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[ DESCRI PTI ON]

[Title of Invention] METHOD FOR PRODUCI NG DNA- EDI TED
EUKARYOTI C CELL, AND KIT USED I N THE SAME

[ Techni cal Field]

The present invention relates to a nethod for
produci ng DNA-edited eukaryotic cells, animals, and
plants, and to a kit used in the nethod.

[ Background Art]

Bacteria and archaea have adaptive imune
mechani sms whi ch specifically recognize and elim nate
organi snms such as forei gn phages that intend to i ntrude
fromthe outside. These systens, call ed t he CRI SPR- Cas
systens, first introduce genomc information on the
foreign organisns into the self genone (adaptation).
Then, when the sane foreign organisns intend to i ntrude
again, the systens cleave and elimnate the foreign
genones by using the conpl enmentarity of the information
introduced in the self genone and the genone sequence
(interference).

Recently, genone editing (DNA editing) techni ques
usi ng t he above CRI SPR- Cas systens as "DNAediti ngtools”
have been devel oped (NPL 1).

The CRI SPR-Cas systens are roughly divided into
"Class 1" and "Class 2," in which effectors working in
t he process of cl eavi ng DNA are conposed of nul tipl e Cas

and a single Cas, respectively. Anobng other things, as
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the Class 1 CRI SPR-Cas systens, "type I" involving Cas3
and Cascade conpl exes (nmeani ng Cascade- cr RNA conpl exes,
and t he sanme appl i es bel ow) i s wi dely known. Asthe Cl ass
2 CRI SPR- Cas systens, "type ll" involving Cas9is wi dely
known (hereinafter, regarding the CRI SPR-Cas systens,
"Class 1 type I" and "Class 2 type II" may be sinply

referredtoas "typel"” and"typell," respectively). 1In
addi ti on, what have been wi dely used i n the conventi onal
DNA edi ti ng techni ques are t he Cl ass 2 CRI SPR- Cas syst ens
I nvol ving Cas9 (which hereinafter may be referred to as
t he "CRI SPR- Cas9 systens"”). For exanple, NPL 1 reports
a Cl ass 2 CRI SPR- Cas syst emwhi ch cl eaves DNA usi ng Cas?9.
On the other hand, for the Class 1 CRISPR-Cas
systens, which cleave DNA using Cas3 and Cascade
conpl exes (whi ch hereinafter may al so be referred to as
the "CRI SPR-Cas3 systens"), no successful exanple of
genom ¢ editing has been reported in eukaryotic cells
despite a lot of effort. For exanple, NPL 2 and NPL 3
reported that sinple use of a CRI SPR-Cas3 systemnade it
possi bl e to conpl etely degrade target DNAin acell -free
systemand sel ectively renove specific E. coli strains.
However, these do not nean t he success of genone edi ti ng,
nor have t hey been denonstrated at all i neukaryotic cells.
In addition, PTL 1 proposes to perform genone editing
usi ng the Fokl nuclease in place of Cas3 in eukaryotic

cells (Exanmple 7, Fig. 7, and Fig. 11) because the
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CRI SPR- Cas3 systens degrade target DNA in E. coli by
helicase activity and exonuclease activity of Cas3
(Exanple5and Fig. 6). Moreover, PTL 2 proposes del eti on
of cas3 and repur posi ng f or progranmmabl e gene repressi on
by use of i nacti vated Cas3 (Cas3' and Cas3' ') (for exanpl e,
Exanmple 15 and claim 4(e)) because the CRISPR-Cas3
systens degrade target DNA in E. coli (Fig. 4).
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[ Summary of Invention]
[ Techni cal Problem

The present invention has been made in vi ew of the
above circunstances, and an object thereof 1is to
establish a CRI SPR-Cas3 systemin eukaryotic cells.
[ Solution to Problen

The present i nvent ors have nade earnest studies to
achi eve the above object, and finally succeeded in
establi shing a CRI SPR-Cas3 systemin eukaryotic cells.
The nost wi del y used CRI SPR- Cas9 syst emhas succeeded i n
genonme editing in various eukaryotic cells, but this
systemusual |y uses a mature crRNA as a cr RNA.  However,
it was surprising that, in the CRISPR- Cas3 systens,
genone editing was difficult in eukaryotic cells inthe
case of using a mature crRNA and that efficient genomc
editing was possible only by using a pre-crRNA, which
usual | y was not used as a constituent el ement of a system
That is, inorder tonmake t he CRI SPR- Cas3 systens functi on
in eukaryotic cells, cleaving of a crRNA by proteins
constituting the Cascade was found to be i nportant. The
CRI SPR- Cas3 systens using this pre-crRNA were widely
applicable not only to the type I-E systembut also to
the type I-F and type |-G systens. Moreover, addition
of a nuclear localization signal, particularly a
bi partite nuclear localization signal to Cas3 nade it

possibletofurther i nprovethe genoneeditingefficiency
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for the CRISPR-Cas3 systens in eukaryotic cells.
Furthernore, the present inventors have found that the
CRI SPR- Cas3 systens, unli ke the CRI SPR-Cas9 systens can
cause a large deletion in a region containing a PAM
sequence or in an upstream region thereof. These
findings have led to the conpletion of the present
i nventi on.

Specifically, the present invention relates to a
CRI SPR- Cas3 system in eukaryotic cells, and nore
specifically to the follow ng invention.

[ 1] Anet hod f or produci ng a DNA- edi t ed eukaryotic cell,
conprising: introducing a CRISPR-Cas3 system into a
eukaryotic cell, whereinthe CRI SPR- Cas3 syst emi ncl udes
the following (A to (O

(A) a Cas3 protein, a polynucl eotide encoding the
protein, or an expression vector containing the
pol ynucl eot i de,

(B) a Cascade protein, a polynucleotide encodi ng
the protein, or an expression vector containing the
pol ynucl eoti de, and

(C) a crRNA, a polynucl eotide encodi ng t he cr RNA,
or an expression vector containing the pol ynucl eoti de.

[2] A method for producing a DNA-edited aninal
(excludi ng a human) or plant, conprising: introducing a
CRI SPR- Cas3 systemi nto an ani mal (excl udi ng a human) or

pl ant, wherein the CRISPR-Cas3 system includes the
5
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following (A to (CO.

(A) a Cas3 protein, a polynucl eotide encodi ng the
protein, or an expression vector containing the
pol ynucl eot i de,

(B) a Cascade protein, a polynucleotide encodi ng
the protein, or an expression vector containing the
pol ynucl eoti de, and

(C) a crRNA, a pol ynucl eoti de encodi ng t he cr RNA,
or an expression vector containing the polynucleotide.

[3] The nmethod according to [1] or [2], further
conprisingcleavingthecrRNAwWi thaproteinconstituting
the Cascade protein after introducing the CRI SPR-Cas3
systeminto the eukaryotic cell.

[4] The net hod accordingto[1] or [2], whereinthe crRNA
is a pre-crRNA.

[5] The nmethod according to any one of [1] to [4],
wher ei n a nucl ear | ocalizationsignal isaddedtothe Cas3
protein and/ or the Cascade protein.

[6] The method according to [5], wherein the nuclear
| ocalization signal is a bipartite nuclear |ocalization
si gnal .

[7] A kit for use in the nethod according to any one
of [1] to[6], the kit conprising the follow ng (A) and
(B).

(A) a Cas3 protein, a polynucl eotide encoding the

protein, or an expression vector containing the
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pol ynucl eoti de and

(B) a Cascade protein, a polynucleotide encodi ng
the protein, or an expression vector containing the
pol ynucl eot i de.

[8] The kit accordingto[7], further conprisinga crRNA,
a pol ynucl eotide encoding the crRNA, or an expression
vect or containing the polynucl eotide.

[9] The kit according to [8], wherein the crRNA is a
pre-cr RNA.

[ 10] The kit accordingto any oneof [7] to[9], wherein
anucl ear | ocalizationsignal isaddedtothe Cas3 protein
and/ or the Cascade protein.

[11] The kit according to [10], wherein the nuclear
| ocalization signal is a bipartite nuclear |ocalization
si gnal .

Note that in the present specification, the term
"pol ynucl eoti de" i ntends a pol ynmer of nucl eotides andis
used synonynmously with the term"gene," "nucleic acid,"
or "nucl ei c acid nol ecul e.” The pol ynucl eoti de may al so
be present inthe formof DNA (for exanpl e, cDNAor genom ¢
DNA) or in the formof RNA (for exanple, mRNA). Al so,
the term"protein" is used synonynously with "peptide”
or "pol ypeptide."
[ Advant ageous Effects of Invention]

Use of the CRISPR-Cas3 system of the present

i nvention made it possible to edit DNA in eukaryotic
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cells.
[Brief Description of Draw ngs]

[Fig. 1] Fig. 1 is the results of SSA assay neasuri ng
cl eavage activity agai nst exogenous DNA

[Fig. 2] Fig. 2 is a schematic diagram show ng the
position of the target sequence in the CCR5 gene.

[Fig. 3A] Fig. 3Ais a diagramshow ng the CCR5 gene
(clone 1) in which a part of the nucleic acid sequence
has been del eted by the CRI SPR-Cas3 system

[Fig. 3B] Fig. 3Bis a diagramshow ng the CCR5 gene
(clone 2) in which a part of the nucleic acid sequence
has been del eted by the CRI SPR-Cas3 system

[Fig. 3C] Fig. 3Cis a diagramshow ng the CCR5 gene
(clone 3) in which a part of the nucleic acid sequence
has been del eted by the CRI SPR-Cas3 system

[Fig. 3D] Fig. 3Dis a diagramshow ng the CCR5 gene
(clone 4) in which a part of the nucleic acid sequence
has been del eted by the CRI SPR-Cas3 system

[Fig. 4 Fig. 4(a) is a schematic di agramshow ng the
structure of a Cascade plasm d. Fig. 4(b) isaschemtic
di agram showi ng the structure of a Cas3 plasm d. Fig.
4(c) is a schematic di agram showi ng the structure of a
pre-crRNA plasmd. Fig. 4(d) is a schematic diagram
showi ngthe structure of areporter vector (includingthe
target sequence).

[Fig. 5] Fig. 5 is a schematic diagram show ng the
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position of the target sequence in the EMX1 gene.

[Fig. 6A] Fig. 6Ais a diagramshow ng the EMX1 gene
(clone 1) deleted in part of the nucleic acid sequence
by the CRI SPR-Cas3 system

[Fig. 6B] Fig. 6B is a diagram show ng the EMX1 gene
(clone 2) deleted in part of the nucleic acid sequence
by the CRI SPR-Cas3 system

[Fig. 7] Fig. 7 is a schematic diagram show ng the
structure of a Cas3/ Cascade plasm d added with bpNLSs.

[Fig. 8 Fig. 8 is a schematic diagram show ng the
structure of a Cascade (2A) plasmd.

[Fig. 9] Fig. 9 is the results of SSA assay neasuring
cl eavage activity agai nst exogenous DNA

[Fig. 10A] Fig. 10Ais a diagramshow ng the structures
of the pre-crRNAs (LRSR and RSR) and t he mat ur e cr RNA used
in Exanples. In the figure, the underlines showthe 5'
handl e (Cas5 handl e), and t he doubl e underli nes shows t he
3" handl e (Cas6 handl e).

[Fig. 10B] Fig. 10B is a diagramshowing the results
of SSA assay usi ng the pre-crRNAs (LRSR and RSR) and t he
mat ur e cr RNA.

[Fig. 11] Fig. 11 shows the results of SSA assay using
a single NLS or two NLSs (bpNLS) in a plasm d for the
expression of the Cas3/Cascade gene.

[Fig. 12] Fig. 12 is a diagramshowi ng the effects of

t he PAM sequence on the DNA cl eavage activity of the
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CRI SPR- Cas3 system

[Fig. 13] Fig. 13 is a diagramshowi ng the effects of
a single msmtch of the spacer on the DNA cl eavage
activity of the CRI SPR-Cas3 system

[Fig. 14] Fig. 14 is a diagramshowi ng the effects of
Cas3 nutationin HD nucl ease domai n (H74A), SF2 hel i case
domain nmotif 1 (K320A), and notif 3 (S483/T485A).

[Fig. 15] Fig. 15 shows a conpari son of t he DNA cl eavage
activity of the type I-E, type I-F, and type |-G
CRI SPR- Cas3 systens.

[Fig. 16] Fig. 16 is a diagram show ng the magnitude
of deletion by the CRISPR-Cas3 system detected by the
sequenci ng of a TA cloning sanple of a PCR product.

[Fig. 17] Fig. 17 is a diagramshow ng t he position of
deletion by the CRISPR-Cas3 system detected by a
mass- processi ng sequencing of a TA clone (n = 49).

[Fig. 18A] Fig. 18Ais a di agramshow ng t he nunmber f or
each del etion size detected by the CRI SPR-Cas3 system
using a mcroarray-based capture sequence of 1000 kb or
nore around the targeted EMX1 | ocus.

[Fig. 18B] Fig. 18Bis a di agramshow ng t he nunmber f or
each del etion size detected by the CRI SPR-Cas3 system
using a mcroarray-based capture sequence of 1000 kb or

nore around the targeted CCR5 | ocus.

[ Description of Enbodi nents]
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[ 1] Met hod for Produci ng DNA- Edi t ed Eukaryotic Cell s,
Ani mal s, and Pl ants

A method of the present invention conprises
i ntroduci ng a CRI SPR- Cas3 systemi nto a eukaryotic cel |,
wher ei nt he CRI SPR- Cas3 syst emi ncl udes the fol | owi ng (A)
to (CO).

