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DNA

RNA
RNA TALEN, CRISPR/Cas9
GM GM
PITCh
TALEN
TALEN CRISPR/Cas9
Cas9
2
TALEN

CRISPR/Cas9

ODM




GM
ZFN Zinc-Finger Nuclease
2010 TALEN Transcription
Activator-Like Effector Nucleases
2013 CRISPR Clustered
Regularly Interspaced Short Palindromic

Repeat

RNA
RdDM RNA-directed DNA Methylation

TALEN CRISPR

ZFN, TALEN, CRISPR
RdDM RNA
RNA

GMO
GMO

off-target

CRISPR/Cas

Platinum TALEN
TALEN

CRISPR/Cas9

TALEN,

TALEN
DNA

CRISPR/Cas9

Cas9

TALEN

Platinum



TALEN

1.
1 _.Platinum TALEN

MMEJ

Platinum TALEN

(8bp)
PITCh
FBL
mNeonGreen TALEN
PITCh HEK?293
FBL
DNA
PCR
PITCh
DNA

PCR

2 CRISPR/Cas9 MMEJ

CRISPR/Cas9
RNA gRNA
SSA
FBL
DNA
PCR
2.
DT40 TK6 PC12
CRISPR/Cas9 gRNA
AIFM1, Rosa26, TK1
DNA
PCR
TK6
TSCES5 TK1
TK

TFT DNA



DNA

IHlumina Hiseq HumanOmni
CNV SNV GM
3. Cas9
Cas9
Cas9 gRNA
2
6.
1 TALEN o
37
CBB
Cytomegarovirus
CMV Simian virus 40 SV40
Cas9
6
20 mer PCR
Chromosome
conformation capture 3C
4. DNA PCR
3 SciFinder Google
Scholar PubMed 7.
2011

ZFN TALEN CRISPR

SciFinder PubMed




8.
GM
GM
Scifinder® transgenic
plant
9.
FLO2
flo2
EM37
10.

ZFN TALEN CRISPR/Cas9

TAL-PITCh
10%
mKate2

PITCh

GFP

GFP

CRISPR/Cas9

CRIS-PITCh HEK293

FBL
DNA

DNA
HR
MMEJ 2-3

HEK293

67

DT40 TK6
PCi12
CRISPR/Cas9
DNAZ2
AIFM1

Rosa26
7 103



TK6 TK1 ODM
DNA2 GM
10 kb
I-Scel CRISPR/Cas9
GM
3. Cas9
Cas9
Cas9
1 6.
Cas9
20 kb
m oD
4.
T homo 2
3 SciFinder Google homo
Scholar PubMed
fat-1
7.
GM
5.
EU —
Ti



Right border  Left border 19 bp TALEN

GM
GM
P35S 10.
GM
NCBI PUBMED (http://www.ncbi.nlm.
nih.gov/pubmed) NBT
TALEN 2011
2011 2 2012
8. 3 2013 7 2014 6
2014 CRISPR
2014 GM
NBT 19 NBT
NBT CRISPR/Cas9
2) 2014 2013 2015 2
IAPB2014 NBT 31
39 NBT (N.
12 tabacum) N.benthamiana
12 10 11
6
6 NBT TALEN CRISPR TALEN
71% CRISPR
74% 2
TALEN CRISPR
9. 4
FLO2 TALEN
TALEN D.
FLO2
TALEN



F.
1) DNA

PCT/JP2014/062518

2)
PCT/JP2014/079515

26 5 9

26 10 24

10



Platinum TALEN

TALEN Platinum TALEN

HR HR
HR
MMEJ PITCh
PITCh
A. B.
A. Platinum TALEN MMEJ
Microhomology-Mediated End Joining
TAL-
PITCh
MMEJ 5~25bp
HR
HR
Platinum TALEN
TALEN Platinum TALEN 8 bp
MMEJ 1) FBL
PITCh mNeonGreen
Precise  Integration into  Target PITCh
Chromosome PITCh FBL C mNeonGreen
Platinum TALEN PITCh
CRISPR/Cas9 PITCh FBL C
Platinum
TALEN Sakuma Scientific

13




Reports, 2013
annealing SSA

Single strand

PITCh FBL
TALEN inframe
mNeonGreen 2A
TALEN
PITCh Hek293
FBL
DNA
PCR
2) PITCh
PITCh
Platinum TALEN SSA
PITCh
inframe
C inframe GFP

Platinum TALEN
mMessage mMachine T7 Ultra Kit
MRNA

2%

3% Ficoll in 0.36 XMarc’s modified Ringer’s

MMR 250 pg TALEN mRNA
I Drummond, Broomall, PA,
USA
0.16 X MMR
DNA
PCR
B. CRISPR/Cas9 MMEJ

Microhomology-Mediated End Joining

CRIS-
PITCh
TAL-PITCh
CRISPR/Cas9
CRISPR/Cas9
gRNA
gRNA
gRNA
Golden Gate Assembly
all-in-one
gRNA SSA
FBL
DNA
PCR
C.
MMEJ TALEN
FBL Platinum TALEN
SSA
ZFN

Platinum TALEN



PITCh Hek293

FBL

PCR
67

TAL-PITCh

mKate2

Platinum TALEN mRNA PITCh

10%

mKate2
PITCh
GFP
TALEN mRNA
PITCh
GFP
DNA
5’
MMEJ CRISPR/Cas9
TALEN PITCh
HR

CRISPR Cas9

15

MMEJ

gRNA

all-in-one CRSIPR/Cas9
TALEN
Golden Gate Assembly
gRNA

Cas9
gRNA

gRNA pX330

all-in-one CRSIPR/Cas9
gRNA FBL
PITCh

CRIS-PITCh Hek293
FBL

DNA

DNA
HR
MMEJ T DO h3H 2 -

ES

PITCh

CRISPR/Cas9 HR



20-40 bp

E.

HR MMEJ

PITCh

Platinum

TALEN CRISPR/Cas9

F.
1.

1) Li HL, Fujimoto N, Sasakawa N, Shirai S,
Ohkame T, Sakuma T, Tanaka M, Amano N,
Watabnabe A, Sakurai H, Yamamoto T,
Y amanaka S and Hotta A. Precise Correction of
the Dystrophin Gene in Duchenne Muscular
Dystrophy Patient Induced Pluripotent Stem
Cells by TALEN and CRISPR-Cas9. Sem Cell
Reports, 4: 143-154, 2015

2) Nakade S, Tsubota T, Sekane Y, Kume S,
Sakamoto N, Obara M, Daimon T, Sezutsu H,
Yamamoto T, Sakuma T and Suzuki K.
Microhomol ogy-mediated

end-joining-dependent  integration of donor
DNA in cells and animals using TALENs and
CRISPR/Cas9. Nature

5560, 2014

Communications, 5:

3) Ochia H, Sugawara T, Sakuma T and
Yamamoto T. Stochastic promoter activation
affects Nanog expression variability in mouse

16

embryonic stem cells. Scientific Reports, 4:
7125, 2014

4) Ninagawa S, Okada T, Sumitomo Y, Kamiya,
Kato K, Horimoto S, Ishikawa T, Takeda S,
Sakuma T, Yamamoto T and Mori K. EDEM2
initiates mammalian glycoprotein ERAD by
catalyzing the first mannose trimming step.
Journal of Cell Biology, 206: 347-356, 2014

5) Sakuma T, Nishikawa A, Kume S, Chayama K

and Yamamoto T. Multiplex genome
engineering in human cells using al-in-one
CRISPR/Cas9  vector

Reports, 4: 5400, 2014

system.  cientific

2
1) K and Sakuma T.
Targeted genome editing using Platinum
TALENs. 47

, 2014

Yamamoto T, Suzuki

b

2)
.10
, , 2014.

