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Abstract Gene editing is a new genetic engineering technology that modify the specific target genes of
organism genomes. It has been widely used to edit plant genomes accurately at present to obtain excellent crop
varieties. This paper attempts to mine and analyze patent data related to the global plant gene editing
technology. On the basis of sorting out the development path of gene editing technology, the focus was on
analyzing the development trend and competition situation from the perspective of the main patent layout
areas and rights holders, R&D (Research & Development) and industrialization. The analysis found that
China's plant gene editing technology patent lacked global patent deployment, and the overall quality and
economic value of the patent were relatively low. The final achievements still remained in model crop
creation, lack of industrialization mechanism based on intellectual property cooperation. Finally,
countermeasures and suggestions were proposed such as strengthening the original innovation of editing
system, strengthening the intellectual property layout of the global and whole industrial chain, and promoting
intellectual property cooperation to make up for shortcomings.
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O iz s F A 3 hE 4 2 IR 1 e o 4 DL Je N6
(Homo sapiens)ZERME S IRIT 71 . % T4k, KT
HE DR G 5 AR 1) R sh A L BT e 0 LRk Ak
BHAESPTHECHE N A EE S A
45 (2018) 3 i 2005~2017 4 [E A 4 () CRISPR/
Cas ZE R g B H A L RFEAT G0t i 5 BRI,
5 EIHA L2 (1) A LR, A2 = kA s | BT
HAH IR IE ST BRI 5 o [ ) 5 & CRISPR/
Cas fENHEYI B M FHISH . Zhang 55 (2018) R 4t
I3 TR g B ORAEAE Y B R B S AT )
FIAR MY, HxF O & S B R ARV E AT 10
A ) BE 7 TR G A A A AT T B I R 1
Wo R ZE AT ZE (201 8) T 4 Aok 35k IR 4 i 5 R
H S AL E DT, DR g B AR AEVEY)
MR AT B RN A BRI AR,
{FLSE THI I 8 28R 1) B2 AN AR LA 9 7 T R B o 2%
I B F0 AR R = B R 2 4 72 BUAT )= BA
RAERAEDS RGBT 5 K g 4R e 5 38
PR o XTI, AR SCHUAE 8 G A 2 DR 2 A R
[ R s A2 A B2t B 55000 BT A BR A ) 225 (R G
BN PR ANE S S 5 e a8 %, IR E 5
K| G 8 ARHIE R A= ML A SR AR D SR A 4R

1 ERREERRELR

&G At TR 7 1L 58 2 1 MOl T AE ik
1 H R RAL 15 B A N B SR K A 1) DNA XUE
PR RS A BN R VB R EEH . H
TE FLAZ 40 i rh A o [ OSUEE W B Sk S B H Y
FE [K] 25 55 0 R % 08 F (K 2 @ T 4> 2 — (Capecchi,
1989). I Ak 2775 7 B4 S A PRV AT AN
SR PR R AR, AH 3K 8 5 PR AT SE BE AL A, 223K
153 I 7 1 2 R Y 5 A7) 7 B AT R B ) 0 0 T
E . Scherer 1 Davis (1979) 7 ¥ £} (Saccharomyce)
HOSCER TS — N B ) i AT 41 R F . Thomas 4§
(1986) 28 — RS20 1 % R 3EAT 48 10 7 755, HF R
Uk 8 2= P R R 50 NN B (Mus musculus) 41
o, SE R T ) 3 R A O, S E T A Y B 2
PE o I, BRI AR HARB R TIER RS2
IEFH o WA AN PR 40 B AR A 1) (R 2,
iR O & LT Al fEAE B AL s g A T R ) )
J§ R 25 DR T e A 5T A e A O R e R e A
H A 22 B 7T A s F I 2 R 2 AR e R T S

HH E 2H A% BR A 5 1) B F % BR B (zinc finger nucle-
ases, ZFNs)FEAR e s B0E 1 30N W% R B (tran-
scription activator-like effector nuclease, TALEN)
A A1 H RNA 5] 5 ff) CRISPR/Cas #% [ i (clustered
regularly interspaced short palindromic repeats-Cas,
CRISPR/Cas)F A (B 1), = A4 5 L b iR 51
B R, o6F H L BODURE AT RS HE DI 5 L I F 4H
I PR A2 S LA Ok S x4 s i AT ) s o
B, BI1MESE 7 =R FE R g B ORI K R R AR
AT Z O L RIS

