>

<221> misc_feature
222> (689).. (691)
223> Kozak sequence
<220>

<221> misc_signal
222> (692).. (742)
<223> NLS unit
<220>

<221> misc_signal
222> (698).. (718)
<223> SV40 NLS
<220>

<221> gene

222> (743).. (4879)
223> C(Gas9

<220>

Vector SY45(CMV_Cas9-PmCDA1, EF1_iRFP) (Effector plasmid)
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9940
6000
6060
6120
6180
6189



221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

misc_signal
(4859) .. (4879)
SV40 NLS

misc_structure
(4910) .. (5080)
dead SH3 hs

misc_signal
(5087) .. (5152)
3XFLAG hs

gene
(5159) .. (5782)
HsPmCDAT1

polyA_signal
(5799) .. (5920)
SV40 poly(A) signal

rep_origin
(6026) .. (6614)
ori

gene
(6788) .. (7645)
AmpR

promoter
(7646) .. (7750)
AmpR promoter

promoter
(8145) .. (9322)
EF-1alpha promoter

Intron
(8376) .. (9313)
EF-1alpha intron A

gene
(9349) .. (10284)
iRFP670

misc_feature
(9349) .. (9352)
Kozak sequence

51



<2207
221>
<222>
<223> bGH

<400> 43
gggtaacgece

poly
(103

acggggteoat
ggcccgoctg
cccatagtaa
actgcccact
aatgacggta
acttggcagt
tacatcaatg
gacgtcaatg
aactccgecce
agagctectoet
cactataggg
aatccacgga
aaacagegte
agttetggge
cgactcoggg
ccgcagaaag
ggatgactet
cgagcgecac
aaccatatat
gatctatecte
cctgaaccca
tcagectttte
cgctaggetg
gaagaacggc

atctaacttc

A_signal

s
4)..(10538)
0

; ly (A)

agggtacgeg
tagttcatag
gctgaccgece
cgccaatagg
tggcagtaca
aatggccoge
acatctacgt
ggogtggata
ggagtttgtt
cattgacgca
ggctaactag
agacccaagc
gttcctgegg
ggttgggcceg
aataccgatc
gagacggeceg
aatcggatct
ttcttccata
ccaatctttg
catctgagga
gecgetggoge
gacaacagcg
gaagagaacc
tccaaatccce
ctgtttggta

gacctggecg

ttgacattga
cccatatatg
caacgaccce
gactttcecat
tcaagtgtat
ctggecattat
attagtcatc
geggtttgac
ttggcaccaa
aatgggoggt
agaacccact
tggctagega
caatggacaa
tcattacgga
gccacageat
aagccacgeg
gctacctgea
ggotggagea
gcaatatogt
agaagcttgt
atatgatcaa
atgtcgacaa
cgatcaacgc
ggoggotega
atcttatege

aagatgccaa

ttattgacta
gagttcogeg
cgcccattga
tgacgtcaat
catatgccaa
gcccagtaca
gctattacca
tcacggggat
aatcaacggg
aggegtgtac
gcttactgge
aatggcaccg
gaagtactcc
cgagtacaag
aaagaagaac
gctcaaaaga
ggagatettt
gtecotttttg
ggacgaggtg
agacagtact
atttcgggga
actctttatc
atccggagtt
aaacctcatc
cctgtcacte

gcttcaactg
52

gttattaata
ttacataact
cgtcaataat
gggtggagta
gtacgcceoce
tgaccttatg
tggtgatgeg
ttccaagtet
actttccaaa
ggtgggaget
ttatcgaaat
aagaagaagc
attgggcteg
gtgccgagea
ctcattggeg
acagcacggc
agtaatgaga
gtggaggagg
gcgtaccatg
gataaggctg
cacttcctca
caactggtte
gacgccaaag
gcacagectcc
gggctgacce

agcaaagaca

gtaatcaatt
tacggtaaat
gacgtatgtt
tttacggtaa
tattgacgte
ggactttect
gttttggcag
ccaccccatt
atgtcgtaac
ctatataagc
taatacgact
gtaaagtcgg
atatcggecac
aaaaattcaa
ccctectgtt
gcagatatac
tggctaaggt
ataaaaagca
aaaagtaccc
acttgeggtt
tcgaggegea
agacttacaa
caatcctgag
ctggggagaa
ccaactttaa

cctacgatga

60
120
180
240
300
360
420
480
940
600
660
120
180
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560



tgatctcgac
aaagaacctg
caaagctccg
tttgctgaag
tcagtctaaa
caaatttatt
taacagagaa
gattcacctg
gaaagataac
ccccctegece
cactccotgg
aaggatgact
gctgtacgag
gatgagaaag
caagacgaac
atgtttcgac
gtatcacgat
ggacattett
agaacgottg
gcgecgatat
gcagagtgga
catgcagttg
ttctggccag
caaaaaggga
gcataagecce
acagaagaac
ccaaatcctt
gtactacctg

ctccgactac

aatctgeotgg
tcagacgcca
ctgagcgeota
gecccttgtea
aatggctacg
aagcccatoet
gatctgttge
ggcgaactge
agggaaaaga
cggggaaatt
aacttcgagg
aactttgata
tacttcacag
ccagcattcc
cggaaagtta
tctgttgaaa
ctcctgaaaa
gaggacattg
aaaacttacg
acaggatgeg
aagacaatcc
atccatgatg
ggggacagtc
atactgcaga
gagaatatcg
agtagggaaa
aaggaacacc
cagaacggca

gacgtggatc

cccagatecgg
ttctgetgag
gtatgatcaa
gacagcaact
ccggatacat
tggaaaaaat
gcaaacagesg
acgctateoct
ttgagaaaat
ccagattege
aagtcgtgga
aaaatctgec
tttataacga
tgtctggaga
ccgtgaaaca
tcagcggagt
tcattaaaga
tccteoaccet
ctcatctectt
ggoggetgte
tggattttet
actctctcac
ttcacgagca
ccgttaaggt
ttatcgagat
ggatgaagag
cagttgaaaa
gggacatgta
atatcgtgec

