RNA
RNA TALEN, CRISPR/Cas9

GM

TALEN, CRISPR/Cas9

off-target
TK1
TK1 5
I-Scel CRISPR/Cas9 104 105
CRISPR/Cas9 I-Scel kb 10 kb
I-Scel, CRISPR/Cas9
A.
GM
ZFN Zinc-Finger Nuclease TALEN CRISPR
2010 TALEN Transcription
Activator-Like Effector Nucleases
2013 CRISPR Clustered
Regularly Interspaced Short Palindromic
Repeat
ZFN, TALEN, CRISPR
RdADM RNA-directed DNA Methylation RdDM RNA
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on-target

RNA off-target
DNA2
1% 0,1
GM GM
10
« )
off-target
CRISPR on-target
I-Scel
DNA
Cas9
off-target
on-target
on-target
off-target
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DTA40,
TK6, PC12 3

CRISPR/Cas9
DNA2
GGgenome https://gggenome.dbcls.jp/ja/
CRISPR design tool http://crispr.mit.edu/

DT40 AIFM1
1 PC12 Rosa26 TK6
TK1
2 CRISPR/Cas9 gRNA
CRISPR/Cas9 addgene
pX330, pX458, pX459
RNA gRNA
PC12
Lipofectamine 2000 DT40
TK6 2
Amaxa nucleofector 11, Lonza AG
NEPA21
Amaxa
GFP

DT40 PC12 24

72
DNeasyBlood and Tissue kit
Qiagen DNA
HighFidelity
PCR
illustra TempliPhi DNA Amplification Kit
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GE

QuickExtract Epicentre DNA

TK1
allel A

TK6

allel B 5

80bp  I-Scel

TSCES

2

31 bp
I-Scel

CRISPR/Cas9

I-Scel
TK

HAT

frequency MF

96

DNA

DNA2

Mutation
1
30
TFT

Nanodrop
260/280, 260/230 2

Quant-iT dsDNA assay kit 2

DNA

DNA

Bioanalyzer

Hiseg2000
11

PCR

7 kb
Agilent 2100
DNA
IHlumina
1100
IHlumina



Isaac Issac aligner caller

(SNV, Indel,
SV, CNV) CLC genomicworkbench
(ver8.0.1) clc mapper

HumanOmni2.5-8 v1.2

BeadChip
SNP CNV copy number
variation
IGV Tablet
Cas9
Cas9
Cas9

Cas9 25nM RNA gRNA 25

nM 37 15
2 5nM
30 60

LAS4000mini  Image Quant TL GE
gRNA 5 -AUAACU CAAUUU

GUAAAAAAG UUU UAG AGC UAG AAA

UAG CAA GUU AAAAUAAGG CUA GUC
CG-3' 2

pUC19

5'-TTA TAT GAA CAT AAC TCAATT

TGT AAAAAA GGG TAT TGG GGAATT

Smal
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CAT TA-3'

2
pUC19
Cas9
1 pH1.2
Cat. No. 11500-76 0.32%
Cat. No.
P6887-250MG
Cas9 50 pl
37 1,3,7,
15, 30, 60 Na2CO03
0
Na2CO3 Cas9 CBB
BSA B
Cas9 2)
GENETYX Ver. 12
ORF 1-3 Cas9 ORF1
ORF4-6
20 mer

ATG
Sliding 80 mer window search  Structural
Database of Allergenic Proteins SDAP
https://fermi.utmb.edu/SDAP/sdap_who.htm
I 35%

8 mer exact search  Allergen Database



http://www.allergenonline.org/databasefas
ta.shtml 6 mer exact search

SDAP
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EU
Central Committee on Biological Safety
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The Netherlands Commission on Genetic
Modification COGEM
Advisory Committee

on Releases to the Environment ACRE

Food Standard
Australia New Zealand FSANZ
Canadian Food Inspection Agency CFIA
Health Canada HC
Environmental Protection Agency
EPA
Administration FDA

Food and Drug

US
Department of Agriculture-Animal and
Plant Health

USDA-APHIS

Inspection Service

2014 10

Nature, Science



ZFN, TALEN,
CRISPR/Cas9
DT40 AIFM1
RNA gRNA#3, #7
gRNA#7
CRISPR design Tool
off-target 220
39
Fig. 1 and Table 1
32 3 26 4
1
ATG
Fig.2 PC12
Rosa26
gRNA 2
Figs.3 and 4 gRNA#21
CRISPR design Tool
off-target
off-target 323
Table 2

7 103 1
2 Fig.5 TK6
TK1
TK6
TK
DNA
CRISPR/Cas9
2 4
100
1 2
TK
TK6 5
I-Scel TSCE5
I-Scel CRISPR/Cas9
gRNA 2 gRNA#8, #17 in
Figs.6 and 7
gRNA#8 CRISPR design Tool
off-target
131 11
off-target 4
Table 3
pmaxGFP, I-Scel,
RNA#8, #17 48
96 20,000 cells/well
TFT
10 12
GFP

I-Scel, CRISPR

MF
NHEJ
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5 non-functional

TK1-/-
107 I-Scel
DNA 104
CRISPR/Cas9
x 1075 NHEJ 80 bp
(Fig.8)
Fig.9 I-Scel CRISPR/Cas9
10 kb
on-target
off-target
off-target
TK control
I-Scel CRISPR/Cas9 TK1 -/-
I-Scel
1.9Mb LOH
CRISPR/Cas9 3.4 kb loss
CNV
Cas9
Cas9
CRISPR/Cas9
Cas9
Cas9
2
30 DNA
0.8%
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pUC19
60
(Fig.10)
Cas9
Cas9
Cas9 1
BSA 0.5
B 16
(Fig.11) Cas9
Cas9
Cas9
8 80

8 mer exact match

sliding 80 mer window search

17
Table 4

2011

24 20

3 87 Table 5

61

fat-1
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TALEN CRISPR/Cas9

1 3
8 ZFN TALEN ODM TALEN
CRISPR/Cas9 (Table 6) CRISPR/Cas9
Table 6 6 TALEN DNA2
6-29
PCR
PCR
EU —
D.
EU GMO
TALEN,
CRISPR/Cas9
ODM 1
DNA ssDNA
DNA2
1
GM 100
10 kb
/
GM
GM
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