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Zinc finger
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DNA
Nature Review Genet, 11, 636 (2010) Fokl
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Mutations Off-target sites Statistically expected
in site to CCR5A

0 1 1

1 0 0.0

2 0 0.0

3 0 0.0

4 0 0.0

5 0 0.0

6 0 0.0

7 0 0.3

8 8 3.6

9 7 34.1

0
10 634 275.9
11 4338 1956.3
12 27114 12226.7
13 149005 67716.9
14 648230 333747.3
15 2657598 1468488.3
16 9783617 5782172.6
Fig.4 Potential genomic off-target sites related to CCR5A on-target site
( 18bp 36bp TALEN

Nature Methods, 11, 429 (2014)
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Cellular modification induced by TALENs at on-target and
predicted off-target genomic sites

CCR5A el/KK  CCR5A el d/KKr

CCRSA number of mutation

site no tAlen (%) Foki (%) Foki (%) homo Foki (%)

OnCCRSA  <0.006 9.8 28 47 0 (on-target)

OffC-5 <0.006 0.53 2.3 2.3 11

0ffc-15 <0.020 <0.014 0.23 0.043

0ffc-16 <0.006 <0.006 0.031 <0.006

0ffC-28 <0.009 0.014 0.16 0.056

0ffC-36 <0.006 <0.006 0.15 0.028

0OffC-38 <0.006 ND ND 0.067

0ffC-49 <0.006 ND ND 0.110

0ffC-69 <0.010 ND ND 0.089

OffC-76 _ <0.006 ND ND 0.149 9
ATM el /KK ATM el d/KKr ATM

site no tAlen (%) Foki (%) Foki (%) homo Foki (%)

OnATM 0.007 6.8 16 18 0 (on-target)

OffA-1 <0.006 <0.006 0.026 0.077

OffA-11___ <0.006 <0.006 0.036 0.39 10

OffA-13  <0.006 0.008 0.025 <0.006

OffA-16  <0.006 <0.006 <0.006 0.057

OffA-17 <0.051 <0.14 <0.17 0.94 9

OffA-23 0.018 <0.006 0.29 0.23

0ffA-35  <0.006 <0.006 <0.006 0.070

Fig.5A Cellular modification rate (%) at on-target and off-target genomic sites
Nature Methods, 11, 429 (2014)

CCR5A Spacer
Site Score  Mut. Left half-site length Right half-site
OnCCR5A 0.008 0 TTCATTACACCTGCAGCT 18 AGTATCAATTCTGGAAGA
OffC-1 0.747 TaCATcACAtaTGCAaaT 29 tGTATCALTTCTGGgAGA
OffC-2 0.747 TaCATcACAtaTGCAaaT 29 tGTATCALTTCTGGgAGA
OffC-3 0.747 TaCATcACAtaTGCAaaT 29 tGTATCALTTCTGGgAGA
OffC-4 0.747 11 TcCATaACACaTctttCT 10 tGCATCALTcCTGGAAGA
v OffC-5 0.804 11 TcCAaTACctCTGCcaCa 14 AGgAgCAACTCTGGgAGA

OffC-6 0.818 10 TTCAgTcCAtCTGaAaac 16 gGTATCALTTCTGGAgGA
OffC-7 0.834 14 TaCAaaACcCtTGCcaaa 27 taTATCAATTtgGGgAGA
OffC-8 0.837 12 TcCAagACACCTGCttac 26 tcTATCAATTtgGGgAGA
OffC-9 0.874 10 TTCATaACAtCTtaAaaT 27 AaTACCAACTCTGGALGA
OffC-10 0.89 12 TcCAaaACAtCTGaAaaT 25 tGgATCAAaTtgGGAAGA

Fig.5B Predicted off-target sites

(2.3% orr-target (
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Double strand DNA
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Target DNA
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Nishimatsu et al, Cell, 156, 935 (2014)

Fig.6 Structure of CRISPR/Cas9 system
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for mammalian expression

2A
SgRNA scaffold I
U6 \I CBh lN|LS Sp-hCas9 '\is eGFP or Puro  hGH pA
H— ) (
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for plant expression sgRNA scaffold
LB 355 NLS Sp-pCas9 NOS U6 l/ RB
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Fig.7 CRISPR/Cas plasmids for mammalian and plant ' '
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5’ -—-GCTAACTGGACGCTTAGCTC NGG--3'

PA B
seed seq m
MXT target 1 guide sequence !\ .
¥ UC ACCWUCTCAAU|JG ACU|IAIG G G " on_target G
Target-1 g
& o
e & s s (1) Seed sequence PAM 1-8
G ACAUCGAULGUCJCUCCCC AU 1 .
v I A->G, U->C
G
Target-2  § ’
s . (2) 5 12 ,
= ]
% EMX1 target 3 guide sequence
? GAGUCCGAGTCA AG .A A G A AG A A :
ﬁ u
Target-3 & ©
2 ¢ -
A -~
EMX1 target 6 guide sequence (3) PAM ,NGG R NAG
6 C G CCACCO®GO GLWUWUIG AULGUG AU i
u
Target-4 8 I
[+ ]
A - .
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Hsu et al, Nat Biotech, 31, 827 (2013)

Fig.8 Single-nucleotide specificity of Cas9
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On- and off-target mutations induced by RGNs designed to endogenous human genes

Indel mutation frequency (%) + s.e.m.

Target Site name Sequence U20S.EGFP HEK293 K562 Gene
Target 1 (VEGFA site 1) T1 GGGTGGGGGGAGTTTGCTCCTGG  26.0 2.9 405 :0.07 333 £ 0.42 VEGFA
Ge 20 oT1-3 GGATGGAGGGAGTTTGCTCCTGG 257 9.1 189 +0.77 293 £ 0.04 IGDCC3
oT1-4 GGGAGGGTGGAGTTTGCTCCTGG 92408 8.32 + 0.51 N.D. LOC116437
OT1-6 CGGGGGAGGGAGTTTGCTCCTGG 5.3 +0.2 3.67 +0.09 N.D. CACNA2D
OT1-11 GGGGAGGGGAAGTTTGCTCCTGG 171 £4.7 854 +0.16 N.D.
Target2 (VEGFA site 2) T2 GACCCCCTCCACCCCGCCTCCGG  50.2 4.9 386 +1.92 150 £0.25 VEGFA
o721 GACCCCCCCCACCCCGCCCCCGG 144 234 336 147 470 £0.05 FVINT
GC 80 0T2-2 GGGCCCCTCCACCCCGCCTCTGG  20.0 £ 6.2 15.6 + 0.30 3.00 +0.06 PAX6
oT2-6 CTACCCCTCCACCCCGCCTCCGG 82+1.4 15.0 £ 0.64 524 +0.22 PAPD7
0729 GCCCCCACCCACCCCGCCTCTGG  50.7 5.6 307+ 1.44 7.05 £ 0.48 LAMA3
0T2-15 TACCCCCCACACCCCGCCTCTGG 97+45 6.97 £ 0.10 134 £0.15 SPNS3
0T2-17 ACACCCCCCCACCCCGCCTCAGG  14.0 2.8 123 £ 0.45 180 £ 0.03
0T2-19 ATTCCCCCCCACCCCGCCTCAGG 170 +3.3 194 £1.35 N.D. HDLBP
0T2-20 CCCCACCCCCACCCCGCCTCAGG 6.1 +1.3 N.D. N.D. ABLIM1
0T2-23 CGCCCTCCCCACCCCGCCTCCGG 444 6.7 287 +1.15 418 £0.37 CALY
OT2-24 CTCCCCACCCACCCCGCCTCAGG 628 5.0 298 +1.08 211 £ 1.68
0T2-29 TGCCCCTCCCACCCCGCCTCTGG 138 £5.2 N.D. N.D. ACLY
OT2-34 AGGCCCCCACACCCCGCCTCAGG 2.8 1.5 N.D. N.D.
Target 3 (VEGFA site 3) T3 GGTGAGTGAGTGTGTGCGTGTGG  49.4 3.8 357 +1.26 27.9 £ 0.52 VEGFA
Ge 60 o731 GGTGAGTGAGTGTGIGTGTGAGG 74134 8.97 £ 0.80 ND. (abParts)
0T3-2 AGTGAGTGAGTGTGTGTGTGGGG 243 9.2 23.9 +0.08 89+0.16 MAX
OT3-4 GCTGAGTGAGTGTATGCGTGTGG 209 +11.8 112023 N.D.
0739 GGTGAGTGAGTGCGTGCGGGTGG 3.2 £0.3 234 +0.21 N.D. TPCN2
0T3-17 GTTGAGTGAATGTGTGCGTGAGG 29+02 127 £0.02 N.D. SLIT1
0T3-18 TGTGGGTGAGTGTGTGCGTGAGG 134 4.2 121 £0.24 242 £0.07 COMDA
0T3-20 AGAGAGTGAGTGTGTGCATGAGG 167 3.5 7.64 +0.05 118 +0.01

Fig.9 Single-nucleotide specificity of Cas9

Fu et al, Nature Biotechnology, 31, 822 (2013)
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Hsu et al, Nature Biotechnology, 31, 827 (2013)

Fig.10 Single-nucleotide specificity of Cas9
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Cas9:CLTA4v2.1sgRNA —

uncut DNA
v2.1 sgRNA
cut DNA
cut DNA
<Q <Q v \ I~ g o
3 3 3 3 3 3
5 o & &5 5 & 3
O O (@]
In vitro
selection
enrichment
sequence value % cut
CLTA4-0 GCAGATGTAGTGTTTCCACAGGG 7.9 85%
CLTA4-1 GaAGATGTAGTGTTTCCACAGGG 27.5 84%
CLTA4-2a GaAGATGTAGTGTTTCCACtGGG 43.9 79%
CLTA4-2b GCAGATGgAGgGTTTCCACAGGG 1.0 35%
CLTA4-2¢c GCAGATGTAGTGTTaCCAgAGGG 0.064 none detected
CLTA4-3 GggGATGTAGTGTTTCCACEGGG 95.9 72%

Pattanayak V et al, Nature Biotechnology, 31, 839 (2013)

Fig.11 Off-target DNA sequence and cut ratio (%)

—~_  Fokl ~ dCas9
dCas9 Fokl

Tsai SQ, et al, Nature Biotechnology, doi:10.1038/nbt.2908 (2014)

Fig.12 Off-target DNA sequence and cut ratio (%)
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Deletions:
CTTGATGCCGTTCTTCTGGTCATCCTCATCCTGATAAACTGCAAAAGAACTTGTCGGCCATGATA
CTTGATGCCGTTCTTCTGGTCATCCTCATCCTGA-AAACTGCAAAAGAACTTGTCGGCCATGATA

CTTGATGCCGTTCTTCTGGTCATCCTCATC----TAAACTGCAAAAGAACTTGTCGGCCATGATA
CTTGATGCCGTTCTTCTGGTCATCCTCATCCTGA--—-——~ CAAAAGAACTTGTCGGCCATGATA
CTTGATGCCGTTCTTCTGGTCATCCTC-—--——=———— ACTGCAAAAGAACTTGTCGGCCATGATA
CTTGATGCCGTTCTTCTGGT—————————- CTGATAARACTGCAAAAGAACTTGTCGGCCATGATA
CTTGATGCCGTTCTTCTGGTCATCCTCATCCTGA-———————————— AACTTGTCGGCCATGATA
CTTGATGCCGT TCTTEC LGETCATCE == m e —— AAGAACTTGTCGGCCATGATA
CTTEATGCEGT TETTETHETE mmsmm e s e AAAGAACTTGTCGGCCATGATA
Insertions:

CTTGATGCCGTTCTTCTGGTCATCCTCATCCTGATAAACTGCAAAAGAACTTGTCGGCCATGATA
CTTGATGCCGTTCTTCTGGTCATCCTCLETEETGccg-ACTGCAAAAGAACTTGTCGGCCATGATA
TGCCGTTCTTCTGGTCATCCTCATCCTGAtctgaggAACTGCAARAAGAACTTGTCGGCCATGATA

+5

Gaj T, et al, Nature Methods, 9, 805 (2012)
- deletion + insertion

Fig.13-1 Indel pattern of the cleavage site by ZFN
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TCCTAGTGAAAACCTACCACTGGTGGACCTTATTGAGCATCCGGATCCTA

TCCTAGTGAAAACCTA= === == == m e e e e e e e s e — = c ===
GTCTTCCTG=========== S === GGAGGAGAGACTTGGAG
--------------------------- CCTTATTGAGCATCCGGATCCTA
PCCTAG - e e o e e et TTGAGCATCCGGATCCTA
TCCTAGTGAAAACCTAC - == ==== === TGAGCETCCGGATCCTA
TCCTAGTGAAAACC--=—-==----------- TATTGAGCATCCGGATCCTA
PCCTAGTGARR S == m e e ACCTTATTGAGCATCCGGATCCTA
TCCTAGTGAAAACCTACCAC-~-=-====-----~ TGAGCATCCGGATCCTA
TCCTAGTGAAAACCTACC---~--~----~-~ TTATTGAGCATCCGGATCCTA
TCCTAGTGAAAA-CTA-------~ GGALgCTTATTGAGCATCCGGATCCT
TCCTAGTGAAAACCTACCACT-------~ TTATTGAGCATCCGGATCCTA
TCCTAGTGAAAACCTACC-=-====~ ACCTTATTGAGCATCCGGATCCTA
TCCTAGTGAAAACCTACCACTGG------- TATTGAGCATCCGGATCCTA
TCCTAGTGAAAACCTACCEC-~~~~~ ACCTTATTGAGCATCCGGATCCTA

TCCTAGTGAAAACCTACCAcCT--~--ACCTTATTGAGCATCCGGATCCTA
TCCTAGTGAAAACCTACCACTaccacctaccACCTTATTGAGCATCCGGA

noggin ZFN

GGACCTTATTGAGCATCCGGATCCTATCTATGATCCCAAGGAGAAGGATCTT
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GGACCTTATTGAG==============—=c—-oo—u CAAGGAGAAGGATCTT
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TTACTCTGAAAGGAGTG-~----~----- GeTCTGTATGAGCGGAGCAGCA
TTACTCTGAAAGGAGTG-========== GTTCTGTATGAGCGGAGCAGCA
TTACTCTGAAAGGAGT------ --AGTTCTGTATGAGCGGAGCAGCA
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TTACTCTGAAAGGAGTGGACTT -~~~ AtGTTaTGTATGAGCGGAGCAGCA
TTACTCTGAAAGGAGTGGACTTT- - - - tGTTCTGTATGAGCGGAGCAGCA
TTACTCTGAAAGGAGTGGACTgGT - - -AAGTTCTGTATGAGCGGAGCAGCA

Lei Y, et al, PNAS, 109, 17484 (2012)

A deletion + insertion

Fig.13-2 Indel pattern of the cleavage site by ZFN and TALEN
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(6403)
(4400)
(425)
(819)
(818,+1)
(817)
(812)
(812)
(412, +1)
(411)
(411)
(410)
(410,+1)
(49)
(88, +1)
(a7)
(a7)
(466)
(B6,+1)
(A6, +2)
(45,+1)
(84,+1)



@

(b)