cgaccagtac
tgatattctg
gecgetatgat
gcctgagaag
tgacggegga
ggacggecacc
cactttecgac
caggcggeaa
cctcacattt
gtggatgact
taagggggcec
taacgaaaag
gctcaccaag
gcagaagaaa
gctcaaagaa
ggaggatcge
caaggacttc
tacgttgttt
cgacgacaaa
aagaaaactg
taagtccgat
ctttaaggag
catcgctaat
cgtggatgaa
ggcccgagag
gattgaagag
cacccagett
cgtggatcag

ccagtetttt
53

gcagaccttt
cgagtgaaca
gagcaccacc
tacaaggaaa
gcaagccagg
gaggagetge
aatggaagca
gaggatttet
cggataccct
cgcaaatcag
tctgecccagt
gtgctteota
gtcaaatacg
gctategtgg
gactatttca
ttcaacgecat
ctggacaatg
gaagataggg
gtcatgaaac
atcaatggga
ggatttgeca
gacatccaga
cttgcaggta
ctcgtcaaag
aaccaaacta
ggtataaaag
cagaatgaga
gaactggaca

ctcaaagatg

ttttggegge
cggagatcac
aagacttgac
ttttctteoga
aggaatttta
tggtaaaget
tceccccacca
accccttttt
actatgtagg
aagagaccat
ccttcatega
aacactctct
tcacagaagg
acctcctett
aaaagattga
ccctgggaac
aggagaacga
agatgattga
agctcaagag
tccgagacaa
accggaactt
aagcacaagt
gcccagetat
taatgggaag
cccagaaggg
aactggggtc
agctctacct
tcaatcgget
attctattga

1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300



taataaagtg
agaagttgte
acaacggaag
agccggette
aattctcgat
gaaagttatt
taaggtgaga
aggcactgea
taaagtgtac
cgctaagtac
caatggagag
gtgggacaag
catcgttaaa
aaggaacagc
attcgattet
gtctaaaaaa
cttcgaaaaa
cctcatcatt
gctcgetagt
taatttettg
gcagaagcag
aagcgaattc
ttacaataag
tactctgacc
aaagcggtac
ggggctotat
caagaagaag
acgagctctg
tattctceoge

ttgacaagat
aagaaaatga
ttcgataate
atcaaaaggc
tcacgcatga
actctgaagt
gagatcaaca
cttatcaaaa
gatgttagga
ttcttttaca
attcggaage
ggtagggatt
aagaccgaag
gacaagctga
cctacagtcg
ctcaaaagcg
aaccccatcg
aagcttcccea
g£CgLLcLgage
tatctggeca
ctgttegtgg
tccaaaagag
cacagggata
aacttgggcg
acctctacaa
gaaacaagaa
aggaaggteg
tttgacttca

atcagagata

ccgataaaaa
aaaattattg
tgactaaggce
agcttgttga
acaccaagta
ctaagctggt
attaccacca
aatatcccaa
aaatgatecge
gcaatattat
gaccacttat
tcgegacagt
tacagaccgg
tcgcacgecaa
cttacagtgt
tcaaggaact
actttcteoga
agtactctet
tgcagaaagg
gccactatga
aacaacacaa
tgatccteoge
agcccatcag
cgcctgeage
aggaggtoct
tcgaccteote
gtggaggagg
atgggaatga

agcccgaaga

tagagggaag
geggeagetg
tgaacgaggt
gacacgccag
cgatgaaaat
ctcagatttec
tgcgecatgat
gcttgaatet
aaagtctgag
gaatttttte
cgaaacaaac
ccggaaggte
aggcttetece
aaaagattgg
actggttgtg
gctgggeate
ggcgaaagga
ctttgagett
taacgagctg
aaagctcaaa
acactacctt
cgacgctaac
ggagcaggcea
cttcaagtac
ggacgccaca
tcagcteggt
taccggeggt
cgaggaggat

acaatggtgg
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agtgataacg
ctgaacgecca
ggcctgtetg
atcaccaagc
gacaaactga
agaaaggact
gcctacctga
gaatttgttt
caggaaatag
aagaccgaga
ggagaaacag
ctgtccatge
aaggaaagta
gaccccaaga
gccaaagtgg
acaatcatgg
tataaagagg
gaaaacggec
gcactgeoct
gggtctoccg
gatgagatca
ctcgataagg
gaaaacatta
ttcgacacca
ctgattcate
ggagacagca
ggaggctcag
ctccecttta

aatgccgagg

tcccctcaga
aactgatcac
agttggataa
acgtggecca
ttcgagaggt
ttcagtttta
atgcagtggt
acggagacta
gcaaggccac
ttacactgge
gagaaatogt
cgcaggtgaa
tcctecccgaa
aatacggegg
agaaagggaa
agcgatcaag
tcaaaaaaga
ggaaacgaat
ctaaatacgt
aagataatga
tcgagcaaat
tgctttetge
tccacttgtt
ccatagacag
agtcaattac
gggctgacce
cagaatacgt
agaagggega
atagcgaagg