(A) a Cas3 protein, a polynucl eotide encoding the
protein, or an expression vector containing the
pol ynucl eot i de,

(B) a Cascade protein, a polynucleotide encodi ng
the protein, or an expression vector containing the
pol ynucl eoti de, and

(C) a crRNA, a polynucl eotide encodi ng t he cr RNA,
or an expression vector containing the polynucl eotide

The Cl ass 1 CRI SPR- Cas systens are classifiedinto
typel andtypelll, and dependi ng onthetypes of proteins
constitutingthe Cascade (hereinafter sinplyreferredto
as the "Cascade" or the "Cascade proteins"), typel is
further classifiedinto six types of typel-A type l-B,
typel-C, typel-D, typel-E andtypel-F as well as type
|-G asubtype of typel-B(for exanple, see[van der Oost
J et al. (2014) Unravelling the structural and
mechani sti c basi s of CRI SPR-Cas systens, Nature Revi ews
M crobi ol ogym Vol. 12 (No. 7), pp. 479-492] and [ Jackson
RN et al. (2014) Fitting CRI SPR-associ ated Cas3 intothe

Hel icase Famly Tree, Current Opinion in Structural
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Bi ol ogy, Vol. 24, pp. 106-114]).

The type | CRI SPR- Cas systens have the functi on of
cl eaving DNA by cooperation of Cas3 (protein having
nucl ease activity and helicase activity), Cascade, and
CrRNAs. They arereferredtoasthe"”CRI SPR-Cas3 syst ent
in the present invention because Cas3 is used as a
nucl ease.

Use of the CRISPR-Cas3 system of the present
i nvention makes it possible to obtain, for exanple, the
foll om ng advant ages.

First, the crRNA used in the CRI SPR-Cas3 system
general |y recogni zes a target sequence of 32 to 37 bases
(Mng Li et al., Nucleic Acids Res. 2017 May 5; 45(8):
4642-4654). On the other hand, the crRNA used in the
CRI SPR- Cas9 system generally recognizes a target
sequence of 18 to 24 bases. Therefore, it is considered
that the CRISPR-Cas3 system can recognize target
sequences nore accurately than the CRI SPR-Cas9 system

I n addition, the PAMsequence of the Class 2 type
Il system the CRISPR-Cas9 system is "NGG (N is an
arbitrary base)" adjacent to the 3' side of the target
sequence. Also, the PAMsequence of the Class 2 type V
system the CRI SPR-Cpfl system is "AA" adjacent to the
5' side of the target sequence. On the other hand, the
PAM sequence of the CRI SPR-Cas3 system of the present

I nvention is "AAG' adjacent tothe 5 side of the target
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sequence or a nucleic acid sequence simlar tothat (for
exanpl e, "AGG " "GAG " "TAC, " "ATG, " "TAG " and the |l i ke)
(Fig. 12). Thus, it is considered that, by using the
CRI SPR- Cas3 system of the present invention, regions
whi ch cannot be recogni zed by conventional nethods can
be subjected to DNA editing.

Furt hernore, unlike the above Cl ass 2 CRI SPR-Cas
systens, the CRI SPR-Cas3 systemcauses DNA cl eavages at
multiple |l ocations. Therefore, use of the CRI SPR-Cas3
system of the present invention nakes it possible to
generate a wi de range of del etion nmutations rangi ng from
one hundred to several thousand, and possi bly even nore
bases (Figs. 3, 6, and 16 to 18). It is considered that
this function can be used for knocki ng out al ong genom ¢
regi on or knocki nginlong DNA. When perform ng knock-i n,
donor DNA is usually used, and the donor DNA is also a
nol ecul e constituting the CRISPR-Cas3 system of the
present invention.

Not e that, when sinply described as "Cas3" in the
present specification, it neans a "Cas3 protein." The
sane applies to Cascade proteins.

The CRI SPR-Cas3 system of the present invention
i ncludes all six subtypes of type I. That is, although
proteins constituting the CRI SPR-Cas3 systemmay differ
slightly in constitution and the |ike dependi ng on the

subtype (for exanple, the proteins constituting the
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Cascade are different), the present invention includes
all of these proteins. Indeed, in the present exanpl e,
it was found that genomc editing is possible not only
for type | -E but also for type 1-G and type |I-F systens
(Fig. 15).

The type | -E CRI SPR-Cas3 system which is compn
anong type |l CRI SPR-Cas3 systens, cl eaves DNAwhen a cr RNA
cooperates with Cas3 and Cascade (Csel (Cas8), Cse2
(Casll), Casb5, Cas6, and Cas7).

The type I1-A system has Cascade constituent
el ements of Cas8al, Csa5 (Casll), Cas5, Cas6, and Cas7,
the type | - B has Cascade constituent el enments of Cas8bl,
Casb, Cas6, and Cas7, thetypel-Chas Cascade constituent
el ements of Cas8c, Cas5, and Cas7, the type I-D has
Cascade constituent el enents of Casl10d, Cscl (Cas5), Casb,
and Csc2 (Cas7), the type |I-F has Cascade constituent
el ements of Csyl (Cas8f), Csy2 (Cas5), Cas6, and Csy3
(Cas7), and the type | -G systemhas Cascade constituent
el ements Cst1l (Cas8al), Cas5, Cas6, and Cst2 (Cas7). In
t he present i nvention, Cas3 and Cascade are col |l ectively
referred to as the "Cas protein group.”

Herei nafter, the type I-E CRISPR-Cas3 systemis
descri bed as a representative exanple. For other types
of CRI SPR-Cas3 systens, the Cascade constituting the
systens may be interpreted as appropriate.

-Cas Protein Goup-
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I nthe CRI SPR- Cas3 syst emof t he present i nventi on,
t he Cas protein group can be introduced i nto eukaryotic
cells in the form of a protein, in the form of a
pol ynucl eoti de encoding the protein, or in the form of
an expression vector containing the polynucleotide.
When t he Cas protein groupis introducedinto eukaryotic
cells in the form of a protein, it is possible to
appropriately prepare the ambunt and the |ike of each
protein, which is excellent from the viewpoint of
handl i ng. Mor eover, taking into consideration, for
exanpl e, the efficiency of cleavage incells, it is also
possibletofirst forma conpl ex of the Cas protein group
and then to introduce it to eukaryotic cells.

In the present invention, it is preferable to add
a nucl ear | ocalization signal to the Cas protein group.
The nuclear |ocalization signal can be added to the
N-term nus side and/or the C-term nus side of the Cas
protein group (5 -end side and/ or the 3'-end side of the
pol ynucl eoti de encodi ng each Cas protein group). 1In
this way, addition of a nuclear localization signal to
the Cas protein group pronotes localization to the
nucleus in a cell, mking it possible to efficiently
perform DNA editing as a result.

The above nucl ear | ocalization signal is a peptide
sequence conposed of several to several tens of basic

am no acids, andits sequenceis not particularlylimted
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as long as proteins are transferred into the nucleus. A
speci fic exanmpl e of such nucl ear localization signal is
described in, for exanple, [Wi J et al. (2009) The
Intracel lular Mobility of Nuclear Inport Receptors and
NLS Car goes, Bi ophysical journal , Vol. 96 (Issue 9), pp.
3840-3849]. Any nuclear localization signal wusually
used in the technical field can be used in the present
I nventi on.

The nucl ear | ocal i zati on si gnal may be, for exanpl e,
PKKKRKV (SEQ ID NGO 52) (encoded by the nucleic acid
sequence CCCAAGAAGAAGCGGAAGGTG (SEQ ID NO 53)). Wen
t he above nuclear |ocalization signal is used, it is
preferable to arrange, for exanple, a polynucleotide
conposed of the nucleic acid sequence with SEQID NO 53
on the 5" -end side of the pol ynucl eoti de encodi ng each
Cas protein group. In addition, the nucl ear
| ocal i zati on si gnal can be, for exanpl e,
KRTADGSEFESPKKKRKVE (SEQ ID NO 54) (encoded by the
nucl ei c aci d sequence
AAGCGGACT GCT GATGGCAGT GAAT TTGAGT CCCCAAAGAAGAAGAGAAAGGT
GGAA (SEQ ID NO 55)). When the above nuclear
| ocalizationsignal isused, it is preferabletoarrange,
for exanpl e, pol ynucl eoti des conposed of t he nucl ei c aci d
sequences with SEQ ID NO 55 on both sides of the
pol ynucl eotide encoding each Cas ©protein group

(specifically, touse a "bipartite nuclear |ocalization
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signal (bpNLS)").

Such nodi fications are i nportant for all ow ng the
CRI SPR- Cas3 system of the present invention to be
expressedandtofunctionefficientlyineukaryoticcells,
together with the utilization of pre-crRNAs descri bed
| ater.

One preferred enbodi nent of the Cas protein group
used in the present invention is as follows.
Cas3; a protein encoded by a pol ynucl eoti de conposed of
a nucleic acid sequence represented by SEQID NO 1 or
SEQID NO 7
Csel (Cas8); a protein encoded by a polynucleotide
conposed of a nucleic acid sequence represented by SEQ
ID NO 2 or SEQ ID NO 8
Cse2 (Casll); a protein encoded by a polynucleotide
conposed of a nucleic acid sequence represented by SEQ
ID NO 3 or SEQ ID NO 9
Casb5; a protein encoded by a pol ynucl eoti de conposed of
a nucleic acid sequence represented by SEQID NO 4 or
SEQ ID NGO 10
Cas6; a protein encoded by a pol ynucl eoti de conposed of
a nucleic acid sequence represented by SEQID NO 5 or
SEQ ID NO 11
Cas7; a protein encoded by a pol ynucl eoti de conposed of
a nucleic acid sequence represented by SEQID NO 6 or

SEQ ID NO 12
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The above Cas protein group is (1) a protein
obt ai ned by addi ng PKKKRKV (SEQ I D NO. 52) as a nucl ear
| ocalizationsignal tothe N-term ni of Cas3, Csel (Cas8),
Cse2 (Casl1ll), Casb, Cas6, and Cas7 of wild type E. coli,
or (2) a protein obtained by addi ng KRTADGSEFESPKKKRKVE
(SEQ I D NO. 54) as a nuclear |localization signal to the
N-termini and C-termini of Cas3, Csel (Cas8), Cse2
(Casll), Casb5, Cas6, and Cas7 of wildtype E. coli. Wth
pr ot ei ns havi ng such am no aci d sequences, the above Cas
protein group can be transferred into the nucl eus of a
eukaryotic cell. The above Cas protein group
transferredtothe nucleusinthis way cleaves the target
DNA. Inaddition, it is possibletoedit target DNA even
in a DNA regi on having a strong structure considered to
be difficult inthe CRI SPAR- Cas9 system(heterochromatin
and the like).

Anot her enbodi nent of the proteins in the Cas
protein group used in the present inventionis a protein
encoded by a nucleic acid sequence having 90% or nore
sequence identity with the nucl eic acid sequence of the
above Cas protein group. Another enbodi nent of the
proteins in the Cas protein group used in the present
inventionis a proteinencoded by a pol ynucl eoti de whi ch
hybri di zes with a pol ynucl eoti de conmposed of a nucleic
aci d sequence conpl enmentary to the nucl ei ¢ aci d sequence

of the Cas protein group descri bed above under stri ngent
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conditions. Each of the above proteins has DNA cl eavage
activity when formng a conplex with another protein
constituting the Cas protein group. The neanings of
terms such as "sequence identity" and "stringent
condi tions" are described later.

- Pol ynucl eoti de Encoding Cas Protein G oup-

Pol ynucl eoti des encoding wld type proteins
constituting the type I-E CRISPR-Cas system include
pol ynucl eoti des nodified to be efficiently expressed in
eukaryotic cells. That is, it is possible to use a
pol ynucl eoti de whi ch encodes the Cas protein group and
whi ch has been nodi fi ed. One preferredenbodi nent of t he
nodi fication of polynucleotides is nmodification to a
nucleic acid sequence suitable for expression in
eukaryotic cells, for exanple, optimzation of a codon
to be expressed in eukaryotic cells.

One preferred enbodinment of polynucleotides
encoding the Cas protein group used in the present
invention is as follows
Cas3; a polynucleotide conposed of a nucleic acid
sequence represented by SEQ ID NO 1 or SEQ ID NO 7
Csel (Cas8); a pol ynucl eoti de conposed of a nucleic acid
sequence represented by SEQ ID NO 2 or SEQ ID NO 8
Cse2 (Casll); a pol ynucl eoti de conposed of a nucl eic acid
sequence represented by SEQ ID NO 3 or SEQ ID NO 9

Cas5; a polynucleotide conposed of a nucleic acid
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sequence represented by SEQ ID NO 4 or SEQ ID NO 10
Cas6; a polynucleotide conposed of a nucleic acid
sequence represented by SEQID NO 5 or SEQ ID NO 11
Cas7; a polynucleotide conposed of a nucleic acid
sequence represented by SEQID NO 6 or SEQ ID NO 12

Each of these is a pol ynucl eoti de nade to function
and be expressed in manmalian cells by artificially
nodi fyi ng the nucl eic aci d sequences encoding the wild
type Cas protein group of E. coli (Cas3; SEQID NO 13,
Csel (Cas8); SEQIDNO 14, Cse2 (Casll); SEQID NO 15,
Cas5; SEQ ID NO 16, Cas6; SEQ ID NO 17, Cas7; SEQ ID
NO: 18).

The above artificial nmodi fication of
pol ynucl eotides is to nodify to a nucl eic acid sequence
suitabl e for expression in eukaryotic cells and to add
a nuclear localization signal. Modi fication of a
nucleic acid sequence and addition of a nuclear
| ocal i zati on si gnal are as descri bed above. As aresult,
it can be expected that, for the Cas protei n group, the
expression |l evel will be sufficiently increased and the
functions will be inproved.

Anot her enmbodi nent of pol ynucl eoti des encodi ngt he
Cas protein group used in the present invention is a
pol ynucl eotide formed by nodifying a nucleic acid
sequence encoding the wild type Cas protein group,

conposed of a nucleic acid sequence having 90% or nore
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sequence identity with the nucl eic acid sequence of the
above Cas protein group. Proteins expressed fromthese
pol ynucl eoti des have DNA cl eavage activity when form ng
a conplex wth ©proteins expressed from other
pol ynucl eoti des constituting the Cas protein group.