EMX1 site 1 full-length gRNA
GAAGCTGGAGGAGGAAGGGCCTGAGTCCGAGCAGAAGAAGAAGGGCTCCCATCACATCAACCGGTGG

GAAGCTGGAGGAGGAAGGGCCTGAGT CCGAGH-——————————SSSooooooooooooooooooos >
T e T L >
G A= == - >
o >
GAAGCTGGAGG- ————————————mmmm o m o >
GARGCTGGA — = —— === ——m o GG
GAAGCTGGAGGAGGAAGGGCCTGAR========———————— - GTGG
GAAGCTGGAGGAGHS====smaaae - ___ GAAGGGCTCCCATCACATCAACCGGTGG
GAAGCTGGAGGAGGAAGGGCCTGAGT - m=====—==—————_SSooaas CCATCACATCAACCGGTGG
GAAGCTGGAGGAGGAAGGGCCTGAG ===~~~ ———~—————————— TCCCATCACATCAACCGGTGG
GAAGCTGGAGGAGGAAGGGCCTGAGTCCGAG-t=————————————=-= CATCACATCAACCGGTGG
GAAGCTGGAGGAGGAAGGGCCTGAGTCCGA-JS-—————————= GCTCCCATCACATCAACCGGTGG
GAAGCTGGAGGAGGAAGGGCCTGAGTCCGAGC—~~=~~ AGAAGGGCTCCCATCACATCAACCGGTGG

GAAGCTGGAGGAGGAAGGGCCTGAGTCCGAGC==~AGAAGAAGGGCTCCCATCACATCAACCGGTGG
GAAGCTGGAGGAGGAAGGGCCTGAGTCCGAGCAGA--AAGAAGGGCTCCCATCACATCAACCGGTGG
GAAGCTGGAGGAGGAAGGGCCTGAGT CCGAGCAGAAGAACAGAAGGGCTCCCATCACATCAACCGGT

VEGFA site 3 full-1length gRNA
GAGGACGTGTGTGTCTGTGTGGGTGAGTGAGTGTGTGCGTGt GGGGT TGAGGGTGTTGGAGCGGGGA

GAGGACGTGTGTGTCTGTGTGr——==———————————————————————————————————————— >
GAGGACGTGTGTGTTGGr===— ===~ —————— -~~~ ———————————————————— —————— ——— >
GAGGACGTGTGTGTCTGTGTGr——== ==~~~ ———————————————————————————————— ——— >
GAGGACGTGTGTGTCTGTGTGr == ===~ = =~ - -~~~ —————————————————————— ——— >
GAGGACGTGTGTGTCTGTGTGGGTGAGTGAGTGTGTG—= ===~ ————————————————————— >
GAGGACGTGTGTGTCTGTGTGGGTGAGTGr———=—=———=—————————————————————————— >
GAGGACGTGTGTGTCTGTGTGAGT === ===~ — =~ - -~~~ ————————————— =~ —————— GGGA
GAGGACGTGTGTGTCTGTGTGGGTGAGTGAGTGTNNGT—=—————————————————————————— >
GAGGACGTGTGTGTCTGTGTGGGTGAGT - ===~~~ ———~———————————————————— GAGNGNGGN
GAGGACGTGTGTGTCTGTGTGGGTGAGTGAG-==—=—=——~~——————~——————— TGGGGCGGGGA
GAGGACGTGTGTGTCTGTGTGGGTGAGTGAGTG—~===———=—————————————— TGGAGCGGGGA
GAGGACGTGTGTGTCTGTGTGGGTGAGTGAGT == == —————————————————— GTTGGAGCGGGGA
GAGGACGTGTGTGTCTGTGTGGGTGAGTGAGTGT == ===~~~ ——=—=——— GTTGGAGCGGGGA
GAGGACGTGTGTGTCTGTGTGGGTGAG-t=====———~—~————————— TGAGGGTGTTGGAGCGGGGA
GAGGACGTGTGTGTCTGTGTGGGTGAGTGAGT — === —====——=—=———— GGGCGTTGGAGCGGGGA
GAGGACGTGTGTGTCTGIGTGGGTGA-~====~~~——— NNGTGGGGTTGAGGGTGTTGGAGCGGGGA
GAGGACGTGTGTGTCTGTGTGGGTGAGTGA-~t==~~= GTGTGGGGTTGAGGGCGTTGGAGCGGGGA
GAGGACGTGTGTGTCTGTGTGGGTGAGTGAGTGTGT ~— ===~ GGGTTGAGGGCGTTGGAGCGGGGA
GAGGACGTGTGTGTCTGTGTGG-TGAGTGAGTGTGT——+==~— GGGGTTGAGGGTGTTGGAGCGGGGA
GAGGACGTGTGTGTCTGTGTGGGTGAGTGAGT -~~~ ~— GNGTGGGGTTGAGGGTGTTGGAGCGGGGA

GAGGACGTGTGTGTCTGTGTGGGTGAGTGAGTGT -~ -~GTGTGGGGTTGAGGGTGTTGGAGCGGGGA
GAGGACGTGTGTGTCTGTIGTGGGTGAGTGAGTGTGTGC---TGGGGTTGAGGGTGTTGGAGCGGGGA

GAGGANGNGTGTGTCTGTGTGGGTGAGTGAGTGIGT G TAEGIGAGI GAGIGIGIGICTGTGGGGT TG
GAGGACGTGTGTGTCTGTGTGGGTGAGTGAGTGIGTGCEICGTGTGGGGTTGAGGGTGTTGGAGCGG
GAGGACGTGIGTGTCIGTGTGGGTGAGTGAGTGTIGT GCAAAGTGTGGGGTTGAGGGTGTTGGAGCGG
GAGGACGTGIGTGTCTIGTGTGGGTGAGTGAGTGTIGT GCGTGTBCGGGGT TGAGGGTGTTGGAGCGGG

wild-type x35
A202
A115
A94
A78
A72
A56
A39
A26 x2
A22
A21 X3
A18
Al4
A6 x3
A3 x3
A2 x2
+2

wild-type x35
A117
A84
A75
A49
A43
A40
A39
A37
A30 x2
A25
A23
A22
A20
A20 x2
A18
Al12

A8 x3
A7

A6

A6 x5
A4

A3

+20
+3
+3
+2

Fu 'Y, et al, Nature Biotechnology, 32, 279 (2014)

A deletion + insertion , X

Fig.13-3 Indel pattern of the cleavage site by CRISPR/Cas9
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(©

(d)

Target 4 (EMX1): (EMX1 off-target )

or4-1

ACCTGTACATCTGCACAAGATTGCCTTTACTCCATGCCTTTCTTCTTCTGCTCTAACTCTGACAATC | Wild-type x20
———————————————————————————————————————————————————————————————— ATC | Ac4
ACCTGTACATCTGCACAAGATTGCCTTTACTCC-=—=———————————————————————— ACAATC | A28
ACCTGTACATCTGCACAAGATTGCCTTTACTCCAT ———————————————————— ACTCTGACAATC | A20
ACCTGTACATCTGCACAAGATTGC—====————==————=—————— CTTCTGCTCTAACTCTGACAATC | A20
ACCTGTACATCTGCACAAGATTGCCTTTACTCCATGCCTTTCT——===—=——————=————— CAATC | A19
ACCTGTACATCTGCACAAGATTGCCTTTACTCCA-————————=———— TGCTCTAACTCTGACAATC | Al4
TCCTGTACATCTGCACAAGATTGCCTTTACTCC-—===——— CTTCTTCTGCTCTAACTCTGACAATC | A8

Target 3 (VEGFA Site 3): (VEGFA dte3  off-target )

or3- 2

GAGTGAGAGAGCGAGTGAGTGAGTGAGTGAGTGTGTGTGTGGGGGGGACTCGGCTTGTTGTTGTCGG |Wild-type x14
GAGTGAGAGAGCGAGTGAGTGAGTGAGTGA--—-GTGTGTGGGGGGGACTCGGCTTGTTGTTGTCGG | Ad
GAGTGAGAGAGCGAGTGAGTGAGTGAGTGA-—=——— GTGTGGGGGGGACTCGGCTTGTTGTTGTCGG |A6 x2

or3-9

GTGTTGGGATGCGGGAGTGGGTGAGTGAGTGCGTGCGGGTGGCGATGCAAGCGTGTGCGAATGCGTG | x173

G GT TGGGA T Gl GGG A i e Rttt >|A80
GTGTTGGGAT G  —— == == == == ————————mm GCGTG | A50
GTGTTGGGATGCGGGAGTGGGTGAGT GA-~~——————— GTGGCGATGCAAGCGTGTGCGAATGCGTG [A10

GTGTTGGGATGCGGGAGTGGGTGAGTGAGTGCAAGTGCGGGTGGCGATGCAAGCGTGTGCGAATGCGTG

Or3- 18

TTTCAAAGACAGTAGATCTTAAATGTCCTCACGCACACACTCACCCACACATAAAAGGTGGTAACTG
TTTCAAAGACAGTAGATCT-—=————————————————————————————— TAAAAGGTGGTAACTG
TTTCAAAGACAGTAGATCTTAAATGT —=————————————————————— CATAAAAGGTGGTAACTG
TTTCAAAGACAGTAGATCTTAAATGTCCT———=-——=——————————— CACATAAAAGGTGGTAACTG
TTTCAAAGACAGTAGATCTTAAATGTCCT——===—————————— CCACACATAAAAGGTGGTAACTG
TTTCAAAGACAGTAGATCTTAAATGTC-======————— CTCACCCACACATAAAAGGTGGTAACTG

TTTCAAAGACAGTAGATCTTAAATGTCCTCA--CACACACTCACCCACACATAAAAGGTGGTAACTG

TTTCAAAGACAGTAGATCTTAAATGTCCTCACAGCCCTGGAGT ACAGT GGCATGATAT CAGCTCACTGCAAT CTCGGEGCT CCCGEGT TCAAG

CCATGCACACACTCACCCACACATAAAAGGTGGTAAC

Fig.13-4 Indel pattern of the cleavage site by CRISPR/Cas9
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+2

Wild-type x27
A32

A23

A18 x4

Al5

Al12

A2




is: mutations in 12 out of 25 sequenced clones

CAT GGTGCACATGGAGCACTAGTAAAGGAGAAGAAC

CATGGAGCGCTTCAAGGT LLLCATGGAGGACTAGTAAAGGAGAAGAAC
CATGGAGCGCTTCAAGGTGCACAATGGAGGACTAGTAAAGGAGAAGAA
CATGGAGCGCTTCAAGGTGCA. . . GGAGGACTAGTAAAGGAGAAGAAC
CATGGAGCGCTTCAAGGTGCA. . . .. AGGACTAGTAAAGGAGAAGAAC
CATGGAGCGCTTCAAGGTGC. . . . .. AGGACTAGTAAAGGAGAAGAAC
CATGGAGCGCT s v s v v nasansnnss GACTAGTAAAGGAGAAGAAC

: mutations in 15 out of 28 sequenced clo

+1
-3
-5
-6

0 (-3,+3) 1x

-17

1x
4x
3x
2X
1x

CATG GGTGCACATGGAGGACTAGTAAAGGAGAAGAAC
CATGGAGCGCTTCAAGGTGCACATGGAAGGACTAGTAAAGGAGAAGAAC +1 (+1)
CATGGAGCGCTTCAAGGTGCACATGLAGGACTAGTAAAGGAGAAGAAC 0 (-1,+1)
CATGGAGCGCTTCAAGGTGCA. . . GGAGGACTAGTAAAGGAGAAGAAC | -3
CATGGAGCGCTTCAAGGTG. . . . TGGAGGACTAGTAAAGGAGAAGAAC | -4
CATGGAGCGCTTCAAGGTGCA. . . . GAGGACTAGTAAAGGAGAAGAAC | -4
CATGGAGCGCTTCAAGGTGC. . . ... AGGACTAGTAAAGGAGAAGAAC | -5
CATGGAGCGCTTCAAGGTGC. . .. .. AGGACTAGTAAAGGAGAAGAAC | =6
CATGGAGCGCTTCAAGGTGCA . « v v v v v v v u v v nwsn AGGAGAAGAAC [ -16

1x
1x
4x
1x
1x
3x
3x
1x

Jian W, et al, Nucleic Acid Research, 41, €188 (2013)

- deletion + insertion

, X

Fig.14-1 Indel pattern of the cleavage site by CRISPR/Cas9 in Plants (Arabidpsis and Tabacco)

TALEN

N R s

lmBddsellass"™

1

TCTCCATGCTCCAGGTCGTCTCC. . . . TCGACCACGCCGCCGACCAGGACA -4
TCTCCATGCTCCAGGTCGTCTCCGA. . . CGACCACGCCGCCGACCAGGACA -3
TCTCCATGCTCCAGGTCGTCTCC. .... CGGCCACGCCGCCGACCAGGACA -5
TCTCCATGCTCCAGGTCGTCT. ...... CGACCACGCCGCCGACCAGGACA -7
TCTCCATGCTCCAGGTCGTCTCC. . GCTCGACCACGCCGCCGACCAGGACA -2
TCTCCATGCTCCAGGTCGTCTCC. . .CTCGACCACGCCGCCGACCAGGACA -3
TCTCCATGCTCCAGGTCGTCTCCGA. . ........ GCCGCCGACCAGGACA -10
TCTCCATGCTCCAGGTCGTCTCC. . GCTCGACCACGCCGCCGACCAGGACA -2
TCTCCATGCTCCAGGTCGTCTC. . . .CTCGACCACGCCGCCGACCAGGACA -4

:TCTCCATGCTCCAGGTCGTCTCCGAGCTCGACCACGCCGCCGACCAGGACA

CRISPR M8:

Cas9 M9:
M10

M1l

: CCCGACGTGTCCCCCGAGGATGACGCATCGGCCCAGGGATC . GTCTCCTTCTCCCAGGTC
: CCCGACGTGTCCCCCGAGGATGACGCATCGGCCCAGG. . ........ CTTCTCCCAGGTC
: CCCGACGTGTCCCCCGAGGATGACGCATCGGCCCAGG. .......... TTCTCCCAGGTC
: CCCGACGTGTCCCCCGAGGATGACGCATCGGCCCAGGG. . ... ... .. TTCTCCCAGGTC
3 IO sy e RS e R R R R AR B et CCTTCTCCCAGGTC
: CCCGACGTGTCCCCCGAGGATGACGCATCGGCC. ....... CGTCTCCTTCTCCCAGGTC
: CCCGACGTGTCCCCCGAGGATGACGCATCGGCCCAGGG. . . .. TCTCCTTCTCCCAGGTC

CCCGACGTGTCCCCCGAGGATGACGCATCGGCCCAGGGA . . CGTCTCCTTCTCCCAGGTC
CCCGACGTGTCCCCCGAGGATGACGCATCGGCCCAGGG. . . ... CTCCTTCTCCTAGGTC

: CCCGACGTGTCCCCCGAGGATGACGCATCGGCCCAGGG . TCCGTCTCCTTCTCCCAGGTC
: CCCGACGTGTCCCCCGAGGATGACGCATCGGCCCAGGGA. . . . TCTCCTTCTCCCAGGTC
M12: CCCGACGTGTCCCCCGAGGATGACGCATCGGCCCAGGG. . . . GTCTCCTTCTCCCAGGTC -4/+125

CCTTTCGATGAAGTGACAGATAGCTGGGCAATGGAATCCGAGGAGGTTTCCCGAAATTACCCT

TTGTTGAAAACTTGCTTTGAAGACGTGGTTGGAACGTCTTCTTTTTCCACGATGCTCCTCGT

WT: CCCGACGTGTCCCCCGAGGATGACGCATCGGCCCAGGGATCCGTCTCCTTCTCCCAGGTC WT

=1
-10
-11
-10
-44
-8
=5
-2
-6
=1
-4

Lian Z, et al, J. Genetics Genomics, 41,

- deletion + insertion

63 (2014)

Fig.14-2 Indel pattern of the cleavage site by TALEN and CRISPR/Cas9 in Plant (Zea mays)
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CRISPR plasmid constr uct

5’ -gctaggctatatttcggatSNNNNNNNNNNNNNNNNNNNNGGhattcacegcatta-37  (4)

target in genome

3’ -cgatccgatataaagcctaCNNNNNNNNNNNNNNNNNNNNCCttaagtggcgtaat-57 ()