3) Yamamoto T. Genome editing using Platinum
TALENS, Technica Symposium. Application

of haploid cell lines and innovative
genome-editing technologies in cell biology.
66 , , 2014
4) .
87
, , 2014
9 .
, 26
, 2014
6)
6 1 1
2014



7) Yamamoto T. Genome editing cultured cells
and animals and wusing TALENs and
CRISPR/Cas. The 3rd International Institute for
Advanced Studies”.
Developments on the Study of Life and

Based

Engineering and Imaging Science, Kyoto, 2014

Conference of Novel

Biological  Systems on Genome

8)
12
2014

9) Yamamoto T. Genome editing in cultured cells
and animals using TALENs. JARI & ISEV
Japan 6" Annual meeting, Genome editing
makes new RNA world, Hiroshima, 2014

10) , , >
gRNA

> B

CRISPR/Cas9

2014
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11)Yamamoto T. Genome editing in cultured cells
and animals using site-specific nucleases, The
gh meeting of Bone Cartilage Frontier, Tokyo,
2014

12)Yamamoto T. Targeted Genome Editing in
Cultured Cells and Animals. Genome Editing

State-of-Art

Application to Brain Research, Niigata, 2015

Technology; its Current and

13) .
20 , ,2015
G.
1) DNA
PCT/JP2014/062518 26 5 9
2)
PCT/JP2014/079515 26 10 24



Last coding exon
=
FBL locus - f'
TCTCA 3CCA ( ctgaAGFTCAGCGCTGTCAGGA
' AGAGTGTCCGGTGGGGGGEt tgact AGTCGCGACAGTCCT
T 5GCCAC:H haggtgaaghactgaA@ITCAGCGCTGTCAGGA ‘
TGGGGGGt tccactt« s

AGAGTGTCCGG' tgact TRAGT! “GACAGT! No DSB /
=
"_ - “\I- /
2 2 KL
ICTCACAGGCCAC ‘CCpactgaaqaaggtgaAQTTCAGCGCTGTCAGGA Targeted allele
AGAGTGTCCGGTGGGGGGE tgacttdttccact TQAAGTCGCGACAGTCCT

TCTCACA ACC( ggtgaAQITCAGCGCTGTCAGGA
AGAGTGTCCGGTGGGGGGE tccact T GCGACAC :
27,

MMEJ repair

TAL-PITCh vector e mNeonGreen-2A-Puro polyA "

No DSB

b 5'junction TCTCACAGGCCACCCCCCaaggtgaAGTTCAGCGCTGTCAGGA C

#E12 TCTCACAGGCCACCCCCCaaggtgaAGTTCAGCGCTGTCAGGA
#H4 TCTCACAGGCCACCCCCCaaggtgaAGTTCAGCGCTGTCAGGA
#H6 TCTCACAGGCCACCCCCCaaggtgaAGTTCAGCGCTGTCAGGA
#H10 TCTCACAGGCCACCCCCCaaggtgaAGTTCAGCGCTGTCAGGA

3'junction TCTCACAGGCCACCCCCCaactgaAGTTCAGCGCTGTCAGGA

#E12 TCTCACAGGCCACCCCCCaactgaAGTTCAGCGCTGTCAGGA
#H4 TCTCACAGGCCACCCCCCaactgaAGTTCAGCGCTGTCAGGA
#H6 TCTCACAGGCCACCCCCCaactgaAGTTCAGCGCTGTCAGGA
#H10 TCTCACAGGCCACCCCCCaactgaAGTTCAGCGCTGTCAGGA

TAL-PITCh FBL Nakade et al., 2014
a. TAL-PITCh b. C.

18



(@)

5'junction TCAAGAAGTAGAAGAGAAactcaatACTGATAGAAGAGCATTA

5'junction TCAAGAAGTAGAAGAGARactcaatACTGATAGAAGAGC

TCAAGAAGTAGAAGAGAAactcaatACTGATAGAAGAGCA

TAL-PITCh
(Nakade et al., 2014)
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Annealed oligonucleotides
— <
] ]

O
STEP1 ue ¥ CBh 2

gRNA Cas9 nuclease Cas9 nuclease Cas9 nuclease

Bpil 7
(Bbsl)
PX330A-1x[2-7]
pX330A_D10A-1x[2-7]

scaffold or nickase

pX3305-[2-7) L i
Bpil digestion

e g andligation

STEP 2

e e | P e T e—

2 gRNAs : e
PX330A-1x2_gene_A PX3305-2_gene_B
pX330A_D10A-1x2_gene_A

| =l i T

7 gRNAs 5 ] -
PX330A-1x7_gene_A PX330S-2_gene_B pX330S-7_gene_G

pX330A_D10A-1x7_gene_A

- Golden Gate assembly -
using Bsal

(o= ﬂm + e ... Cmm
Vector - Insert

Cas9 nuclease
or nickase

2-7 gRNA expression cassettes

all-in-one CRSIPR/Cas9 (Sakuma et al., 2014)
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Last coding exon
FBL locus i~ --

. ! ctg
\ o i

tq agaacLgaag
C LLL'QdL'Lu

cttc
gddqgagdngLL',qL

A

MME! repair ’_ﬂ
Y _(._..'— 3

c:cqqdqcr'a"crr_ cggatccatggtgag caagccceggtyg c( o -
Helelolile ofs s grgcctaggtaccacte gttegggecacggacthggttecachggece Targeted allele

/
Lt

CRIS-PITCh vector |~ NeonGreen-24-Puro

cggatccatggtgag
-gcectaggtaccacte

b Cc

5' jUnCtiOﬂ tcacaggccaccccacggatccatggtgag

#B4 tcacaggccaccccacggatccatggtgag
#C11 tcacaggccacceee- -10+1
#D10 tcacaggccacccctgccaccccacggatccatggtgag +9
#ES tcacaggccaccccacggatccatggtgag

3'juncﬁon caagcccggtgectgaccaaggtgaagaac

#B4 caagcccgg=====--= ccaaggtgaagaac -7
#C11 caagcccggtgee===== aaggtgaagaac -5
#D10 caagcccggtgect-cccaaggtgaagaac  =2+1
#E8 caagcccggtgcctggccaaggtgaagaac

CRIS-PITCh FBL (Nakade et al., 2014)
a. CRIS-PITCh b. c.
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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

23




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

24
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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

25

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

26

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

1) Jinek M., Chylinski K., Fonfara I., Hauer
M., Doundna J.A., Charpentier E. A
Programmable Dual-RNA-Guided DNA
Endonuclease in Adaptive Bacterial

Immunity. Science (2012) 337, 816-821

Mali P, Yang L., Esvelt KM., Aach J.,

Guell M., DiCarlo J.E., Norville J.E.,

Church G.M. RNA-Guided

2)

Human
Genome Engineering via Cas9. Science
(2013) 339, 823-826

3
Scholar PubMed

SciFinder Google

2011

GMO

transgenic

PubMed transgenic animal
SciFinder Google Scholar
GM pig, cow or cattle,
chicken, fish, goat, sheep, rabbit, quail,
horse, shrimp, prawn, octopus, devil fish,

squid, crab, soft-shell turtle, shellfish

ZFN TALEN CRISPR

27

SciFinder PubMed 2010

EU
Central Committee on Biological Safety
ZKBS
Bundesministerium fiir
Gesundheit
Umweltbundesamt
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%

29

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

87

17



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
GM

30



Takabatake, R., Onishi, M., Futo, S.,
Minegishi, Y., Noguchi, A., Nakamura,
K., Kondo, K., Teshima, R., Mano, J.,
Kitta, K. Comparison of the specificity,
stability, and PCR efficiency of six rice
endogenous sequences for detection
analyses of genetically modified rice.
Food Control, 50, 949-955, 2015

Kondo, K., Nakamura, K. Scientific
review on novel genome editing
techniques, Food Hygiene and Safety
Science, 55, 231-246, 2014

Kitagawa, M., Nakamura, K., Kondo, K.,
Ubukata, S., Akiyama, H. Examination
on the detection of common DNA
modified

tomatoes in processed vegetable foods.