AR T G = KRB g R, SR B R 7026
5 5 B A A 45 A R R 7 20, 0 A 2018 4F 12
H 31 52RO E A0 LR B TR R, IF XS
KRR TR A0E e, AR R 2k AT
LEFE )R R g B R Gt rp 1) B A3 1 1194 3L
o ZEN AR OC LRI 3L 72 44, [F) i L R T 25 A A
N 11.25 1 s TALEN £ AR 3K 157 44, [\ & A 11
EHAE A 9.80 £ ; CRISPR % AR L F| 3L 561 44, [7]
LRI N 15.89 1. e K& G B &R
B} CRISPR £ A2 H A i A G138 i) B ORI R, B
RHFIAR 1] [R) J & FIAT Js A0S ARLR 4, 32 B CRISPR
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al.,1989). Kim 55(1996)H/ 7T & HI H 45 5 7 Al Fok

T A% T Tl ) S Y A2 0 Pl T DAAEE T8 1 A7 R R o5
DNA XUEEHEAT ) E] . ZENHARBEFR A 2 — AR A
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PR B A A R A |l T 2007 45 5 H 23 HHIE
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Figure 1 Development route and technological breakthrough of editing technology
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L5 CRISPR #H 5% /1% F] 24 2008 £F 9 11 3¢ [F 75
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ENCE WITH crRNA)”, {HiZ I & FI{UF CRISPR &
GiAE AT R R IE T TR . 2012 4F, N K
22 AR 5 R 4 BEAE T UROIE SE sgRNA (single guide
RNA) 5| 3 Cas9 #EAT #E m) 7)1, AT 1 3 oA
RNA /5 CRISPR/Cas % 4t (Jinek et al., 2012). 5
ZFNs £ AR FI TALENs £ AR HH EE , 12 BOREE ) 2 %
T B A B A . 2013 4, Tk 88 1 BA & VR
J CRISPR/Cas9 % 5t & H € [ U1 I\ 58 3 5 5% A
(Cong et al., 2013). 20144F4 15 H, R ELF| 5
P A% JA) (United States Patent and Trademark Office,
USPTO)#LHE 1 A7 BIAZE AT 78 i o 4 141 BA HR 355 1 2 1)
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T F 58 — 1 3R A5 L A OR3P () B T CRISPR/Cas9 5
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AT 467 441 i A% v 4 F CRISPR/Cas9, HE 4% 514F T 363
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A, R FH SR 55 7 BRRVR T BRI B M AR R
V555 07 16T, H B AT A2 H T 2 Cas9 1) %1 1 (Cas9
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FH L2012 201, F B E S E LR ST
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I VIR AT B, ER BRI B e . R
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FHIFEESEOEKT 465, FEREECEE
S EECOAH R B2, T REN LR G
KESRAEIA ) = KER g A R R B,
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FIARLLE , BT B2, T E N E AR .
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PG 2 B SN RE , EERA T 1 1191
A% Ml 356 PR 2 4 R SRR T 39 N K L b X RTZH 21
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Figure 2 Cited network time zone diagram for plant CRISPR technology
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indicates the strength of patent citation. Data from Derwent World Patents Index.

PIIIED Opiyes
20 i FIE India Caij; ir:Entina
BRI 5, : o
100 Australia 3% ) 2%
g 3%
=
S 80 [ Korea
IH= o
= : 60 H A Japan
HELS p
H# 5 6%
'D >
g Y A R
=]
Z EPO
20 o,
0
S D O 0 O VO NIV O™ B oA w
N P PPN FPITE IO N
O RN NEENEENEENEN

HE

Year of applications

== [ United States == "[E China
== H A Japan === JJ:[H France
== 1 [F] Korea

B4 FERRETHZELLE]

Figure 4 Patent acceptance ratio in major countries

B3 FEEXREFHIEER

Figure 3 Patent application trends in major countries

http://www.cnki.net



Development Trend and Competitive Situation of Plant Gene Editing Technology Based on Patent Information

e T K R 2 DR i PR RO K e sl A S 58 S S B i

1065

*1

PEEZFIPCHEFR

Table 1 Classification of IPC in Chinese patents

Hy oS
Serial Major
No. classification No.