CRISPR PAM

5’ ~GNNNNNNNNNNNNNNNNNNN NGG-3’
3’ ~CNNNNNNNNNNNNNNNNNNN NCC-5"

PAM Cas9 sgRNA

5’ ~GNNNNNNNNNNNNNNNNNNN------ chimeric RNA

(sgRNAscaffold)

Note (-)
SgRNA scaffold 2A
us \I CBh lN|LS h-SpCas9 '\ﬁS‘l Puro/GFP bGH pA
H— (
T~ _3iFLAG
Bbsl Bbsl T sgRNA scaffold
57 -AAAGGACGAAAEACCGG TGTTTTAGAGCTGAAATAGCAAG-———————————————— 37
3’ -TTTCCTGCTTTGTGGC‘C ACAAA‘ATCTCGACTTTATCGTTC _________________ 57
digestion
5’ -AAAGGACGAAA GTTTTAGAGCTGAAATAGCAAG-———————————————— 37
3" =TTTCCTGCTTTGTGG ATCTCGACTTTATCGTTC————————————————— 57
ligation
5/ —~CACCGNNNNNNNNNNNNNNNNNNN -37
37— CNNNNNNNNNNNNNNNNNNNCAAA-5'
anealing
5/ —~CACCGNNNNNNNNNNNNNNNNNNN -3’

+
3= CNNNNNNNNNNNNNNNNNNNCAAA-5"

prepare 2 primers

Fig.15 CRISPR/Cas9 plasmid we used in this study
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ATTAGGGCTAGGGAATATAGCTCAGTGGCCTGATATGCGTAAGGCCATAGGTAGTCTCTAGCTTCTAAATACATTAAAACTAAGTTAAAAGTCACTA
ATAAATCCTTCTGCTATGTATTATAAAGATGAAAAGCAGAAACTAGTCATAATACTAAAATATCCTTTCTCAATTTGAAAGTATAGGGGAAAGAGTA
TGCTTGAAATAAAACACTTTAGTGAAAATGATGTTTGACCCTTACTAATTATTAATTTGTAGTGTTTCTGAGTCAGATTTCCACCCCCTTAGTTTAG
AAAATGTAAAACTATTATTGAAAAGGTGACTTACATTTGAAAGATAGTATACACCTAACCACATATCATCCGTGGCAAACTCTTAAACATCTACCAT
GAAGATGTATTTCCCAGTTTCTACCTAGGCCCATATAGAATGATTTTACAACTAGCACCCAGCATAGTCCAAAAGCCCCTTTTGTGTTTTAGCCATT
TTTATACTTACTAAAGTTACATTTCCTTTAATTCTACTTTCTGAATTCAGTATCAGGAGAGTTTCTTACTGAGAGTCTCAGAAAACCTGATACATTT
TGATCTATTTTCAAGTATTCTTTCCTTATCAGATATGTATAAACTGGATAGTTTTATTTCTTGACAAAAGAACTTTGGCTGGAGTTAAAGTTTAGTG

TALEN-VR-AIF-up-A

U6-Rev-exon3mae

U6-Rev-exon3mae2

GCAGAGCGCTTGATTAGTATGCATGAAGCTCTGGGTTT

CCTA

GAAAAGTCAAATTCG

CCTTAGPAGTGTTTACATAAAGGAGCTAAC

TTAGCCTATGTTATGATATAGG

GTATCATGAAATAAACTTTCTCCATGTTTGG

TAGCTCAATGTAGACAAAAGCTTCTCATTTAATTGAAATGAT

ctctacacGCCTACAAGACTATTAAAGAAGACCAAAAAAGATATAATGAAAGAATAATGCGATTAG
GACTGFCACCAGAAGAGAAACAGAGAAGAGCCATTGCCFCFGGTAAGGACTdcCCTATGTCTCTTCTGTGTGACT|

TGAGATTAAATAAGGGAAAGTGATTAAGGTTGAGGTGCTATGATTTGCTAATATCCTGT TGAAGTGTAACAATGT GAGAT MGTAAGCTTCTAGAAAC
TATCE?TTTAﬁCCCATAGCAGAGﬁE{ﬁETTTCCTAAAGWATTTGATTGGCATTTTAACCTTGAGAGTAAAATTAATTATT TGGGTACCTATCCTTT
TTTTAATTGTTTTATTTACATTCCAAATGTT§Q€S§CACTTCTTGGTCCCCCCTCCAAGAGTTCTTTACCCCATACCCTC CCCCTTTGCCTCTGAG

U6-Rev-left-2

AGGGTGATCTTCCCCCCCCAAACTCCCCCCGTCAATCCTCCTTCTGTGGGGGCATCAGTCTCTACAGGATTAGGCACATCCTTTCCCTCTGAAGCCA
GCCAAGGCAGTCCTCTGCTACATGAGTGCCAGGGGCCTGAGATCAGCCTATGTATGCTTTTTGGTTGGTGGCACAGTCCCTGGGAGCTTCCAGGGGT
CCAGGTTAGTTGACACCGTTGTTCTTCCTATGGGGTTGCCATCCACTTCAGTCCTTCCCCTAACTCTTTCATTGGGGTCCCTGTGCTCAGAACAATG
CTCACCTGTGAGTATCTGCATCTGTCTCAGTCAGCTGCTGGTAGAGCCTCTCAGAGGACAGCCATGCTAGGCTCCTGCCTGAAAGTACAACATAGCA
TCAGTAATAGTGCTGGTGCGTGGTGCCTGCCCATGGGATGAATCCTAACCTGGGCCTGGCACTTGGTGGCCTTCCCTTCAGTCTCTGCTCCATTTTT
GTCTTTGCATTTCTTTTAGACAGGAACCATTCTGGGTCAAGAATTTTGAAGGTAGGTTGATGTATATTTGGTGATTACTGGGAAAGATAGGAAAGCC
ATTTTTCCAATGACTAAACCTTTTCAATCACATTAATTCCCTTGAATCTTTGGAGTTTTGAGTTGTTATAGATGTGTTTTCCTGTAGCACAAAGCTC
TAGCCTTCTATTTGATTCAGTTGGATTTTCAAAGAGGAATACTTTAATCCTTTAATTAGGCCTATAATCTGGGTAGGCGGTTTGTATTGCTTTTCGC
AATAATGCCTCCTTCTTCATGAACATTGTATAATAATCCCCAATTGACCTCCTAGGTGTTTCCCCTTTATGC

U6-Rev-exon3usiro

Fig.16 TALEN and CRISPR/Cas9 design targeted for AIFM1 exon3 region
CRISPR

TALEN ( exon3
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Platinum TALEN  Target: TTTCATCCCTAGTACTG-AAAAGTCAAATTCGC-CTTAGTAGTGTTTGCATA

CRSIPR/Cas9  Target:
GC% in

Name Length Start End Strand Nucleotide sequence spacer Ranking Match-start Match-end

U6-Rev-exon3mae2 23 20 42 minus GAATTTGACTTTTCAGTACTAGG 30 100 135399601 135399625
U6-Rev-exon3mae 23 116 138 plus GTTAGCCTATGTTATGATATAGG 30 100 23972 23996
U6-Rev-left2 23 288 310 minus GTCACACAGAAGAGACATAGGGG 45 100 23800 23824
U6-Rev-exon3us iro 23 419 441 minus GGAAACTGCTCTCTGCTATGGGG 50 100 23669 23693

SURVEYO R assay {&

o 9 £

T T @

= = |

o m @

o < < <
= =
= fia o o o=
s_ a a 9« o« L
Q = = = = Q
] le] [ (il o [ o =
= = - o [ o W O
9 = 1 1] 1] 1 9

0 = =z i I I i
2 e 4y g 5 3 3 8 2L
g 5§ 2 2 %% % % % g
e = & & & & [
Mk 1 2 3 4 5 ] 7 8 Mk

| T— .

1
i

500

TALEN spacer (talen-VR-AlIF-up-A)

SUR-PCR4_T1-2 109 ETGAITAGTATGCATGAAGCICIGGGTIIT AGTGTTTIGCATAAAGGAGCTAACTAGCTCAATGTAGACARAAGCTT| 218
SUR-PCR4_T1-3 109 ITIAGTATGCATGAAGCTICTGGGTTT AGIGTTTGCATARAGGAG IGTAGAC GCTI| 218
SUR-PCR4_T1-13 109 ITGATTAGTATGCATGAAGCTCTGGGITIT AGIGTTIG GGAG TGTAG GCTI| 218
SUR-PCR4_T1-24 109 ATGAAGCTCTGGGITIT [TAGTAGIGTTIG GGA TIGTAGA GCTI| 218
SUR-PCR4_T1-9 109 C AAGCTICTGGETIT TAGTAGIGTTIC GG TGTAGA GCTI| 218
SUR-PCR4_T1-15 109 G STATGCATGAAGCICTGGGITT TAGTAGIGTTTIG G. GTAGA GCTT| 218
SUR-PCR4_T1-19 109 [T AGCICTIGGGITT CECCTITAGTAGIGTITG GG GT. GCTI| 218
SUR-PCR4_T1-20 109 [FTGATTAGTATGCATGRAGCICTGGGIT GCCITAGTAGTIGTTTIGCATARRGGA IGTE GCTT| 218
SUR-PCR4_T1-22 109 [TGATTAGTATGCATGAAGCTCTGGGTTTCAT GCCTTAGTAGTGTTTGE GG. TGTAG GCTTI| 218
SUR-PCFA:T}.—S 110 FTGATT. ATGCATGAAGCTICTGGGTITICAT CGCCTTA GIGTTIG ARAGGAL 17 > GTAGA GCTT| 219
SUR-PCR4_T1-18 109 FTGATTAGTATGC CICT - CGCCTITAGTAGTIGTTIGCATAAAGGAGCTAACTAGCTCAATGTAGAC GCTT| 218
SUR-PCR4_T1-4 110 ITGATTAGTAIG ICT! GCCTTAGTAGIGTTTGCATARAGGAGCTARCTAGCTCAATGTAGA
SUR-PCR4_T1-23 110 [[TGATTAGTATGCATGAAGCICT! CGCCYITAGTAGIGTITGCATAAAGGAGCTAACTAGCTCAATGTAGA G
SUR-PCR4_T1-11 110 ITGATTAGTATGCATGRRGCICT! AT CCCTAGTACTGRARAAGT CARATTCECC TAGTAGTGTTIGCATARAGGAGCTARCTAGCTCARTGTAGA: GC
SUR-PCR4_T1-10 110 ITGATTAGTATGCATGAAGCICT! AT CCCTAGTACTGRARAGT CARATTCGCCITAGTAGTGTTIGCATARAGGAGCTAACTAGCTCARTGTAGA G
SUR-PCR4_T1-7 110 FTGATTAGTATGCATGAAGCICT “AT TAGTACTGRAAAGTCARATICG AGTAGIGTTTGCATAARGGAG TCAATGTAGA G
SUR-PCR4_T1-16 110 ITGATTAGTATGCATGAAGCTCTGGGTITICATCCCTAGTACTGRAARGTCARATTCGE GTTTGCATAAAGGAGC CTCAATGTAGAC GC
SUR-PCR4_T1-6 110 ITGAITA GCICTGGGITICAT TAGTACTGRARAGT CARATTCGC AGIGTTTGCATARAGGAGT TCAATGTAGACARMARGCTT| 219
SUR-PCR4_T1-8 i10 GCTCTGGGITICAT TAGTACTGRARAGTCAAATTCGCCITAGTAGIGTTIC GGAG TCAATGTAGACARAAAGCTT) 219
SUR-PCR4_T1-17 109 [IT: AGCICIGGGTITIICAT TAGTA TGEZ_?@.ETZF«AP—.TT G TAGTAGIGTITIG GG TCAATGTAGACAAARGCTI) 218
PC12HS-vetoffl0 111 GCTICTGGETTTCATCCCTAGTACTGRAAAGT CAARTTCGCCITAGTAGTGTITGE? GG. CTCAATGTAGACARRAAGCTT| 220
SUR-PCR4_T1-33 111 BCTTGATTAGIATGCATGAAGCTCIGGGTITICATCCCTAGTA g AGIGTTTGCATAARGGAGCTARCTAGCT 220
SUR-PCR4_T1-42 111 BCTTGATTAGTATGCATGAAGCTCTIGGGTTTCATCCCTAGTACTGAARAGTCARATTCGY GGAGCTAACTAGCT 220
SUR-PCR4_T1-27 110 BCTTGATTAGTATGCATGAAGCTCTGGGTTTCATCCCTAGTACTGARAARGTCARATTICE GGAGCTAACTAGCT 218
SUR-PCR4_T1-35 109 BCTTIGATTAGIATGCATGAAGCTCTGGGTTITCATCCCTAGTACTGA GTCARATICG GCTAACTAGCT 218
SUR-PCR4_T1-30 110 BCTTIGATTAGTATGCATGAAGCTCTIGGG AG GAARAGTCARRTTICG AGCTAACTAGCT 219
SUR-PCR4_T1-31 110 ECTTGATTAGTATGCATGAAGCTICIGGE GARRAGT CARATTCGHCTTAGTAGIGTTTGCATAAAGGAGCTARCTAGCT 219
SUR-PCR4_T1-29 110 GCTTGATTAGTATGCATGAAGCTCTGGE GAARRGTCARRTTCGCTTA "T?\GTE]TTTSZATFA_‘ AGGAGCTAACTAGCTC 219
SUR-PCR4_T1-39 110 BECTTGATT. ATGCATGAAGCTCTIGGSE “FGAARAGTCARATTCG AGTIGTITTIGCATAAAGGAGCTAACTAGCT 219
SUR-PCR4_T1-32 110 BFCTTGATTAGTATGCATGAAGCTCTGGG GAARAGTCARATTCGCTTAGTAGTGTTTGCATAAAGGAGCTAACTAGCT 219
SUR-PCR4_T1-36 109 BCTIGATTAGTATGCATGAAGCICIGG ACTGARAAGT CARATTCGCTITAGTAGTGTITTGCATARRGGAGT AGCT 218
SUR-PCR4_T1-25 109 BCTTGATTAGTATGCATGAAGCTCTGE GARAAGTCARATICG AGIGITTIGCATAAAGGAG T AGA 218
SUR-PCR4_T1-37 108 BCTTGATTAGTATGCATGAAGCTICIGG GRARRGTCARATTCG] AGIGTTIGCATAAAGGAG T GA 217
SUR-PCR4_T1-45 108 ECTTGATTAGTATGCATGAAGCTCTGG! “FGARRAGTCARATTCG GTAGIGTTTGCATAARGGAG T AGA 217
SUR-PCR4_T1-44 108 BECTTGATTAGTATGC CIGG 4 G AGIGTTTGCATIARAGGA AGAC 217
SUR-PCR4_T1-26 108 GCTIGATTAGTATGCA “IGG CG4 AGIGITTGCATARAGGAG AGA o 217
SUR-PCR4_T1-38 107 BCTITGATTAGIAIG CIGG G AGTAGIGTTTGCATAAAGGAG GA 216
SUR-PCR4_T1-48 108 ECTTGATTAGTATGCA TIGG GCTTAGTAGIGTTTGCATARAGGAG GA 217
SUR-PCR4_T1-34 109 ECTTGATTAGTIATGC CIGG CGOCTTAGTAGIGTTTGCATA AG: GA 218
SUR-PCR4_T1-28 109 FCTTGATTAGTATGC “IGG CGOCTTAGTAGIGTTTGCATARN GC 218
SUR-PCR4_T1-46 109 ECTTGATTAGTATGCA “IGG GQCTTAGTAGTGTTTGCATAAAGGAG 218
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Fig.17 AIFM1 exon3 intron
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Joung’s group, Nature Biotech, advanced online doi:10.1038/nbt.2908 (2014) FANCF gene
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V5-tag
MGKPIPNPLLGLDST
BBaIrL
GGMAPKKKRKVDGG
TALN