3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040



gaaaaggeec
tgatggggat
gacagacgcc
gttcttcaac
aaggggegaa
cgagagagga
taatcctggg
cgagaaaatt
ctgggeeotge
gagggacaat
gattttecate
gaaacgtgeg
taccactaag
atggttacaa
attctagttg
gctccagett
gtaaaaaggce
aaaatcgacg
ttccceotgg
tgtcecgeott
tcagttcggt
ccgaccgetg
tatcgccact
ctacagagtt
tctgegetet
aacaaaccac
aaaaaggatc
aaaactcacg

ttttaaatta

atgattotgg
tacaaagacc
gagtacgtge
aacaagaaat
agaagggott
atacacgctg
cagtttacga
ctggaatggt
aagctgtact
ggtgtaggece
caaagctocte
gagaagcgga
tctccagecg
ataaagcaat
tggtttgtece
ttgtteccott
cgegttgetg
ctcaagtcag
aagctcecote
tcteccotteg
gtaggtegtt
cgccttatece
ggcagecagec
cttgaagtgg
gctgaagcca
cgctggtage
tcaagaagat
ttaagggatt

aaaatgaagt

tgccatatgt
acgacatcga
gcattcatga
ctgtgtcaca
gotttteges
agatattcag
tcaactggta
ataatcagga
acgagaagaa
tgaacgtgat
ataaccagct
gatccgaget
tttagettcg
agcatcacaa
aaactcatca
tagtgagggt
gegtttttece
aggtggegaa
gtgcgetote
ggaagegteg
cgctccaage
ggtaactate
actggtaaca
tggcctaact
gttaccttcg
ggtggttttt
cctttgatet
ttggtcatga

tttaaatcaa

ggagaaatat
ctacaaagac
gaaactggat
ccgetgetac
ctatgcegte
tatccgaaag
ttccagetgg
acttecgggga
tgcccggaac
ggtttcogag
caatgaaaac
gagcatcatg
cccaccccaa
atttcacaaa
atgtatctta
taattgegeg
ataggctccg
acccgacagg
ctgttcecgac
cgctttetea
tgggetgtat
gtcttgagte
ggattagcag
acggctacac
gaaaaagagt
ttgtttgcaa
tttctacggg
gattatcaaa

tctaaagtat
55

tccggtgact
gacgacgata
atttacacct
gtgotgttteg
aacaagccce
gtggaagagt
agtccttgeg
aacgggcaca
cagataggac
cactatcagt
cgetggtteg
atccaggtca
cttgtttatt
taaagcattt
geggeegecea
ccagcaaaag
cccccctgac
actataaaga
cctgecgeott
tagctcacge
gcacgaacce
caacccggta
agcgaggtat
tagaagaaca
tggtagetct
gcagcagatt
gtctgacget
aaggatctte
atatgagtaa

acaaagacca
aatcagggat
tcaagaagca
agttgaagcg
aaagtggecac
atcttcggga
ctgattgtge
cattgaaaat
tctggaatet
gttgtcggaa
agaaaacact
agattctgea
gcagcttata
ttttcactge
ccgoggtgga
gccaggaacc
gagcatcaca
taccaggegt
accggatacc
tgtaggtate
cccgttecage
agacacgact
gtaggeggty
gtatttggta
tgatccggea
acgcgcagaa
cagtggaacg
acctagatcc

acttggtctg

5100
5160
5220
5280
5340
5400
9460
9520
9580
9640
5700
5760
9820
5880
9940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780



acagttacca
ccatagttge
gccccagtge
taaaccagcc
tccagtctat
gcaacgttgt
cattcagecte
aagecggttag
cactcatggt
tttctgtgac
gttgetottg
tgctcatecat
gatccagttec
ccagegttte
cgacacggaa
agggttattg
gegttcogeg
aaaattogceg
caaaatccct
gaacaagagt
tcagggegat
ccgtaaagea
gccgcageta
agtgggeaga
gaaccggtge
tccgeetttt
ttettttteg
ggecctggect
gtacgtgatt

atgcttaate
ctgactcecce
tgcaatgata
ageccggaagg
taattgttge
tgccattget
cggttcccaa
ctcctteggt
tatggcagea
tggtgagtac
cccggegtea
tggaaaacgt
gatgtaacce
tgggtgagea
atgttgaata
tctcatgage
cacatttccc
ttaaattttt
tataaatcaa
ccactattaa
ggcccactac
ctaaatcgga
atggacctte
gcgcacatceg
ctagagaagg
tcccgagggt
caacgggttt
ctttacgggt
cttgatcccg

agtgaggecac
gtcgtgtaga
ccgogagace
gccgagegea
cgggaagota
acaggcatcg
cgatcaaggce
ccteccgatceg
ctgcataatt
tcaaccaagt
atacgggata
tcttegggge
actcgtgecac
aaaacaggaa
ctcatactct
ggatacatat
cgaaaagtge
gttaaatcag
aagaatagac
agaacgtgga
gtgaaccatc
accctaaagg
taggtcttga
cccacagtec
tggogeggeg
gggegagaac
gccgecagaa
tatggccott
agcttegggt

ctatctcage
taactacgat
cacgctcacc
gaagtggtec
gagtaagtag
tggtgtcacg
gagttacatg
ttgtcagaag
ctcttactgt
cattctgaga
ataccgegec
gaaaactctc
ccaactgatc
ggcaaaatge
teotttttea
ttgaatgtat
cacctaaatt
ctcatttttt
cgagataggg
ctccaacgte
accctaatca
gageccccga
aaggagtgeg
ccgagaagtt
taaactggga
cgtatataag
cacaggtaag
gegtgeottg

tggaagtggg
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gatctgtecta
acgggagesc
ggctccagat
tgcaacttta
ttcgecagtt
ctegtegttt
atcccccatg
taagttggece
catgccatce
atagtgtatg
acatagcaga
aaggatctta
ttcagcatct
cgcaaaaaag
atattattga
ttagaaaaat
gtaagcgtta
aaccaatagg
ttgagtgtteg
aaagggcegaa
agttttttgg
tttagagett
aattggetece
ggeeLgeages
aagtgatgte
tgcagtagte
tgcegtgtgt
aattacttcc

tgggagagtt

tttcgtteat
ttaccatctg
ttatcagcaa
tccgecteoca
aatagtttge
ggtatggeott
ttgtgcaaaa
gcagtgttat
gtaagatget
cggegaccga
actttaaaag
ccgetgttga
tttactttca
ggaataageg
agcatttate
aaacaaatag
atattttgtt
ccgaaatcgg
ttccagtttg
aaaccgtcta
ggtogaggty
gacggggaaa
ggtgeecgte
gtcggcaatt
gtgtactgge
gccgtgaacg
ggttccogeg
actggetgea
cgaggeottg