The sequence i dentity of nucl ei c aci d sequences nmay
be at | east 90%or nore and nore preferably 95%or nore
(for exanple, 95% 96% 97% 98% and 99%or nore) inthe
entire nucleic acid sequence (or the regi on encodi ng t he
siterequiredfor the functions of Cse3). It is possible
todetermnetheidentity of nucleic aci dsequences using
a programsuch as BLASTN (see [Altschul SF (1990) Basic
| ocal al i gnnment searchtool, Journal of Mol ecul ar Bi ol ogy,
Vol . 215 (lssue 3), pp. 403-410]). Exampl es of the
par aneters f or anal yzi ng nucl ei c aci d sequences by BLASTN
i nclude score = 100 and word length = 12. Specific
nmet hods f or anal ysi s by BLASTNare known t o t hose skil |l ed
inthe art. Addition or deletion (gap and the |Iike) may
be allowed in order to align the nucleic acid sequences
to be conpared with the optiml state.

Moreover, "having DNA cleavage activity" is
intended to nean the ability to cl eave at | east one site
of a pol ynucl eoti de strand.

It is preferable for the CRI SPR-Cas3 systemof the
present invention to cleave DNA by specifically

recogni zing the target sequence. For exanple, the
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dual - Luci ferase assay descri bed i n Exanple A-1 makes it
possi bl e to know whet her or not the CRI SPR-Cas3 system
specifically recognizes the target sequence.

Anot her enmbodi nent of pol ynucl eoti des encodi ngt he
Cas protein group used in the present invention is a
pol ynucl eoti de which hybridizes with a pol ynucl eoti de
conposed of a nucl ei c aci d sequence conpl ementary to the
nucl ei c aci d sequence of the Cas protein group descri bed
above under stringent conditions. Proteins expressed
fromthese pol ynucl eoti des have DNA cl eavage activity
when form ng a conpl ex wit h prot ei ns expressed fromot her
pol ynucl eoti des constituting the Cas protein group.

Here, the "stringent conditions" refer to the
condi ti ons under which two pol ynucl eoti de strands form
a doubl e- stranded pol ynucl eoti de specific for a nucleic
acid sequence but does not form a nonspecific
doubl e- st randed pol ynucl eoti de. The phrase "hybri di zes
under stringent conditions" can be said in other words
as conditions capable of hybridizing in a tenperature
range froma nelting tenperature (Tmval ue) of nucleic
aci ds wi thhighsequenceidentity (for exanple, perfectly
mat ched hybrids) to a tenperature lower by 15°C,
preferably by 10°C, and nore preferably by 5°C.

Exanpl es of the stringent conditions are shown as
foll ows. First, two types of polynucleotides are

hybri di zed for 16 to 24 hours at 60 to 68°C (preferably
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65°C and nore preferably 68°C) in a buffer solution (pH
7.2) conposed of 0.25 M Na;HPO,, 7% SDS, 1 nM EDTA, and
1 x Denhardt' s solution. Thereafter, washingis carried
out twice for 15 mnutes in a buffer solution (pH 7.2)
conposed of 20 mM Na,HPO,, 1% SDS, and 1 nM EDTA at 60
to 68°C (preferably 65°C and nore preferably 68°C).

O her exanples include the follow ng method.
First, prehybridizationis carried out overnight at 42°C
i nahybridizationsolutioncontaining25%forman de (50%
formam de under nore severe conditions), 4 x SSC (sodi um
chl oride/sodium citrate), 50 nM Hepes (pH 7.0), 10 x
Denhardt's solution, and 20 ug/mL of denatured salmon
sperm DNA. Thereafter, | abel ed probes are added, and
i ncubationis carried out overnight at 42°Cto hybridi ze
the two kinds of polynucleotides.

Next, washing is carried out under any of the
foll owi ngconditions. Normal condition; 1x SSCand 0. 1%
SDS ar e used as washi ng i qui ds for washi ng at about 37°C.
Severe condition; .5 x SSCand 0. 1%SDS ar e used as washi ng
liquids for washing at about 42°C More severe
condition; 0.2 x SSC and 0. 1% SDS are used as washi ng
i quids for washing at about 65°C.

As t he washi ng condi tions for hybridization beconme
nore severe, the specificity of hybridization becones
hi gher. Note that the above conbination of conditions

SSC, SDS, and tenperature is nerely illustrative.
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Stringency simlar to the above can be achieved by
appropriately conbi ni ngthe above-nenti oned el enents for

determ ning the stringency of hybridization or other

el enents (for exanpl e, probe concentration, probel ength,
and hybridi zationreactiontinme). Thisis describedin,

for exanple, [Joseph Sanbrook & David W Russell,

Mol ecul ar cl oni ng: al aborat ory manual 3rd Ed., New YorKk:

Col d Spring Harbor Laboratory Press, 2001].

-Expression Vector Containing Polynucleotide
Encodi ng Cas protein group-

Inthe present invention, it is possible to use an
expression vector for expressing the Cas protein group.
Regarding the expression vector, various types of
commonl y used vectors can be used as a base vector, and
it can be appropriately sel ected dependi ng on the cells
for introduction or the introduction nethod. Specific
exanpl es usabl e i ncl ude pl asm ds, phages, cosm ds, and
the 1like. The specific type of the vector is not
particularly limted, and it suffices to appropriately
sel ect a vector which can be expressed in the host cell.

Exanpl es of the expressi on vectors descri bed above
I ncl ude phage vectors, plasm d vectors, viral vectors,
retroviral vectors, chronpsone vect ors, epi sonal vectors,
virus-derived vectors (bacteri al pl asm ds,
bact eri ophages, yeast episones, and the |ike), yeast

chronosomal el enments and viruses (bacul oviruses, papova
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vi ruses, vaccini aviruses, adenoviruses, tri pox viruses,
pseudor abi es viruses, herpes viruses, |lentiviruses,
retroviruses, and the like), and vectors derived from
conbi nati ons t hereof (cosm ds, phagem ds, and the like).

Preferably, the expressi onvector further contains
a site for transcription initiation and transcription
term nation as well as a ribosome binding site in the
transcription region. The coding site of the mature
transcript inthe vector will contain the transcription
initiation codon AUG at the beginning and an
appropriately | ocatedterm nati on codon at the end of the
pol ypeptide to be transl ated.

Inthe present i nvention, the expressionvector for
expressing the Cas protein group may contain a pronoter
sequence. The above pronpoter sequence may be
appropriately selected depending on the type of
eukaryotic cell serving as a host. In addition, the
expression vector may contain a sequence for enhancing
transcriptionfromDNA, for exanpl e an enhancer sequence.
Exanpl es of enhancers include the SV40 enhancer (which
is arranged at 100-270 bp downstreamof the replication
origin), the early pr onot er enhancer of t he
cytomegal ovirus, and the polyonma enhancer and the
adenovirus enhancer arranged downstream of the
replication origin. Additionally, the expression

vector may contain a sequence for stabilizing a
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transcri bed RNA, for exanpl e a pol y(A) additi on sequence
(pol yadenyl ati on sequence, pol yA). Exanpl es of poly(A)
additi on sequences include poly(A) addition sequences
derived fromthe grow h hornone gene, poly(A) addition
sequences derived fromthe bovine growth hornone gene,
pol y(A) addition sequences derived fromthe human gr owt h
hor mone gene, poly(A) addition sequences fromthe SV40
virus, and pol y(A) additional sequences derived fromthe
human or rabbit pB-globin gene.

The nunmber of polynucl eotides encoding the Cas
protein group to be i ncorporated into the sanme vector is
not particularly limted as long as it is possible to
exhi bit the functions of the CRI SPR-Cas systens in the
host cell into which the expression vector has been
i ntroduced. For exanple, it is possible to make such a
desi gn that the pol ynucl eoti de encodi ng t he Cas protein
group i s nount ed on vectors of onetype (of the sanetype).
Furthernore, it is also possible to nake such a design
that all or some of the pol ynucl eoti de encodi ng t he Cas
protein groups is nmounted on separate vectors. For
exanple, it is possible to make such a design that the
pol ynucl eoti de encodi ng Cascade proteins i s mounted on
vectors of one type (of the same type) and the
pol ynucl eoti de encodi ng Cas3 i s nount ed on ot her vect ors.
It is preferable to use a nethod for nounting the

pol ynucl eoti de encoding Cas protein groups on SiX
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different types of vectors from the viewpoint of
expression efficiency and the |ike.

Ot herwi se, nultiple polynucl eotides encodi ng the
sanme proteins may be nounted on the sane vectors for the
pur pose of controllingthe expressionlevel andthelike.
For example, it is possible to make such a design that
t he pol ynucl eoti des encoding Cas3 are arranged at two
sites of vectors of one type (of the sane type).

In addition, it is possible to use an expression
vector which contains nmultiple nucleic acid sequences
encodi ng t he Cas protein group and whi ch has nucl eic acid
sequences that are inserted between those nultiple
nucleic acid sequences and that encode amno acid
sequences (2A peptides and the like) to be cleaved by
i ntracel lul ar proteases (for exanple, see the vector
structure of Fig. 8). Wen pol ynucl eoti des havi ng such
nucl ei ¢ aci d sequences are transcri bed and transl at ed,
pol ypeptide strands linked in the cell are expressed.
Subsequently, due to the action of intracellular
pr ot eases, the Cas protein groups are separated, becone
separate proteins, and then formconpl exes to function.
This makes it possible to regul ate the anmount ratio of
Cas protein groups expressed intracellularly. For
exanple, it is predicted that Cas3 and Csel (Cas8) w ||
be expressed i n equal amobunts froman "expressi on vect or

cont ai ni ng one nucl eic aci d sequence encodi ng Cas3 and
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one nucleic acid sequence encoding Csel (Cas8)." In
addition, it is possibleto express nultiple Cas protein
groups with one type of expression vector, which is
advant ageous i n excel | ence of handling property. Onthe
ot her hand, the enbodi nment is usually superior in which
the Cas protein groups are expressed by different
expression vectors from the viewpoint of high DNA
cl eavage activity.

It is possible to prepare the expression vectors
usedinthe present i nventi on by known net hods. Exanpl es
of such met hods i ncl ude t he net hod descri bed i nthe manual
attachedtoakit for preparing vectors as well as net hods
described in various handbooks. An exanple of a
conpr ehensi ve handbook is [Joseph Sanbrook & David W
Russel |, Mol ecul ar cl oni ng: a |l aborat ory manual 3rd Ed.,
New Yor k: Cold Spring Harbor Laboratory Press, 2001].

- Expression vect or Cont ai ni ng cr RNA,
Pol ynucl eoti de Encodi ng t he cr RNA, or t he
Pol ynucl eot i de-

The CRI SPR-Cas3 system of the present invention
i ncludes a crRNA, a pol ynucl eoti de encodi ng the cr RNA,
or an expressi onvector contai ningthe pol ynucl eoti defor
t he purpose of targeting to DNA for genone editing.

The crRNA is an RNA which forns part of the
CRI SPR- Cas system and has a nucleic acid sequence

conpl ementary to the target sequence. The CRI SPR-Cas3
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system of the present invention nakes it possible with
a crRNAto specifically recognize a target sequence and
cl eave the sequence. In CRISPR-Cas systens typified by
t he CRI SPR- Cas9 system mature cr RNAs have been usually
used as cRNAs. However, al thoughthereasonis not cl ear
It was found that use of a mature crRNA is not suitable
when the CRISPR-Cas3 system is made to function in
eukaryotic cells. Moreover, it was surprisingly found
that it is possibleto highly efficiently performgenome
editing ineukaryotic cells by using a pre-crRNA I nstead
of a mature crRNA This fact is apparent from a
conparative experinment between a mature crRNA and
pre-crRNAs (Fig. 10). Therefore, it is particularly
preferabletouse pre-crRNAs as t he cr RNAs of t he present
i nventi on.

The pre-crRNAs used in the present invention
typically have t he structures of "| eader
sequence-repeated sequence-spacer sequence-repeated
sequence (LRSRstructure)"” and "repeat ed sequence- spacer
sequence-repeated sequence (RSR structure).” The
| eader sequence i s an AT-rich sequence and functi ons as
apronoter to express apre-crRNA. Therepeated sequence
I S asequencerepeati ngw thaspacer sequence i n between
and the spacer sequence is a sequence designed in the
present invention as a sequence conplenmentary to the

target DNA (originally it is a sequence derived froma
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foreign DNA i ncorporated in the course of adaptation).
The pre-crRNA beconmes a mature crRNA when cl eaved by
protei ns constitutingthe Cascade (for exanpl e, Cas6 for
types I-A, B, and Dto E and Cas5 for type |-C).

Typically, the strand | ength of a | eader sequence
I's 86 bases, and the strand | engt h of a repeat ed sequence
is 29 bases. The strand | ength of a spacer sequence is,
for exanple, 10 to 60 bases, preferably 20 to 50 bases,
nore preferably 25 to 40 bases, and typically 32 to 37
bases. Thus, in the case of the LRSR structure, the
pre-crRNA used in the present invention has a strand
| ength of, for exanple, 154 to 204 bases, preferably 164
to 194 bases, nore preferably 169 to 184 bases, and
typically 176 to 181 bases. |In addition, in the case of
the RSR structure, the strand lengthis, for exanple, 68
to 118 bases, preferably 78 to 108 bases, nore preferably
83 to 98 bases, and typically 90 to 95 bases.

In order to make the CRISPR-Cas3 system of the
present invention function in eukaryotic cells, it is
considered that the process is inportant by which the
repeat ed sequences of a pre-crRNA are cleaved by the
proteins constituting the Cascade. Thus, it should be
understood that the above repeated sequences nmy be
shorter or |longer than the above strand | ength as | ong
as such cl eavage takes place. Specifically, it can be

said that the pre-crRNA is a crRNA fornmed by adding
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sequences sufficient for cl eavage by proteins
constituting the Cascade t o bot h ends of the mat ure cr RNA
descri bed below. Inthis way, a preferred enbodi nent of
t he met hod of the present invention includes the step of
cleaving a crRNAwith proteins constituting the Cascade
after i ntroduci ngthe CRI SPR- Cas3 syst emi nt o eukaryotic
cells.