PIres A £

Content involved

Hi B/
Application
volume

B4 /%

Percentage

1 CI2N15

2 CI2N9

3 CI2N1

4 C07K14

5 AO0IK67

6 C12Q1

RARBY B AL TR, J v T If) DNA B RNA, SR (U JT0RE ) BICH 73 38 L il 4%
BRAAL ; BT A 4 £

Mutation or genetic engineering; DNA or RNA concerning genetic engi-
neering, vectors, e.g. plasmids, or their isolation, preparation or purifica-
tion; Use of hosts therefor

e s I FLALE ) St 4 A A 23 B B Al AL Y T v

Enzymes, e.g. ligases; Proenzymes; Compositions thereof; Processes for
preparing, activating, inhibiting, separating, or purifying enzymes
WA S WL B S L H G B0 A s AR A ) i 4
BRITIVE )% B A — M E AL S IR TR s RS R
Microorganisms, e.g. protozoa; Compositions thereof; Processes of propa-
gating, maintaining or preserving microorganisms or compositions thereof;
Processes of preparing or isolating a composition containing a microorgan-
ism; Culture media therefor

BAZ T 20 MR IR AL BB ; 2B R BE R 6 1 12 B 3
AT

Peptides having more than 20 amino acids; Gastrins; Somatostatins; Mela-
notropins; Derivatives thereof

TR B TR G HAB SR ANEL B 340 S it A

Rearing or breeding animals, not otherwise provided for; New breeds of
animals

B AR A I e B IR T7 v s FLAHL B s XA S D s 7 7
Measuring or testing processes involving enzymes, nucleic acids or microor-
ganisms; Compositions therefor; Processes of preparing such compositions

287

82.00

4.57

2.57

2.00

1.71

1.71

IPC: [ R R4, T

IPC: International Patent Classification, the same below

I £ AOTHS 45 oAy 7 FH 4503 1 & M Mol DL ik
VU a8 » 2 B [ A1 (R Ik R DR G AR R LB TR N
BN NI B B T AN B3 2 R s 25 S RO
BARESE R (E2).

22 EELMAGH

A TR AR A0 433 5 DR 9 R B R B A 44
HI-H 2 HIE N, 2 gL A 75 H E S 3
F(#K3)o HEHE— A HIME RFL AR, RiE EIEF
2434, 56 21.72%. f7F1 5 28 1995 4 B AL Y
Sangamo J5 T A Al , H HE L F] 86 14, 4 b 7.69%.
1% w) LA — A DR 2 48 BOR ZEN Oh 32 22T &0t
B, 15 R G B AR SR & B RIS 80 T BE 24
I PR B AZ O & - 2017 4F 11 H , Sangmo A 7] 52
it 7 AR E AR N IR g VR 9T . AT BT AT
T R 35 [ PR 48 B T 2 e A0l R 2 B & 2 37 () A

FEHT, &R HiE &N 66 1F, & L 5.90%, AL 51 5 = .
E75 CRISPR % K 4 4B B R B FF 46 & 2 — , A B4
T 5 T 28 bt 5 R 4 A e AR AT B LAY

o E R R 5 R B AV E AT B
MR BEAE PR} 2 50T B A B Al K 2 43 i DA
26 1420 {70 20 1 BF St pT 42 . (H2 R E%
H—RAAMEN. HNEFHJRE, 5 EH i
N EILERCIN & L L H A BRI 25 2 A ]
FHAT T BRI R, m R E Bl A BT E R
Bt it 5k B LW E 0t 58 B AE B A 3T & R SR
Ab, K2 HANTE B AT B SRR AL, R R &
FI TR D e = A 380 ) [ B A A )

FAh o EEEHTE N PR R AT Gk
3T R I 5), A B O R 2 B AR PR S 5
Areb RO R 2 BT DLRAE Y 78 07 R o A, H
B RV S P A B A X R R v, BRI
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Table 2 Classification of patent IPC in other countries

e Enks RUAEES HE /A B4 /%
Serial Major Content involved Application ~ Percentage
No. classification No. volume

1 CI2N15 AR AL TRE , e H T i DNA B RNA, B AR (iR s H 4> 423 55.01

B ) g me Atk P 075 3=
Mutation or genetic engineering; DNA or RNA concerning genetic
engineering, vectors, e.g. plasmids, or their isolation, preparation or
purification; Use of hosts therefor

2 C12N9 ity ; Bl s LA 1) o A A 23 B B AL AL 1 T 67 8.71
Enzymes, e.g. ligases; Proenzymes; Compositions thereof; Processes
for preparing, activating, inhibiting, separating, or purifying enzymes