VDLRTLGYSQQQQEKIKPKVRSTVAQHHEALVGHGFTHAHIVALSQHPAALGTVAVKYQDMIAALPEATHEAIVGVGKQWSGARALEALLT
VAGELRGPPLQLDTGQLLKIAKRGGVTAVEAVHAWRNALTGAPLN

TAL-Fokl Fw TAL-Fokl Rv

DNA#EE FAA » 18.5repeats MOFBED TIZINEFKAA L THE DNA#EE& FAA 185 repeats HOFEDTIINEFKAL VTHEE
LTPEQVVAIASHDGGKQALETVQRLLPVLCQAHG  1st Repeat; HD — C LTPEQVVAIASNIGGKQALETVQRLLPVLCQAHG  1st Repeat ; NI — A
LTPEQVVAIASNGGGKQALETVQRLLPVLCQAHG 2nd Repeat ; NG — T LTPEQVVAIASNNGGKQALETVQRLLPVLCQAHG  2nd Repeat ; NN — G
LTPEQVVAIASNGGGKQALETVQRLLPVLCQAHG  3rd Repeat; NG — T LTPEQVVAIASNGGGKQALETVQRLLPVLCQAHG  3rd Repeat; NG — T
LTPEQVVAIASNGGGKQALETVQRLLPVLCQAHG  4th Repeat; NG — T LTPEQVVAIASNNGGKQALETVQRLLPVLCQAHG  4th Repeat ; NN — G
LTPEQVVAIASHDGGKQALETVQRLLPVLCQAHG 5th Repeat; HD — C LTPEQVVAIASNIGGKQALETVQRLLPVLCQAHG  5th Repeat; NI — A
LTPEQVVAIASNIGGKQALETVQRLLPVLCQAHG  6th Repeat; NI — A LTPEQVVAIASNGGGKQALETVQRLLPVLCQAHG  6th Repeat; NG — T
LTPEQVVAIASNGGGKQALETVQRLLPVLCQAHG 7th Repeat; NG — T LTPEQVVAIASNGGGKQALETVQRLLPVLCQAHG  7th Repeat; NG — T
LTPEQVVAIASNNGGKQALETVQRLLPVLCQAHG  8th Repeat : NN — G LTPEQVVAIASNGGGKQALETVQRLLPVLCQAHG  Sth Repeat; NG — T
LTPEQVVAIASNGGGKQALETVQRLLPVLCQAHG 9th Repeat; NG — T LTPEQVVAIASHDGGKQALETVQRLLPVLCQAHG  9th Repeat ; HD — C
LTPEQVVAIASNGGGKQALETVQRLLPVLCQAHG 10th Repeat ; NG — T LTPEQVVAIASHDGGKQALETVQRLLPVLCQAHG  10th Repeat; HD — C
LTPEQVVAIASHDGGKQALETVQRLLPVLCQAHG 11th Repeat; HD — C LTPEQVVAIASNIGGKQALETVQRLLPVLCQAHG  11th Repeat; NI — A
LTPEQVVAIASHDGGKQALETVQRLLPVLCQAHG  12th Repeat: HD — C LTPEQVVAIASNIGGKQALETVQRLLPVLCQAHG  12th Repeat; NI — A
LTPEQVVAIASNIGGKQALETVQRLLPVLCQAHG  13th Repeat ;NI — A LTPEQVVAIASNIGGKQALETVQRLLPVLCQAHG  13th Repeat; NI — A
LTPEQVVAIASHDGGKQALETVQRLLPVLCQAHG  14th Repeat; HD — C LTPEQVVAIASHDGGKQALETVQRLLPVLCQAHG  14th Repeat; HD — C
LTPEQVVAIASHDGGKQALETVQRLLPVLCQAHG  15th Repeat: HD — C LTPEQVVAIASNIGGKQALETVQRLLPVLCQAHG  15th Repeat; NI — A
LTPEQVVAIASNGGGKQALETVQRLLPVLCQAHG 16th Repeat : NG — T LTPEQVVAIASHDGGKQALETVQRLLPVLCQAHG  16th Repeat; HD — C
LTPEQVVAIASNIGGKQALETVQRLLPVLCQAHG  17th Repeat ;NI — A LTPEQVVAIASNIGGKQALETVQRLLPVLCQAHG  17th Repeat; NI — A
LTPQQVVAIASHDGGRPALE 18th Repeat; HD — C LTPQQVVAIASHDGGRPALE 18th Repeat; HD — C

TAL CK

SIVAQLSRPDPALAALTNDHLVALACLGGRPALDAVKKGLPHAPALIKRTNRRIPERTSHRVA

Gly-Ser')>h—

GS

Fokl

QLVKSELEEKKSELRHKLKYVPHEYIELIEIARNSTQDRILEMKVMEFFMKVYGYRGKHLGGSRKPDGAIYTVGSPIDYGVIVDTKAYSGGYNLPIGQADEMQRY
VEENQTRNKHINPNEWWKVYPSSVTEFKFLFVSGHFKGNYKAQLTRLNHITNCNGAVLSVEELLIGGEMIKAGTLTLEEVRRKFNNGEINF*

Fig.2 TALEN
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Ref. 1) Along 5'UTR of the rice OsMac1l
mRNA enabling the suffcient translation of
the downstream ORF. Teramura, H.,
Enomoto, Y., Aoki, H., Sasaki, T., and
Shimada, H. Plant Biotechnology 29, 43-49
(2012) DOT:
10.5511/plantbiotechnology.11.1209a
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EUANBTEL THRY LIF, ZDEIMFARDBIROCSROEE., RHFD-HODEZAAEZELEHTLDED

[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]

(MZinc finger nuclease technology (ZFNs) 4~/ L#RE(NIXILT7—HIZ&AHEEETDHE)
@0ligonucleotide directed mutagenesis (ODM) 4/ LiREIZLAFIEEEF|IDIEA
(Cisgenesis & Intragenesis [Ef& - BIEF XML ATHEEHRBEEFDAHDEA
Cisgenesis JAE—4—-4—3Ix—42—FE{RFE0C
Intragenesis JOE—4—4—IR—4—E%EH
@RNA-dependent DNA methylation (RADM) TE4 ./ LfRE (DNADAFILILIREED A DZE1L)
(BGrafting on GM rootstock FAMLZ (AZ AL V-IEF K

(B)Reverse Breeding BERP CHIRZEEFEREA. LALBRL-SERIZITHERZ BEFHEL

(DAgro-infiltration (agro—infiltration “sensu stricto”, agro—inoculation, floral dip)
agro-infiltration “sensu stricto” {AHII#E#EE CRHATAIZIEEIEME%ERZE A
agro—inoculation {KfHIFEBEICDVMILRELFZEA
floral dip fEZF#R#IZAgrobacteriumz 2L . R THMZ AZER

®Synthetic Genomics AT K
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1. New Plant Breeding Techniques (NBT)

1. NBT
NBTODEE B - S A
RARREE, @k, BET VAT, EABEE, ILAS, HPBS EPTILS/IFREIFEAD o g
NBT®D LOMRFRF  [AIXOUT—UTAENOHIA, $31E B RBMIEINA FEMER (LR K- oAkos Ligm [ PAR: T E@lk, KX
= 5 4£1Ap-04, p.96, 2013598 . 7
tEEMETE, —ETHRTE, EAL, 4HE : Cucumber mosaic virus (CMV) Roa—%HELE75 O Y — -
NBT@)-2 pyne Doty AT AORR, #31EBAENARA FEMES HLID) KR LoAksy ARRES (BF ERF-EWTAEX, X
$2Aa-09, p.199, 2013497 . =
Q SHEE, SHEF, BEAKR:AXNYTITETE7UMN 745 S RZBROVIGS I, £31EAXR .
RelZe2 prs MRS FEMES FLIR) AR - SRS LTHRE S HP-31, p273, 2013498 B LR
INRFBZER, JIERELAE, BiEHth, BEXME: 77 ANITYD LEERV A TERMBBRIRDSS
NBT® S 1253EL, HI1EAREYNHRL FENFR HIR) K- PRSI LBREEE%EP-57, p.299, |BX-EEH
2013469 7.
MEER, HATF, EHEK, FIESHE, LEE— A RCBTES—F—F TV NEROFE |BAR- £ -7/ LEEERE, 5
NBT® EES ROBIS, $E31E A AEPHEES FEDER IR K- URO) LEEEE£P-62, p.304, EX-BRERZEHAR L E—, B
20134297 K- RIREHF
WRIKE, LARK, KEB—, EAMET, EEER, HX ME, BARLE, )I8A, XEE KX |BR-HAK-B, BH-E&8H, 13
NBTD e BBE A RIZEBT27/ LBHRFEREMTAQIng VR TLIDOHRBEHIH, FE31E B AEYHEIES F|2EEE- /145K, EHFH- N
EMPER FLIR) KK D UROY LEEE EHKP-63, p.305, 2013598, A48, BRXR-BEXIE
JIIOKHh, IWNIEHE, BAER, KBER: 7O T L —2a KIc LD ENR B REAL
NBT@)-1 A= EDRSEEROMEERT, E3EAFENHARD FEDFS IR RE-SURCHLEBESE R K- HF K- 2 - £ higiefly
P-67, p.309, 20134E9 .

94




2. GM

&5 | e | R | B B
EHER F R RAR—, BEAR. EEE FENE, NIMED TS /L—rEERES |BA-EFf PSC, HFFCSRS-JST-
AR R & 04X} XF il 3% MYB 8z5 EF DA, $B31E B AEMHIES FEMFSR FLIR) K- VRO D LGE|CREST, RIAMEKRE, U %
HE S Aa-07, p85, 2013%F9A. o, FERR-E

PEHFE ELAEK, WEABE RERT SEST SHED BABEF, MHER A | Qo e s, o
[ELE=A) 550 (HEEMEIBY-2) |F. WEED, AR BRER 2/ IBEMBBY-22 AL ASLUBRARROBY, 83| TRt e R T R
1B B REMEIS FERER LI KR - LRSS LHRE S E1Aa-12, p.90, 2013495 e "

ERAREF, MIFEK, FEFRE, SRAE, ABX K BEFEBITRAIXYUF VRELELS |BA- KIRFFILAF - £IR- MK

A S L SAERARETO X ofkiiTn 7)Y, $3IDEAEDERA T ENES A RS- Lo ARTH LRRES (WRIEF, BRI £hE
R ! %1Cp-03, p.151, 2013497, RIS HEA

et spesx s AT ET BIBE BESH RETRECLPRTLLEREHOMEL, BIDAEENE | o a
MBI R R OIIKEFRGR (s an (HLI) KR SRS LRREE K2As 12, 202, 2013597, B%- WA £

HHRAEY, MTFH, BRE— FE—DILI2ARBEREETEEALLBRI TSI

et S 44 FBLNUkRE, 01E BAIERN T ENES LD A2 RS ARAES Ep-02, D (ORTHE- diiE 8RR

.333, 2013497 . R E—
= s . T ™ N BEESEIPICOR R

BEETT, A RBE, KIWH, WTEY KAER, Bk, FHENS, HOES- 537 LHaAE ORI R
iR R e EAMREFRORMECOVT, H3IEEREMHRA FENPE AU KRS UKD LB e k. Bkl e

EEH1Ap-01, p.93, 2013497, ;xm’:'; = '

ALE, FHENE, APRH, BEAET: ATORTLAONREEROREICLDIHEAY RO |BXR-BRIK fR-BT, EHCSRS,
MRS ARE [SvAi T 7, 55018 A AEMENS TEMES LI AR - Lo RO™ ABAEE K 1Ap-02, 094, 2013 |FEARBR-E, AR T, 1>

o (#5)- 28851

PB-I
1
1Ca-12 p146 2013 9
1 1Ca-13 p147
2013 9
7S 11s )
3 1Cp-01 p149 2013 9
1 1Cp-02 p.150
2013 9
ATIBHL
i P-68 p310 2013 9
o
CIWRKYL
1 1A2-09 p87 2013 9
-7
1
2Aa-10 p200 2013 9
(IL-4, IL-6)
1 P-91 p332 2013 9
X
BY-2 BY-2 cd 1
P-75 p317 2013 9 JASRI
1 1Cp-07 p.
155 2013 9

95



4. 2013

NBT

GM NBT

gy | wm | - S | P
Gomord, Veronique; Fitchette, Anne Catherine; Faye, Loic, “Cloning, hydroponic transfection, expression and
NBT@-1, ;a%E |%/1\3 25> R : Angany Genetics, Fr. IMAC affinity purification of recombinant allergens in Nicotiana benthamiana”, PCT Int.
Appl. (2013), WO 2013186495 A1 20131219.
Gomord, Veronique; Fitchette, Anne Catherine; Faye, Loic, ~ Cloning, hydroponic transfection, expression and
NBT@-1. JARE [%/33 75> R : Angany Genetics, Fr. IMAC affinity purification of recombinant allergens in Nicotiana benthamiana”, Fr.
Demande (2013), FR 2991996 A1 20131220.
p— . o Moon, Jae Sun; Lee, Su Heon; Kim, Sung Uk; Yoo, Ran Hee; Lim, Seung Mo; Lim, Hyoun Sub; Hwang, In Gyu,
NBT@—2 it g’i‘i‘o f\‘;flj ResearchiinstitlitelonBiosciencerand Bl | zey oMV derivedirecombinant Viralivector fand Use therao FAIPGIING
&7 Appl. (2013), WO 2013154233 A1 20131017.
) . . Pei, Yan; Zou, Xiuping, “Gene—auto-excision binary carrier for controlling biosafety of transgenic plant by sexual
NBT® e "Rl Southwest University reproduction”, PCT Int. Appl. (2013), WO 2013000279 A1 20130103,
NBT@ i KE :E. L. Du Pont De Nemours and Kurek, Itzhak; Mcgonigle, Brian; Zhu, Genhai, “Silencing genes using artificial microRNAs and expression
[Company, USA; Pioneer Hi-Bred International constructs with high degree of sequence specificity”, PCT Int. Appl. (2013), WO 2013063487 A1 20130502.
Chui, Ceon Fai; Yu, Wai Chang, “Method for preparation of plant cell minichromosome by transforming first
NBT® LEE?) fhfE: The Chinese University of Hong Kong vector containing telomeric repetitive sequence and second vector containing recombination site”, Faming
Zhuanli Shenqing (2013), CN 103289959 A 20130911.
K& : Department of Genetics, Cell Biology, and . . Ly . = . n q n A
IS - 4 A Christian Michelle; Qi Yiping; Zhang Yong; Voytas Daniel F, “Targeted mutagenesis of Arabidopsis thaliana using
NBT® ¥BARFZF [Development and Center for Genome Engineering. |1\ iyc e TAL effector nucleases”, G3 (Bethesda, Md.) (2013), 3(10), 1697705,
University of Minnesota
4> K :Department of Biotechnology, Faculty of Ohadi R, Mehrnaz S.; Alvari, Amene; Samim, M.; Abdin, Malik Z., “Plant bio-transformable HMG-CoA reductase
Fa1)— Science gene loaded calcium phosphate nanoparticle: in vitro characterization and stability study”, Current Drug
[Jamia Hamdard Discovery Technologies (2013), 10(1), 25-34.
. X X _ . Heo, Gyeong Hye; Choi, Yong Ui, “Panax ginseng dammarenediol synthase gene promoter region, its sequence
NBTQ@—1. ;A%E [+ak=dy ﬁﬁa:z;:mvers\ty, Uiy~ GempemEion and use in constructing genetic vectors for generating transgenic plants with increased resistances and
ginsenoside content”, Repub. Korean Kongkae Taeho Kongbo (2013), KR 2013132082 A 20131204.