6840
6900
6960
1020
7080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
11740
1800
1860
1920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520



cgcttaagga
ccgegtgeoga
catttaaaat
tgcgggecaa
ccgtgegtece
Ccggacgeees
tatcgeceoccg
atggeccgott
gegggogggt
atgtgactcc
gagtacgtcg
gtgggtegag
cctttttgag
tettecattt
gtcgatctea
ggctgeeotge
ggegegttet
gagaccgaag
gegetgatct
cgccatgacg
ccgetgegge
atggccgcac
taccgettcg
gagagctttc
tacttgaaga
cccgagecacg
tcgeccetgece

atcatcattg

gtgccgatgg

gccccttoge
atctggtgge
ttttgatgac
gatctgcaca
cagcgcacat
tagtctcaag
ccotgggeeg
cccggeoctg
gagtcaccca
acggagtacc
tctttaggtt
actgaagtta
tttggatott
caggtgtogt
cctcectgeoga
tagcctgeoga
ttggacgega
cccatgeget
teggttggeg
gtacatcgat
tgacgcggca
gggtgeegeg
cggacgacegg
tcggtcagea
acgcgatccg
acgcctoegg
atctcgaatt
acggcacgoet

cgcagegogt

ctecgtgeottg
accttcgeoge
ctgectgegac
ctggtattte
gttcggegag
ctggeecggece
caaggetgge
ctgcagggag
cacaaaggaa
gggcgeegte
gggeeLgages
ggccagottg
ggttcattet
gaggaatttc
tcgegagecg
Cgcgcagece
aactccgegg
gcgcaacgcea
cgacggectg
catcgagttec
gatcateogeg
ctatctgcag
ctcecgggatg
ctttcecggeg
cgtggtoteg
cgcecgegete
tctgeggaac
atggggattg

cgcggccgaa

agttgaggec
ctgteteget
goettttttte
ggtttttgeg
geggggcecty
tgcteotggte
ccggteggea
ctcaaaatgg
aagggeottt
caggcaccte
gttttatgeg
gcacttgatg
caagcctcag
gacccggatc
atccacatcc
gtgcggatca
gtcggtgage
ctggegeagt
accggecgea
gagectgegg
cgcaccaaag
gcgatgeotceg
gtgatcggeg
tcgetggtee
gattcgeogeg
gatctgtogt
atgggecgtca
atcatctgte

atgttegecg
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tggcotggge
gctttcgata

tggcaagata
gCCECELECE
cgagegegee
cctggeotceg
ccagttgegt
aggacgceec
ccgtectcag
gattagttet
atggagttte
taattctcct
acagtggttc
cggccaccat
ccggcagcat
cgcgeattac
tactcgeeoga
cctccgatece
ccttcgacat
cggecgaaca
aactgaagtc
gctatcaccg
aggegaageg
cgcagcagge
gcatcagcag
tcgegeacct
gcgectegat
atcattacga

acttcttatc

getggggcceg
agtctctage

gtcttgtaaa
£Cgacgeeec
caccgagaat
cgcecgeogtg
gagcggaaag
gctogggaga
ccgtegette
cgagettttg
cccacactga
tggaatttge
aaagtttttt
ggoegegtaag
tcagccgtge
ggaaaatgec
ttacttcgge
aaagcgaccg
ctcactgecat
ggccgacaat
gctcgaagag
cgtgatgttg
cagcgaccte
gcggetactg
ccggatogtg
gcgcageatce
gtcgetgteg
gcecgegtgcce
gctgeactte

8580
8640
8700
8760
8820
8880
8940
9000
9060
9120
9180
9240
9300
9360
9420
9480
9540
9600
9660
9720
9780
9840
9900
9960
10020
10080
10140
10200
10260



accgecgece
gcccaccgea
ccccacceca
attttattag
ggggcaaaca

cgcaactgtt

gggggatgtyg

<210>
AN D2
212>
213>

<2207
<223>

44
DNA

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>

bGH

gene
(1280) .. (2215)
iRFP670

accaccaacg
tccccageat
ccccccagaa
gaaaggacag
acagatggoet

gggaagggceg
ctgcaaggceg

10120

promoter
(76) .. (1253)
EF-1alpha promoter

Intron
(307).. (1244)
EF-1alpha intron A

misc_feature
(1280) .. (1283)
Kozak sequence

polyA_signal
(2245) .. (2469)

poly (A)

promoter
(2677) .. (2905)
H1 promoter

misc_feature
(2925) .. (2925)

ctaagcggece
gecctgetatt
tagaatgaca
tgggagtggc
ggcaactaga
atcggtgeeg
attaagtt

Artificial Sequence

gcgactctaa ccggtcetcag
gtcttcccaa tcctoeoccct
cctactcaga caatgcgatg
accttccagg gtcaaggaag
aggcacagtc gaggotgatc
gocctetteoge tattacgeca

Vector SY45(CMV_Cas9, EF1_iRFP) (Effector plasmid)
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aagccataga
tgctgteoctg
caatttcctc
gcacggeeea
attcaggctg
gctggegaaa