3 AOTHS A, BT HEY) 60 7.80
Angiosperms, i.e. flowering plants, characterised by their plant parts;
Angiosperms characterised otherwise than by their botanic taxonomy

4 A01K67 T 7R SR P AN SANEL B 13 s S i 51 6.63
Rearing or breeding animals, not otherwise provided for; New breeds
of animals

5 CI2NS RAHINE E s E AL, Al & s A2 e RaidE 24 3.12
s H B R
Undifferentiated human, animal or plant cells, e.g. cell lines; Tissues;
Cultivation or maintenance thereof; Culture media therefor

25
Institute of Crop Sciences,
Chinese Acaded

2 Agricultural 5
g 20 20,00
=

[

9

o

g

>

=

Z 15

5} ; :

= Institut, ics and

= i Devel logy,

2 Broad Institute chi of

< 1067

& 10
i
& .
= Sig II"Elni\.'er nesota
LS

Harvard College
Sangamo eutics, Inc. 283
0
T HiE A Main applicant

E5 FERBAEXIERZERERITE

Figure 5 Comparison of main applicants” relative patent density indicators

LR R 3 R = R 3 N\ A SR QIS ) 1) PR A% R T N R 2 BRI R 7 S T 5 R R 2 01 R 5 i 4%
B HE TSR, BRI SR IPC B0 2K 5T 4T

Relative patent density = Total number of applicants' patent applications in a certain field/ Number of technical branches in this
field involved by the applicant. In the calculation of relative patent density, applicants are counted according to the first appli-

cant, technical branch statistics by main IPC classification number

X, FETE K R R RN E . FIR, G 7 R &AL L R R 1 3540 %00
Wi ECAH 3 A FVE N KBS E AL, BB E 2017 22.7%, B 1S R SE 1 (1R 545, 2019). H AT
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CL 23R AT 5 I K 274 58 M 20 K2 CRISPR R
B RIAE T ZAED B M ARAL, FEH B K (Zea
mays)~/INZ (Triticum aestivum)%EVEY) & PP
WA . AT BRI 7T BT s R T 95 [ R A48 B K 2 A
WA RS, AT 25k 8] 2 i 0 B RO 70 5
Wb T A BRI LAY, 2016 49 H, d 1l #RA w &
A1i 541 RS 70 74558 CRISPR-Cas Z 45 R 7E I
ARAM A4 AT F 1) A= BRVE T B0, 0K T A
B LRI 55 P A A b i TR 20 8 4008 1) 2 R 5 R
Sangamo- Sigma 1 Calyxt B & HL07, BT FE 4 2k
AT G 85 1A R 5 6 0 B8 22 (09 E LA SERT 9T L, TR I
A AR 5 2 A BRI, Sfs & A RN .

3 EESBEEDHNFLLFTITSRRAE
S

3.1 EESHEEYELATR

3 LA 8 50 e 5 R A A ) M 8 DR 0 5 A7
mi N E ), R B DNA Fr BRI AS 20 B 40 B
SR A F W AE I T N (i R
G PRI N B A B 28 S M 5 » BTG 7T DA 4
W . IR T8 RA ) AL T 5 36 [ IR HL T
RAFHFAC LS, B Aoyt 5 FE D 4
HAEY AL A eI E 2. i Cibus A7) I
B SU Canola $7fi F9t IR 3 B 7511 502 A 3R — A
T it G 32 K] A A D 2 it ) FH RS R PR P
¥ & % 4t (Rapid Trait Development System, RTD-
STM) & FJ 3 K 4 B BOA L 1 2015 S ££ 3L [F 4 000
hm? () 30 B REAT 7RG, B AT O 2 ) T
Dy (B B A AE B R 55 4144, 2016) . 2016 4,
5 FERHE G348 ] R R H g R BRI B 1 512 &
7 A i 0 ) DNA Fr B, IR 17 3 Ao 4 D] 24 23 4
7 a5 (FEE 24, 2017). HRETEE R CL %
HREIFAIT T 23 R AR EYI (R 4)