5. 2013

GM NBT

&y | #m | B - B | %
. . . Jeoung, Yoon—hwa; Kim, Young—Nam; Kim, Kwon—Rae; Kim, Kye—Hoon, i i response and cadmil
RFRE 2733 ﬁ?o:ﬁzﬁ;{ne:;;;i?wmnment el laccumulation of MuS1 transgenic tobacco exposed to high concentration of Cd in soil: implication to
v phytoremediation of metal contaminated soil”, Korean Journal of Soil Science and Fertilizer (2013), 46(1), 58-64.
2,33 (BY-240 1 [E: Biotechnology Research Center, Chenggong Chen, Qi; Wu, Kong-Huan; Wang, Ping; Yi, Jia; Li, Kun-Zhi; Yu, Yong-Xiong; Chen, Li-Mei, “Overexpression of
RFERE ) ™ [campus MSALMT1, from the Aluminum-Sensitive Medicago sativa, Enhances Malate Exudation and Aluminum Resistance in
Kunming University of Science and Technology Tobacco”, Plant Molecular Biology Reporter (2013), 31(3), 769-774.
i i H[E : Institute of Botany, Chinese Academy of Xu, Wenzhong; Ma, Mi; Chen, Yanshan, “Application of PvARRP1 protein and its encoding gene of Pteris vittata in
it Sciences, Peop. Rep. China arsenic transporters detoxification and accumulation”, Faming Zhuanli Shenging (2013), CN 102899348 A 20130130.
Chen, Limei; Guo, Chuanlong; Li, Song; Zhou, Lei; Wang, Lin, “Plant expression vector of Glycine max Tamba gene
R 42/33 H1[E : Kunming University of Science and Technology [SGF14a for effectively increasing aluminum resistance of plants”, Faming Zhuanli
Shenqing (2013), CN 103045640 A 20130417.
Chen, Limei; Chen, Qi; Wu, Konghuan; Li, Kunzhi; Yu, Yongxiong, “Plant expression vector of soybean Tamba black
RESRE A= 1 [E : Kunming University of Science and Technology [C2H2-type zinc—finger protein gene STOP1 and its use in enhancing AL toxicity resistance of plant”, Faming
Zhuanli Shenging (2013), CN 102952822 A 20130306.
e . X L . Chen, Limei; Chen, Qi; Wu, Konghuan; Li, Kunzhi; Yu, Yongxiong, ””, Faming Zhuanli
REFESE HEH A [E : Kunming University of Science and Technology Shenging (2013), CN 102952821 A 20130306,
EASNRGZE] B o _ . o
5 5 . R . Zhang, Yuanyuan; Liu, Junhong; Zhang, Yuyan; Gong, Tingyun; Wang, Jing, “Method for repairing polluted soil with
REHE ~7~. 7)L 7 |fEl: Qingdao University of Science and Technology [, .o nic'blant-Glonostachys rosea system”, Faming Zhuanli Shening (2013), CN 103042025 A 20130417
VI7 HZTF
m e LEL7 =R 64 X . . Xue, Yong, “Method for repairing polluted environment with transgenic plant transformed with genes RhIA and RhiB”|
R <+ Rl Wuxi BIOGoodland Biotechnology Go. Ltd. g, o Zpuanii Shending (2013), GN 103146742 A 20130612.
o 4 N . . . . . Li, Kunzhi; Wang, Yuying; Xu, Huini; Chen, Limei, “Plant expression vector containing celery serine acetyltransferase
RERIE 533 FE: Kunming University of Science and Technology [ 'SaT”, Faming Zhuanli Shenging (2013), N 103215306 A 20130724,
HhE : Institute of Agricultural Resources and Regional
misa L ryEOD Planning, Key Laboratory of Plant Nutrition and Hou, Wen—tong; Yang, Li-ping; Chen, Ru-mei; Zhang, Shao—jun, “Effects of Aspergillus niger phyA2 transgenic maize
R 4 Fertilizer, The Ministry of Agriculture on utilization of organic phosphorus in soil”, Zuowu Xuebao (2013), 39(8), 1360-1365.
Chinese Academy of Agricultural Sciences
. - . . Peng, Rihe; Yao, Quanhong; Wang, Rongtan; Fu, Xiaoyan; Tian, Yongsheng; Zhao, Wei; Yan, Peilan; Zang, Xiaoyun;
. HEl: Shanghai Ruifeng Agrioultural Science and ly_1." 50 Wang_ Lijuan, “A method for enhancing degradation of PAHs by using transgenic plants transformed with
IRE S ) Technology Co., Ltd., Peop. Rep. China; Shanghai . o . .
Acad £ Agricultural Sci P 450 monooxygenase gene and glutathione S—transferase gene”, Faming Zhuanli
CREE G AR SEEE Shenaing (2013), CN 103468738 A 20131225.
FJL3:Department of Soil Science and Plant . ) . ” . .
e e . . Daghan, Hatice; Arslan, Mehmet; Uygur, Veli; Koleli, Nurcan, “Transformation of Tobacco with ScMTII Gene—
R 533 Nutrition, Faculty l_)f Ag.rlculture Enhanced Cadmium and Zinc Accumulation”, Clean: Soil, Air, Water (2013), 41(5), 503-509.
Mustafa Kemal University
o s e Kuroda, Akio; Hirota, Ryuichi, “Transgenic plants having Ralstonia—derived phosphite dehydrogenase gene and
RIHE HERIEG 75 |l inecifim Ut Jiam cultivation of the plants”, Jpn. Kokai Tokkyo Koho (2013), JP 2013031429 A 20130214,
1R :Plant Biology Laboratory, Drug Development/ |Sinha, Ragini; Bhattacharyya, Dipto; Majumdar, Aparupa Bose; Datta, Riddhi; Hazra, Saptarshi; Chattopadhyay,
RETHEARE  |\wh Diagnostics & Biotechnology Division Sharmila, “Leaf proteome profiling of transgenic mint infected with Alternaria alternata”, Journal of

CSIR-Indian Institute of Chemical Biology

Proteomics (2013), 93, 117-132.

96




6. 2013

GM NBT

g | #wm | - B | %
bosm - . Ruiz-Lopez Noemi; Haslam Richard P; Napier Johnathan A; Olga, ful high—level ion of fish oil
et R R [Frz7er 2t iigieo":'g:f;‘;::t'z;’;’g;za;rfrem‘StW ) G | ) il it st iy b i &) erepentt Cllaes) @Rt T3 Rt farel - o eall a) meflzsuity
! biology (2013).
F—ZF351J7 : Commonwealth Scientific and
] 42, B4 XS [Industrial Research Organisation, Australia; Grains |Petrie, James Robertson; Singh, Surinder Pal; De Feyter, Robert Charles, “Production of long chain polyunsaturated fatty
B Z ¥ Research and Development Corporation; Nuseed  |acids in transgenic plant cells”, PCT Int. Appl. (2013), WO 2013185184 A2 20131219.
Pty. Ltd.
a1 a o Weselake, Randall; Pan, Xue; Siloto, Rodrigo, “Method for enrichment of oils with polyunsaturated fatty acids using
¢ a A
IERER S (i prre ity & Ak phospholipid acyltransferases and desaturase”, PCT Int. Appl. (2013), WO 2013181761 A1 20131212.
e e s [y %% [E : Chungnam University Industry Collaboration [Park, Yeon II; Shin, Dong Ho, ”Arabidopsis thaliana PTR2 gene utilized as anthocyanin biosynthesis regulator for controlling
o R Foundation, S. Korea accumulation of anthocyanin pigment in plant”, Repub. Korea (2013), KR 1337243 B1 20131205.
ol 88 Dong-A University, Research Foundation for Jung, Ygong Su; Lee: Jae H.eon; Kim, Mi .Jln; Kim, Hye Jeong; F.’ark, Jeong Hun; Hong, Ha Nui, Psy.—Za-tp-crt\ .multl—
HEetE RS |51 X Industry—Academy Cooperation expression gene for increasing carotenoid content of transgenic plant, and method for manufacturing transgenic plant with
i 4 P increased carotenoid content”, Repub. Korean Kongkae Taeho Kongbo (2013), KR 2013022520 A 20130307.
Baek, So—Hyeon; Shin, Woon—Chul; Ryu, Hak-Seung; Lee, Dae~Woo; Moon, Eunjung; Seo, Chun—Sun; Hwang, Eunson; Lee,
e (1= 4% [E : National Institute of Crop Science, Rural Hyun—Seo; Ahn, Mi-Hyun; Jeon, Youngju; Kang, Hyeon-Jung; Lee, Sang-Won; Kim, Sun Yeou; D’Souza, Roshan; Kim, Hyeon-|
RetrRam Development Administration Jin; Hong, Seong=Tshool; Jeon, Jong-Seong, “Creation of resveratrol-enriched rice for the treatment of metabolic
syndrome and related diseases”, PLoS One (2013), 8(3), e57930.
Ha, Seon Hwa; Kim, Jae Gwang; Jung, Ye Sol; Lim, Seon Hyeong; Lee, Yeon Hui; Ku, Bon Seong; Kim, Yeong Mi; Lee, Jong
EEMER R |11 48[ : Rural Development Administration Ryeol, “Polynucleotide for biosynthesis of zeaxanthin and transgenic plant using the same”, Repub. Korean Kongkae Taeho
Kongbo (2013), KR 2013055708 A 20130529.
a1 " - Ha, Seon Hwa; Kim, Jae Gwang; Jung, Ye Sol; Lim, Seon Hyeong; Lee, Yeon Hui; Ku, Bon Seong; Kim, Yeong Mi; Lee, Jong
3 5 3 :
REE R (15 #[5]: Rural Development Administration Ryeol, "”, Repub. Korea (2013), KR 1229887 B1 20130208.
Ha, Seon Hwa; Kim, Jae Gwang; Jung, Ye Sol; Lim, Seon Hyeong; Lee, Yeon Hui; Ku, Bon Seong; Kim, Yeong Mi; Lee, Jong
HEEME B S |11 %% [E) : Rural Development Administration Ryeol, “Polynucleotide utilized for biosynthesis of astaxanthin, and method for producing transgenic plants with anti-
loxidant property using the same”, Repub. Korea (2013), KR 1229885 B1 20130208.
waer e s [ 1 [E : Institute of Botany, Jiangsu Province and Li, Mimi; Hang, Yueyu; Sun, Xiaogin; Pang, Hui; Li, Ying; Guo, Jianlin; Yan, Qinqin, “Brassica carinata fatty acid elongase, its
inese Academy of Sciences encoded gene and application thereof”, Faming Zhuanli Shenging 3 .
A R Chi Acad f Scil ded d lication th f”, Faming Zhuanli Shenging (2013), CN 102978172 A 20130320.
e e g (242 & : Northeast Institute of Geography and Liu, Baohui; Kong, Fanjiang; Cao, Dong, “Glycine max glucose phosphate transporter gene and its protein”, Faming Zhuanli
= R Ag I Chinese Acad: of Scil Shenging (2013), CN 103352040 A 20131016.
Th[E - State Key Laboratory of Agrobiotechnology, |Wang, Meizhen: Liu, Chen; Li, Shixue; Zhu, Dengyun; Zhao, Qian; Yu, Jingjuan,  Improved nutritive quality and salt resistance
MRS FYEDDY College of Biological Sciences in transgenic maize by simultaneously overexpression of a natural lysine—rich protein gene, SBgLR, and an ERF
China Agricultural University transcription factor gene, TSRF1”, International Journal of Molecular Sciences (2013), 14(5), 9459-9474, 16 pp.
b [l 5 @hojzaftﬁiéeéc';::g;:t"w of Agroblotechnology, |, .\, Xiaohang; Liu, Qiaoquan; Chan, Manling: Wang, Qing; Sun, Samuel S. M, “Metabolic engineering and profiing of rice
R . ) with increased lysine”, Plant Biotechnology Journal (2013), 11(4), 490-501.
The Chinese University of Hong Kong
thE B . ing Goll Ch ing Uni it Nie, X.; Zhao, Z. P.; Chen, G. P.; Zhang, B; Ye, M.; Hu, Z. L., “Brassica napus possesses enhanced antioxidant capacity via
EETE RS [Fax Chonaaine e Coliese, Bhongaing Enlversit: lheterologous expression of anthooyanin pathway gene transcription factors”, Russian Journal of Plant
gang Physiology (2013), 60(1), 108-115.

GM NBT

By | | W BT | <
ey b ,ta;f"”y”;"gcli::::feRﬁf]E:;';{(;s::l‘“e [z, dirsfiees i, Ve i, Vs, “Wsted iy sredteis csiantin i tersmete s, R At
g AR Engineering (Fugian) Co,, Ltd Shenqing (2013), CN 102888425 A 20130123.
T veags, [KEl:Department of Agronomy, lowa State  [Kanobe Milly N; Rodermel Steven R; Bailey Theodore; Scott M Paul, “Changes in endogenous gene transcript and protein
RelERam 7 |university Ames levels in maize plants expressing the soybean ferritin transgene”, Frontiers in plant science (2013), 4, 196.
o [ %1 : Northeast Normal University, Peop. Rep. |Pang, Jinsong; Yu, Xiaoming; Jiang, Lili; Li, Ning; Yu, Qian; Xia, Qiong; Liu, Bao, “A method for increasing the starch content of
L3 o China transgenic plant using multi-gene transformation and cultivation”, Faming Zhuanli Shenqing (2013), CN 103173485 A 20130626,
” < - . Bovet, Lucien; Catinot, Jeremy; Schwaar, Joanne, “Genetic modulation of 8 ~damascenone in tobacco plants”, PCT Int.
seit g B (EH .
REtE R & (B (232 R4 2 :Philip Morris Products S.A. Appl. (2013), WO 2013064499 A1 20130510.
x o - . Bovet, Lucien; Catinot, Jeremy; Schwaar, Joanne, “Genetic modulation of B —~damascenone in tobacco plants”, Eur. Pat.
o (Ey .
MRS (FH) |23 24 2 :Philip Morris Products S.A. [Aool. (2013), EP 2586792 Al 20130501,
Bakaher, Nicholas; Bindler, Gregor Nicholas; Blanc, Michel Philippe; Goepfert, Simon; Martin, Florian, “Isopropylmalate synthase
R RS (B [B/32 | ZA R :Philip Morris Products S.A. from Nicotiana tabacum and methods and uses for modulating sucrose esters and producing 8 -methylvaleric acid in

transgenic plants”, Eur. Pat. Appl. (2013), EP 2565265 A1 20130306.

Bakaher, Nicholas; Bindler, Gregor Nicholas; Blanc, Michel Philippe; Goepfert, Simon; Martin, Florian, “Isopropylmalate synthase

et B R (FH) (230 R R : Philip Morris Products S.A. [from Nicotiana tabacum and methods and uses for modulating sucrose esters and producing B -methylvaleric acid in
transgenic plants”, PCT Int. Appl. (2013), WO 2013029799 A1 20130307.
" N . . Bovet, Lucien; Sierro, Nicolas, “Threonine synthase from Nicotiana tabacum and methods and uses to modulate methionine in
o . .
EREAER R () |5/13 (<A :Philip Morris Products S.A transgenic plant cells”, Eur. Pat. Appl. (2013), EP 2565271 Al 20130306.
ae e R (ER) |22 [ £ 2 : Philip Morris Products SA. Bovet, Lucien; Sierro, Nicolas, “Threonine synthase from Nicotiana tabacum and methods and uses to modulate methionine in

transgenic plant cells”, PCT Int. Appl. (2013), WO 2013029800 A1 20130307.

AR (B [Fr/¥

1 : Zhejiang University

Lu, Jianliang; Fan, Fangyuan; Liu, Yang; Li, Nana; Zheng, Xingiang; Liang, Yuerong, ””, Faming Zhuanli
Shenging (2013), CN 103224946 A 20130731.

At R & (BH) [

E 7 : Suntory Holdings Ltd.