sequence of genetically

Food Hygiene and Safety Science, 55,
247-2563, 2014

Noguchi, A., Akiyama, H., Nakamura,
K., Sakata, K., Minegishi, Y., Mano, J.,
Takabatake, R., Futo, S., Kitta, K.,
Teshima, R., Kondo, K,
Nishimaki-Mogami, T. A  novel
trait-specific real-time PCR method
enables quantification of genetically
modified (GM) maize content in ground
grain samples containing stacked GM
maize. European Food Research and
Technology, 2014. DOI
10.1007/s00217-014-2340-7

Minegishi, Y., Mano, J., Takabatake, R.,

Nakamura, K., Kondo, K., Kato, Y.,
Kitta, K., Akiyama, H. Development of
pBT63, a positive control plasmid for
qualitative detection of genetically
modified rice. Japanese Journal of Food
Chemistry and Safety, 21, 48-56, 2014
Mano, J., Hatano, S., Futo, S,
Minegishi, Y., Ninomiya, K., Nakamura,
K., Kondo, K., Teshima, R., Takabatake,
R., Kitta, K. Development of direct
real-time PCR system applicable to a
wide range of food and agricultural
products. Food Hygiene and Safety
Science, 55, 25-33, 2014

Nakamura, K., Kondo, K., Akiyama, H.,
Kobayashi, T., Noguchi, A., Nagoya, H.,
Takabatake, R., Kitta, K., Plouffe, D.,
Buchanan, J., Nishimaki-Mogami, T. A
novel transgenic  construct-specific
real-time PCR detection method for
genetically modified salmon in foods,
128th AOAC Annual Meeting &
Exposition, Florida, USA, 2014 9

) DNA
GM
108
2014 12
( )
CaNCED
108
2014 12
108

2014



12

5.
DNA
108
2014 12
6.
« )
‘Multiplex real-time PCR
108
2014 12
7.
108
2014 12
8.
51
2014 11
9.
2010
51
2014 11
10.
RFLP Real-time PCR
51
2014 11
11.

32

12.

13.

14.

15.

2014

134

2015

3

AOAC International
2014 6

20
2014 5

DNA

20
2014 5

2014 3

135



DNA

GM DNA
Transcription
activator-like effector nuclease TALEN a
Cytomegarovirus CMV Simian virus 40 SV40
GM
GM
GM
GM PRSV-YK 19 bp
MiSeq GM
A. activator-like effector nuclease  TALEN
o
DNA
GM
DNA
GM
2013 2014
11
Transcription RASFF GM

53




Bt176 Bt63

66
2013 7 GM
PRSV-SC
GM
2011
GM
PRSV-YK
DNA MiSeq
GM
B.
1)
JCRB
B
DT40 :JCRB9130
LMH :JCRB0237 DT40

RPMI 1640 medium  0.05 mM
2-mercaptoethonol 10% v/v fetal bovine serum

5% v/v chicken serum

37 5% CO, LMH
Waymouth’s MB752/1 medium 10% v/v
fetal bovine serum 37 5%
CO,
2) GM
TALEN GM
TALEN
14
DNA 120,080,385
12,080,440 TALEN DNA

5’-CTTTCATGTTCCACCTAC-3’
5’-AGTGATTTCCAAACACAC-3* 18 bp
TALEN
invitro mRNA

pCDNA-DEST40 T7
T7RNA polymerase
In vitro mMESSAGE
mMACHINE® T7 ULTRA Transcription Kit
LifeTechnologies mRNA
MEGAclear™ Transcription Clean-Up
Kit Life Technologies mRNA
TALEN DNA DSB
SV40 early promoter
SV40 polyA
/
immediate early promoter of CMV Herpes
simplex virus thymidine kinase polyA
AcGFP Aequorea coerulescens

green fluorescent protein 4.7
kb  pAcGFPI-N1 Clontech, CA,
USA SV40 early

promoter  SV40 polyA
immediate

early promoter of CMV  Herpes simplex virus
thymidine kinase polyA

Venus 4.7 kb
pcDNA4-TO-Puromycin-mVenus- MAP

ID no.44118, Addgene, MA, USA

Targeting

pUC19 5
3 800
bp

TALEN 16 ug mRNA 10
ug DT40
Poring pulse 1
175V 5 ms 50 ms
10% Transferpulse + 5 - 5
10 20V 50 ms
50 ms 40% LMH

mg/ml G418 0.75 pg/ml puromycin
10

54



DT40
LMH
-EDTA
GM
Cel-1 HpyAV
PCR
3) PCR
100 kb
RT-
PCR 80%
5 10x10’
RNeasy Mini Kit Qiagen total
RNA DNA  RNase-free DNase |
Qiagen 500 ng
RNA SuperScript II reverse
transcriptase Invitrogen oligo dT20
20 ul
cDNA 2ul  cDNA
exon-intron
QuantiTect
SYBR® Green PCR QIAGEN
PCR
PCR 20 pL /well

2% QuantiTect
SYBR®™ Green PCR master mix 10 pL

50 pmol/L
0.2 uL cDNA 0.5 uL
20 pL
50 2 95 10
95 15 60 1 1
50

4) Chromosome conformation capture 3C

10 mL 1x107 2%
v/v -DNA
0.125M
PBS

10 mM Tris-HCI [pHS8.0],

10 mM NacCl, 0.2% NP-40, proteinase inhibitors
cocktail [Nacalai, Kyoto, Japan]

1x 0.3% w/v
SDS 37 1
1.8% v/v Triton
X-100 37 1
400 U Bglll/400 U BamHI 400 U Mbol
DNA 37 16 65
20
7 mL 1x T4ADNA ligase buffer
1% v/v TritonX-100 37
1 4000 U
T4DNA ligase 16 4
proteinaseK RNase
RNA
DNA
DNA PCR
GM
PSRV-YK
DNA DNA
400
500 bp
PCR

Illumina Miseq

Nature, 452, 991-996, 2008

50
QV20
50
bowtie2 De novo assemble
velvet k=21



C.
14 o
270 kb 9
uncharacterized protein KIAA0556
[GenBank accession no. XP_003642159.2],

general transcription factor 3C polypeptide 1
[TFIIC, GenBank accession no. XP_004945401.1],
protein argonaute 14 isoform X5 [Loc425933,
GenBank accession no. XP_423619.3], inactive
isoform X18 [RHBDFI,
GenBank no.XP_004945411.1],
DNA-3-methyladenine [MPG,
GenBank accession no.XP 414945.4], nitrogen

rhomboid protein 1
accession

glycosylase

permease regulator 3-like protein isoform X1
[ggPRx, GenBank accession no.XP_003642182.1],
transmembrane protein 8A isoform X3 [TMEMS,
GenBank accession no.XP_004945418.1], 39S
ribosomal protein L28, mitochondrial-like [P15,
GenBank accession no.XP 003642183.1], Axin-1
[Axinl, GenBank accession no.NP_990275.1]

o T oD oA
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1. NBT

(ZFN) 1

query: ZFN, zinc finger nuclease, plant

Year Applied plant species
ID Affiliation, country
Identifiers Title
Category Description
Details
2014 apple, fig
1 Agricultural Research Organization, Bet-Dagan, Israel

PMID:25528147
ZFN

Targeted mutagenesis using zinc-finger nucleases in perennial fruit trees.
Peer R, RiMin G, Golobovitch S, Lapidot M, Gal-On A, Vainstein A, Tzfira T, Flaishman MA.
Planta. 2014 Dec 21. [Epub ahead of print]

2014
2

PMID:25018764

rice

International Rice Research Institute Metro Manila, Philippines

Identification of safe harbor" loci in indica rice genome by harnessing the property of zinc-
finger nucleases to induce DNA damage and repair."

ZFN Cantos C, Francisco P, Trijatmiko KR, Slamet-Loedin |, Chadha-Mohanty PK.
Front Plant Sci. 2014;5:302. doi: 10.3389/fpls.2014.00302.

2014 tobacco

3 University of Minnesota, MN, USA.

PMID:24443519
ZFN

DNA replicons for plant genome engineering.
Baltes NJ, Gil-Humanes J, Cermak T, Atkins PA, Voytas DF.
Plant Cell. 2014 Jan;26(1):151-63. doi: 10.1105/tpc.113.119792. Epub 2014 Jan 17.