On the other hand, the mature cr RNA generated by
cl eavage of a pre-crRNA has a structure of "5 -handle
seguence- spacer sequence- 3' - handl e sequence. "
Typically, the 5" -handl e sequence i s conposed of 8 bases
frompositions 22 to 29 of the repeated sequence and i s
held in Cas5. In addition, the 3'-handl e sequence is
typically conmposed of 21 bases frompositions 1 to 21 in
t he repeat ed sequence, fornms a steml oop structure with
t he bases of positions 6to 21, andis heldat Cas6. Thus,
the strand | ength of a mature crRNA is usually 61 to 66
bases. Note that, since there are also mature crRNAs
havi ng no 3' - handl e sequence dependi ng on t he type of t he
CRI SPR- Cas3 system the strand |l engthis shortened by 21
bases in this case.

Note that the sequence of an RNA may be
appropriately desi gned according to the target sequence
for which DNA editing is desired. In addition, it is
possi bl e to synt hesi ze an RNA usi ng any met hod known in

the art.
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- Eukaryotic Cell -

Exanpl es of "eukaryotic cells" in the present
i nventioninclude ani mal cells, plant cells, algaecells
and fungal cells. 1n addition, exanples of animal cells
i ncl ude manmal i an cel |l s as wel | as cel | s of, for exanpl e,
fish, birds, reptiles, anphibians, and insects.

Exanples of the "animal <cells” include cells
constituting ani mal bodi es, cells constituting
organs/tissues excised fromanimals, and cultured cells
derived fromani mal tissues. Specific exanples include
germcel |l s such as oocytes and spern enbryonic cells of
enbryos at vari ous stages (such as 1-cell enbryos, 2-cell
enbryos, 4-cell enbryos, 8-cell enbryos, 16-cell enbryos,
and norula enbryos); stem cells such as induced
pluri potent stem (iPS) cells and enbryonic stem (ES)
cells; and somatic cells such as fibroblasts,
hemat opoi etic cells, neurons, nuscle cells, bone cells,
liver cells, pancreatic cells, brain cells, and ki dney
cells. It is possible to wuse oocytes before
fertilizationandafter fertilizationasthe oocytes used
for preparing genone-edited ani mals, preferably oocytes
after fertilization, t hat IS, fertilized eggs.
Particularly preferably, the fertilized eggs are from
pronucl ear stage enbryos. Oocytes can be t hawed and used
after freezing.

Inthe present invention, "manmalian" i s a concept
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i ncl uding human and non-human mammal s. Exanpl es of
non- human manmal s i ncl ude cl oven- hoof ed mammal s such as
cattle, boars, pigs, sheep, and goats, odd-toed mamal s
such as horses, rodents such as m ce, rats, gui nea pigs,
hanmst ers, and squirrels, | agonorphs such as rabbits, and
carnivores such as dogs, cats, and ferrets. The
non- human mammal s descri bed above may be |ivestock or
conpani on aninmals (pets), or may be wild animals.

Exanples of the "plant cells"” include cells of
cereals, oil crops, feed crops, fruits, and veget abl es.
Exanpl es of the "plant cells" include cells constituting
pl ant bodies, cells constituting organs and tissues
separated fromplants, and cultured cells derived from
pl ant ti ssues. Exanples of organs and ti ssues of pl ants
i ncl ude | eaves, stens, shoot apexes (grow ng points),
roots, tubers, and calli. Exanples of plants include
rice, corn, banana, peanut, sunflower, tomato, oil seed
rape, tobacco, wheat, barl ey, potato, soybean, cotton,
and carnation as well as propagation materials thereof
(for exanple, seeds, tuberous roots, and tubers).

- DNA Editing-

In the present invention, "editing the DNA of a

eukaryotic cell"” may be a step in which the DNA of a
eukaryotic cell is edited in vivo or in vitro. I n
addition, "editing the DNA" neans the operations

exenplified by the followng types (i ncluding
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conbi nati ons thereof).

Note that, in the present specification, the DNA
used in the above context includes not only DNA present
in the nucleus of a cell but al so exogenous DNA and DNA
present other than the nucleus of a cell such as
m t ochondri al DNA.

1. cleaving the DNA strand at the target site

2. deleting a base of the DNA strand at the target site
3. inserting abaseintothe DNAstrand at the target site
4. replacing a base of the DNA strand at the target site
5. nodi fying a base of the DNA strand at the target site
6. nodul ating the transcription of the DNA (gene) at the
target site.

One enbodi nent of the CRI SPR-Cas3 system of the
present invention uses a protein having an enzynmatic
activity for nodifying the target DNA by a net hod ot her
t han i ntroduci ng DNA cl eavage. This enbodi nent can be
achi eved by, for exanple, fusing Cas3 or Cascade with a
het er ol ogous protei n havi ng a desired enzymatic activity
into achinmeric protein. Thus, "Cas3" and "Cascade" in
t he present i nvention al so i ncl ude such fusi on proteins.
Exanpl es of the enzymatic activity of the protein to be
fused include, but not limted to, deam nase activity
(for exanpl e, cytidi ne deam nase activity and adenosi ne
deam nase activity), methyl transferase activity,

denmet hyl ati on enzyme activity, DNArepair activity, DNA
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damage activity, disnmutase activity, al kylationactivity,
depurination activity, oxidation activity, pyrimdine
di mer formation activity, i nt egrase activity,

transposase activity, reconbi nase activity, polynmerase
activity, ligase activity, photoreactivation enzynme
activity, and glycosylase activity. |In this case, the
nucl ease activity or the helicase activity of Cas3 i s not

necessarily required. For this reason, it is possible
to use as Cas3 a nutant in which some or all of these
activities are del eted (for exanpl e, a nutant of Ddonmain
H74A (dnCas3), a nutant of K320N of SF2 domain notif 1
(dhCas3), and a doubl e mut ant of S483A/ T485A of SF2 donai n
notif 3 (dh2Cas3)). Precise genone editing is possible
by repl aci ng bases wi t hout causing | arge del etion at the
target site if, for exanple, a fusion protein of a
deam nase and a nut ant i n whi ch sone or al | of the nucl ease
activities of Cas3 have been elimnated is used as a
constituent elenment of the CRISPR-Cas3 system of the
present invention. The method for applying a deani nase
to the CRI SPR-Cas systens is well known (Nishida K. et

al ., Targeted nucleotide editing using  hybrid
prokaryotic and vertebrate adaptive inmune systens,

Science, DO : 10.1126/science.aaf8729, (2016)), and it

suffices to apply the method to the CRI SPR-Cas3 system
of the present invention.

Anot her enbodi nent of t he CRI SPR- Cas3 syst emof t he
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present invention regulates gene transcription at the
bi ndi ng site of the present systemw t hout DNA cl eavage.
Thi s enbodi nent can be achi eved by, for exanple, fusing
Cas3 or Cascadewiththedesiredtranscriptionregul ating
protein into a chineric protein. Thus, "Cas3" and

"Cascade" in the present invention also include such

fusion proteins. Exanples of the transcription
regulating protein include, but not limted to, |ight
i nduci bl e transcri ptional regul ators, smal |

nol ecul e/ drug responsive transcriptional regulators,
transcription factors, and transcriptional repressors.
In this case, the nuclease activity or the helicase
activity of Cas3 is not necessarily required. For this
reason, it is possible to use as Cas3 a nutant in which
sone or all of these activities are del eted (for exanpl e,
a mutant of D domai n H74A (dnCas3), a nutant of K320N of
SF2 domain notif 1 (dhCas3), and a double nutant of
S483A/ T485A of SF2 domain notif 3 (dh2Cas3)). Methods
for applying a transcription regulating protein to the
CRI SPR- Cas systens are knownto those skilledinthe art.

Additionally, in the CRISPR-Cas3 system of the
present invention, consider the case of, for exanple,
using a nmutant in which some or all of the nucl ease
activities of Cas3 are deleted. Proteins having other
nucl ease activities may be fused with Cas3 or Cascade.

Such enbodi nment is included in the present invention.

36



10

15

20

25

Besi des, in the CRI SPR-Cas3 systemof the present
i nvention, consider the case of using a mutant in which
sone or all of the nucl ease activities of Cas3 are del eted
and usingtheactivitiesof other proteinsineditingDNA
The "DNA cl eavage activity" inthe present specification
I's appropriatelyinterpretedas various activities which
t hose proteins have.

Moreover, DNA editing may be perfornmed on DNA
contained in aspecificcell withinanindividual. Such
DNA edi ti ng can be perfornmed on, for exanple, a specific
cell as atarget anmong cells constituting the body of an
ani mal or plant.

No limtation is inposed on the mnmethod for
I ntroduci ng the nol ecul es constituting the CRI SPR-Cas3
systemof the present inventioninto eukaryotic cellsin
the form of a polynucleotide or an expression vector
contai ning the pol ynucl eoti de. Exanples of the method
i ncl ude el ectroporation, the cal ci umphosphate net hod,

the |iposome nethod, the DEAE dextran nethod, the

m croi njection met hod, cationic lipid medi at ed
transfection, el ectroporation, t ransducti on, and
infection wusing virus vectors. Such nethods are

descri bed in many standard | aboratory manual s such as
"Leonard G Davis et al., Basic nmethods in nolecular
bi ol ogy, New York: Elsevier, 1986."

No limtation is inposed on the method for
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i ntroduci ng the nol ecul es of the CRI SPR-Cas3 system of
the present invention into eukaryotic cells in the form
of aprotein. Exanplesthereof includeelectroporation,
cationic l'ipid medi at ed transfection, and
m croi njection.

The DNA editing according to the present i nvention
can be applied to various fields. Application exanples
i ncl ude gene therapy, breed i nprovenent, production of
transgenic animals or cells, production of useful
substances, and |life science research.

Known met hods can be used as net hods for preparing
non- human individuals from cells. Germ cells or
pl uri potent stemcells are usually used in the case of
produci ng non- human i ndi vi duals fromcells of ani mals.
For exanple, nolecules constituting the CRISPR-Cas3
systemof the present invention are introduced into an
oocyte. The obtained oocyte is then transplanted into
the uterus of a femal e non-human manmal whi ch has been
pl aced i n a pseudopregnant state. After that, alitter
i's obtained. The transplantation can be carried out in
afertilized egg of 1-cell enbryo, 2-cell enbryo, 4-cell
enbryo, 8-cell enbryo, 16-cell enbryo, or norul a enbryo
If desired, the oocyte can be cultured under suitable
conditions until transplantation. Transplantation and
culture of the oocyte can be carried out based on a

conventional | y known met hod ( Nagy A. et al ., Mani pul ati ng
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t he Mouse Enbryo, Cold Spring Harbour, New York: Cold
Spring Harbour Laboratory Press, 2003). It is also
possible to obtain, from the obtained non-human
i ndi vidual , clones or descendants in which the desired
DNA has been edited.

In addition, it has | ong been known that somatic
cel | s of plants possess differentiationtotipotency, and
met hods for regenerating plants from plant cells of
vari ous pl ants have been established. Therefore, it is
possi ble to obtain a plant in which the desired DNA is
knocked i n by i ntroduci ng t he nol ecul es constitutingthe
CRI SPR- Cas3 system of the present invention into plant
cells and regenerating plants fromthe obtai ned pl ant
cells. It is also possible to obtain progeny, clones,
or propagationmaterialsinwhichthedesiredDNAhas been
edited. As anethod of redifferentiating aplant tissue
by ti ssue cultureto obtainanindividual, it is possible
touse anet hod establishedinthe present technical field
(Protocols for Plant Transformation, edited by TABE
Yut aka, Kagaku-Dojin, pp. 340-347 (2012)).

[2] Kit Used in CRISPR-Cas3 System

AKkit usedinthe CRI SPR-Cas3 systemof the present
i nvention conprises the following (A and (B).

(A) a Cas3 protein, a polynucl eotide encodi ng the
protein, or an expression vector containing the

pol ynucl eoti de, and
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(B) a Cascade protein, a polynucleotide encodi ng
the protein, or an expression vector containing the
pol ynucl eot i de.

The kit may further conprises a CcrRNA a
pol ynucl eoti de encoding the crRNA, or an expression
vector containing the polynucl eotide

The constituent el enents of the kit of the present
i nvention may be in an enbodi nent in which all or some
of themare m xed, or may be in an enbodi nent in which
each of themis independent.

It is possible to use the kit of the present
inventioninfields such as pharnmaceuti cal preparations,
f ood, ani mal husbandry, fishery, I ndustry,
bi oengi neering, and life science research.

Herei nafter, the kit of the present invention is
descri bed assum ng phar maceuti cal preparations (drugs).
Note that, in the case of using the above-described kit
infields such as ani mal husbandry, bi oengi neering, and
life science research, the kit can be wused by
appropriately interpreting the follow ng explanation
based on common technical know edge in those fields.

It is possible to prepare a pharmaceutica
preparation for editing DNA of animal cells including
humans by usual net hods using the CRI SPR- Cas3 syst em of
the present invention. More specifically, the

phar maceuti cal preparation can be prepared by
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fornmul ati ng the nol ecul es constituting the CRI SPR-Cas3
system of the present invention with, for exanple, a
phar maceuti cal preparation additive.

Here, the "pharmaceutical preparation additive”
nmeans a substance other than the active ingredients
contained in the pharmaceutical preparation. The
phar maceutical preparation additive is a substance
contai nedinapharmaceutical preparationfor thepurpose
of facilitating fornmulation, stabilizing the quality,
enhancing the utility, and the like. Exanples of the
phar maceuti cal preparation additive descri bed above can
I ncl ude exci pi ents, binders, disintegrants, |ubricants,
fluidizers(solidantistaticagents), colorants, capsul e
coats, coatingagents, plasticizers, taste-nmaki ngagents,
sweeteners, flavoring agents, solvents, dissolution
assisting agents, emul sifiers, suspendi ng agents
(pressuresensitive adhesives), thickeners, pHadjusters
(acidifiers, alkalizers, and buffers), hunmectants
(solubilizers), antibacterial preservatives, chelating
agents, suppository bases, oi nt nent bases, curi ng agents,
sof teners, nmedi cal water, propellants, stabilizers, and
preservatives. These pharmaceuti cal preparation
additives canreadily be sel ected by those skilledinthe
art according to the intended dosage form and route of
adm nistration as well as standard pharnaceuti cal

practice.
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In addition, the pharmaceutical preparation for
edi ti ng DNA of ani mal cells using the CRI SPR-Cas3 system
of the present invention may contain additional active
i ngredients. The additional active ingredients are not
particularly limted and can be appropri ately desi gned
by those skilled in the art.