[Nakamura, Noriko, “Cloning of cDNAs for linalool synthases and application to breeding of plant transformants with altered
fragrance”, Jpn. Kokai Tokkyo Koho (2013), JP 2013013406 A 20130124.

ATt RS (BH) (1

E A& : Suntory Holdings Ltd.

Nakamura, Noriko, “Cloning of cDNAs for terpineol synthases and application to breeding of plant transformants with altered
fragrance”, Jpn. Kokai Tokkyo Koho (2013), JP 2013074829 A 20130425.

ATt R & (BH) [

K[ : Chromatin, Inc., USA; The Ohio State
University

Blakeslee, Joshua; Cornish, Katrina; Crasta, Oswald; Folkerts, Otto; Jessen, Dave; Nair, Ramesh, “Enhanced farnesene
production in metabolically engineered transgenic plants”, PCT Int. Appl. (2013), WO 2013106868 A1 20130718.

97



GM NBT

X% (37 - BARHE X#kF
B = . . . . Chan, Hui Ting; Chia, Min Yuan; Do, Yi Yin; Pang, Victor Fei; Jeng, Chian Ren; Huang, Pung Ling, “Oral vaccine against porcine
L
R 25 Je e Vel Uty reproductive and respiratory syndrome produced by plant and use thereof”, Taiwan. (2013), TW 381487 B 20130401.
& :First Affiliated Hospital of Medical Liu, Hongli; Li, Xukui; Li, Wensheng; Si, Lusheng; Zheng, Jin, “Transgenic tobacco expressed HPV16-L1 and LT-B combined
EOJ9F 4/\3 College immunization induces strong mucosal and systematic immune response in mice”, Human Vaccines &
Xi'an Jiaotong University Immunotherapeutics (2013), 9(1), 83-89.
fh[E]: Key Laboratory of Resource Biology and |Guo, Bin; He, Wei; Wu, Daochang; Che, Delu; Fan, Penghui; Xu, Lingling; Wei, Yahui, “Proteomic Analysis of Tomato
EOIIFY r=h Biotechnology in Western China, Northwest  |(Lycopersicum esculentum var. cerasifarm) Expressing the HBsAg Gene by 2-dimensional Difference Gel Electrophoresis”,
University Plant Foods for Human Nutrition (New York, NY, United States) (2013), 68(4), 424-429.
PEDLES 9,32 O 7 :All-Russia Research Institute for Tarasenko, 1. V.; Taranov, A. I; Firsov, A. P.; Dolgov, S. V., “Expression of the nucleotide sequence for the M2e peptide of avian
i - Agricultural Biotechnology influenza virus in transgenic tobacco plants”, Applied Biochemistry and Microbiology (2013), 49(8), 695-701.
s LR 1 _ Cramer, Carole L.; Dolan, Maureen C.; Medrano, Giuliana; Radin, David N., “Plant-based expression of avian interleukin—12 and
RAER i el ety o AnleemsJmeate methods of producing and using same”, U.S. (2013), US 8431774 B1 20130430.
Fogelman, Alan M.; Reddy, Srinivasa T.; Navab, Mohamad, “Edible transgenic plant expressing active apolipoprotein or mimetic
RRAEE rek K& : University of California, USA peptide for use in modulating disease by altering plasma levels of LPA, SSA, paraoxonase and HDL index”, PCT Int.
Appl. (2013), WO 2013148214 A1 20131003.
Fogelman, Alan M.; Reddy, Srinivasa T.; Navab, Mohamad, “Edible transgenic plant expressing active apolipoprotein or mimetic
BRAEE rh £ : University of California, USA peptide for use in modulating disease by altering plasma levels of LPA, SSA, paraoxonase and HDL index”, U.S. Pat. Appl.
Publ. (2013), US 20130344173 A1 20131226.
EOASREEN ) ; ! ‘ P ) ’ ) ’ ) ’ .
DHFUAR 98, X5y FE: College of Horticulture and Gardening  [Tang, Wei; Page, Michael, “Inducible expression of Norwalk virus capsid protein gene in plant cell suspension cultures”, In Vitro
§ e Yangtze University Cellular & Developmental Biology: Plant (2013), 49(2), 129-136.
DETAY 0
o, o — Golovkin, Maxim, “Methods and itions to produce against smallpox in plants”, U.S. Pat. Appl.
DOTVRR () R Em e Publ. (2013), US 20130266608 A1 20131010,
53RO/ F7 :Biology Centre AS CR Briza, Jindrich; Vlasak, Josef; Ryba, Stepan; Ludvikova, Viera; Niedermeierova, Hana, ~ Transformation of tobacco cpDNA with
TIFURIR A= [nstitute of Plant Molecular Biology fusion E7TGGG/GUS gene and homologous recombination mediated elimination of the marker gene”, Biotechnology &
(Ceske Budejovice Biotechnological Equipment (2013), 27(2), 3644-3648.

GM NBT

X5 1E4 - FAEHE X#kF
ik E R 533 174 :Department of Chemical Engineering Mayani, Mukesh; Filipe, Carlos D. M.; McLean, Michael D.; Hall, J. Christopher; Ghosh, Raja, “Purification of transgenic
2 McMaster University L —derived r bi human lonal antibody”, Biochemical Engineering Journal (2013), 72, 33-41.
i Coll £ Life Sci Zhao, Mei-Ai; An, Song-Ji; Lee, Suk-Chan; Kim, Do-Sun; Kang, Byoung-Cheorl, “Overexpression of a Single~Chain Variable
MEEE  |N\oYa Qirgdan Atiouttural Univarats Fragment (scFv) Antibody Gonfers Unstable Resistance to TuMV in Ghinese Gabbage”, Plant Molecular Biology
gcac fe Y Reporter (2013), 31(6), 1203-1211.
kEE | gE%Sﬁfiﬂ:l’;{’fg'fhri"ﬂlfﬁl ;S‘S'H' Dobhal, S.; Chaudhary, V. K; Singh, A; Pandey, D.; Kumar, A; Agrawal, S., “Expression of recombinant antibody (single chain
Z Técf;nology Y € antibody fragment) in transgenic plant Nicotiana tabacum cv. Xanthi”, Molecular Biology Reports (2013), 40(12), 7027-7037.
. . . . . Kwon, Jun-Young; Jeong, Sun-Hee; Choi, Ji-Won; Pak, Yun—Young; Kim, Dong-1I, “Assessment of long—term cryopreservation
iREE EES ﬁi%‘uasii;?ent of Biological Engineering [for production of hCTLA4Ig in transgenic rice cell suspension cultures”, Enzyme and Microbial
v Technology (2013), 53(3), 216-222.
. . . . Kwon, Jun—Young; Yang, Yong-Suk; Cheon, Su—Hwan; Nam, Hyung-Jin; Jin, Gi-Hong; Kim, Dong-Il, “Bioreactor engineering
AEEE 1% #4:Inba University, Department of Biclogical |, ing disposabe technoiosy for enhanced produotion of hGTLAAIg in transgenic rice cellcultures”, Biotechnology and
gineering Bioengineering (2013), 110(9), 2412-2424.
—I/\: i
g’—“_;;u;io"[)epartment of Monoclonal Antibody Gomez, Leonardo; Padilla, Sigifredo; Fuentes, Alejandro; Ruiz, Yoslaine; Gonzalez, Tatiana; Somoza, Margarita; Lopez, Lisette;
" N . . . Sanchez, Julio; Gavilan, David; Espinosa, Elio; Avila, Yenisleydis; Mendoza, Otto; Masforrol, Yordanka; Garcia, Cristina; La, O.
MFER 233 Center for Genetic Engineering and . fo. "A i ‘eties f A p . A
Biotechnology Maylin; Valdes, Rodolfo, “Assessment of two transgenic tobacco plant varieties for the HBsAg-specific plantibody production”,
[Journal of Agronomy (2013), 12(1), 11-19.
Havana
K4 :Department Plant Biotechnology, Vasilev Nikolay; Gromping Ulrike; Lipperts Anja; Raven Nicole; Fischer Rainer; Schillberg Stefan, “Optimization of BY-2 cell
HKEE 4/33 Fraunhofer Institute for Molecular Biology and  [suspension culture medium for the production of a human antibody using a combination of fractional factorial designs and the
IApplied Ecology (IME) response surface method”, Plant biotechnology journal (2013), 11(7), 867-74.
2,53 54 K NV Bouwmeester, Hendrik Jan; Henquet, Maurice Gerard Leon; Jongsma, Maarten Anthonie, “Plant genes of drimenol biosynthesis
7% Keygene BLV: and their use in drimenol manufacture”, PCT Int. Appl. (2013), WO 2013058655 A1 20130425.
|FRET: Engineering Research Center for Plant
Biotechnology and Germplasm Utilization, An, Na; Ou, Jiquan; Jiang, Daiming; Zhang, Liping; Liu, Jingru; Fu, Kai; Dai, Ying; Yang, Daichang, “Expression of a functional
Ministry of Education, State Key Laboratory of |recombinant human basic fibroblast growth factor from transgenic rice seeds”, International Journal of Molecular
Hybrid Rice, College of Life Sciences Sciences (2013), 14, 3556-3567.
[Wuhan University
15> :Department of Plant Breeding and Goojani, Hojjat Ghasemi; Javaran, Mokhtar Jalali; Nasiri, Jaber; Goojani, Esmaeel Ghasemi; Alizadeh, Houshang, Expression and
S 2733 Biotechnology, Faculty of Agriculture Large—Scale Production of Human Tissue Plasminogen Activator (t-PA) in Transgenic Tobacco Plants Using Different Signal
Tarbiat Modares University Peptides””, Applied Biochemistry and Biotechnology (2013), 169(6), 1940-1951.
. . . . . .. |Choi, Yong Ui; Han, Jeong Yeon; Kim, Hyeon Jung, “Composition for promoting biosynthesis of protopanaxadiol containing
CRERE P e =AY 2] : Kangwon National University, University CYP716A47 protein or it encoding protein, a host cell or transgenic plant transfected with recombinant vector containing the

Industry Cooperation Foundation

gene or plasmid”, Repub. Korean Kongkae Taeho Kongbo (2013), KR 2013049270 A 20130514.
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NBT

X5 7 - BAS A
o e Kwon, Tae Ho, “Transgenic plant Oryza sativa producing light chain protein of human enterokinase and use thereof”, Repub. Korean
a0 0 9 .
AR |14 FAERRTE Gy i) Kongkae Taeho Kongbo (2013), KR 2013113765 A 20131016.
. ) Kwon, Tae Ho, “Transgenic plant Oryza sativa producing light chain protein of human enterokinase and use thereof”, PCT Int.
s e 0 . .
G 2] :NBM Co. Ltd. Appl. (2013), WO 2013151211 AT 20131010,
Kim, Hyeon Uk; Lee, Gyeong Ryeol; Kim, Jong Beom; Noh, Gyeong Hui; Kim, Sun Hui, “Polypeptide, gene derived from cytochrome b5 of|
AR | %% [H : Rural Development Administration [castor, composition and method for promoting hydroxy fatty acid production of plant”, Repub. Korean Kongkae Taeho
Kongbo (2013), KR 2013011325 A 20130130.
samE |40 F1E: College of Animal Science and Sun, Yan; Long, Ruicai; Kang, Junmei; Zhang, Tiejun; Zhang, Ze; Zhou, He; Yang, Qingchuan, “Molecular cloning and characterization of
= Technology, China Agriculture University [three isoprenyl diphosphate synthase genes from alfalfa”, Molecular Biology Reports (2013), 40(2), 2035-2044.
Zhao, Minggin; Wang, Jing; Yun, Fei; Liu, Guoshun; Zhang, Songtao; Yang, Yongfeng; Jia, Hongfang, ”Cloning of nicotine biosynthesis—
GREE |40 [E : Henan Agricultural University related PMT2 gene promoter and application in regulating biosynthesis of nicotine”, Faming Zhuanli
Shenging (2013), CN 102851287 A 20130102.
sameE [ gje@ (;JP:ilrr\‘a'AEgi’i’::i:::z:' Lé:lvl::;z‘ Pg(;p Jiang, Chao; Li, Xiaokun; Li, Haiyan; Tian, Haishan; Yang, Jing; Wang, Lan; Chen, Yubin; Jin, Libo, “Vegetable oil body gel preparation
= “ P I 'g R 8 0. containing KGF2”, Faming Zhuanli Shenging (2013), CN 103417954 A 20131204.
Ltd., Jilin Agricultural University
f[E: Laboratory of Food Additives and
Nutrition, Coll f Food Engi i df - . . . . . .
. |oy B;’IL‘ 'f;:l T‘;;izl‘; ©00¢ Engineering ancl, | Xiaoling; Hao, Lei; Wang, Fang; Huang, Chen; Wu, Shuwei, “Molecular cloning and overexpression of the tyrosine aminotransferase
= i e e (TAT) gene leads to increased rosmarinic acid yield in Perilla frutescens”, Plant Cell, Tissue and Organ Culture (2013), 115(1), 69-83.
Tianjin University of Science and
[Technology
N «sse Liu, Dehu, “Application of human basic fibroblast growth factor fusion gene”, Faming Zhuanli
s g0 0 g
BRE 5Ty +E Shenaing (2013), GN 103319609 A 20130925.
A I\ g i i P i " . — a
s s :j;_'_;;’ Esﬁﬁ‘ffhx lr’:;‘i’jlf'fzial‘];zzghC':::’"a' Kumamaru, Toshihiro; Fukuda, Masako; Sato, Mio; Sato, Hikaru; Kawagoe, Yasushi, “Cloning and application of the genes which are
= M N ) & 8 involved in accumulation of plant storage proteins”, Jpn. Kokai Tokkyo Koho (2013), JP 2013066465 A 20130418.
OA4XFRS (Niar)
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a0 0 .
aRR |ien B Suntory Holdings Ltd. Kokai Tokkyo Koho (2013), JP 2013176361 A 20130909,
K& : Department of Biological and Barros, G. O. F.; Ballen, M. A. T.; Woodard, S. L.; Wilken, L. R; White, S. G.; Damaj, M. B.; Mirkov, T. E.; Nikolov, Z. L., “Recovery of
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Texas A&M University Engineering (2013), 36(10), 1407-1416.
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11. NBT (ZFN)

keywords: ZFN/zinc finger nuclease/plant

1D |Year Applied plant species |Affi|iati0n, country
Identifiers Title
Description
Details
1 2013 soybean University of Minnesota, MN, USA
PMID:23996306 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.

2 2013 Arabidopsis thaliana University of Minnesota, MN, USA
PMID:23979943 Targeted deletion and inversion of tandemly arrayed genes in Arabidopsis thaliana using zinc finger nucleases.
Qi Y, Li X, Zhang Y, Starker CG, Baltes NJ, Zhang F, Sander JD, Reyon D, Joung JK, Voytas DF.
G3 (Bethesda). 2013 Oct 3;3(10):1707-15. doi: 10.1534/9g3.113.006270.

3 2013 Arabidopsis University of Minnesota, MN, USA
PMID:23282329 Increasing frequencies of site-specific mutagenesis and gene targeting in Arabidopsis by manipulating DNA repair pathways.

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.

4 2013 Arabidopsis Leiden University, Leiden, The Netherlands
PMID:23279135 ZFN-mediated gene targeting of the Arabidopsis protoporphyrinogen oxidase gene through Agrobacterium-mediated floral dip
transformation.
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.

5 2011 soybean University of Minnesota, MN, USA
PMID:21464476 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.

6 2011 Nicotiana tabacum King Abdullah University of Science and Technology, Kingdom of Saudi Arabia
PMID:21262818 De novo-engineered transcription activator-like effector (TALE) hybrid nuclease with novel 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.

7 2011 Arabidopsis University of Minnesota, MN, USA
PMID:21181530 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.