55 36 1 LA, FRIE FAR 2 Fk PRI 9 BB R 1Y
HE K, H RT3 E C 4T K& 1 R g 4a 5 )
it AR 45 M L (NVicotiana tobacum)~ 7K FE  BoK | 5 4
(Sorghum bicolor )~ K 5.« 1 JX(Citrullus lanatus)~ ¥
J (Cucumis sativus)~ B 7ifi (Lycopersicon esculentum)~
FHE(Musa nana) M (Populus )55 , (H M A4 7=k AL
FRIPEP A o i A ool e R R A D O R B L P
{14757 S o) FEE P B I 5% i I ROl R A L 1 A A
W] - FIH] CRISPR-Cas9 H A BEAT J: [K 2H 25 445 5

ALY AN & T W i BE PR e SCTE . e[
Ot LAEe 7 0P 28 o 25 DR G i 110 S JRR 535 FH
A PR 2% S WG ) Omega-3 2 AN AIG IR , 7
A WO 28 e F o B R 2 BV E D (28 3 95 56,2019)

3.2 Pl b EREmE

M [ 28 20 TT 17 23 A 32k [ 20 A 20 ol AR
BB T HEs [ 2w e R AR A S A w] (B
W) ERAE R 28w BIE R B0 = A E A LA, HLR B4 72 Ca-
lyxt. Yield10.Benson Hill Biosystems %5 — &4/ 61 /2
AR E o TR R R 2 [ Cellecitis
FEY B2 s 7] (B Calyxt 23 7)) 72 PL TALEN £ R K
F IR AT, A F ROLT 201041 H , [ 4E 7
H , Calyxt A @] 3l 1T IPO A I &R gyl . 1Za
Al iIZH Talen iR CEMINEE R T I  BRE
(Solanum tuberosum)~ ¥ §& (Medicago)~ i1 =% (Brassica
napus) FHEAT T TTZ A . TR R HR OCR
HOPEAR T AP B AT IR LR 6 ) /N 2 7] AT RASE
—EREE B R T I Rl 2 W BT 3 T A
o

S J7 T BT A A b A o DR e
ARGV Hi L FHB 8, KA s [ Aol 22 7] 5 )
A A5 23 =] 8] R R R P AP AT 5 2 Lk oy R R
P ORIl AL 1 B SRS (R 5). 201448, R H
AT Yield10 =V BHE A 7 AT 1 HIT R K&
PR A I VE T, IR HT B ™ K. [F4EFE
H 2\ X5 Calyxt 22 735 BCHT A AF B3 A
Calyxt 22 7] i 5 K 9 458 SR, LRI T A i i 5
AR, I 5 FE H 2w fAR S BoR et 1
RHRIE . B ENR B AT S, — 7 ik e 1
PV A B R AR AL 2 55— T A B A
a] P A AT I3 R e 7, SRR TZ A T AR
BUAME , 2B T A AE Lo

3.3 EESHESmEEIRF S

Bt A AR I RN i P AR S B A (R R &%
B, AR AT 2 DR G 4 P RT R RO B 45 S 2R R S
WP ER G, [F— AN A E = W RE & 2 A AR
PERL AR . ASHEAT LL FAD2KO K & 4 23 #r b
PRSP RV = R o

2015 4E 5 1 5 H , Calyxt 24 7 JF & ] FAD2KO
e o R R R ¢ K ) ) TALEN AR K 5 P IR
RIS B 2 IR 4 — 4% 7R (flavin adenine dinucle-
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Table 4 Genetically engineered crops accept by USDA for investigation (Data source: USDA)

BEEH 7 b WK HAL gl T B AR A

Official reply date  Product R&D unit Editing method Target gene

2011-01-16 YU IR KRR AN PR B 57 /K R Cellecitis S. A./Cellectis Plant Meganuclease  Pi21, ALS
Rice blast resistant and Herbicide Sciences
resistant rice

2012-03-08 fRHERR T K Dow AgroScience ZFN IPK1
Low phytic acid corn

2015-05-05 [l NG Cellectis Plant Sciences TALEN FAD2
High oleic soybean

2015-05-18 [ e N Benson Hill Biosystems,Inc. Meganuclease -
High yield corn

2015-05-20 TR K6 Cellectis Plant Sciences TALEN FAD3
High oleic soybean

2015-05-22 BLE A KA Lowa State University TALEN OsSWEET14
Bacterial blight resistant rice