Speci fic exanples of the active ingredients and
phar maceuti cal preparationadditives describedabove can
be | earned accordi ngtothe standards established by, for
exanpl e, the US Food and Drug Adm ni stration (FDA), the
European Medicines Authority (EMA), the Japanese
M nistry of Health, Labor and Welfare.

Exanpl es of met hods for delivering apharmaceuti cal
preparation to the desired cells include nmethods using
virus vectors targeting the cells (adenovirus vectors,
adeno- associ ated virus vectors, lentivirus vectors,
Sendai virus vectors, and the I|ike) or antibodies
specifically recognizingthe cells. The pharnmaceuti cal
preparation can take any dosage form depending on the
pur pose. Al so, the above pharnmaceutical preparationis
properly prescribed by doctors or nedi cal professionals.

The kit of the present i nvention preferably further
i ncl udes an instruction manual.

[ Exanmpl es]
Herei nafter, the present inventionis describedin

nore detail with reference to Exanpl es, but the present
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inventionisnot limtedonly tothe foll ow ng exanpl es.

A Establ i shnment of CRISPR-Cas3 System in

Eukaryotic Cell

[ Material and Met hod]

[ 1] Preparation of Reporter Vectors Containing Target
Sequences

The t ar get sequences were t he sequence derived from
t he human CCR5 gene (SEQI DNO 19) andt he spacer sequence
of E. coli CRISPR (SEQ ID NGO 22).

For the purpose of inserting the target sequences
intothe vectors, asynthetic pol ynucl eotide (SEQI D NO:
20) containingthetarget sequence derived fromthe human
CCR5 gene (SEQID NGOG 19) and a synt hetic pol ynucl eoti de
(SEQ ID NGO 21) containing a sequence conplenentary to
t he above target sequence (SEQID NO 19) were prepared.
Simlarly, a synthetic polynucleotide (SEQ ID NO 23)
contai ning the target sequence derived fromthe spacer
sequence of E. coli CRISPR(SEQIDNO 22) and a synthetic
pol ynucl eotide (SEQ ID NO 24) containing a sequence
conpl ementary to the above target sequence (SEQ I D NO
22) were prepared. Al of the above synthetic
pol ynucl eoti des were obtained from Hokkai do System
Sci ence Co., Ltd.

The above pol ynucl eoti des were inserted into the
reporter vectors by the met hod described in [Sakuma T et

al . (2013) Efficient TALEN construction and eval uation
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met hods for human cel |l and ani mal applications, Genes to
Cells, Vol. 18 (Issue 4), pp. 315-326]. The outlineis
as follows. First, polynucleotides having sequences
conpl ementary to each other (the pol ynucl eotide of SEQ
ID NO 20 and the pol ynucl eotide of SEQID NO 21; the
pol ynucl eoti de of SEQ ID NGO 23 and the pol ynucl eoti de
of SEQID NO 24) were heated at 95°C for 5 m nutes, and
t hen cool ed to roomtenperature and hybridi zed. A bl ock
i ncubator (BI-515A, Astec) was used for the above step.
Next , the polynucleotide hybridized to form a
doubl e-stranded structure was inserted into the base
vector to prepare a reporter vector.

The sequences of the prepared reporter vectors are
shown at SEQ ID NO 31 (reporter vector containing the
target sequence derived fromt he human CCR5 gene) and SEQ
IDNO 32 (reporter vector containingthetarget sequence
derived fromthe spacer sequence of E. coli CRISPR). In
addition, the structure of reporter vector is shown in
Fig. 4(d).

[ 2] Preparationof Csel(Cas8), Cse2 (Casll), Cas5, Cas6b,
Cas7, and crRNA Expression Vectors
[Amplification and Preparation of Inserts]

Consi der pol ynucl eoti des having nodi fi ed nucl eic
aci d sequences encodi ng Csel (Cas8), Cse2 (Casll), Casb5,
Cas6, and Cas7 (with SEQID NG 2, SEQID NO 3, SEQID

NO. 4, SEQID NO 5, and SEQ ID NO. 6, respectively).
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First, producti on of pol ynucl eotides |inkedinthe order
of SEQIDNO 2-SEQIDNGC 3-SEQIDNGO 6-SEQI D NO: 4- SEQ
ID NO 5 (polynucleotides having |linked nucleic acid
sequences for encodi ng Csel (Cas8) - Cse2
(Casll)-Cas7-Casb-Cas6 inthis order) was outsourcedto
GenScri pt Corporation for purchase. The nucleic acid
sequences encoding the proteins of Csel (Cas8)-Cse2
(Casll)-Cas7-Casb5-Cas6 were linked with 2A peptides
(am no aci d sequence: GSGATNFSLLKQAGDVEENPGP ( SEQ I D NO.
58)).

Note that the nucl eic acid sequences encodi ng t he
2A peptides were slightly different dependi ng on the Cas
proteinlinkage sites and were as foll ows. The sequence
bet ween Csel (Cas8) and Cse2 (Casll):
GGAAGCGGAGCAACCAACT TCAGCCT GCTGAAGCAGGCCGGCGATGT GGAGGA
GAATCCAGGCCCC (SEQI DNG: 59). The sequence bet ween Cse2
(Casll) and Cas7:
GGCTCCGGCGCCACCAATTTTTCTCTGCT GAAGCAGGCAGGCGAT GT GGAGGA
GAACCCAGGACCT (SEQI DNO: 60). The sequence between Cas7
and Cas5:
GGATCT GGAGCCACCAAT TTCAGCCT GCTGAAGCAAGCAGGCGACGT GGAAGA
AAACCCAGGACCA (SEQIDNO: 61). The sequence between Casb
and Cas6:
GGATCTGGGGCTACTAATTTTTCTCTGCTGAAGCAAGCCGGCGACGT GGAAGA
GAATCCAGGACCG (SEQ I D NO. 62).

Next, each of the polynucl eotides was anplified

45



under the PCR conditions (prinmer andtinme course) inthe
follow ng table. For PCR, 2720 Thermal cycler (applied

bi osyst ens) was used.
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[ Tabl e 1]

Pri mer Sequence Ti mecour se

el U ES(SJQgAIGgALgCASg\)TCTCCACCATGCCTAAGAAGAAGAGAAAAGTGAACCTGCTGATTGAC 08°C (10 Sec)
TCATOGATGCATCTCGAGT TATCCATTAGAAGGTCCTCCCTGIGACTTC (SEQ 1D No | 28°C (1 M)

Csel- L 37) 35 Cycles
GCAAAGAATTCAGAT CTCCACCAT GCCCAAGAAGAAGCGGAAGGT GGOCGAT GAGATCGAC

Cse2 - U
(SEQ I D NO. 38)

Coop . L | TCATCGATGCATCTCGAGT TAGGCGT TCTTATTTGT GGTCAGCACGAAG (SEQ 1D NO
39)

cact . | GCAAAGAATTCAGATCTCCACCAT GOCCAAGAAGAAGCGGAAGGT GTCCAATTTCATCAAC | 98°C (10 Sec) -
(SEQ I D NO. 40) 68°C (1 M n)

Caos _ L | TCATCGATGCATCTCGAGT TATGOCTCTCCATTGI TCOGCACCCAGCTC (SEQ 1D Na |35 Cycl es
41)
GCAAAGAATTCAGAT CTCCACCAT GCOCAAGAAGAAGOGGAAAGT GTACCT GAGCAAAGTG

Cas6 - U\ 'seq 1D No 42)

Casb — L | TCATOGATGCATCT CGAGT TACAGAGGT GCCAGT GACAGCAGCCCAC ( SEQT D NG 43)
GCAAAGAATTCAGATCTCCACCAT GCOCAAGAAGAAGOGGAAGGT GOGCTCCTACCTGATC | ..

Cas7 - U| C5ho 1 b Mo 44) 98°C (10 Sec) -

ae7 _ L | TCATCGATGCATCTCGAGT TACTGGCTCACGTCCATTCCTOCCTTGATC (SEQ 1D NO gg CQ/(cll 2"5” 40 Sec)

45)
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Pol ynucl eoti des having the followi ng conpl enentary
sequences wer e obtai ned as pol ynucl eoti des havi ng nucl eic
aci d sequences for expressing crRNA
1. pol ynucl eoti des for expressingcrRNAcorrespondingtothe
sequence derived fromthe human CCR5 gene (SEQ I D NOs: 25
and 26, obtained from Hokkai do System Sci ence Co., Ltd.)
2. pol ynucl eoti des for expressingcrRNAcorrespondingtothe
spacer sequence of E. coli CRISPR (SEQ ID NOs: 27 and 28,
obt ai ned from Hokkai do System Sci ence Co., Ltd.)

3. pol ynucl eoti des for expressingcrRNAcorrespondingtothe
sequence derived fromthe human EMX1 gene (SEQ I D NOs: 29
and 30, obtained from Pharmac).

[Ligation and Transformation]

As a substrate plasm d, pPB- CAG EBNXN (supplied from
Sanger Center) was used. In NEB buffer, 1.6 upg of the
substrate plasmid, 1 pl of restriction enzyme BglII (New
England Biolabs), and 0.5 pl of XhoI (New England Biolabs)
were m xed and reacted at 37°C for 2 hours. The cleaved
substrate plasm ds were purified with Gel extraction kit
(Q agen).

The substrate plasm ds thus prepared and the above
inserts were |ligated with a G bson Assenbly system
Li gation was carried out in accordance with the protocol of
the G bson Assenbly systemw th the ratio of the substrate
plasmds totheinserts being1: 1 (at 50°Cfor 25 m nutes,

total volume of the reaction solution: 8 uL).
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Subsequently, 6 uL of a solution of the plasmids
obt ai ned above (ligation reaction solution) and conpetent
cells (prepared by Takeda Laboratory) were used to perform
transformati on in accordance with the usual nethod.

Thereafter, plasm d vectors were purified fromthe
transfornmed E. coli by the al kaline prep method. Briefly,
the plasm d vectors were recovered using Q Aprep Spin
M niprep Kit (Q agen), and the recovered plasm d vectors
were purified by the ethanol precipitation nethod and t hen
adjusted to have a concentration of 1 ug/uL in a TE buffer
sol uti on.

The structure of each plasm d vector i s shown in Figs.
4(a) to 4(c). In addition, the nucleic acid sequences of
pre-cr RNA expression vectors are shown at SEQ ID NO 33
(expressionvector for expressingcrRNAcorrespondingtothe
sequence derived fromthe human CCR5 gene), SEQ ID NO 34
(expressionvector for expressingcrRNAcorrespondingtothe
spacer sequence of E. coli CRISPR), and SEQ ID NO
35(expressi on vector for expressing crRNA corresponding to
t he sequence derived fromthe human EMX1 gene).

[ 3] Preparation of Cas3 Expression Vector

A polynucleotide having a nodified nucleic acid
sequence encoding Cas3 (SEQ ID NGO 1) was obtained from
Genscript. Specifically, pUC57 vector incorporating the
pol ynucl eoti de descri bed above was obt ai ned fromGenscri pt.

The above vector was cleaved with restriction enzyne

49



10

15

20

25

Notl. Next, 2 U of Klenow Fragnent (Takara Bio Inc.) and
1 uL of 2.5 mM dANTP Mixture (Takara Bio Inc.) were used to
smooth the edge of the fragnent. Thereafter, the above
fragment was purified using Gel extraction (Q agen). The
purified fragment was further cleaved with restriction
enzynme Xhol and purified using Gel extraction (Q agen).

The purified fragnment was |igated using a substrate
plasm d (pTL2-CAG | RES-NEO vector, prepared by Takeda
Laboratory) andaligationkit (Mghty M x, TakaraBiolnc.).
After that, transformati onand purificati onwerecarriedout
by the same operations as in [2]. The recovered plasmd
vector was prepared to have a concentration of 1 ug/ulL in
a TE buffer solution.

[4] Preparation of Plasm d Vector Containing BPNLS

Prepared were Cas3, Csel (Cas8), Cse2 (Casll), Casbh,
Cas6, and Cas7 expression vectors in which BPNLSs were
connected to the 5 -end and the 3'-end (see Fig. 7).

The production of aninsert for each Cas protein group
cont ai ni ng BPNLSs at bot h ends was ordered to Therno Fi sher
Scientific. The specific sequence of the above insert is
( AGATCTTAATACGACTCACTATAGGGAGAGCCGCCACCATGECC: SEQ | D NG
56) - (any one of SEQID NOs: 7 to 12)-( TAATATCCTCGAG SEQID
NO. 57). SEQIDNO 56is asequence providedw thacleavage
site by Bglll. SEQID NO 57 is a sequence provided with
a cl eavage site by Xhol.

The pMK vector incorporating the above sequence was
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cleavedwithrestrictionenzynes Bglll and Xhol and purified
using Gel extraction (Q agen). The purified fragnent was
| i gat ed usi ng a substrate plasm d ( pPB- CAG EBNXN, supplied
fromSanger Center) and a ligation kit (Mghty M x, Takara
Bio Inc.). After that, transformation and purification
were carried out by the sane operations as in [2]. The
recovered plasmd vector was prepared to have a
concentration of 1 ug/pL in a TE buffer solution.