10320
10380
10440
10500
10560
10620
10648



<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<2207
221>
<222>
<223>

<400>

targetl

misc_structure
(2926) .. (3001)
gRNA scaffold

enhancer
(3016) .. (3395)
CMV enhancer

promoter
(3396) .. (3599)
CMV promoter

misc_signal
(3646) .. (3696)
NLS unit

misc_signal
(3652) .. (3672)
SV40 NLS

gene
(3697) .. (7836)
Cas9

misc_signal
(7813).. (7833)
SV40 NLS

polyA_signal
(7850) .. (7971)
SV40 poly(A) signal

rep_origin
(8077) .. (8665)
ori

gene
(8839) .. (9696)
AmpR

promoter
(9697) .. (9801)
AmpR promoter
44
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g8agccceeg
aaaggagteg
cccgagaagt
gtaaactggg
ccgtatataa
acacaggtaa
tgcgtgeott
ttggaagteg
gagttgagge
cctgteteoge
cgettttttt
cggttttteg
ggoggggeot
ctgctetggt
ccecggteggce
gctcaaaatg
aaagggcectt
ccaggcacct
gogttttatge
ggcacttgat
tcaagcctca
cgacccggat
gatccacatc
ggtgeggate
ggtoggtgag
actggcgcag
gaccggecge
cgagecctgeg

gcgcaccaaa

atttagaget
gaattggete
tgeggggage
aaagtgatgt
gtgcagtagt
gtgcecgtgtg
gaattacttec
gtgggagagt
ctggectgeg
tgctttegat
ctggcaagat
g8CCECLLEC
g£Cgageeces
gocctggeote
accagttgeg
gaggacgees
tccgtectea
cgattagtte
gatggagttt
gtaattctcce
gacagtggtt
ccggecacca
cccggeagea
acgcgcatta
ctactcgecg
tccteccgate
accttcgaca
geggecgaac

gaactgaagt

tgacggggaa
cggtgecogt
ggtcggeaat
cgtgtactgg
cgcecgtgaac
tggttccoge
cactggetge
tcgaggeott
cgetggggece
aagtctctag
agtcttgtaa
ggcgacgees
ccaccgagaa
gcgeecgeogt
tgagcggaaa
cgotegggag
gecegtegott
tcgagetttt
ccccacactg
ttggaatttg
caaagttttt
tggcgegtaa
ttcagcegtg
cggaaaatge
attacttecgg
caaagcgacc
tctcactgea
aggccgacaa

cgctcgaaga

agccgeagoet
cagtgggcag
tgaaccggtg
ctcecgeeottt
gttettttte
gggoctggee
agtacgtgat
gcgettaagg
geocgegtgeg
ccatttaaaa
atgcgggeoca
ccegtgegte
tcggacggeg
gtatcgeecce
gatggeceget
agcgeecees
catgtgactc
ggagtacgte
agtgggtgga
ccctttttga
ttettecatt
ggtcgateote
cggetgeoctg
cggegegtte
cgagaccgaa
ggcgetgate
tcgccatgac
tcecgetgegg
gatggeccgea
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aatggacctt
agcgcacate
cctagagaag
ttcccgaggg
gcaacgggtt
tctttacggg
tcttgatcce
agcccctteg
aatctggtgg
tttttgatga
agatctgecac
ccagcgcaca
gtagtctcaa
gecotgggeg
tccecggeoct
tgagtcacce
cacggagtac
gtctttaggt
gactgaagtt
gtttggatet
tcaggtgteg
acctcotgeg
ctagcctgeg
tttggacgeg
gcccatgeoge
ttcggttggce
ggtacatcga
ctgacgcggc

cgggtgeoge

ctaggteottg
gcccacagte
gtggegegeg
tgggggagaa
tgccgecaga
ttatggeeoct
gagottogeg
cctegtgeott
cacctteogeg
cctgetgeoga
actggtattt
tgttcggeoga
getggeogge
gcaaggeteg
getgeaggga
acacaaagga
cgggegeegt
tgeggegage
aggccagott
tggttcatte
tgaggaattt
atcgcgagcc
acgcgceaggce
aaactcogeg
tgcgcaacge
gcgacggoot
tcatcgagtt
agatcatocge

gctatctgea

60
120
180
240
300
360
420
480
940
600
660
120
180
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740



ggcgatgeote
ggtgategge
gtcgetggte
ggattcgeoge
cgatctgtceg
catgggcgtc
gatcatetgt
aatgttegece
cgcgactota
tgtcttcecca
acctactcag
caccttccag
aaggcacagt
ggcctotteg
ggtaacgeca
atacgactca
ccgectccaag
ctggcaggaa
tatgtgttet
ttctgtatga
atagcaagtt
ctttttttac
cattagttca
ctggetgace
taacgccaat
acttggcagt
gtaaatggec

agtacatcta

atgggegteg

ggctatcacce
gaggcgaage
ccgcagcagg
ggcatcagea
ttcgegeace
agcgectoga
catcattacg
gacttcttat
accggtctea
atccteccccce
acaatgcgat
ggtcaaggaa
cgaggetgat
ctattacgcc
gggttttoce
ctatagggcg
gaatcgegeg
gatggetgty
gggaaatcac
ggaccacaga
aaaataaggc
gegttgacat
tagcccatat
gcccaacgac
agggacttte
acatcaagtg
cgcctggeoat
cgtattagte
atagcggttt

gegtgatgtt
gcagcgacct
cgeggetact
gccggatogt
tgcgecageoat
tgtcgetgte
agccgegtge
cgctgeactt
gaagccatag
ttgetgteoct
gcaatttect
ggcacgeees
cattcagget
agctggegaa
agtcacgacg
aattgggtac
cccagtgtca
agggacagegg
cataaacgtg
tccccagaag
tagtccgtta
tgattattga
atggagttcc
ccccgecoat
cattgacgtc
tatcatatge
tatgcccagt
atcgctatta
gactcacggg