2014

4
PMID:24057367
ZFN

Arabidopsis

University of Minnesota, MN, USA.

Tailor-made mutations in Arabidopsis using zinc finger nucleases.

Qi Y, Starker CG, Zhang F, Baltes NJ, Voytas DF.

Methods Mol Biol. 2014;1062:193-209. doi: 10.1007/978-1-62703-580-4_10.

2013

5
PMID:23996306
ZFN

soybean

University of Minnesota, MN, USA.

Targeted mutagenesis for functional analysis of gene duplication in legumes.
Curtin SJ, Anderson JE, Starker CG, Baltes NJ, Mani D, Voytas DF, Stupar RM.
Methods Mol Biol. 2013;1069:25-42. doi: 10.1007/978-1-62703-613-9_3.

2013
6

PMID:23979943

Arabidopsis

University of Minnesota, MN, USA.

Targeted deletion and inversion of tandemly arrayed genes in Arabidopsis thaliana using
zinc finger nucleases.

Qi Y, Li X, Zzhang Y, Starker CG, Baltes NJ, Zhang F, Sander JD, Reyon D, Joung JK,

ZFN Voytas DF.

G3 (Bethesda). 2013 Oct 3;3(10):1707-15. doi: 10.1534/g3.113.006270.
2013 corn
7 Dow AgroSciences LLC, IN, USA

PMID:23953646

Trait stacking via targeted genome editing.
Ainley WM, Sastry-Dent L, Welter ME, Murray MG, Zeitler B, Amora R, Corbin DR, Miles

ZFN RR, Arnold NL, Strange TL, Simpson MA, Cao Z, Carroll C, Pawelczak KS, Blue R, West
K, Rowland LM, Perkins D, Samuel P, Dewes CM, Shen L, Sriram S, et al.
Plant Biotechnol J. 2013 Dec;11(9):1126-34. doi: 10.1111/pbi.12107. Epub 2013 Aug 19.
2013 Nicotiana benthamiana, Arabidopsis
8 the Weizmann Institute of Science, Rehowot, Israel
PMID:23625357 A rapid assay to quantify the cleavage efficiency of custom-designed nucleases in planta.
ZFN/TALEN Johnson RA, Gurevich V, Lewy AA.

Plant Mol Biol. 2013 Jun;82(3):207-21. doi: 10.1007/s11103-013-0052-1. Epub 2013 Apr 28.
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1. NBT (ZFN) 2
Year Applied plant species
ID Affiliation, country
Identifiers Title
Category Description
Details
2013 tobacco, Arabidopsis

9
PMID:23509176
ZFN

University of Michigan, Michigan, USA

Nonhomologous end joining-mediated gene replacement in plant cells.

Weinthal DM, Taylor RA, Tzfira T.

Plant Physiol. 2013 May;162(1):390-400. doi: 10.1104/pp.112.212910. Epub 2013 Mar 18.

2013
10

PMID:23282329

Arabidopsis

University of Minnesota, MN, USA.

Increasing frequencies of site-specific mutagenesis and gene targeting in Arabidopsis by
manipulating DNA repair pathways.

ZFN Qi Y, Zhang Y, Zhang F, Baller JA, Cleland SC, Ryu Y, Starker CG, Voytas DF.
Genome Res. 2013 Mar;23(3):547-54. doi: 10.1101/gr.145557.112. Epub 2013 Jan 2.

2013 Arabidopsis

11 Leiden Uniwersity, Leiden, The Netherlands

PMID:23279135

ZFN-mediated gene targeting of the Arabidopsis protoporphyrinogen oxidase gene through
Agrobacterium-mediated floral dip transformation.

ZFN de Pater S, Pinas JE, Hooykaas PJ, van der Zaal BJ.

Plant Biotechnol J. 2013 May;11(4):510-5. doi: 10.1111/pbi.12040. Epub 2012 Dec 28.
2012 Arabidopsis
12 University of Michigan, Michigan, USA

PMID:22082504

Zinc finger nuclease and homing endonuclease-mediated assembly of multigene plant
transformation vectors.

ZFN Zeevi V, Liang Z, Arieli U, Tzfira T.

Plant Physiol. 2012 Jan;158(1):132-44. doi: 10.1104/pp.111.184374. Epub 2011 Nov 14.
2011 Arabidopsis
13 the Weizmann Institute of Science, Rehowot, Israel

PMID:21848915

Localized egg-cell expression of effector proteins for targeted modification of the Arabidopsis
genome.

ZFN Even-Faitelson L, Samach A, Melamed-Bessudo C, Avivi-Ragolsky N, Lew AA.

Plant J. 2011 Dec;68(5):929-37. doi: 10.1111/j.1365-313X.2011.04741.x. Epub 2011 Oct 4.
2011 soybean
14 University of Minnesota, MN, USA.

PMID:21464476
ZFN

Targeted mutagenesis of duplicated genes in soybean with zinc-finger nucleases.
Curtin SJ, Zhang F, Sander JD, Haun WJ, Starker C, Baltes NJ, Reyon D, Dahlborg EJ,
Goodwin MJ, Coffman AP, Dobbs D, Joung JK, Voytas DF, Stupar RM.

Plant Physiol. 2011 Jun;156(2):466-73. doi: 10.1104/pp.111.172981. Epub 2011 Apr 4.

2011

15
PMID:21181530
ZFN

Arabidopsis

University of Minnesota, MN, USA.

Targeted mutagenesis in Arabidopsis using zinc-finger nucleases.
Zhang F, Voytas DF.

Methods Mol Biol. 2011;701:167-77. doi: 10.1007/978-1-61737-957-4_9.

2011
16
PMID:21151135

ZFN

Arabidopsis, soybean

Massachusetts General Hospital, Massachusetts, USA

Selection-free zinc-finger-nuclease engineering by context-dependent assembly (CoDA).
Sander JD, Dahlborg EJ, Goodwin MJ, Cade L, Zhang F, Cifuentes D, Curtin SJ, Blackburn
JS, Thibodeau-Beganny S, Qi Y, Pierick CJ, Hoffman E, Maeder ML, Khayter C, Reyon D,
Dobbs D, Langenau DM, Stupar RM, Giraldez AJ, Voytas DF, Peterson RT, Yeh JR, et al.
Nat Methods. 2011 Jan;8(1):67-9. doi: 10.1038/nmeth.1542. Epub 2010 Dec 12.
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1. NBT (ZFN) 3
Year Applied plant species
ID Affiliation, country
Identifiers Title
Category Description

Details

2010 tobacco, petunia
17 Danziger Innovations Ltd., Beit Dagan, Israel

PMID:20876340

Nontransgenic genome madification in plant cells.
Marton I, Zuker A, Shklarman E, Zeevi V, Tokach A, Roffe S, Ovadis M, Tzfira T, Vainstein

ZFN A

Plant Physiol. 2010 Nov;154(3):1079-87. doi: 10.1104/pp.110.164806. Epub 2010 Sep 27.
2010 Arabidopsis
18 University of Minnesota, MN, USA.

PMID:20508152

High frequency targeted mutagenesis in Arabidopsis thaliana using zinc finger nucleases.
Zhang F, Maeder ML, Unger-Wallace E, Hoshaw JP, Reyon D, Christian M, Li X, Pierick CJ,

ZFN Dobbs D, Peterson T, Joung JK, Voytas DF.
Proc Natl Acad Sci U S A. 2010 Jun 29;107(26):12028-33. doi: 10.1073/pnas.0914991107.
Epub 2010 May 27.

2010 Arabidopsis

19 NIAS, Tsukuba, Japan

PMID:20508151
ZFN

Site-directed mutagenesis in Arabidopsis using custom-designed zinc finger nucleases.
Osakabe K, Osakabe Y, Toki S.

Proc Natl Acad Sci U S A. 2010 Jun 29;107(26):12034-9. doi: 10.1073/pnas.1000234107.
Epub 2010 May 27. Erratum in: Proc Natl Acad Sci U S A. 2011 Jan 4;108(1):433.