8 2010 Arabidopsis thaliana 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, 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.
9 2010 Arabidopsis NIAS, Tsukuba, Japan
PMID:20508151 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.

10 2009 Arabidopsis Leiden University, Leiden, The Netherlands
PMID:19754840 ZFN-induced mutagenesis and gene-targeting in Arabidopsis through Agrobacterium-mediated floral dip transformation.
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.

11 2009 Zea mays Dow AgroSciences, 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, Armnold 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.
12 2005 Arabidopsis University of Utah, UT, USA
PMID:15677315 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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12. NBT

(TALEN)

keywords: TALEN(s)/TAL effector/plant

1D |Year Applied plant species |Affi|iati0n, country
Identifiers Title
Description
Details
1 2014 Zea mays Chinese Academy of Sciences, Beijing, China

PMID:24576457

Targeted Mutagenesis in Zea mays Using TALENs and the CRISPR/Cas System.
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.

2 2014
PMID:24556552

rice Chinese Academy of Sciences, Beijing, China

An efficient TALEN mutagenesis system in rice.

Chen K, Shan Q, Gao C.

Methods. 2014 Feb 17. doi:pii: S1046-2023(14)00043-7. 10.1016/j.ymeth.2014.02.013. [Epub ahead of print]

3 2013
PMID:23979944

Arabidopsis thaliana University of Minnesota, MN, USA

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.

4 2013
PMID:23870552

Brassica oleracea Southwest University, Chongging, China

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

5 2013
PMID:23689819

barley Aarhus University, Slagelse, Denmark

TAL effector nucleases induce mutations at a pre-selected location in the genome of primary barley transformants.
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 21.

6 2013
PMID:23430045

rice lowa State University, IA, USA.

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

7 2013
PMID:23288864

Brachypodium Chinese Academy of Sciences, Beijing, China

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

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.

8 2013
PMID:23124327

Nicotiana tabacum 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, Bogdanove AJ, Voytas DF.

Plant Physiol. 2013 Jan;161(1):20-7. doi: 10.1104/pp.112.205179. Epub 2012 Nov 2.

9 2012
PMID:23078195

rice Colorado State University, CO, USA

Transcription activator-like (TAL) effectors targeting OSSWEET genes enhance virulence 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, Leach JE.

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

10 2012
PMID:22565958

rice lowa State University, 1A, USA.
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.

11 2011
PMID:21493687

Arabidopsis University of Minnesota, MN, USA

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, Bogdanove AJ, Voytas DF.
Nucleic Acids Res. 2011 Jul;39(12):e82. doi: 10.1093/nar/gkr218. Epub 2011 Apr 14.

2014: data of 2014/1/1~3/5
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13. NBT

(CRISPR)

keywords: CRISPR/cas9/plant/arabidopsis/nicotiana

1D |Year Applied plant species |Affi|iati0n, country
Identifiers Title
Description
Details
1 2014 Zeamays Chinese Academy of Sciences, Beijing, China

PMID:24576457

Targeted Mutagenesis in Zea mays Using TALENs and the CRISPR/Cas System.
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.

2 2014
PMID:24550464

Arabidopsis Chinese Academy of Sciences, Shanghai, China

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 L, Liu X, Zhu JK.

Proc Natl Acad Sci U S A. 2014 Feb 18. [Epub ahead of print]

3 2014
PMID:24443494

Liverwort Kyoto University, Kyoto, Japan

CRISPR/Cas9-Mediated Targeted Mutagenesis in the Liverwort Marchantia polymorpha L.
Sugano SS, Shirakawa M, Takagi J, Matsuda Y, Shimada T, Hara-Nishimura |, Kohchi T.
Plant Cell Physiol. 2014 Feb 20. [Epub ahead of print]

4 2013
PMID:24277082

crop Chinese Academy of Sciences, Beijing, China

Targeted genome modification technologies and their applications in crop improvements.
Chen K, Gao C.

Plant Cell Rep. 2013 Nov 24. [Epub ahead of print]

5 2013
PMID:24122057

wheat Government of India, Punjab, India
RNA-guided genome editing for target gene mutations in wheat.
Upadhyay SK, Kumar J, Alok A, Tuli R.

G3 (Bethesda). 2013 Dec 9;3(12):2233-8. doi: 10.1534/g3.113.008847.

6 2013
PMID:24112467

model and crop plants The Sainsbury Laboratory, Norwich, UK

Plant genome editing made easy: targeted mutagenesis in model and crop plants using the CRISPR/Cas system.
Belhaj K, Chaparro-Garcia A, Kamoun S, Nekrasov V.

Plant Methods. 2013 Oct 11;9(1):39. doi: 10.1186/1746-4811-9-39.

7 2013
PMID:23999856

rice Peking University, Beijing, China

Targeted mutagenesis in rice using CRISPR-Cas system.

Miao J, Guo D, Zhang 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.

8 2013
PMID:23999092

Arabidopsis, tobacco, sorg lowa State University, 1A, USA.

Demonstration of CRISPR/Cas9/sgRNA-mediated targeted gene modification in Arabidopsis, tobacco, sorghum and rice.
Jiang W, Zhou H, Bi H, Fromm M, Yang B, Weeks DP.

Nucleic Acids Res. 2013 Nov 1;41(20):e188. doi: 10.1093/nar/gkt780. Epub 2013 Sep 2.

9 2013
PMID:23963532

(plant) Chinese Academy of Sciences, Shanghai, China
Application of the CRISPR-Cas system for efficient genome engineering in plants.
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.

10 2013
PMID:23956122

rice Pennsylvania State University, PA, USA
RNA-guided genome editing in plants using a CRISPR-Cas system.
Xie K, Yang Y.

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

11 2013
PMID:23958582

Arabidopsis, rice Chinese Academy of Sciences, Shanghai, China

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

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.

12 2013
PMID:23929338

crop plants Chinese Academy of Sciences, Beijing, China

Targeted genome modification of crop plants using a CRISPR-Cas system.

Shan Q, Wang Y, Li J, Zhang 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.

13 2013
PMID:23929340

Nicotiana benthamiana The Sainsbury Laboratory, Norwich, UK

Targeted mutagenesis in the model plant Nicotiana benthamiana using Cas9 RNA-guided endonuclease.
Nekrasov V, Staskawicz B, Weigel D, Jones JD, Kamoun S.

Nat Biotechnol. 2013 Aug;31(8):691-3. doi: 10.1038/nbt.2655.

14 2013
PMID:23929339

Arabidopsis and Nicotiana Massachusetts General Hospital, MA, USA

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

Li JF, Norville 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.

2014: data of 2014/1/1~3/5
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14. NBT

(ZFN

keywords: ZFN/zinc finger nuclease/plant

ID  Year ShortDetails Title Identifiers

1 2014 Virus Genes. 2014 Inhibiting replication of begomoviruses using artificial zinc finger nucleases that target viral- PMID:24474330
conserved nucleotide motif.

2 2014 Plant Cell. 2014 DNA replicons for plant genome engineering. PMID:24443519

3 2013 Plant Biotechnol J. 2013 Trait stacking via targeted genome editing. PMID:23953646

4 2013 SciRep. 2013 Expanded activity of dimer nucleases by combining ZFN and TALEN for genome editing. PMID:23921522

5 2013 Curr Protoc Mol Biol. 2013 Engineering customized TALE nucleases (TALENs) and TALE transcription factors by fast PMID:23821439
ligation-based automatable solid-phase high-throughput (FLASH) assembly.

6 2013 Plant Mol Biol. 2013 A rapid assay to quantify the cleavage efficiency of custom-designed nucleases in planta. PMID:23625357

7 2013 Plant Physiol. 2013 Nonhomologous end joining-mediated gene replacement in plant cells. PMID:23509176

8 2013 Nucleic Acids Res. 2013 EENdb: a database and knowledge base of ZFNs and TALENSs for endonuclease engineering. PMID:23203870

9 2013 Plant J. 2013 Nuclear gene targeting in Chlamydomonas using engineered zinc-finger nucleases. PMID:23137232

10 2013 Transgenic Res. 2013 Analysing patent landscapes in plant biotechnology and new plant breeding techniques. PMID:22899309

11 2012 Dev Growth Differ. 2012 Efficient targeted mutagenesis of the chordate Ciona intestinalis genome with zinc-finger PMID:22640377
nucleases.

12 2012 Methods Mol Biol. 2012 Targeting DNA to a previously integrated transgenic locus using zinc finger nucleases. PMID:22351024

13 2012 Plant Physiol. 2012 Zinc finger nuclease and homing endonuclease-mediated assembly of multigene plant PMID:22082504
transformation vectors.

14 2012 J Anim Sci. 2012 Cell Biology Symposium: Zinc finger nucleases to create custom-designed modifications in the ~ PMID:22038991
swine (Sus scrofa) genome.

15 2011 PlantJ. 2011 Localized egg-cell expression of effector proteins for targeted modification of the Arabidopsis PMID:21848915
genome.

16 2011 Plant Biotechnol Rep. 2011 Targeted genome engineering via zinc finger nucleases. PMID:21837253

17 2011 Trends Biotechnol. 2011 Permanent genome modifications in plant cells by transient viral vectors. PMID:21536337

18 2011 YiChuan. 2011 [The mechanism and application of zinc finger nucleases]. PMID:21377968

19 2011 BMC Genomics. 2011 ZFNGenome: a comprehensive resource for locating zinc finger nuclease target sites in model PMID:21276248
organisms.

20 2011 Nat Methods. 2011 Selection-free zinc-finger-nuclease engineering by context-dependent assembly (CoDA). PMID:21151135

21 2011 J Mol Biol. 2011 Creating designed zinc-finger nucleases with minimal cytotoxicity. PMID:21094162

23 2011 Nucleic Acids Res. 2011 Zinc finger protein-dependent and -independent contributions to the in vivo off-target activity of PMID:20843781
zinc finger nucleases.

22 2010 Plant Physiol. 2010 Nontransgenic genome modification in plant cells. PMID:20876340

24 2010 Methods Mol Biol. 2010 Validation and expression of zinc finger nucleases in plant cells. PMID:20680844

25 2010 Methods Mol Biol. 2010 A transient assay for monitoring zinc finger nuclease activity at endogenous plant gene targets.  PMID:20680843

26 2010 Plant Mol Biol. 2010 Zinc finger nuclease-mediated transgene deletion. PMID:20454835

28 2010 PLoS One. 2010 Generation of knockout rats with X-linked severe combined immunodeficiency (X-SCID) using PMID:20111598
zinc-finger nucleases.

29 2010 Genome Res. 2010 Targeted chromosomal deletions in human cells using zinc finger nucleases. PMID:19952142

27 2009 J Soc Biol. 2009 [Applications of genetically modified animals]. PMID:20122391

30 2009 Methods Mol Biol. 2009 Custom-designed molecular scissors for site-specific manipulation of the plant and mammalian PMID:19488728
genomes.

31 2009 Nature. 2009 High-frequency modification of plant genes using engineered zinc-finger nucleases. PMID:19404258

32 2009 PLOS One. 2009 Rapid mutation of endogenous zebrafish genes using zinc finger nucleases made by PMID:19198653
Oligomerized Pool ENgineering (OPEN).

33 2009 Plant Mol Biol. 2009 Targeted transgene integration in plant cells using designed zinc finger nucleases. PMID:19112554

34 2009 PlantJ. 2009 A toolbox and procedural notes for characterizing novel zinc finger nucleases for genome editing PMID:18980651
in plant cells.

35 2008 Proc Natl Acad Sci U S A. 2008 Increasing cloning possibilities using artificial zinc finger nucleases. PMID:18725642

36 2008 Mol Cell. 2008 Rapid open-source” engineering of customized zinc-finger nucleases for highly efficient gene PMID:18657511
modification.”

37 2008 FEBS Lett. 2008 Ribonuclease activity is a common property of Arabidopsis CCCH-containing zinc-finger proteins. PMID:18582464

38 2008 Arch Biochem Biophys. 2008 Redox and heavy metal effects on the biochemical activities of an Arabidopsis polyadenylation PMID:18331819
factor subunit.

39 2007 Cell Mol Life Sci. 2007 Custom-designed zinc finger nucleases: what is next? PMID:17763826

40 2007 Nucleic Acids Res. 2007 A novel endonuclease activity associated with the Arabidopsis ortholog of the 30-kDa subunit of PMID:17576667
cleavage and polyadenylation specificity factor.

41 2006 Trends Plant Sci. 2006 Gene targeting in plants: fingers on the move. PMID:16530459

42 2005 PlantJ. 2005 High-frequency homologous recombination in plants mediated by zinc-finger nucleases. PMID:16262717

43 2005 Nucleic Acids Res. 2005 Zinc finger nucleases: custom-designed molecular scissors for genome engineering of plant and PMID:16251401
mammalian cells.

44 2005 Biochem Biophys Res Commun. 2005 Design, engineering, and characterization of zinc finger nucleases. PMID:16084494

2014: data of 2014/1/1~3/5
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15. NBT (TALEN )

keywords: TALEN(s)/TAL effector/plant

No. Year ShortDetails Title Identifiers

1 2014 PLoS Pathog. 2014 Code-Assisted Discovery of TAL Effector Targets in Bacterial Leaf Streak of Rice Reveals PMID:24586171
Contrast with Bacterial Blight and a Novel Susceptibility Gene.

2 2014 Mol Plant Pathol. 2014 The last half-repeat of transcription activator-like effector is dispensable and thereby TALE-based PMID:24521457
technology can be simplified.

3 2014 Planta. 2014 Precision genetic modifications: a new era in molecular biology and crop improvement. PMID:24510124

4 2014 Plant Cell. 2014 The Rice TAL Effector-Dependent Resistance Protein XA10 Triggers Cell Death and Calcium PMID: 24488961
Depletion in the Endoplasmic Reticulum.

5 2014 Proc Natl Acad Sci U S A. 2014 Lateral organ boundaries 1 is a disease susceptibility gene for citrus bacterial canker disease. PMID:24474801

6 2014 Biochem Biophys Res Commun. 2014 TALE activators regulate gene expression in a position- and strand-dependent manner in PMID:24380858
mammalian cells.

7 2013 PLoS One. 2013 TAL Effector Specificity for base 0 of the DNA Target Is Altered in a Complex, Effector- and PMID:24312634
Assay-Dependent Manner by Substitutions for the Tryptophan in Cryptic Repeat -1.

8 2013 Mol Plant Pathol. 2013 The broad bacterial blight resistance of rice line CBB23 is triggered by a novel transcription PMID:24286630
activator-like (TAL) effector of Xanthomonas oryzae pv. oryzae.

9 2013 PLoS One. 2013 ULtIMATE system for rapid assembly of customized TAL effectors. PMID:24228087

10 2013 IntJ Dev Biol. 2013 Gene targeting in plants: 25 years later. PMID:24166445

11 2013 IntJ Dev Biol. 2013 From Agrobacterium to viral vectors: genome modification of plant cells by rare cutting restriction PMID:24166446
enzymes.

12 2013 SciRep. 2013 Expanded activity of dimer nucleases by combining ZFN and TALEN for genome editing. PMID:23921522

13 2013 New Phytol. 2013 Five phylogenetically close rice SWEET genes confer TAL effector-mediated susceptibility to PMID:23879865
Xanthomonas oryzae pv. oryzae.

14 2013 PLoS One. 2013 An improved method for TAL effectors DNA-binding sites prediction reveals functional PMID:23869221
convergence in TAL repertoires of Xanthomonas oryzae strains.

15 2013 Curr Protoc Mol Biol. 2013 Engineering customized TALE nucleases (TALENSs) and TALE transcription factors by fast PMID:23821439
ligation-based automatable solid-phase high-throughput (FLASH) assembly.