gtaccgette
cgagagettt
gtacttgaag
gccogageac
ctcgeceotge
gatcatcatt
cgtgeccgatg
Caccgecgee
agcccaccge
gCCCCcaccee
cattttatta
aggggcaaac
gcgcaactgt
agggggatgt
ttgtaaaacg
cgggccaatt
ctaggeggea
gagtggegece
aaatgtettt
agccggegoet
tcaacttgaa
ctagttatta
gecgttacata
tgacgtcaat
aatgggtgga
caagtacgcc
acatgacoctt
ccatggtgat
gatttccaag
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gcggacgaceg
ctcggtcage
aacgcgatcce
gacgectecg
catctcgaat
gacggcacgc
gegoagegeg
caccaccaac
atccccagea
accccccaga
ggaaaggaca
aacagatggc
tgggaagggc
gctgcaagge
acggccagtg
cgaacgetga
acacccagceg
ctgcaatatt
ggatttggea
cttcagtttt
aaagtggcac
atagtaatca
acttacggta
aatgacgtat
gtatttacgg
ccctattgac
atgggacttt
geggtttteg

tcteccacccee

gctceogggat
actttcegge
gegtggtote
gcgeocgeget
ttctgeggaa
tatggggatt
tcgeggecga
gctaagegge
tgcctgetat
atagaatgac
gtgggagteg
tggcaactag
gatcggtgeg
gattaagttg
agcgegegta
cgtcatcaac
cgegtgegece
tgcatgteoge
atcttataag
agagctagaa
cgagtcggtg
attacggggt
aatggcccgce
gttcccatag
taaactgeccce
gtcaatgacg
cctacttgge
cagtacatca

attgacgtca

1800
1860
1920
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
3480



atgggagttt
ccccattgac
tctggetaac
aagcgtaaag
ctcgatatcg
agcaaaaaat
ggcgecctece
cggecgeagat
gagatggeota
gaggataaaa
catgaaaagt
gctgacttge
ctcatcgagg
gttcagactt
aaagcaatcc
ctcecectgggg
acccccaact
gacacctacg
ctttttttgg
aacacggaga
caccaagact
gaaattttet
caggaggaat
ctgctggtaa
agcatccecce
ttctacccct
ccctactatg
tcagaagaga

cagtccttea

gttttggeac
gcaaatggge
tagagaaccc
tcggaatcca
gcacaaacag
tcaaagttet
tgttcgacte
atacccgcag
aggtggatga
agcacgagceg
acccaaccat
ggttgatcta
gggacctgaa
acaatcagct
tgagcgeotag
agaagaagaa
ttaaatctaa
atgatgatct
cggcaaagaa
tcaccaaagc
tgactttget
tcgatcagte
tttacaaatt
agcttaacag
accagattca
ttttgaaaga
taggcccoct
ccatcactcc

tcgaaaggat

caaaatcaac
ggtaggegty
actgcttact
cggagttoct
cgteggtteg
gggcaatacc
cggegagaceg
aaagaatcgg
ctetttette
ccacccaatc
atatcatctg
tctegegetg
cccagacaac
tttcgaagag
gctgtccaaa
cggeotgttt
cttcgacctg
cgacaatctg
cctgtcagac
tccgetgage
gaaggccott
taaaaatgge
tattaagecce
agaagatctg
cctgggcgaa
taacagggaa
cgcccgeeea
ctggaacttec
gactaacttt

gggactttece
tacggtggea
ggcttategg
geggcaateg
gccgtceatta
gatcgccaca
gccgaageca
atctgctacc
cataggetgg
tttggcaata
aggaagaagc
gcgcatatga
agcgatgtcg
aacccgatca
tccecggegge
ggtaatctta
gccgaagatg
ctggecccaga
gccattetge
gctagtatga
gtcagacagc
tacgccggat
atcttggaaa
ttgcgecaaac
ctgcacgeta
aagattgaga
aattccagat
gaggaagtcg

gataaaaatc
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aaaatgtoegt
ggtctatata
ccaccatgge
acaagaagta
cggacgagta
gcataaagaa
cgecggeteoaa
tgcaggagat
aggagtecott
tcgtggacga
ttgtagacag
tcaaatttcg
acaaactctt
acgcatccgg
tcgaaaacct
tcgecctgte
ccaagcttca
tcggegacca
tgagtgatat
tcaagcgeota
aactgcctga
acattgacgg
aaatggacgg
agcgcacttt
tcctcaggeg
aaatcctcac
tcgegtggat
tggataageg

tgcctaacga

aacaactccg
agcagagotc
accgaagaag
ctccattggg
caaggtgecg
gaacctcatt
aagaacagca
ctttagtaat
tttggtegag
ggtggegtac
tactgataag
gggacacttc
tatccaactg
agttgacgec
catcgcacag
actcgggetg
actgagcaaa
gtacgcagac
tctgegagtg
tgatgagcac
gaagtacaag
cggagcaage
caccgaggag
cgacaatgga
gcaagaggat
atttcggata
gactcgcaaa
ggcctetgece
aaaggtgett

3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220



cctaaacact
tacgtcacag
gtggacctcce
ttcaaaaaga
gcatccotgg
aatgaggaga
agggagatga
aaacagctca
gggatccgag
gccaaccgga
cagaaagcac
ggtagcccag
aaagtaatgg
actacccaga
aaagaactgg
gagaagectet
gacatcaatc
gatgattcta
aacgtccoct
gccaaactga
tctgagttgg
aagcacgtgg
ctgattcgag
gactttcagt
ctgaatgcag
gtttacggag
ataggcaagg
gagattacac

acaggagaaa

ctctgetgta
aagggatgag
tcttcaagac
ttgaatgttt
gaacgtatca
acgaggacat
ttgaagaacg
agaggegeceg
acaagcagag
acttcatgca
aagtttotgg
ctatcaaaaa
gaaggcataa
agggacagaa
ggtcccaaat
acctgtacta
ggctecteoga
ttgataataa
cagaagaagt
tcacacaacg
ataaagccgg
cccaaattct
aggtgaaagt
tttataaggt
tggtaggeoac
actataaagt
ccaccgctaa