2010

20
PMID:20454835
ZFN

tobacco

Dow AgroSciences LLC, IN, USA

Zinc finger nuclease-mediated transgene deletion.

Petolino JF, Worden A, Curlee K, Connell J, Strange Moynahan TL, Larsen C, Russell S.
Plant Mol Biol. 2010 Aug;73(6):617-28. doi: 10.1007/s11103-010-9641-4. Epub 2010 May 8.

2009
21

PMID:19754840

Arabidopsis

Leiden University, Leiden, The Netherlands

ZFN-induced mutagenesis and gene-targeting in Arabidopsis through Agrobacterium-
mediated floral dip transformation.

ZFN de Pater S, Neuteboom LW, Pinas JE, Hooykaas PJ, van der Zaal BJ.

Plant Biotechnol J. 2009 Oct;7(8):821-35. doi: 10.1111/j.1467-7652.2009.00446.X.
2009 corn
22 Dow AgroSciences LLC, IN, USA

PMID:19404259

Precise genome modification in the crop species Zea mays using zinc-finger nucleases.
Shukla VK, Doyon Y, Miller JC, DeKelver RC, Moehle EA, Worden SE, Mitchell JC, Arnold

ZFN NL, Gopalan S, Meng X, Choi VM, Rock JM, Wu YY, Katibah GE, Zhifang G, McCaskill D,
Simpson MA, Blakeslee B, Greenwalt SA, Butler HJ, Hinkley SJ, Zhang L, et al.
Nature. 2009 May 21;459(7245):437-41. doi: 10.1038/nature07992. Epub 2009 Apr 29.
2009 tobacco
23 University of Minnesota, MN, USA.

PMID:19404258
ZFN

High-frequency modification of plant genes using engineered zinc-finger nucleases.
Townsend JA, Wright DA, Winfrey RJ, Fu F, Maeder ML, Joung JK, Voytas DF.
Nature. 2009 May 21;459(7245):442-5. doi: 10.1038/nature07845. Epub 2009 Apr 29.

2009
24
PMID:19112554

ZFN

tobacco

Dow AgroSciences LLC, IN, USA

Targeted transgene integration in plant cells using designed zinc finger nucleases.

Cai CQ, Doyon Y, Ainley WM, Miller JC, Dekelver RC, Moehle EA, Rock JM, Lee YL,
Garrison R, Schulenberg L, Blue R, Worden A, Baker L, Faraji F, Zhang L, Holmes MC,
Rebar EJ, Collingwood TN, Rubin-Wilson B, Gregory PD, Urnov FD, Petolino JF.

Plant Mol Biol. 2009 Apr;69(6):699-709. doi: 10.1007/s11103-008-9449-7. Epub 2008 Dec
27.
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1. NBT (ZFN) 4
Year Applied plant species
ID Affiliation, country
Identifiers Title
Category Description

Details

2008 tobacco
25 Massachusetts General Hospital, Massachusetts, USA

PMID:18657511

Rapid open-source” engineering of customized zinc-finger nucleases for highly efficient gene
modification."

Maeder ML, Thibodeau-Beganny S, Osiak A, Wright DA, Anthony RM, Eichtinger M, Jiang
T, Foley JE, Winfrey RJ, Townsend JA, Unger-Wallace E, Sander JD, M ller-Lerch F, Fu

ZFN F, Pearlberg J, G bel C, Dassie JP, Pruett-Miller SM, Porteus MH, Sgroi DC, lafrate AJ,
Dobbs D, et al.
Mol Cell. 2008 Jul 25;31(2):294-301. doi: 10.1016/j.molcel.2008.06.016.

2005 tobacco

26 University of Minnesota, MN, USA.

PMID:16262717
ZFN

High-frequency homologous recombination in plants mediated by zinc-finger nucleases.
Wright DA, Townsend JA, Winfrey RJ Jr, Irwin PA, Rajagopal J, Lonosky PM, Hall BD,
Jondle MD, Voytas DF.

Plant J. 2005 Nov;44(4):693-705.

2005

27
PMID:15677315
ZFN

Arabidopsis

University of Utah, UT, USA

Targeted mutagenesis using zinc-finger nucleases in Arabidopsis.

Lloyd A, Plaisier CL, Carroll D, Drews GN.

Proc Natl Acad Sci U S A. 2005 Feb 8;102(6):2232-7. Epub 2005 Jan 26.
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2. NBT

(TALEN) 1

query: TALEN(s), TAL effector, plant

Year Applied plant species
ID Affiliation, country
Identifiers Title
Category Description
Details
2015 corn
1 lowa State University, Ames, USA

PMID:25644697
TALEN

Heritable site-specific mutagenesis using TALENs in maize.

Char SN, Unger-Wallace E, Frame B, Briggs SA, Main M, Spalding MH, Vollbrecht E,
Wang K, Yang B.

Plant Biotechnol J. 2015 Feb 3. doi: 10.1111/pbi.12344. [Epub ahead of print]

2015

2
PMID:25599829
TALEN

rice

Chinese Academy of Sciences (CAS), Beijing, China

Creation of fragrant rice by targeted knockout of the OsBADH2 gene using TALEN
Shan Q, zZhang Y, Chen K, Zhang K, Gao C.

Plant Biotechnol J. 2015 Jan 20. doi: 10.1111/pbi.12312. [Epub ahead of print]

2015 Nicotiana benthamiana
3 Weizmann Institute of Science, Rehowot, Israel
PMID:25403732 Comparative assessments of CRISPR-Cas nucleases' cleavage efficiency in planta.
TALEN/CRISPR Johnson RA, Gurevich V, Filler S, Samach A, Lew AA.

Plant Mol Biol. 2015 Jan;87(1-2):143-56. doi: 10.1007/s11103-014-0266-x. Epub 2014 Nov
2014 bread wheat
4 Chinese Academy of Sciences (CAS), Beijing, China

PMID:25038773
TALEN/CRISPR

Simultaneous editing of three homoeoalleles in hexaploid bread wheat confers heritable
resistance to powdery mildew.

Wang Y, Cheng X, Shan Q, zZhang Y, Liu J, Gao C, Qiu JL.

Nat Biotechnol. 2014 Sep;32(9):947-51. doi: 10.1038/nbt.2969. Epub 2014 Jul 20.

2014
5
PMID:24851712

TALEN

soybean

Cellectis plant sciences Inc., MN, USA

Improved soybean oil quality by targeted mutagenesis of the fatty acid desaturase 2 gene
Haun W, Coffman A, Clasen BM, Demorest ZL, Lowy A, Ray E, Retterath A, Stoddard T,
Juillerat A, Cedrone F, Mathis L, Voytas DF, Zhang F.

Plant Biotechnol J. 2014 Sep;12(7):934-40. doi: 10.1111/phi.12201. Epub 2014 May 23.

2014

6
PMID:24643227
TALEN

barley

Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Gatersleben, Germany
True-breeding targeted gene knock-out in barley using designer TALE-nuclease in haploid
Gurushidze M, Hensel G, Hiekel S, Schedel S, ValkovV, Kumlehn J.

PLoS One. 2014;9(3):€92046. doi: 10.1371/journal.pone.0092046.

2014 corn
7 Chinese Academy of Sciences (CAS), Beijing, China
PMID:24576457 Targeted mutagenesis in Zea mays using TALENs and the CRISPR/Cas system.
TALEN/CRISPR Liang Z, Zhang K, Chen K, Gao C.

J Genet Genomics. 2014 Feb 20;41(2):63-8. doi: 10.1016/j.jgg.2013.12.001. Epub 2013 Dec
2014 rice
8 Chinese Academy of Sciences (CAS), Beijing, China

PMID:24556552
TALEN

An efficient TALEN mutagenesis system in rice.
Chen K, Shan Q, Gao C.
Methods. 2014 Aug 15;69(1):2-8. doi: 10.1016/j.ymeth.2014.02.013. Epub 2014 Feb 17.