[ 5] Preparation of Plasm d Vector Contai ni ng Cascade ( 2A)

Prepar ed was an expressi on vector i n which the nucl eic
aci d sequence had Csel (Cas8), Cse2 (Casll), Cas7, Casb5, and
Cas6 linkedinthis order. More specifically, prepared was
an expression vector having an arrangenent of (NLS-Csel
(Cas8): SEQ ID NO 2)-2A-(NLS-Cse2 (Casll): SEQ ID NO
3)-2A- (NLS-Cas7: SEQ ID NO 6)-2A-(NLS-Cas5: SEQ ID NO
4)-2A- (NLS-Cas6: SEQIDNO 5) (see Fig. 8). Note that the
am no aci d sequence of NLS is PKKKRKV (SEQ I D NG 52), and
t he nucl ei c acid sequence i s CCCAAGAAGAAGCGGAAGGTG (SEQ I D
NO. 53). Inaddition, the am no aci d sequence of 2A pepti de
I S GSGATNFSLLKQAGDVEENPGP ( SEQI DNO. 58) (the correspondi ng
nucl ei ¢ acid sequences are SEQ ID NOs: 59 to 62).

A pol ypepti de having the above nucl eic acid sequence
was obtained from GenScript. The pUC57 vector
incorporating the above sequence was cleaved wth
restriction enzyme EcoRI-HF and purified using Cel

extraction (Q agen). The purified fragment was |igated
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using a substrate plasmd (pTL2-CAG |IRES-Puro vector,
prepared by Takeda Laboratory) and a ligation kit (M ghty
M x, Takara Bio Inc.). After that, transformation and
purification were carried out by the sane operations as in
[2]. The recovered plasm d vector was prepared to have a
concentration of 1 ug/pL in a TE buffer solution.

[ Exanpl e A-1]

The cl eavage activity of the target sequence of the
exogenous DNA was eval uated as follows. A crRNA and Cas3,
Csel (Cas8), Cse2 (Casll), Casb5, Cas6, and Cas7 added with
nucl ear | ocal i zati on signal s to have a nodi fi ed nucleicacid
sequence wer e expressed i n HEK ( human enbryoni ¢ ki dney) 293T
cells.

Prior totransfection, the HEK293T cel | s were cul tured
ina1l0 cmdish. Culture of the HEK 293T cells was carri ed
out in EF medium (G BCO) at 37°Cinab5%CO, at nosphere. The
density of HEK 293T cells in the EF nediumwas adjusted to
3 x 10%/100 upL.

I n addition, 100 ng of the above reporter vector; 200
ng of each of the Cas3 plasm d, the Csel (Cas8) plasm d, the
Cse2 (Casl1l) plasm d, the Cas5 plasn d, the Cas6 plasm d,
the Cas7 plasm d, and the crRNA plasm d; 60 ng of pRL-TK
vect or (capabl e of expressing Renillaluciferase, Pronega);
and 300 ng of pBluecscript 11 KS(+) vector (Agilent
Technologies) were mixed in 25 pL of Opti-MEM (Thermo Fisher

Scientific). The conditions using the reporter vector

52



10

15

20

25

havi ng t he t arget sequence derived fromCCR5 as t he reporter
vector correspond to 1 in Fig. 1, and the conditions using
the reporter vector having the spacer sequence of E. col
CRI SPR correspond to 10 in Fig. 1.

Next, 1.5 pL of Lipofectamine 2000 (Thermo Fisher
Scientific) and 25 pL of OptiMEM (Thermo Fisher Scientific)
were m xed and i ncubated at roomtenperature for 5 m nutes.
Thereafter, the above plasmd + Opti MEM m xture and
Li pof ectami ne 2000 + Opti MEM mxture were mxed and
i ncubat ed at roomtenperature for 20 m nutes. Theresulting
m xture was m xed with 1 nmL of t he above EF medi umcont ai ni ng
HEK 293T cells and seeded in a 96-well plate (seeded in a
total of 12 wells, 1 well per conbination of vectors).

After culturing at 37°Cin a 5%C0O, at nosphere for 24
hours, a dual - Luci ferase assay was carri ed out i naccordance
with the protocol of the Dual-d o Luciferase assay system
(Pronega) . For nmeasurenment of luciferase and Renilla
| uci ferase, Centro XS® LB 960 ( BERTHOLD TECHNOLOGI ES) was
used.

The sanme experi ment was conduct ed under the foll ow ng
conditions as a control experinent.

1. Instead of any one of the Cas3 plasm d, the Csel (Cas8)
pl asm d, the Cse2 (Casl1l) plasm d, t he Cas5 pl asm d, t he Cas6
plasmd, and the Cas7 plasmd, the sanme amunt of
pBl uecscript 11 KS(+) vector (Agilent Technol ogi es) was

m xed for expression (2 to 7 in Fig. 1).
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2. Instead of the crRNA pl asnm d used i nthe above procedure,
pl asm ds for expressing a crRNA not conplenentary to the
target sequence were m xed. Specifically, for the purpose
of  expression, plasmds for expressing the CcrRNA
correspondi ng to t he spacer sequence of E. coli CRI SPR were
m xed for the target sequence derived fromthe CCR5 gene (8
in Fig. 1), and plasmds for expressing the crRNA
correspondi ngtothe sequence deri ved fromt he CCR5 gene were
m xed when targeting the spacer sequence of E. coli CRISPR
(11 in Fig. 1).

3. As negative controls, only a reporter vector having the
target sequence derived fromCCR5 (9 in Fig. 1) and only a
reporter vector havingthe spacer sequence of E. coli CRI SPR
(12 in Fig. 1) were expressed.

(Resul ts)

The results of the dual -Luciferase assay are shown in
the graph of Fig. 1, and the experinmental conditions are
showninthelower tableof Fig. 1. InFig. 1, "CCR5-target”
and "spacer-target"” represent the target sequence derived
from CCR5 and the spacer sequence of E. coli CRISPR,
respectively. I n addi ti on, " CCR5- cr RNA" and
"spacer-crRNA" represent the sequence conplenentary to
CCR5-t arget and t he sequence conpl enent ary t o spacer-target,
respectively.

In Fig. 1, the systeminto which the crRNA plasm d

conpl ementary to the target sequence and all of the Cas3
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pl asm d, the Csel (Cas8) plasm d, the Cse2 (Casll) plasmd,
t he Cas5 plasm d, the Cas6 pl asm d, and t he Cas7 pl asm d were
i ntroduced exhi bited cl eavage activity higher than that of
ot her systens (conpare between 1 and 2 to 8, and between 10
and 11). Therefore, it was found that it is possible to
express Cas3, Csel (Cas8), Cse2 (Casll), Cas5, Cas6, and Cas7
i n human cel | s by usi ng the expression vectors accordingto
an enbodi ment of the present invention.

Inaddition, it was suggested that introduci ng of the
above expression vectors into human cells forns Cas3,
Cascade, and cr RNA conpl exes i n human cel | s and cl eaves t he
target sequence.

Furthernmore, inFig. 1, conpari son between 8 and 9 and
between 11 and 12 reveals that cleavage activity was
equi val ent to that of the negative controls in a system
expressing a crRNAnot conplenentary tothetarget sequence.
I n other words, it was suggested that the CRI SPR- Cas3 system
of the present invention can specifically cleave sequences
conpl enentary to crRNA in mamal i an cell s.

[ Exanmpl e A-2]

An experi ment was conduct ed t o eval uat e whet her or not
it is possible to cl eave endogenous DNA of human cells by
type I CRI SPR-Cas syst ens usi ngthe sanme nmet hod as i n Exanpl e
A-1.

Specifically, the nucl ei c aci d sequence i n humancells

was nodi fi edtoexpress pre-crRNAand Cas3, Csel (Cas8), Cse2
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(Casll), Casb5, Cas6, and Cas7 added wth nuclear
| ocalization signals, and evaluation was conducted on
whet her or not the sequence of the endogenous CCR5 gene of
the cells would be cl eaved.

The same HEK 239T cells as i n Exanpl e A-1 were seeded
in a 24-well plate at a density of 1 x 10° cells/well and
cultured for 24 hours.

Mixed with 50 pL of Opti-MEM (Thermo Fisher Scientific)
were 1 pg of the Cas3 plasmid, 1.3 pg of the Csel (Cas8)
plasmid, 1.3 ug of the Cse2?2 (Casll) plasmid, 1.1 ug of the
Casb plasmid, 0.8 pug of the Cas6 plasmid, 0.3 pg of the Cas’
plasmid, and 1 ug of the crRNA plasmid. Subsequently, a
mixture of 5 uL of Lipofectamine (registered trademark) 2000
(Thermo Fisher Scientific), 50 uL of Opti-MEM (Thermo Fisher
Scientific), and 1 nmL of EF nedi um was added to the above
DNA m xture. Thereafter, 1 mL of the resulting m xture was
added to the above 24-well plate.

After culturing at 37°Cin a 5%C0O, at nosphere for 24
hours, the nmedi umwas replaced with 1 nL of EF nedium Past
48 hours following transfection (24 hours after nedi um
repl acenent), the cells were harvested and adjusted to a
concentration of 1 x 10* cells/5 pL in PBS.

The above cells were heated at 95°C for 10 m nutes.
Next, 10 ng of protei nase Kwas added, fol | owed by i ncubati on
at 55°C for 70 mnutes. Furthernmore, the product

heat-treated at 95°C for 10 m nutes was used as a tenpl ate
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for PCR

By performing 35 cycles of 2-step PCR, 10 uL of the
above tenplate was anplified. Here, priners having the
sequences of SEQID NGs: 47 and 48 were used as priners for
PCR. In addition, KOD FX (Toyobo Co., Ltd.) was used as a
DNA polynmerase, and the 2-step PCR procedure was in
accordancewi ththeprotocol attachedto KODFX. The product
anplified by PCR was purified wusing Q Aquick PCR
Purification Kit (Q AGEN). The specific procedure was in
accordance with the protocol attached to the above kit.

The dA was added to the 3'-end of the purified DNA
obt ai ned usi ng r Taq DNA pol ynmer ase (Toyobo Co., Ltd.). The
puri fi ed DNAwas subj ectedto el ectrophoresisina?2%agarose
gel, and a band of about 500 to 700 bp was cut out. Then,
DNA was extracted fromthe cut gel and purified using a Gel
extraction kit (Q AGEN). Next, TA cloning was carried out
using pGEM T easy vector Systens (Promega), and the above
DNA was cl oned. Finally, DNAcl oned by al kal i ne prep net hod
was extracted and anal yzed by Sanger sequence. For the
anal ysis, BigDye (registered trademark) Term nator v 3.1
Cycl e Sequencing Kit (Thermo Fi sher Scientific) and Appli ed
Bi osyst ens 3730 DNA Anal yzer ( Therno Fi sher Scientific) were
used.

The outline of the endogenous CCR5 gene sequence, the
target of t he CRI SPR- Cas systeminthisexanple, i sdescribed

basedonFig. 2. Notethat inFig. 2, theexonsareincapital
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letters, and the introns are in |owercase |etters.

In this exanple, the target was the sequence within
the CCR5 gene |located in third chronmpbsonme short arm (P)
region 21 (Fig. 2; the entire length of the nucleic acid
sequence of CCR5 is shown at SEQID NO 46). Specifically,
t he sequence within Exon 3 of the CCR5 gene was used as the
target sequence. As a control, the target sequence of Cas9
was al so arranged at approxi mately t he sane position. Mre
precisely, the entire underlined sequence is the target
sequence of type | CRI SPR-Cas system(AAGand t he fol |l ow ng
32 bases), and t he doubl e underli ned sequence is the target
sequence of Cas9 (CGG and the preceding 20 bases). The
sequence of crRNA was designed to allow guidance to the
t arget sequence of the type | CRI SPR-Cas system(AAGand t he
foll owi ng 32 bases).

(Resul ts)

The results of the above experinment were such that
cl one 1 havi ng 401 bp del eted, cl one 2 havi ng 341 bp del et ed,
cl one 3 having 268 bp del eted, and clone 4 having 344 bp
del et ed wer e obt ai ned as conpared with the origi nal nucleic
acid sequences (Figs. 3Ato 3D). This showed that it is
possi bl e to del ete the endogenous DNA of human cells by t he
CRI SPR- Cas3 syst emof t he present i nvention. Specifically,
It was suggested that the above CRI SPR- Cas system enabl es
editing of DNA of human cells.

Thi s exanpl e observed cl ones havi ng base pai rs del et ed.
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Thi s fact supports that DNA cl eavage t akes pl ace at nultiple
sites, according to the CRI SPR-Cas3 system of the present
i nventi on.

DNA of several hundred base pairs (268 to 401 bp) was
del et ed by t he CRI SPR- Cas3 systemof the present i nventi on.
This was nore extensive than the del eti on obtained by the
CRI SPR- Cas systemusing Cas9 (usually cleaved at only one
Site on the DNA).

[ Exanpl e A- 3]

An experi ment was conducted t o eval uat e whet her or not
it is possible to cleave the endogenous DNA of human cells
by t he CRI SPR- Cas3 syst emusi ng t he sanme net hod as i n Exanpl e
A-1.

Specifically, the nucl eic acidsequenceinhumancells
was nodi fi edtoexpress pre-crRNAand Cas3, Csel (Cas8), Cse2
(Casl1l), Casb5, Cas6, and Cas7 added wth nuclear
| ocalization signals, and evaluation was conducted on
whet her or not the sequence of the endogenous EMX1 gene of
the cells would be cleaved.

The same HEK 293T cells as in Exanple A-1 were seeded
in a 24-well plate at a density of 1 x 10° cells/well and
cultured for 24 hours.

Mixedwith 50 pL of Opti-MEM (Thermo Fisher Scientific)
were 500 ng of the Cas3 plasm d, 500 ng of the Csel (Cas8)
plasmid, 1 pg of the Cse2 (Casll) plasmid, 1 ug of the Casb

plasmid, 1 ug of the Cas6 plasmid, 3 ug of the Cas7 plasmid,
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and 500 pg of the crRNA plasmid. Further added and mixed
in the above mixture were 4 uL of Lipofectamine (registered
trademark) 2000 (Thermo Fisher Scientific) and 50 upL of
Opti - MEM( Therno Fi sher Scientific). Theresultingmxture
was i ncubated at roomtenperature for 20 m n and t hen added
to the HEK 293T cells.