tggccaatgg

tcgtgtggga

cgagtactte
aaagccagcea
gaaccggaaa
cgactectgtt
cgatcteoctg
tcttgaggac
cttgaaaact
atatacagga
tggaaagaca
gttgatcecat
ccaggggeac
gggaatactg
gcccgagaat
gaacagtagg
ccttaaggaa
cctgcagaac
ctacgacgtg
agtgttgaca
tgtcaagaaa
gaagttcgat
cttcatcaaa
cgattcacge
tattactctg
gagagagatc
tgcacttate
gtacgatgtt
gtacttettt
agagattcgg

caagggtagg

acagtttata
ttcectgtetg
gttaccgtga
gaaatcagcg
aaaatcatta
attgtcctea
tacgctcate
tgggggogec
atcctggatt
gatgactecte
agtcttcacg
cagaccgtta
atcgttatcg
gaaaggatga
cacccagttg
ggcagggaca
gatcatatcg
agatccgata
atgaaaaatt
aatctgacta
aggcagottg
atgaacacca
aagtctaage
aacaattacc
aaaaaatatc
aggaaaatga
tacagcaata
aagcgaccac

gatttcgeoga
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acgagctcac
gagagcagaa
aacagctcaa
gagtggagga
aagacaagga
cccttacgtt
tcttcgacga
tgtcaagaaa
ttcttaagte
tcacctttaa
agcacatocge
aggtegtgga
agatggeccg
agaggattga
aaaacaccca
tgtacgtgga
tgccccagte
aaaatagagg
attggeggea
aggctgaacg
ttgagacacg
agtacgatga
tggtctcaga
accatgecgea
ccaagcttga
tcgcaaagte
ttatgaattt
ttatcgaaac

cagtccggaa

caaggtcaaa
gaaagctate
agaagactat
tcgettcaac
cttcectggac
gtttgaagat
caaagtcatg
actgatcaat
cgatggattt
ggaggacatc
taatcttgea
tgaactcgte
agagaaccaa
agagggtata
gcttcagaat
tcaggaactg
ttttctcaaa
gaagagtgat
gctgetgaac
aggtggecty
ccagatcacc
aaatgacaaa
tttcagaaag
tgatgcctac
atctgaattt
tgagcaggaa
tttcaagacc
aaacggagaa

ggtcctgtece

5280
5340
5400
9460
9520
9580
9640
5700
5760
9820
5880
9940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960



atgccgoagg
agtatcctece
aagaaatacg
gtggagaaag
atggagcgat
gaggtcaaaa
ggccggaaac
ccctctaaat
cccgaagata
atcatcgagce
aaggtgettt
attatccact
accaccatag
catcagtcaa
agcagggetg
tgcagcttat
tttttcactg
accgeggteg
ggccaggaac
cgagcatcac
ataccaggcg
taccggatac
ctgtaggtat
cccecgttcag
aagacacgac
tgtaggeggt
agtatttggt
ttgatccgge

tacgcgcaga

tgaacategt
cgaaaaggaa
gcggattoga
ggaagtctaa
caagctteoga
aagacctecat
gaatgctoge
acgttaattt
atgagcagaa
aaataagcga
ctgcttacaa
tgtttactet
acagaaagcg
ttacgggget
accccaagaa
aatggttaca
cattctagtt
agctccaget
cgtaaaaagg
aaaaatcgac
tttcccoctg
ctgtecgeoot
ctcagttcgg
cccgaccget
ttatcgccac
gctacagagt
atctgegeote
aaacaaacca

aaaaaaggat

taaaaagacc
cagcgacaag
ttctectaca
aaaactcaaa
aaaaaaccce
cattaagett
tagtgeggec
cttgtatctg
gcagetgtte
attctccaaa
taagcacagg
gaccaacttg
gtacacctet
ctatgaaaca
gaagaggaag
aataaagcaa
gtggtttgte
tttgttceoct
ccgegttget
gctcaagtcea
gaagctcoct
ttctecctte
tgtaggtogt
gcgecttate
tggcagecage
tcttgaagtg
tgctgaagece
ccgetggtag

ctcaagaaga

gaagtacaga
ctgatcgecac
gtcgettaca
agcgtcaagg
atcgacttte
cccaagtact
gagctgeaga
gccagcecact
gtggaacaac
agagtgatcc
gataagccca
ggogegeety
acaaaggagg
agaatcgacc
gtgtagette
tagcatcaca
caaactcatc
ttagtgageg
ggcgttttte
gaggtggega
cgtgegetet
gggaagoegty
tcgetccaag
cggtaactat
cactggtaac
gtggectaac
agttacctte
cggtggtttt
tcctttgate
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ccggaggott
gcaaaaaaga
gtgtactggt
aactgetggg
tcgaggegaa
ctctetttga
aaggtaacga
atgaaaagct
acaaacacta
tcgeccgacge
tcagggagcea
cagccttcaa
tcctggacge
tctctcaget
gcccacceca
aatttcacaa
aatgtatett
ttaattgege
cataggectcc
aacccgacag
cctgtteceoga
gegetttote
ctgggetgty
cgtettgagt
aggattagca
tacggctaca
ggaaaaagag
tttgtttgea
ttttctacgg

ctccaaggaa
ttgggaccce
tgtggeccaaa
catcacaatc
aggatataaa
gcttgaaaac
gctggoactg
caaagggtet
ccttgatgag
taacctcgat
ggcagaaaac
gtacttcgac
cacactgatt
cggtggagac
acttgtttat
ataaagcatt
agcgegecgee
gccagcaaaa
gcccccctga
gactataaag
ccctgeeget
atagctcacg
tgcacgaacc
ccaacceggt
gagcgaggta
ctagaagaac
ttggtagete
agcagcagat