2015-11-30 P FOKVEM & Agrivida,Inc. Meganuclease -
Increase corn starch content

2016-02-11 LINSE IR Calyxt,Inc. TALEN MLO
Powdery mildew resistant wheat

2016-04-13 W73 iy 2 1 2 Penn State CRISPR-Cas  PPO
Anti-browning mushrooms

2016-04-18 FE K DuPont Pioneer CRISPR-Cas Wxl
Waxy corn

2016-09-15 Bt B Calyxt,Inc. TALEN PPO
Anti-brown potato

2016-12-02 DAL 4% Simplot Plant Sciences TALEN PPO
Anti-brown potato

2017-04-07 SEIR R HITAE Donald Danforth Plant Science ~ CRISPR-Cas D!
Delayed flowering of dogtail grass ~ Center

2017-08-29 T 73 28R RS Yield10 Bioscience CRISPR-Cas -
Improved flaxseed oil content

2017-09-25 AR R ETE Calyxt,Inc. TALEN -
Low Lignin Alfalfa

2017-10-16 [N SEPNG USDA ARS CRISPR-Cas  Drb2a, Drb2b
Drought-tolerant soybean

2017-12-29 fRJe v T %L North Carolina State University ~Meganuclease -
Low nicotine tobacco

2018-01-16 PLRBERR LK DuPont Pioneer CRISPR-Cas -
Corn against blight

2018-03-19 =K Benson Hill Biosystems,Inc. CRISPR-Cas -
High yield corn

2018-03-20 B R N Calyxt,Inc. TALEN -
Nutritionally improved wheat

2018-05-14 B V& R 2 University of Florida CRISPR-Cas  J2
Prevent fruit drop tomato

2018-08-06 Mo EATE Illinois State University CRISPR-Cas -
Improved pennycress oil content

2018-09-27 T 73 2R RS Yield10 Bioscience CRISPR-Cas 3 AMEAsHE[A 2
Improved flaxseed oil content 3 target genomes
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Table 5 Industrialization of major multinational companies in the field of gene editing and breeding

AT FEHAR FHEIIH RO HITR =R
company Main technology Main project Core intellectual property
Monsanto CRISPR FAR K GAHRAE LS R o SRAFAT WAET 70 FT CRISPR H2 A % 1 £l 41
Corn, soybean, cotton, fruit and vegeta- 354 BRIAFIM &5 BZAL
ble varieties Obtained global non-exclusive license for CRIS-
PR technology patents from the Broad Institute
DuPont Pioneer CRISPR PR BRI AN R (KA 5 PUR TR A FRAF R EDINMK 2447 5 A 73 £2 CRISPR £ R &
Y HIE E EAE o B KA
Bacteria for yogurt and cheese; drought- Obtained the exclusive license to UC Berkeley's
resistant corn, wheat and other crops CRISPR technology patent in major crops
DOw ZNF; R R B MBI AT G EXZACT 5 L#RIA A ERIRM 5 VP il
CRISPR Exact Genome Modification Technolo- Global non-exclusive license agreement with
gy Platform Monsanto
Cellectis TALEN; R N RE A TALEN 2 A4 5K LA
CRISPR Potatoes, wheat, soybeans, etc Core patents of TALEN
Recombinetic =~ TALEN; & A 5 A Hh A 34 1) Talen 2577 15 % R
ZNF; Livestock Je AL
CRISPR Have exclusive patent and right to use TALEN
and other methods for animals
Cibus TALEN; I B TR 5 I JBR HAT 25 24 PR R R SE(RTD-STM) B A
CRISPR Herbicide rape, flax 1) 2 R A R

Proprietary gene transformation technology with

Rapid trait development system (RTD-STM)

otide, FAD) %t i 5 [X] FAD2-1A Fl FAD2-1B k47 %
FRAZ, LR BT B L AL R Dh g, e 2l 72 R
TR R IE IR T GM026-018 B4k A4, 1%
HALAR TR T RAZ A 25 )5 K. L H AR ARVE
fir &5 3K B, FAD2KO K & 1 (1 9 R 2 & =

80%, 117 52 4 of [ K T2t b v 1 91 R 2 AN
20%. A LE2013 45 10 H 7E 3 I IR H 5 L A
J&, 12014 4F 3 Al PCT i 4% 26 5 mn & K
BB H A B PSS T A E KT TR,
% & F| WO2014141147A1(“Materials and methods
are provided for making soybean varieties that have
altered oil composition as a result of mutations in the
FAD2-1A and FAD2-1B genes”) /& FAD2KO 7= i i
5= DR 4 56K S A% 0 R A 39 TIUBUR)EE 3K, 8 £
BB EGEER . X— TR kT HTH&
FAD2KO R G AP BERITT 1%, LSS Bl A £
I [ R AR RUR T 2018 4 8 H AL 1zl
FJ(CN105246324), [RIE2 A1, 1% FAD2KO K&
A% 0 T FE 5 J 31 oAt 4 T0E R, 4373 5% Tal