Here, the structure of the expression vector of the
Cas protein group used in Exanple A-3 is shown in Fig. 7.
As shown in Fig. 7, the above expressi on vector is obtained
by sandw chi ng t he sequence encodi ng t he Cas protein group
with BPNLSs (bipartite NLSs) (see [Suzuki K et al. (2016)
In vivo genone editing via CRISPR/ Cas9 nediated
honol ogy-i ndependent targetedi ntegrati on, Nature, Vol . 540
(I ssue 7631), pp. 144-149]). The am no aci d sequence of
BPNLS i s KRTADGSEFESPKKKRKVE ( SEQI DNO: 54), and t he nucl ei c
acid sequence IS
AAGCGGACT GCT GATGGCAGT GAAT TTGAGT CCCCAAAGAAGAAGAGAAAGGT GGA
A (SEQ I D NO 55).

After the above HEK 293T cells were cultured at 37°C
Inab5%C0O at nosphere for 24 hours, the medi umwas repl aced
with 1 mL of EF medium (1 nmL per 1 well). Past 48 hours
followm ngtransfection (24 hours after nedi umrepl acenent),
the cell s were harvested and adj usted to a concentrati on of
1 x 10% cells/5 uL in PBS.

The above cells were heated at 95°C for 10 m nutes.

Next, 10 ng of protei nase Kwas added, fol | owed by i ncubati on
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at 55°C for 70 mnutes. Furthernmore, the product
heat-treated at 95°C for 10 m nutes was used as a tenpl ate
for PCR

By performing 40 cycles of 3-step PCR, 10 upL of the
above tenplate was anplified. Here, priners having the
sequences of SEQID NGs: 50 and 51 were used as priners for
PCR. In addition, Hotstartaq (Q AGEN) was used as a DNA
pol ynerase, and the 3-step PCR procedure was i n accordance
with the protocol attached to Hotstartaq. The product
anplified by PCR was subjected to el ectrophoresis in a 2%
agarose gel, and a band of about 900 to 1100 bp was cut out.
Then, DNA was extracted fromthe cut gel and purified using
a Gel extraction kit (QAGEN). The specific procedure was
i n accordance with the protocol attached to the above kit.

Next, TA cloning was carried out using pGEMT easy
vector Systenms (Pronega), and the above DNA was cl oned.
Finally, DNA cloned by al kaline prep method was extracted
and anal yzed by Sanger sequence. For the analysis, BigDye
(registeredtrademark) Term nat or v 3. 1 Cycl e Sequenci ng Ki t
(Thernmo Fi sher Scientific) and Applied Bi osystens 3730 DNA
Anal yzer (Thernmo Fisher Scientific) were used.

The outline of the endogenous EMX1 gene sequence, the
target of t he CRI SPR- Cas3 systemi n Exanpl e A-3, i s descri bed
basedonFig. 5. Notethat inFig. 5 theexonsareincapital
letters, and the introns are in |owercase |etters.

I n Exanpl e A-3, the target was t he sequence withinthe
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EMX1 gene | ocated i n second chronposone short arm(P) regi on
13 (Fig. 5; the entire Il ength of the nucleic acid sequence
of EMX1 is shown at SEQ ID NGO 49). Specifically, the
sequence wi t hi n Exon 3 of t he EMX1 gene was used as t he t ar get
sequence. As acontrol, thetarget sequence of Cas9 was al so
arranged at approximately the same position. Mor e
preci sely, the underlined sequence | ocated upstreamis the
target sequence of type I CRISPR-Cas system (AAG and the
foll owi ng 32 bases), and the underlined sequence | ocated
downstream is the target sequence of Cas9 (TGG and the
precedi ng 20 bases). The sequence of crRNA used i n Exanpl e
A-3 was designed to all ow gui dance to the target sequence
of the CRI SPR-Cas3 system(AAG and the foll owi ng 32 bases).
(Resul ts)

The results of the above experinment were such that
clone 1 having two deleted sites of 513 bp and 363 bp and
cl one 2 havi ng 694 bp del et ed wer e obt ai ned as conpared with
t he ori gi nal nucl ei c aci d sequences (Figs. 6Aand 6B). These
experimental results also showed that it is possible to
del et e t he endogenous DNA of human cel |l s by the CRI SPR- Cas3
system of the present invention. Specifically, it was
suggest ed t hat t he above CRI SPR- Cas3 syst emenabl es editing
of DNA of human cells.

In addition, it was simlar to Exanple A-2 that
cl eavage took place at two or nore sites of the

doubl e- stranded DNA, and DNA of several hundred base pairs
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was deleted. Therefore, the results of Exanple A-3 nore
strongly support the suggesti ons obt ai ned fromExanpl e A- 2.
[ Exanpl e A-4]

The cl eavage activity of the target sequence of the
exogenous DNA was eval uated as fol |l ows. HEK 293T cel | s were
caused t o express the CRI SPR- Cas3 syst emi n whi ch t he nucl ei c
aci d sequences were nodi fi ed and t he nucl ei ¢ aci d sequences
encodi ng Cascade proteins were |inked.

I n Exanpl e A-4, 100 ng of the reporter vector; 200 ng
of each of the Cas3 plasm d, the Cascade (2A) plasm d, and
the crRNA plasmd; 60 ng of pRL-TK vector (capable of
expressing Renilla luciferase, Pronega); and 300 ng of
pBl uecscript Il KS(+) vector (Agilent Technol ogi es) were
mixed in 25 pL of Opti-MEM (Thermo Fisher Scientific). The
conditions using the reporter vector having the target
sequence deri ved fromCCR5 as t he reporter vector correspond
tolin(b) of Fig. 9, and the conditions using the reporter
vector having the spacer sequence of E. coli CRISPR
correspond to 6 in (b) of Fig. 9.

Here, as t he above reporter vectors, the two ki nds of
reporter vectors prepared in [1l] of [Preparation Exanpl e]
(that is, vectors having the structure shown in Fig. 4(d))
were used. In addition, as the above Cascade (2A) plasm d,
t he expression vectors prepared in [4] of [Preparation
Exanple] (that is, the vector having the structure shown in

Fig. 8) were used.
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A dual - Luci ferase assay was carried out in the sane
nmet hod as Exanple A-1 except that the above expression
vectors were used.

Mor eover, the same experi nent was conduct ed under t he
foll owi ng conditions as a control experinent.
1. Instead of either one of the Cas3 plasm d and t he Cascade
(2A) plasm d, the sanme anount of pBl uecscript |1 KS(+) vect or
(Agi | ent Technol ogi es) was m xed for expression (2 and 3in
Fig. 9).
2. Instead of the crRNA plasm d used i nthe above procedure,
pl asm ds for expressing a crRNA not conplenmentary to the
target sequence were m xed. Specifically, for the purpose
of  expression, plasm ds for expressing the crRNA
correspondi ng to the spacer sequence of E. coli CRI SPR were
m xed for the target sequence derived fromthe CCR5 gene (4
in Fig. 9), and plasmds for expressing the gRNA
correspondi ngtothe sequence deri ved fromt he CCR5 gene wer e
m xed when targeting the spacer sequence of E. coli CRISPR
(7 in Fig. 9).
3. As negative controls, only a reporter vector having the
target sequence derived fromCCR5 (5in Fig. 9) and only a
reporter vector having the spacer sequence of E. coli CRI SPR
(8 in Fig. 9) were expressed.

(Resul ts)
The results of the dual -Luciferase assay are shown in

the graph of Fig. 9, and the experinental conditions are
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showninthelower tableof Fig. 9. InFig. 9, "CCR5-target”

and "spacer-target" represent the target sequence derived
from CCR5 and the spacer sequence of E. coli CRISPR,

respectively. I n addi ti on, " CCR5- cr RNA" and
"spacer-crRNA" represent the sequence conplenmentary to
CCR5-t arget and t he sequence conpl enentary t o spacer-target,
respectively.

As shown in Fig. 9, the systeminto which the cr RNA
pl asm d conpl enentary to t he target sequence and bot h of the
Cas3 plasm d and the Cascade (2A) plasm d were i ntroduced
exhi bi ted cl eavage activity significantly higher than that
of other systens (conpare between 1 and 2 to 5, and bet ween
6, 7, and 8). Thus, it was suggested that, evenin a system
i n which nucleic acid sequences encodi ng Cascade proteins
are linked for expression, it is possible to specifically
cl eave sequences conplenentary to crRNAin mamal i an cells
by using the CRI SPR-Cas system accordi ng to an enbodi ment
of the present invention.

B. Exam nati on of Factors andthe Li ke Affecti ng Genone
Editi ng by CRI SPR-Cas3 System in Eukaryotic Cell

[ Material and Met hod]
[1] Configuration of Cas Gene and cr RNA
Consti tuent genes of Cas3 and Cascade (Csel, Cse2, Casb,
Cas6, and Cas7) derived fromE. coli K-12 strain, to which
bpNLSs wer e addedtothe5' sideandthe 3" side, were desi gned

and cloned by codon optimzation for mammlian cells
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foll omed by gene synthesis. These genes were subcl oned
downst r eamof t he CAGpronoter of the pPB- CAG. EBNXN pl asm d
donat ed by Sanger Institute. Mitants of Cas3 such as H74A
(dead ni ckase; dn), K320N (dead helicase; dh), and doubl e
mut ant s of S483A and T485A (dead hel i case ver. 2; dh2) were
prepared by self-ligation of PCR products of Pri meSTAR MAX.
Regar di ng t he cr RNA expression pl asm d, a sequence of cr RNA
havi ng two Bbsl restriction enzyne sites at the position of
t he spacer under t he U6 pronot er was synt hesi zed. All crRNA
expressi on pl asm ds were prepared by i nserti ng 32-base-pair
doubl e- stranded ol i gos of the target sequence into t he Bbsl
restriction enzyne sites.

The Cas9- sgRNA expressi on pl asm d
pX330- U6- Chi neri ¢c_BB- CBh- hSpCas9 was obt ai ned f romAddgene.
Desi gni ng of gRNA enpl oyed CRI SPR web tool, CRISPR design
tool, and/or CRI SPRdirect to predict unique target sitesin
t he human genone. The target sequence was cloned into the
SgRNA scaffol d of pX330 in accordance with the protocol of
t he Feng Zhang | aboratory.

The SSA reporter plasmd containing two Bsal
restriction enzyne sites was donated by Prof essor YAMAMOTO
Takashi at Hiroshi ma University. Thetarget sequence of the
genom c region was inserted into the Bsal sites. As a
Renilla luciferase vector, pRL-TK (Pronmega) was obt ai ned.
All plasnm ds were prepared by m di prep or maxi prep net hod

using PureLink Hi Pure Plasm d Purification Kit (Therno
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Fi sher) .
[ 2] Eval uati on of DNA Cl eavage Activity with HEK293T Cel | s
An SSA assay was carried out as in Exanple Ain order
todetect DNAcl eavage activityinmmmliancells. HEK293T
cells were cultured at 37°C in 5% CO, with high-d ucose
Dul becco's nodified Eagle's nmedi um suppl emented with 10%
fetal bovine serum (Thernmo fisher). In the wells of a
96-wel | plate, 0.5 x 10% cel | s were seeded. After 24 hours,
Cas3, Csel, Cse2, Cas7, Casb, Cas6, and crRNA expression
pl asm ds (each 100 ng), SSA reporter vectors (100ng), and
Renillaluciferase vectors (60ng) were transfected i nto HEK
293T cells by using |ipofectam ne 2000 and Opti MEM (Life
Technol ogies) in accordance with a slightly nodified
protocol. Twenty four hours after the transfection, a dual
| uci ferase assay was carried out by using the Dual-d o
| uci ferase assay system (Pronega) in accordance with the
pr ot ocol .
[3] Detection of Indels in HEK 293T Cells
In the wells of a 24-well plate, 2.5 x 10% cel s were
seeded. After 24 hours, Cas3, Csel, Cse2, Cas7, Cas5, Casb,
and cr RNA expressi on pl asm ds (each 250 ng) were transfected
I nto HEK 293T cel | s by using | i pof ectam ne 2000 and Opti MEM
(Life Technol ogi es) in accordance with a slightly nodified
protocol. Two days after the transfection, total DNA was
extracted fromthe harvested cells by using Tissue XS kit

(Takara-bio Inc.) in accordance with the protocol. The
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target | ocus was anplified by using Gl ex (Takara bio Inc.)
or Quick Tag HS DyeM x (TOYOBO Co., Ltd.), followed by
el ectrophoresis in an agarose gel. For the purpose of
detecting small insertion/deletion nutations in PCR
products, SURVEYOR Mutation Detection Kit (Integrated DNA
Technol ogi es) was used i naccordancew ththe protocol. For
TA cloning, the pCR4BIunt-TOPO plasmd vector (Life
Technol ogi es) was used i naccordancew ththe protocol. For
sequence anal ysis, BigDye Term nator Cycl e Sequencing Kit
and ABI PRI SM3130 Geneti c Anal yzer (Life Technol ogi es) were
used.

For t he pur pose of detectingvarious unusual nutati ons,
a DNA |ibrary of PCR anplification products was prepared
using TruSeq Nano DNA Library Prep Kit (Illumna), and
anpl i con sequenci ng was carried out with M Seq (2 x 150 bp)
i naccordance with the standard procedure by Macrogen. The
raw reads of the sanples were mapped to human genone hg38
by BWA- VEM The coverage data was visualized wth
I ntegrative Genomi cs Viewer (1GV), and t he hi stogramat the
target region was extracted.