ggtctgacge

1020
7080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
11740
1800
1860
1920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700



tcagtggaac
cacctagatc
aacttggtet
atttcgttca
cttaccatct
tttatcagca
atccgectece
taatagtttg
tggtatgget
gttgtgcaaa
cgcagtgtta
cgtaagatge
gcgegcgaceg
aactttaaaa
accgetgttg
ttttactttc
gegaataagg
aagcatttat
taaacaaata
aatattttgt
gccgaaatceg
gttccagttt

aaaaccgtet

gggtegaggt

<210>
AN D2
212>
213>

<2207
<223>

<400>

45
28
DNA

45

gaaaactcac
cttttaaatt
gacagttacc
tccatagttg
ggccccagtg
ataaaccagc
atccagtcta
cgcaacgttg
tcattcaget
aaagecggtta
tcactcatgg
ttttectgtga
agttgetott
gtgctcatcea
agatccagtt
accagegttt
gcgacacgga
cagggttatt
ggggttecge
taaaattege
gcaaaatccce
ggaacaagag
atcagggega

gccgtaaage

gttaagggat
aaaaatgaag
aatgcttaat
cctgactecce
ctgcaatgat
cagccggaag
ttaattgttg
ttgccattge
ccggtteeocea
gctecttegg
ttatggcage
ctggtgagta
gcccggegte
ttggaaaacg
cgatgtaacc
ctgggteage
aatgttgaat
gtctcatgag
gcacatttec
gttaaatttt
ttataaatca
tccactatta
tggcccacta

actaaatcgg

Artificial Sequence

eGFP switch target

tttggtcatg
ttttaaatca
cagtgaggcea
cgtegtgtag
accgcgagac
g8CCgagecece
ccgggaaget
tacaggcatc
acgatcaagg
tccteccgate
actgcataat
ctcaaccaag
aatacgggat
ttctteogggse
cactcgtgea
aaaaacagga
actcatactc
cggatacata
ccgaaaagtg
tgttaaatca
aaagaataga
aagaacgtgg
cgtgaaccat

aaccctaaag
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agattatcaa
atctaaagta
cctatctcag
ataactacga
ccacgctecac
agaagtggte
agagtaagta
gtggtgteoac
cgagttacat
gttgtcagaa
tctettactg
tcattctgag
aataccgoge
cgaaaactct
cccaactgat
aggcaaaatg
ttecttttte
tttgaatgta
ccacctaaat
getcattttt
ccgagatagg
actccaacgt

caccctaatc

aaaggatott
tatatgagta
cgatctgtet
tacgggageg
cggctccaga
ctgcaacttt
gttcgeccagt
gctegteogtt
gatcccceoat
gtaagttgge
tcatgccate
aatagtgtat
cacatagcag
caaggatott
cttcagcate
ccgcaaaaaa
aatattattg
tttagaaaaa
tgtaagegtt
taaccaatag
gttgagtgtt
caaagggcga

aagttttttg

8760
8820
8880
8940
9000
9060
9120
9180
9240
9300
9360
9420
9480
9540
9600
9660
9720
9780
9840
9900
9960
10020
10080
10120



taccggoccca gttggaatgt aggtggtg

<210> 46

211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> eGFP switch target

<400> 46
taccggoccca gttggaatgt agatggtg

<210> 47

211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR Primer

<400> 47
ttctgettgt cggecatgat

<210> 48

211> 22

<212> DNA

<213> Artificial Sequence

220>
223> PCR Primer

<400> 48
aggcaagget tgaccgacaa tt
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Claims

1. A method for modifying a targeted site of a double-stranded
DNA of a cell, comprising a step of bringing a complex in which
a nucleic acid sequence-recognizing module that specifically
binds to a selected target nucleotide sequence in a double-
stranded DNA and a nucleic acid base converting enzyme or DNA
glycosylase are linked, and a donor DNA containing an insertion
sequence into contact with said double-stranded DNA, to
substitute the targeted site with the insertion sequence, or to
insert the insertion sequence into said targeted site, without
cleaving at least one strand of said double-stranded DNA in the

targeted site.

2. The method according to claim 1, wherein the donor DNA
comprises a sequence homologous to a region adjacent to the

targeted site.

3. The method according to claim 1 or 2, wherein the nucleic
acid sequence-recognizing module is selected from the group
consisting of a CRISPR-Cas system in which at least one DNA
cleavage ability of Cas effector protein is inactivated, a zinc

finger motif, a TAL effector and a PPR motif.

4. The method according to any one of claims 1 to 3, wherein
the nucleic acid sequence-recognizing module is a CRISPR-Cas
system in which only one of the two DNA cleavage abilities of

the Cas effector protein is inactivated.

5. The method according to any one of claims 1 to 3, wherein
the nucleic acid sequence-recognizing module is a CRISPR-Cas
system in which both DNA cleavage abilities of the Cas effector

protein are inactivated.

6. The method according to any one of claims 1 to 5, wherein
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the nucleic acid base converting enzyme is a deaminase.

7. The method according to

cytidine deaminase.

8. The method according to

deaminase is PmCDAl.

9. The method according to
the double-stranded DNA is

introducing a nucleic acid

claim 6, wherein the deaminase is

claim 7, wherein the cytidine

any one of claims 1 to 8, wherein
contacted with the complex by

encoding the complex into the cell.

10. The method according to any one of claims 1 to 9, wherein

the cell is a prokaryotic cell or a eukaryotic cell.

11. The method according to claim 10, wherein the cell is a

microbial cell.

12. The method according to claim 10, wherein the cell is a

plant cell, an insect cell

or an animal cell.

13. The method according to claim 12, wherein the animal cell

is a vertebrate cell.

14. The method according to claim 13, wherein the vertebrate

cell is a mammalian cell.
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