16 2013 J Genet Genomics. 2013 TALENSs: customizable molecular DNA scissors for genome engineering of plants. PMID:23790626

17 2013 Annu Rev Phytopathol. 2013 Engineering plant disease resistance based on TAL effectors. PMID:23725472

18 2013 Trends Cell Biol. 2013 TAL effectors: highly adaptable phytobacterial virulence factors and readily engineered DNA- PMID:23707478
targeting proteins.

19 2013 New Phytol. 2013 Breaking the DNA-binding code of Ralstonia solanacearum TAL effectors provides new PMID:23692030
possibilities to generate plant resistance genes against bacterial wilt disease.

20 2013 BMC Biotechnol. 2013 Less is more: strategies to remove marker genes from transgenic plants. PMID:23617583

21 2013 Nat Commun. 2013 Compact designer TALENS for efficient genome engineering. PMID:23612303

22 2013 PL0S Comput Biol. 2013 Computational predictions provide insights into the biology of TAL effector target sites. PMID:23526890

23 2013 Mol Plant. 2013 Characterization and DNA-binding specificities of Ralstonia TAL-like effectors. PMID:23300258

24 2013 World J Microbiol Biotechnol. 2013 Identification of non-TAL effectors in Xanthomonas oryzae pv. oryzae Chinese strain 13751 and PMID:23296915
analysis of their role in the bacterial virulence.

25 2013 Nucleic Acids Res. 2013 EENdb: a database and knowledge base of ZFNs and TALENSs for endonuclease engineering. PMID:23203870

26 2012 Proc Natl Acad Sci U S A. 2012 RNA-seq pinpoints a Xanthomonas TAL-effector activated resistance gene in a large-crop PMID:23132937
genome.

27 2012 Curr Protoc Mol Biol. 2012 Engineering designer transcription activator-like effector nucleases (TALENs) by REAL or REAL- PMID:23026907
Fast assembly.

28 2012 New Phytol. 2012 Addition of transcription activator-like effector binding sites to a pathogen strain-specific rice PMID:22747776
bacterial blight resistance gene makes it effective against additional strains and against bacterial
leaf streak.

29 2012 Nucleic Acids Res. 2012 TAL Effector-Nucleotide Targeter (TALE-NT) 2.0: tools for TAL effector design and target PMID:22693217
prediction.

30 2012 PLOS One. 2012 The TAL effector PthA4 interacts with nuclear factors involved in RNA-dependent processes PMID:22384209
including a HMG protein that selectively binds poly(U) RNA.

31 2012 Plant Mol Biol. 2012 Rapid and highly efficient construction of TALE-based transcriptional regulators and nucleases for PMID:22271303
genome modification.

32 2012 Nat Protoc. 2012 A transcription activator-like effector toolbox for genome engineering. PMID:22222791

33 2012 Science. 2012 The crystal structure of TAL effector PthXol bound to its DNA target. PMID:22223736

34 2012 Microbiology. 2012 Identification of seven Xanthomonas oryzae pv. oryzicola genes potentially involved in PMID:22075022
pathogenesis in rice.

35 2011 GM Crops. 2011 TALE nucleases and next generation GM crops. PMID:21865862

36 2011 Mol Plant Microbe Interact. 2011 Colonization of rice leaf blades by an African strain of Xanthomonas oryzae pv. oryzae depends PMID:21679014
on a new TAL effector that induces the rice nodulin-3 Os11N3 gene.

37 2011 Mol Plant Microbe Interact. 2011 A novel regulatory role of HrpD6 in regulating hrp-hrc-hpa genes in Xanthomonas oryzae pv. PMID:21615204
oryzicola.

38 2011 Appl Environ Microbiol. 2011 Hpa2 required by HrpF to translocate Xanthomonas oryzae transcriptional activator-like effectors PMID:21478322
into rice for pathogenicity.

39 2011 Curr Opin Microbiol. 2011 TAL effectors are remote controls for gene activation. PMID:21215685

40 2011 Mol Plant. 2011 Characterization of Xanthomonas oryzae-responsive cis-acting element in the promoter of rice PMID:21208999
race-specific susceptibility gene Xal3.

41 2010 Virulence. 2010 TAL effector-DNA specificity. PMID:21178484

42 2010 Plant Cell. 2010 Rice xal3 recessive resistance to bacterial blight is defeated by induction of the disease PMID:21098734
susceptibility gene Os-11N3.

43 2010 Genetics. 2010 Targeting DNA double-strand breaks with TAL effector nucleases. PMID:20660643

44 2010 Mol Plant Microbe Interact. 2010 Mutagenesis of 18 type Il effectors reveals virulence function of XopZ(PX099) in Xanthomonas PMID:20521952
oryzae pv. oryzae.

45 2010 New Phytol. 2010 Promoter elements of rice susceptibility genes are bound and activated by specific TAL effectors PMID:20345643
from the bacterial blight pathogen, Xanthomonas oryzae pv. oryzae.

46 2010 Annu Rev Phytopathol. 2010 Xanthomonas AvrBs3 family-type Il effectors: discovery and function. PMID:19400638

47 2009 Science. 2009 A simple cipher governs DNA recognition by TAL effectors. PMID:19933106

48 2009 Science. 2009 Breaking the code of DNA binding specificity of TAL-type Il effectors. PMID:19933107

49 2009 Proc Natl Acad Sci US A. 2009 A single plant resistance gene promoter engineered to recognize multiple TAL effectors from PMID:19910532
disparate pathogens.

50 2009 Mol Plant Pathol. 2009 Transcription activator-like type Il effector AvrXa27 depends on OsTFIIAgammab5 for the PMID:19849788
activation of Xa27 transcription in rice that triggers disease resistance to Xanthomonas oryzae
pv. oryzae.

51 2007 Proc Natl Acad Sci US A. 2007 Two type Il effector genes of Xanthomonas oryzae pv. oryzae control the induction of the host ~ PMID:17563377

genes OsTFIIAgammal and OsTFX1 during bacterial blight of rice.
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16. NBT

keywords: CRISPR/cas9/plant/arabidopsis/nicotiana

(CRISPR

ID_ Year ShortDetails Title Identifiers

1 2014 Planta. 2014 Precision genetic modifications: a new era in molecular biology and crop improvement. PMID:24510124

2 2014 Mol Plant. 2014 Genome-Wide Prediction of Highly Specific Guide RNA Spacers for the CRISPR-Cas9-Mediated PMID:24482433
Genome Editing in Model Plants and Major Crops.

3 2014 Curr Opin Struct Biol. 2014 Fitting CRISPR-associated Cas3 into the Helicase Family Tree. PMID:24480304

4 2014 Bioinformatics. 2014 Cas-OFFinder: a fast and versatile algorithm that searches for potential off-target sites of Cas9  PMID:24463181
RNA-guided endonucleases.

5 2014 Bioinformatics. 2014 CasOT: a genome-wide Cas9/gRNA off-target searching tool. PMID:24389662

6 2014 Appl Environ Microbiol. 2014 CRISPRs: molecular signatures used for pathogen subtyping. PMID:24162568

7 2013 YiChuan. 2013 [CRISPR/Cas: a novel way of RNA-guided genome editing]. PMID:24579309

8 2013 J Integr Plant Biol. 2013 Self-processing of ribozyme-flanked RNAs into guide RNAs in vitro and in vivo for CRISPR- PMID:24373158
mediated genome editing.

9 2013 IntJ Dev Biol. 2013 Gene targeting in plants: 25 years later. PMID:24166445

10 2013 PlantJ. 2013 Synthetic nucleases for genome engineering in plants: prospects for a bright future. PMID:24112784

11 2013 Syst Appl Microbiol. 2013 Phylogenetic position and virulence apparatus of the pear flower necrosis pathogen Erwinia PMID:23726521
piriflorinigrans CFBP 5888T as assessed by comparative genomics.

12 2013 Mol Plant. 2013 Zinc fingers, TAL effectors, or Cas9-based DNA binding proteins: what's best for targeting desired PMID:23718948
genome loci?

13 2013 PLoS Genet. 2013 Cytotoxic chromosomal targeting by CRISPR/Cas systems can reshape bacterial genomes and ~ PMID:23637624
expel or remodel pathogenicity islands.

14 2012 PLoS One. 2012 In vivo protein interactions and complex formation in the Pectobacterium atrosepticum subtype |- PMID:23226499
F CRISPR/Cas System.

15 2012 Int J Microbiol. 2012 Advances in bacteriophage-mediated control of plant pathogens. PMID:22934116

16 2012 PLoS One. 2012 Erwinia amylovora CRISPR elements provide new tools for evaluating strain diversity and for PMID:22860008
microbial source tracking.

17 2012 Mol Plant Pathol. 2012 Lipopolysaccharide biosynthesis genes discriminate between Rubus- and Spiraeoideae-infective PMID:22583486
genotypes of Erwinia amylovora.

18 2012 PLoS One. 2012 Identification and characterization of small RNAs in the hyperthermophilic archaeon Sulfolobus PMID:22514725
solfataricus.

19 2012 J Biotechnol. 2012 Insights into the completely annotated genome of Lactobacillus buchneri CD034, a strain isolated PMID:22465289
from stable grass silage.

20 2011 Annu Rev Genet. 2011 CRISPR-Cas systems in bacteria and archaea: versatile small RNAs for adaptive defense and PMID:22060043
regulation.

21 2011 Acta Biochim Biophys Sin (Shanghai). 2011  Characterization of the multiple CRISPR loci on Streptomyces linear plasmid pSHK1. PMID:21705768

22 2011 RNA Biol. 2011 Csy4 is responsible for CRISPR RNA processing in Pectobacterium atrosepticum. PMID:21519197

23 2011 Appl Environ Microbiol. 2011 Diversity, evolution, and functionality of clustered regularly interspaced short palindromic repeat  PMID:21460108
(CRISPR) regions in the fire blight pathogen Erwinia amylovora.

24 2010 BMC Genomics. 2010 Pyrosequencing-based comparative genome analysis of the nosocomial pathogen Enterococcus PMID:20398277
faecium and identification of a large transferable pathogenicity island.

25 2009 FEMS Microbiol Lett. 2009 Analysis of CRISPR system function in plant pathogen Xanthomonas oryzae. PMID:19459963

26 2009 Immunol Rev. 2009 RNA-based viral immunity initiated by the Dicer family of host immune receptors. PMID:19120484

27 2008 BMC Genomics. 2008 Genome sequence and rapid evolution of the rice pathogen Xanthomonas oryzae pv. oryzae PMID:18452608

PXO99A.
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Nakamura, K., Kondo, K.,
Kobayashi, T., Noguchi, A.,
Ohmori, K., Takabatake, R.,

Identification and detection method
for genetically modified papaya

Kitta, K., Akiyama, H., resistant to papaya ringspot virus Biol Pharm Bull 37 -5 2014
Teshima, R., Nishimaki- strains in Thailand.
Mogami, T.
Nakamura, K., Minamitake,
Y., Nakamura, K., Kobayashi,Development of PCR primers designed 161
T., Noguchi, A., Takabatake,|for sensitive detection of -
R., Kitta, K., Hashimoto, genetically modified potato DNA in Jap J Food Chen 20 169 2013
H., Kawakami, H., Kondo, K., |[processed foods.
Teshima, R., Akiyama, H.
Nakamura, K., Sakagami, H., [Immobilized glycosylated Fmoc-amino
Asanuma-Date, K., Nagasawa, |acid for SPR: comparative studies of [Carbohydrate 382 |77-85 | 2013
N., Nakahara, Y., Akiyama, lectin-binding to linear or Research
H., Ogawa, H. biantennary dilLacNAc structures.
- Evaluation of real-time PCR

$2gﬁ?$étgﬁ' EObaaZ§2"JT" detection methods for detecting rice ] 2618-
Kitta. K. ohmori. k.. 7 |products contaminated by rice Food Chemistry 141 2624 2013
Nogucﬁi 'A Kondé k' genetically modlfleq with a CpTI-
Lo L T KDEL-T-nos transgenic construct.
Nakamura, K., Maeda, Y., Functional expression of - _
Morimoto, K., Katayama, S., |amyloidogenic human stefins A and B S:EEEZE Appl 60 ;22 2013
Kondo, K., Nakamura, S. in Pichia pastoris using codon
$Ztgﬂg;ﬁi K;’ Atgﬁgm:éh?" Appligatiqn of a quglitative and
T Nogucﬁi 'A Oh%ori ’K quantitative real-time polymerasg ) 895-
Kééahara M, kitta K > 777 [chain reaction method for detecting Food Chemistry 136 901 2013
Nakazawa' H" Kondo' K" geqetlcally modified papaya line 55-
Teshima, R. 1 in papaya products.
Takabatake, R., Noritake,
H., Noguchi, A., Nakamura, [Comparison of DNA extraction methods B
K., Kondo, K., Akiyama, H., |for sweet corn and processed sweet gz?d Hyg Saf 54 ggg 2013
Teshima, R., Mano, J., corns.
Kitta, K.
Nakajima, O., Nakamura, K., [Method of detecting genetically ) 1454-
Kondo, K., Akiyama, H., modified chicken containing human Biol Pharm Bull 36 2013
Teshima, R. erythropoietin gene. 1459
Sakata, K., Kobayashi, T., Interlaborator¥_validatiqn study of
Akiyama, H., Kondo, K., an event-specific realjtlme ) 3 A0RC 1 1054-
omort, .. asatara, i [PUTErESe CIAL TeRekton deeccion, | 940G INE |96 yogg | 2013
Iakﬁ?ataks, R., Kitta, K., papaya.
Kasahara, M., Takabatake, A quel PNA ext;agtioq and _ 728

. o urification method using an ion- -
R., Kitta, K., Fujimaki, T., Exchange resin type kit %or the Food Control 32 735 2013
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Kasama, K., Inoue, Y,
Akiyama, H., Suzuki, T., Proficiency testing of unauthorized 215-
Sakata, K., Nakamura, K., genetically modified rice using Jap J Food Chem 19 2012
Ohshima, Y., Kojima, K., plasmid DNA test samples. 222
Kondo, K., Teshima, R.
ﬁg;%;g;é Hb’ M&gﬁg'sg" Yo, 8uantifi??tiand§2g édﬁn?ification of
>t > Ve enetically Modified Maize Events in _
Eggﬁzﬁi KA’ N?;izggiékz-’R Non-ldentity Preserved Maize Samples gz?d Hyg Saf 53 127 2012
» e -2 "7 |in 2009 using an Individual Kernel 5
Futo, S., Kondo, K., Kitta, Detection System
K., Kato, Y., Teshima, R. i
Nakamura, K., Ohtsuki, T.,
Mori, H., Hoshino, H - -
> * e Novel anti-HIV-1 activity produced o
Hoque, A., Oue, A., Kanou, by conjugating unsulfated dextran Antiviral 94 189-97 | 2012
F., Sakagami, H., Tanamoto, with polyL-lysine Research
K., Ushijima, H., Kawasaki, )
Takabatake, R., Furui, S.,
Kitta, K., Nakamura K., Comprehensive GMO detection using 508-
Akiyama, H., Teshima, R., real-time PCR array: single- J AOAC Int 95 2012
Noritake, H., Hatano, S., laboratory validation 516
Futo, S., Minegishi, Y.,
Tokumasu D, Sakuma T, FAST-id system for enrichment of
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Watanabe A, Kajii T, BUB1B as causative of PCS (MVA)
Yamamoto T and Matsuura S. |syndrome.
Nakagawa Y, Yamamoto T, - - -
Suzuki KI, Araki K, Takeda ;gggenlng methods to identify TALEN- Exp Anim 63 79-84 | 2014
iated knockout mice.
N, Ohmuraya M and Sakuma T.
Treen N, Yoshida K, Sakuma |Tissue-specific and ubiquitous gene 481-
T, Sasaki H, Kawai N, knockouts in Ciona by Development 141 2014
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