2015: data of 2015/1/1 2/24
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2. NBT (TALEN) 2
Year Applied plant species
ID Affiliation, country
Identifiers Title
Category Description

Details

2014 Nicotiana benthamiana, rice
9 Chinese Academy of Agricultural Sciences (CAAS), Beijing, China

PMID:24521457

The last half-repeat of transcription activator-like effector (TALE) is dispensable and thereby
TALE-based technology can be simplified.

TALEN Zheng CK, Wang CL, Zhang XP, Wang FJ, Qin TF, Zhao KJ.

Mol Plant Pathol. 2014 Sep;15(7):690-7. doi: 10.1111/mpp.12125. Epub 2014 Apr 10.
2013 Arabidopsis
10 University of Minnesota, MN, USA

PMID:23979944
TALEN

Targeted mutagenesis of Arabidopsis thaliana using engineered TAL effector nucleases.
Christian M, Qi Y, Zhang Y, Voytas DF.
G3 (Bethesda). 2013 Oct 3;3(10):1697-705. doi: 10.1534/g3.113.007104.

2013
11

PMID:23870552

Brassica oleracea

Southwest University, Chongging, China

Site-specific gene targeting using transcription activator-like effector (TALE)-based nuclease
in Brassica oleracea.

TALEN Sun Z, Li N, Huang G, Xu J, Pan Y, Wang Z, Tang Q, Song M, Wang X

J Integr Plant Biol. 2013 Nov;55(11):1092-103. doi: 10.1111/jipb.12091. Epub 2013 Sep 18.
2013 barley
12 Aarhus University, Slagelse, Denmark

PMID:23689819

TAL effector nucleases induce mutations at a pre-selected location in the genome of
primary barley transformants.

TALEN Wendt T, Holm PB, Starker CG, Christian M, Voytas DF, Brinch-Pedersen H, Holme IB.
Plant Mol Biol. 2013 Oct;83(3):279-85. doi: 10.1007/s11103-013-0078-4. Epub 2013 May
2013 Nicotiana bentamiana, Arabidopsis
13 Weizmann Institute of Science, Rehowot, Israel
PMID:23625357 A rapid assay to quantify the cleavage efficiency of custom-designed nucleases in planta.
TALEN/ZFN Johnson RA, Gurevich V, Lew AA.
Plant Mol Biol. 2013 Jun;82(3):207-21. doi: 10.1007/s11103-013-0052-1. Epub 2013 Apr 28.
2013 rice
14 lowa State University, Ames, USA

PMID:23430045

Designer TAL effectors induce disease susceptibility and resistance to Xanthomonas
oryzae pv. oryzae in rice.

TALEN Li T, Huang S, Zhou J, Yang B.

Mol Plant. 2013 May;6(3):781-9. doi: 10.1093/mp/sst034. Epub 2013 Feb 21.
2013 rice, Brachypodium
15 Chinese Academy of Sciences (CAS), Beijing, China

PMID:23288864
TALEN

Rapid and efficient gene modification in rice and Brachypodium using TALENS.

Shan Q, Wang Y, Chen K, Liang Z, Li J, Zhang Y, Zhang K, Liu J, Voytas DF, Zheng X,
Zhang Y, Gao C.

Mol Plant. 2013 Jul;6(4):1365-8. doi: 10.1093/mp/sss162. Epub 2013 Jan 2. No abstract
available.

2013

16
PMID:23124327
TALEN

tobacco

University of Electronic Science and Technology of China, Chendu , China
Transcription activator-like effector nucleases enable efficient plant genome engineering.
Zhang Y, Zhang F, Li X, Baller JA, Qi Y, Starker CG, Bogdanowve AJ, Voytas DF.

Plant Physiol. 2013 Jan;161(1):20-7. doi: 10.1104/pp.112.205179. Epub 2012 Nov 2.
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2. NBT (TALEN) 3
Year Applied plant species
ID Affiliation, country
Identifiers Title
Category Description

Details

2012 rice
17 Colorado State Uniwersity, CO, USA

PMID:23078195

Transcription activator-like (TAL) effectors targeting OsSWEET genes enhance \irulence on
diverse rice (Oryza sativa) varieties when expressed individually in a TAL effector-deficient
strain of Xanthomonas oryzae.

Verdier V, Triplett LR, Hummel AW, Corral R, Cernadas RA, Schmidt CL, Bogdanove AJ,

TALEN
Leach JE.
New Phytol. 2012 Dec;196(4):1197-207. doi: 10.1111/j.1469-8137.2012.04367.x. Epub 2012
Oct 18.

2012 rice

18 lowa State University, 1A, USA

PMID:22565958
TALEN

High-efficiency TALEN-based gene editing produces disease-resistant rice.
Li T, Liu B, Spalding MH, Weeks DP, Yang B.
Nat Biotechnol. 2012 May 7;30(5):390-2. doi: 10.1038/nbt.2199. No abstract available.

2012
19

PMID:22271303

tobacco

King Abdullah University of Science and Technology, Thuwal, Saudi Arabia

Rapid and highly efficient construction of TALE-based transcriptional regulators and
nucleases for genome modification.

TALEN Li L, Piatek MJ, Atef A, Piatek A, Wibowo A, Fang X, Sabir JS, Zhu JK, Mahfouz MM.
Plant Mol Biol. 2012 Mar;78(4-5):407-16. doi: 10.1007/s11103-012-9875-4. Epub 2012 Jan

2011 Arabidopsis

20 University of Minnesota, MN, USA

PMID:21493687

Efficient design and assembly of custom TALEN and other TAL effector-based constructs
for DNA targeting.
Cermak T, Doyle EL, Christian M, Wang L, Zhang Y, Schmidt C, Baller JA, Somia NV,

TALEN Bogdanowe AJ, Voytas DF.
Nucleic Acids Res. 2011 Jul;39(12):e82. doi: 10.1093/nar/gkr218. Epub 2011 Apr 14.
Erratum in: Nucleic Acids Res. 2011 Sep 1;39(17):7879.

2011 tobacco

21 King Abdullah University of Science and Technology, Thuwal, Saudi Arabia

PMID:21262818
TALEN

De novo-engineered transcription activator-like effector (TALE) hybrid nuclease with nowel
DNA binding specificity creates double-strand breaks.

Mahfouz MM, Li L, Shamimuzzaman M, Wibowo A, Fang X, Zhu JK.

Proc Natl Acad Sci U S A. 2011 Feb 8;108(6):2623-8. doi: 10.1073/pnas.1019533108. Epub
2011 Jan 24.
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3. NBT

(CRISPR) 1

qguery: CRISPR, cas9, plant, arabidopsis, nicotiana

Year Applied plant species
ID Affiliation, country
Identifiers Title
Category Description
Details
2015 Arabidopsis
1 National Institute of Biological Sciences, Beijing, China

PMID:25578968

Two novel NAC transcription factors regulate gene expression and flowering time by
associating with the histone demethylase JMJ14.

CRISPR Ning YQ, Ma ZY, Huang HW, Mo H, Zhao TT, Li L, Cai T, Chen S, Ma L, He XJ.
Nucleic Acids Res. 2015 Jan 10. doi:pii: gkul382. [Epub ahead of print]
2015 Nicotiana benthamiana, Arabidopsis
2 Weizmann Institute of Science, Rehowot, Israel
PMID:25403732 Comparative assessments of CRISPR-Cas nucleases' cleavage efficiency in planta.
CRISPR/TALEN Johnson RA, Gurevich V, Filler S, Samach A, Lew AA.
Plant Mol Biol. 2015 Jan;87(1-2):143-56. doi: 10.1007/s11103-014-0266-x. Epub 2014 Nov
18.
2015 tobacco
3 Southwest University, Chongging, China
PMID:25344637 CRISPR/Cas9-mediated targeted mutagenesis in Nicotiana tabacum.
CRISPR Gao J, Wang G, Ma S, Xie X, Wu X, Zhang X, Wu Y, Zhao P, Xia Q.
Plant Mol Biol. 2015 Jan;87(1-2):99-110. doi: 10.1007/s11103-014-0263-0. Epub 2014 Oct
26.
2015 Arabidopsis
4 Max Planck Institute for Plant Breeding Research, Cologne, Germany

PMID:25269397

Site-directed mutagenesis in Arabidopsis thaliana using dividing tissue-targeted RGEN of
the CRISPR/Cas system to generate heritable null alleles.