Reporter HEK 293T cel | s havi ng nCherry- P2A- EGFP ¢c321C
> Gfor detecting SNP-KI (snip knock-in) in mnmliancells
wer e donat ed by Prof essor NAKADA Shi n-ichiro. The reporter
cells were cultured with 1 pg/ml of puromycin.
Single-stranded DNA or 500 ng of donor plasmd was

co-introduced together with CRISPR-Cas3 by the nethod
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descri bed above. All cells were harvested 5 days after the
transfection, and FACS analysis was carried out using
Arialllu(BD). GFPpositivecells were sortedandtotal DNA
was extracted by the nethod descri bed above. SNP exchange
in the genonme was detected by PCR anplification using Hi D
DNA pol ynerase (nyPOLS Biotec).
[4] Detection of O f-Target Site Candi dates

O f-target candi dat es of type | - ECRI SPRwer e det ect ed
in human genonme hg38 using GGGenonme by two different
procedures. As PAMcandi dat e sequences, AAG, ATG AGG GAG,
TAG, and AAC were selected in accordance with existing
reports (Leenay, R T, et al. Mol. Cell 62, 137-147 (2016),
Jung, et al. Mdl. Cell. 2017 Jung et al., Cell 170,
35-47(2017)) . Positions with fewer msmatches were
selectedinthefirst approachfor 32 base pairs of thetarget
sequence excluding positions of multiples of 6 because it
had been reported that such positions are not recogni zed as
target sites. In the following approach, regions
conpl etely matching the 5 -end of the PAMsi de of the target
sequence were detected and |listed in descendi ng order.

[ 5] Deep Sequencing of Of-Target Analysis

I n whol e genone sequenci ng, genom ¢ DNA was extract ed
fromthe transfected HEK 293T cells and cl eaved using the
Covaris sonicator. ADNAIliI brary was prepared usi ng TruSeq
DNA PCR-Free LT Library Prep Kit (Illum na), and genom c

sequenci ng was carried out using H Seq X (2 x 150 bp) in
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accordance with the standard procedure by Takara Bio Inc.
The rawr eads of t he sanpl es were mapped t o human genone hg38
by BWA-MEM and cleaned by the Trimmomatic program
Di scordant read pairs and split reads were excluded by
sant ool s and Lunpy-sv, respectively. For the purpose of
detecting only | arge deletions in the sane chronosone, the
read pairs mapped to different chronobsones were renoved
usi ng BadMvat eFi | ter of the Genonme Anal ysi s Tool kit program
The t ot al nunmber of the di scordant read pairs or split reads
in the 100 kb regi on was counted by Bedtools to cal cul ate
the error rate with the negative control. SureSel ect XT
custom DNA probes were designed with SureDesign under
noderately stringent conditions and prepared by Agilent
technol ogies toenrichthe of f-target candi dates before the
sequenci ng. The target regions were selected as foll ows.
The probes near the target regions covered 800 kb upstream
and 200 kb downstreamof PAM Inthevicinity of off-target
regi ons of CRI SPR-Cas3, 9 kb upstreamand 1 kb downstream
of PAM candi dates were covered. 1In the vicinity of the
of f-target regions of CRISPR-Cas9, 1 kb of upstreamand 1
kb of downstreamof PAMwere covered. After preparation of
the DNA library with SureSel ect XT reagent kit and custom
probe kit, genone sequenci ng was carried out with Hi seq 2500
(2 x 150 bp) in accordance with the standard procedure by
Takara Bio Inc. Discordant |lead pairs and split |eads on

t he same chronosone were excluded by the nethod descri bed
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above. The total nunber of the discordant read pairs or
split reads in the 10 kb regi on was counted by Bedtools to
calculate the error rate with the negative control.
[ Exanpl e B-1] Influence of Types of crRNA and Nucl ear
Local i zation Signal on DNA Cl eavage Activity
In Exanple A, genomc editing in eukaryotic cells
succeeded by chance by usi ng a CRI SPR- Cas3 syst emcont ai ni ng
apre-crRNA(LRSR; | eader sequence-repeat ed sequence- spacer
sequence-repeat ed sequence) as a crRNA. Here, the present
i nventors assuned that the reason why genone editing in
eukaryotic cells using the CRI SPR-Cas3 syst emhad not been
successful for many years was due to the fact that nature
crRNA had been used as crRNA. In |light of the above, in
additiontothe pre-crRNA(LRSR), a pre-crRNA(RSR; repeated
sequence- spacer sequence-repeated sequence) and a mature
crRNA (5'-handle sequence-spacer sequence- 3' - handl e
sequence) were prepared as crRNAs, and the genone editing
efficiency was exam ned with the reporter systemof Exanple
A (Figs. 10Aand 10B). Note that the nucleic acid sequences
of the pre-crRNA(LRSR), the pre-crRNA (RSR), and t he mature
crRNA are shown at SEQI D NOs: 63, 64, and 65, respectively.
Consequently, no cl eavage activity of the target DNA
was observedinthe CRI SPR- Cas3 syst emusi ng t he mat ur e cr RNA.
On the other hand, it was surprising that, in the case of
using the pre-crRNAs (LRSR and RSR), very high cleavage

activity of the target DNA was observed. These results in
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the CRI SPR-Cas3 systemare in contrast with those of the
CRI SPR- Cas9 system which exhibits high DNA cleavage
activity by using a mature crRNA. In addition, this fact
suggests that use of a mature crRNA is one of the reasons
why genonmic editing in eukaryotic cells has not succeeded
in the CRI SPR-Cas3 system

I n addition, exam nation was al so carried out using
t he SV40 nucl ear | ocalization signal and bi partite nucl ear
transl ocati on signal as nucl ear | ocalization signals added
to Cas3 (Fig. 11). As a result, higher cleavage activity
of target DNA was observed when the bipartite nuclear
transl ocation signal was used.

Ther ef or e, in the following experinments, the
pre-crRNA (LRSR) was used as a crRNA and the bipartite
nucl ear translocation signal was used as a nuclear
| ocal i zati on signal.

[ Exanpl e B-2] Influence of PAM Sequence on DNA Cl eavage
Activity

For the purpose of confirm ng the target specificity
of the CRISPR-Cas3 system the effects of various PAM
sequences on DNA cl eavage activity were exam ned (Fig. 12).
In an SSA assay, the DNA cl eavage activity showed vari ous
results for different PAMsequences. The highest activity
was observed for 5 - AAG PAM and AGG, GAG, TAC, ATG, and TAG
al so showed noti ceable activity.

[ Exanpl e B-3] Influence of Msmatch of crRNA and Spacer
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Sequence on DNA Cl eavage Activity
Studies inthe past of thecrystal structure of E. coli

Cascade have shown t hat a het erodupl ex of 5 base partitions
is formed between cr RNA and spacer DNA. This is due to the
failure of base pairing at every sixth position by the SAM
el enent of Cas7 effector (Fig. 13). The influence of
m smatch of crRNA and spacer sequence on DNA cl eavage
activity was eval uated. Cl eavage activity dropped
dramatically at any single msmatch in the seed region
(positions 1-8), except for bases not recogni zed as atarget
(position 6).

[ Exanpl e B-4] Exam nati on of Necessity of Domai ns of Cas3
in DNA Cl eavage Activity

In vitro characterization of the catalytic

characteristics of the Cas3 protein revealed that the
N-term nus HD nucl ease domai n cl eaves t he singl e-stranded
region of the DNA substrate, and subsequently the SF2
hel i case domain at the C-term nus unwi nds the target DNAin
an ATP-dependent manner while proceeding in the 3 - to
5'-direction. Three Cas3 nutants, nanely a nutant of HD
domai n H74A (dnCas3), a nmutant of K320N of SF2 domai n noti f
1 (dhCas3), and a doubl e nut ant of S483A/ T485A of SF2 domai n
notif 3 (dh2Cas3) were prepared to exam ne whet her or not
the Cas3 domai n was necessary for DNA cl eavage (Fig. 14).
As a result, the DNA cleavage activity conpletely

di sappeared in all three mutants of Cas3 protein, revealing
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t hat Cas3 can cl eave the target DNA t hrough t he HD nucl ease
domai n and the SF2 helicase donmmin.

[ Exanpl e B-5] Exam nation of DNA Cl eavage Activity in
Vari ous Types of CRISPR-Cas3 Systens

The type 1 CRISPR-Cas3 systens have been highly

diversified (Ato Gof type 1, seventypes intotal). The
above exanples exam ned the DNA cleavage activity in
eukaryoticcellsinthetypel-ECRISPR-Cas3 system Onthe
ot her hand, this exanpl e exam ned t he DNA cl eavage activity
i nother type 1 CRI SPR-Cas3 systens (typel-Fandtypel-G.
Speci fically, Cas3 and Cas5-7 of Shewanel | a putrefaci ens of
type I - F and Cas5-8 of Pyrococcus furiosus of type I-Gwere
codon optim zed and cloned (Fig. 15). As a result, DNA
cl eavage activity was al so found inthese type 1 CRI SPR-Cas3
systens i n t he SSA assay usi ng 293T cel | s al t hough t her e was
a difference in the strength of DNA cl eavage activity.

[ Exanpl e B-6] Exam nation of Mitations Introduced into
Endogenous Genes by CRI SPR- Cas3 System

The nmut ati ons i ntroduced i nt o endogenous genes by t he

CRI SPR- Cas3 systemwer e exan ned using the type | - E system
The EMX1 gene and t he CCR5 gene wer e sel ected as t arget genes
to prepare pre-crRNA (LRSR) plasm ds. The 293T cells were
| i pof ected with plasm ds encodi ng pre-crRNA and si x Cas (3,
5-8, and 11) effectors. As a result, the CRISPR-Cas3
reveal ed that deletion of several hundred to several

t housand base pairs took place primarily in the upstream
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direction of the 5° PAMof the spacer sequence of the target
region (Fig. 16). A m crohonol ogy of 5to 10 base pairs at
the repaired junction was confirmed, which nay have been
caused by annealing of the conplenentary strands by an
anneal i ng dependent repair pathway. Notethat inthe mature
cr RNA pl asm ds, no genone editing was found i n the EMX1 and
CCR5 regi ons.

Ni nety six TA cl ones were picked up and conpared with
sequences of wild type EMX1 by sequencing for the purpose
of further characterizing the genone editing by Cas3 by
Sanger sequenci ng and TA cl oni ng of PCR products (Fig. 17).
Del etion of a m ni numof 596 base pairs, a maxi numof 1447
base pairs, and an average of 985 base pairs was observed
in 24 cl ones out of 49 cl ones which could confirmsequence
insertion (efficiency of 46.3% . Half of the clones (n =
12) had | arge del eti ons i ncl udi ng PAMand spacer sequences,
and the other half were del eted upstream of PAM

Further characterization of Cas3 was carried out by
next generation sequencing by PCR anplification products
with a primer set in broader regions such as 3.8 kb of the
EMX1 gene and 9.7 kb of CCR5. Miltiple PAMsites (AAG ATG,
and TTT) for targeting with type I-E CRISPR were also
exam ned. |Inthe anplicon sequenci ng, AAGwas 38. 2%and ATG
was 56.4% As conpared with 86.4%of TTT and 86. 4% of Cas9
targeti ng EMX1, t he coveragerateinthe broad genoni cregion

upstreamof the PAMsite was greatly reduced. The decrease
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i ncoverage was sinm | ar whentargetingthe CCR5region. 1In
contrast, Cas9induced small insertions and snmall del etions
(indels) at the target sites, while Cas3 had no snmall i ndel
mut ati ons at PAMor target site. These results suggested
t hat t he CRI SPR- Cas3 systemcauses del etions in aw de range
upstream of the target site in human cells.

Considering the limtations of PCR anal ysis such as
anplification of less than 10 kb and strong bias favori ng
shorter PCRfragnments, a m croarray-based capture sequence
of 1000 kb or nore around the targeted EMX1 and CCR5 | oci
was used (Figs. 18A and 18B). Deletion of up to 24 kb for
the EMX1 | ocus and upto 43 kb for t he CCR5 | ocus was obser ved.
However, 90% of nutations at EMX1 and 95% of nutations at
CCR5 were | ess than 10 kb. These resul ts suggested that the
CRI SPR- Cas3 system may have potent nucl ease and helicase
activities in the eukaryotic genone.

It should be noted that whether or not undesirable
of f-target nutations can be induced in non-target genomc
regions is a mpjor concern particularly for clinical
applications, as denonstrated in the CRI SPR-Cas9 system
However, in the CRISPR Cas3 system no significant
of f-target effects were observed.

[ ndustrial Applicability]

The CRI SPR-Cas3 system of the present invention can

edit DNA of eukaryotic cells, and therefore can be w dely

appliedtofields requiring genone editing such as nedi ci ne,
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agriculture, forestry, and fisheries, industry, life
sci ence, biotechnol ogy, and gene therapy.

[ Sequence Li sting]
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[CLAIMS]
[Claim 1]

A method for producing an endogenous DNA-edited
mammalian cell, comprising:

introducing a CRISPR-Cas3 system into a mammalian
cell, wherein

the CRISPR-Cas3 system includes the following (A) to

(C)

(A) a Cas3 protein, a polynucleotide encoding the
protein, or an expression vector containing the
polynucleotide,

(B) a Cascade protein, a polynucleotide encoding the
protein, or an expression vector containing the

polynucleotide, and

(C) a pre-crRNA which targets the endogenous DNA, a
polynucleotide encoding the pre-crRNA, or an expression
vector containing the polynucleotide.
[Claim 2]

A method for producing an endogenous DNA-edited
non-human mammal, comprising:

introducing a CRISPR-Cas3 system into a non-human
mammal, wherein

the CRISPR-Cas3 system includes the following (A) to

(A) a Cas3 protein, a polynucleotide encoding the
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protein, or an expression vector containing the
polynucleotide,

(B) a Cascade protein, a polynucleotide encoding the
protein, or an expression vector containing the
polynucleotide, and

(C) a pre-crRNA which targets the endogenous DNA, a
polynucleotide encoding the pre-crRNA, or an expression
vector containing the polynucleotide.

[Claim 3]

The method according to c¢laim 1 or 2, further
comprising

cleaving the pre-crRNA which targets the endogenous
DNA with a protein constituting the Cascade protein after
introducing the CRISPR-Cas3 system into the mammalian cell
or the non-human mammal.

[Claim 4]

The method according to any one of claims 1 to 3,
wherein

a nuclear localization signal is added to the Cas3
protein and/or the Cascade protein.

[Claim 5]
The method according to claim 4, wherein
the nuclear localization signal is a bipartite nuclear

localization signal.
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