CRISPR Hyun Y, Kim J, Cho SW, Choi Y, Kim JS, Coupland G.
Planta. 2015 Jan;241(1):271-84. doi: 10.1007/s00425-014-2180-5. Epub 2014 Oct 1.
2014 corn, Arabidopsis
5 China Agricultural University, Beijing, China
PMID:25432517 A CRISPR/Cas9 toolkit for multiplex genome editing in plants.
CRISPR Xing HL, Dong L, Wang ZP, Zhang HY, Han CY, Liu B, Wang XC, Chen QJ.
BMC Plant Biol. 2014 Nov 29;14(1):327. [Epub ahead of print]
2014 Arabidopsis, tobacco
6 Harvard Medical School, Boston, Massachusetts, USA
PMID:25398353 Cas9-based genome editing in Arabidopsis and tobacco.
CRISPR Li JF, Zhang D, Sheen J.
Methods Enzymol. 2014;546:459-72. doi: 10.1016/B978-0-12-801185-0.00022-2.
2014 rice
7 NIAS, Tsukuba, Japan
PMID:25392068 Multigene Knockout Utilizing Off-Target Mutations of the CRISPR/Cas9 System in Rice.
CRISPR Endo M, Mikami M, Toki S.
Plant Cell Physiol. 2014 Nov 11. doi:pii: pcul54. [Epub ahead of print]
2014 Arabidopsis
8 Karlsruhe Institute of Technology, Karlsruhe, Germany

PMID:25327456
CRISPR

The CRISPR/Cas system can be used as nuclease for in planta gene targeting and as
paired nickases for directed mutagenesis in Arabidopsis resulting in heritable progeny.
Schiml S, Fauser F, Puchta H.

Plant J. 2014 Dec;80(6):1139-50. doi: 10.1111/tpj.12704. Epub 2014 Nov 11.

2015: data of 2015/1/1 2/24
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3. NBT (CRISPR) 2
Year Applied plant species
ID Affiliation, country
Identifiers Title
Category Description
Details
2014 rice, wheat
9 Chinese Academy of Sciences, Beijing, China
PMID:25232936 Genome editing in rice and wheat using the CRISPR/Cas system.
CRISPR Shan Q, Wang Y, Li J, Gao C.
Nat Protoc. 2014 Oct;9(10):2395-410. doi: 10.1038/nprot.2014.157. Epub 2014 Sep 18.
2014 tomato
10 Boyce Thompson Institute for Plant Science, NY, USA

PMID:25225186

Efficient gene editing in tomato in the first generation using the clustered regularly
interspaced short palindromic repeats/CRISPR-associated9 system.

CRISPR Brooks C, Nekrasov V, Lippman ZB, Van Eck J.
Plant Physiol. 2014 Nov;166(3):1292-7. doi: 10.1104/pp.114.247577. Epub 2014 Sep 15. No
abstract available.

2014 rice

11 lowa State University, Ames, IA, USA

PMID:25200087

Large chromosomal deletions and heritable small genetic changes induced by
CRISPR/Cas9 in rice.

CRISPR Zhou H, Liu B, Weeks DP, Spalding MH, Yang B.

Nucleic Acids Res. 2014;42(17):10903-14. doi: 10.1093/nar/gku806. Epub 2014 Sep 8.
2014 grapefruit
12 University of Florida, FI, USA

PMID:25146436

Xcc-facilitated agroinfiltration of citrus leaves: a tool for rapid functional analysis of
transgenes in citrus leaves.

CRISPR Jia H, Wang N.
Plant Cell Rep. 2014 Dec;33(12):1993-2001. doi: 10.1007/s00299-014-1673-9. Epub 2014
Aug 22.

2014 bread wheat

13 Chinese Academy of Sciences, Beijing, China

PMID:25038773

Simultaneous editing of three homoeoalleles in hexaploid bread wheat confers heritable
resistance to powdery mildew.

CRISPR/TALEN Wang Y, Cheng X, Shan Q, Zhang Y, Liu J, Gao C, Qiu JL.
Nat Biotechnol. 2014 Sep;32(9):947-51. doi: 10.1038/nbt.2969. Epub 2014 Jul 20.
2014 rice
14 Anhui University, Hefei, China
PMID:24920971 Gene targeting using the Agrobacterium tumefaciens-mediated CRISPR-Cas system in rice.
CRISPR XuR, LiH, QinR, Wang L, Li L, Wei P, Yang J.
Rice (N Y). 2014;7(1):5. doi: 10.1186/s12284-014-0005-6.
2014 Arabidopsis
15 University of Nebraska, Nebraska, USA

PMID:24918588

Efficient CRISPR/Cas9-mediated gene editing in Arabidopsis thaliana and inheritance of
modified genes in the T2 and T3 generations.

CRISPR Jiang W, Yang B, Weeks DP.

PL0S One. 2014;9(6):€99225. doi: 10.1371/journal.pone.0099225.
2014 tomato, Arabidopsis
16 University of California, Davis, California, USA

PMID:24868032

CRISPR

Hairy root transformation using Agrobacterium rhizogenes as a tool for exploring cell type-
specific gene expression and function using tomato as a model.

Ron M, Kajala K, Pauluzzi G, Wang D, Reynoso MA, Zumstein K, Garcha J, Winte S,
Masson H, Inagaki S, Federici F, Sinha N, Deal RB, Bailey-Serres J, Brady SM.

Plant Physiol. 2014 Oct;166(2):455-69. doi: 10.1104/pp.114.239392. Epub 2014 May 27.
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3. NBT (CRISPR) 3
Year Applied plant species
ID Affiliation, country
Identifiers Title
Category Description

Details

2014 rice
17 Chinese Academy of Sciences, Shanghai, China

PMID:24854982

The CRISPR/Cas9 system produces specific and homozygous targeted gene editing in rice
in one generation.
Zhang H, Zhang J, Wei P, Zhang B, Gou F, Feng Z, Mao Y, Yang L, Zhang H, Xu N, Zhu

CRISPR K

Plant Biotechnol J. 2014 Aug;12(6):797-807. doi: 10.1111/pbi.12200. Epub 2014 May 23.
2014 Arabidopsis
18 Karlsruhe Institute of Technology, Karlsruhe, Germany

PMID:24836556

Both CRISPR/Cas-based nucleases and nickases can be used efficiently for genome
engineering in Arabidopsis thaliana.

CRISPR Fauser F, Schiml S, Puchta H.
Plant J. 2014 Jul;79(2):348-59. doi: 10.1111/tpj.12554. Epub 2014 Jun 17.
2014 sweet orange
19 University of Florida, FI, USA
PMID:24710347 Targeted genome editing of sweet orange using Cas9/sgRNA.
CRISPR Jia H, Wang N.
PLoS One. 2014;9(4):€93806. doi: 10.1371/journal.pone.0093806.
2014 corn
20 Chinese Academy of Sciences, Beijing, China
PMID:24576457 Targeted mutagenesis in Zea mays using TALENs and the CRISPR/Cas system.
CRISPR/TALEN Liang Z, Zhang K, Chen K, Gao C.
J Genet Genomics. 2014 Feb 20;41(2):63-8. doi: 10.1016/j.jgg.2013.12.001. Epub 2013 Dec
14.
2014 Arabidopsis
21 Chinese Academy of Sciences, Shanghai, China

PMID:24550464

Multigeneration analysis reveals the inheritance, specificity, and patterns of CRISPR/Cas-
induced gene modifications in Arabidopsis.
Feng Z, Mao Y, Xu N, Zhang B, Wei P, Yang DL, Wang Z, Zhang Z, Zheng R, Yang L, Zeng

CRISPR L, Liu X, Zhu JK.
Proc Natl Acad Sci U S A. 2014 Mar 25;111(12):4632-7. doi: 10.1073/pnas.1400822111.
Epub 2014 Feb 18.

2014 liverwort

22 Kyoto University, Kyoto, Japan

PMID:24443494 CRISPR/Cas9-mediated targeted mutagenesis in the liverwort Marchantia polymorpha L.

CRISPR Sugano SS, Shirakawa M, Takagi J, Matsuda Y, Shimada T, Hara-Nishimura |, Kohchi T.
Plant Cell Physiol. 2014 Mar;55(3):475-81. doi: 10.1093/pcp/pcu0l14. Epub 2014 Jan 18.

2013 wheat

23 National Agri-Food Biotechnology Institute, Government of India, India

PMID:24122057 RNA-guided genome editing for target gene mutations in wheat.

CRISPR Upadhyay SK, Kumar J, Alok A, Tuli R.
G3 (Bethesda). 2013 Dec 9;3(12):2233-8. doi: 10.1534/g3.113.008847.

2013 rice

24 Peking University, Beijing, China

PMID:23999856 Targeted mutagenesis in rice using CRISPR-Cas system.

CRISPR Miao J, Guo D, zZhang J, Huang Q, Qin G, Zhang X, Wan J, Gu H, Qu LJ.

Cell Res. 2013 Oct;23(10):1233-6. doi: 10.1038/cr.2013.123. Epub 2013 Sep 3. No abstract
available.
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3. NBT (CRISPR) 4
Year Applied plant species
ID Affiliation, country
Identifiers Title
Category Description

Details

2013 Arabidopsis, tobacco, sorghum , rice
25 lowa State University, 1A, USA

PMID:23999092

Demonstration of CRISPR/Cas9/sgRNA-mediated targeted gene madification in
Arabidopsis, tobacco, sorghum and rice.

CRISPR Jiang W, Zhou H, Bi H, Fromm M, Yang B, Weeks DP.

Nucleic Acids Res. 2013 Nov;41(20):e188. doi: 10.1093/nar/gkt780. Epub 2013 Sep 2.

2013 Arabidopsis, rice

26 Chinese Academy of Sciences, Shanghai, China

PMID:23963532 Application of the CRISPR-Cas system for efficient genome engineering in plants.

CRISPR Mao Y, Zhang H, Xu N, zhang B, Gou F, Zhu JK.

Mol Plant. 2013 Nov;6(6):2008-11. doi: 10.1093/mp/sst121. Epub 2013 Aug 22. No abstract
available.

2013 Arabidopsis, rice

27 Chinese Academy of Sciences, Shanghai, China

PMID:23958582 Efficient genome editing in plants using a CRISPR/Cas system.

CRISPR Feng Z, Zhang B, Ding W, Liu X, Yang DL, Wei P, Cao F, zhu S, Zhang F, Mao Y, Zhu JK.
Cell Res. 2013 Oct;23(10):1229-32. doi: 10.1038/cr.2013.114. Epub 2013 Aug 20. No
abstract available.

2013 rice

28 Pennsylvania State University, PA, USA

PMID:23956122 RNA-guided genome editing in plants using a CRISPR-Cas system.

CRISPR Xie K, Yang Y.

Mol Plant. 2013 Nov;6(6):1975-83. doi: 10.1093/mp/sst119. Epub 2013 Aug 17.

2013 Nicotiana benthamiana

29 The Sainsbury Laboratory, Norwich, UK

PMID:23929340

Targeted mutagenesis in the model plant Nicotiana benthamiana using Cas9 RNA-guided
endonuclease.

CRISPR Nekrasov V, Staskawicz B, Weigel D, Jones JD, Kamoun S.

Nat Biotechnol. 2013 Aug;31(8):691-3. doi: 10.1038/nbt.2655. No abstract available.
2013 Arabidopsis, Nicotiana benthamiana
30 Massachusetts General Hospital, Massachusetts, USA

PMID:23929339

Multiplex and homologous recombination-mediated genome editing in Arabidopsis and
Nicotiana benthamiana using guide RNA and Cas9.

CRISPR Li JF, Nonille JE, Aach J, McCormack M, zhang D, Bush J, Church GM, Sheen J.
Nat Biotechnol. 2013 Aug;31(8):688-91. doi: 10.1038/nbt.2654. No abstract available.
2013 rice
31 Chinese Academy of Sciences, Beijing, China
PMID:23929338 Targeted genome maodification of crop plants using a CRISPR-Cas system.
CRISPR Shan Q, Wang Y, Li J, Zzhang Y, Chen K, Liang Z, Zhang K, Liu J, Xi JJ, Qiu JL, Gao C.

Nat Biotechnol. 2013 Aug;31(8):686-8. doi: 10.1038/nbt.2650. No abstract available.
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EUANBTELTHIY EIF . ZDEMARORKOCSERDOER. BHEDI-HDEZAEFLHTLDLD
[New plant breeding techniques: State—of—the—art and prospects for commercial development, the
European Commission’ s Joint Research Center (JRC)-Institute for Prospective Technological Studies
(IPTS) and JRC-Institute for Health and Consumer Prospection (IHCP), 20114E]
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International Association for Plant Biotechnology Congress 2014, Melbourne, Victoria, Australia, Aug. 10-15, 2014
NBT12{£MD 5% . @Oligonucleotide directed mutagenesis (ODM): 74 HVExH % LY

X5 1E) JERE BT - B S
o " B . . _| A &4%Y) 7 : Leibniz-institute of Plant
NBT® AALE True—breeding targeted gene knOf:k out |.n barley using designer TALE Genetics and Crop Plant Research (IPK),
nuclease in haploid cells . L X
Institute of Biosciences and BioResources
- L ) ) . . F—Xb5")7&KE :Bundoora, La Trobe
NBT@. NBTQ h/—> Genome editing in canola: ZFN mediated precision targeting University, Dow AgroSciences
. . . . . ) . ) F—R b3 78&KE: VIC Australia, Dow
NBT@). NBT®@ aLF Precise trait engineering in wheat using EXZACT™ technoligy AfroSciences LCC
NBT@. NBT@ rHoEOOY EXZACT™ Precision technology: engineering plant genome with ZFNs K[E :Dow AgroSciences
Y L L . B 7K : National Institute of Agrobiological
NBT® A% Site—directed mutanogenesis in rice by aj colmbmatlon of gene targeting Selenees, Uifersiay o Tolosking,
and marker elimination . . .
Yokohama City University
NBT® o HAE Targeted gene insertion through genome editing k& :J.R. Simplot Company
®: i i = .
NBT®@ 1 KeyBase®: a targeted mutagenesis tec.hnology for the improvement of #524 :Keygene N.V. Wageningen
crop species
NBT® A= e Recombinase—derected plant gene transfer f1[E : Chinese Academy of Sciences
ZA—AXK351)7 :Food Futures National
NBT@-1 4733 (Nicotiana| Medium—chain fatty acid biosynthesis in plant leaf lipids: synthesis in Research Flagship, Graham Centre for
benthamiana) combination with high accumulation Agricultural Innovation, CSISRO Ecosystem
Sciences, CSIRO Plant Industry
NBT@-1. ;&% [ 2733 (Nicotiana | Improving the expression and activity of recombinant human epidermal | +—2ZK,5')7 :Monash University, Alfred
-3 benthamiana) growth factor in Nicotiana benthamiana Hospital
NBT@-2 &M Gene expression in stably and transiently modified plants RA*Y:1con Genetics
NBT® HEY Development of engineered minichromosomes in plants K[E : University of Missouri
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International Association for Plant Biotechnology Congress 2014, Melbourne, Victoria, Australia, Aug. 10-15, 2014
WEEEBSI2BDSE. R SHENREZ

55 e wE | B Bscisn
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Brassica juncea microsomal w—3 desaturase gene (BjFad3)
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" 5 N Storage triacylglycerol mobilization in germinating transgenic Arabidopsis |4 —2RF5!)7 :CSIRO Food Futures National Research Flagship,
o <
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