AR B AT B B 1) VR A% R 3 ) (Fok 1) Talens
i AR\ K FAD-1 F1 FAD-2 4 5% JE DR 9 45 i3k 47 7 4%
1, ot Fok T BRI H T RIIAR C g, b TR 30K
b, HAh B RIE LT RARES (R 6).

FC b BE R R S 14 R 0 DNA R 5 (1) &
WO02011072246A2 Xt HH TAL 2508 -4 5 FL DK #E i)
IR T AT T AR TEXT SEARAL B AR 1K
AR A AT VDT I, BT ) US5436150A 58
BT Fok T PR P 70 PR U 3 RN D7) 3 g 47 4
SE » HXF 55 o — Pl 4 1R 1) 225 A S e T R 2 AL
PR B EAT PR 9 . 15 R WO2012138927A2 {4
TR GRS & AR & Rl K= 75,
B 1% % 9w 15 FAD2-1A 2515 SEQ ID NO:5 5 — %
BHBR T B — AR — K OHE
Y5 1EgwS FAD2-1B %[5 SEQ ID NO: 6 [ 3 — %
BHERTIFEA —AREARARE KO

HAZ . [HlI, FAD2KO K& A HEE Calyxt 22 &)
() 564 B RS, B AIE I 7 EE SR
73 AR = BN BIPF AT
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%6 FAD2KO 5ihMBREFRREXERALSTREF

Table 6 Patents related to FAD2KO high oleic acid genetically edited soybean

BOREER FEXNR AT R B HiEA i H ~ITH Al L R M
Technical ele- Main object Publication Patent name Applicant Application Publication Number of
ments number date date patient family
DNA &5 4F TAL RS 7 WO02011072 The effector-mediated  University of 2010-12-10 2011-06-16 36
SN TAL effector 246A2 DNA modification Minnesota
Specific recog- TAL
nition of base
pairs
L mR e Fok T FR#]  US5436150  Functional domains in  Johns Hop-  1993-09-27 1995-07-25 14
Targeted cutting PERZIZIY] A flavobacterium okeano- kins Universi-
koites (Fokl) restric-  ty
Fok 1 re- tion endonuclease
striction en-
donuclease
EhER KT B FAD-1 1 WO02011005 Method to develop The curators 2010-07-08 2013-03-27 9
B8 FAD-2%%% 998A1 high oleic acid soy- of the Univer-
High oleic soy- FAD-1 and beans using conven- sity of Mis-
bean cultivation FAD-2 mu- tional soybean breed-  souri; United
tations ing techniques States depart-
ment of agri-
culture; Bily-
eu Krisin et
al.
FERmEH AR Talen$i R  WO02012138 The effector-mediated  Cellectis, Inc. 2012-04-05 2012-10-11 37
Gene editing 927A2 DNA modification
technology TAL

4 FHiLSEIW

4.1

1

it

AR, FE R gw AR BAR , U2 CRISPR R
TEAEY B P AT 1) B FH ORI R R # ,  F) HRi
PR N, b3 E L HE 566 11, b & RS EL
F51%; HHE 350 7F, 15 31.3%. {H2&, = KEH
i AR AR R A JE AR R 3 36 [, 3 AR R rp L )
SN RS N S E IR (E NS A RS 3 NN
F P E) 2 108 LR B TR T0Z 9 R 4G 1 A
VI B R B L RS A R D 1 L A%
NEHIFELAT , B Z ARG RS, LR Rk 5
2N 2 IER EPOR S i

FEF AT T, 35 18 45 0k [ 5K |l T 57 1 6F
L R o o8 A 7 L A RE R B A f W AR X, T
2 JB I AR XVF AT AR SRR R A VR R,
) 25 DR G 88 A ) () R 9% v R v S AN i [ A
AR T R R A5 A, S 1 i Hb R () 77 A i

B, IS 1 3 3 B B N R BB WF SR
WA A R G R Pl A s ARG, H AT SE
[ O 23 S A g R ) b b dE R T3 . AL Z
N FE W A L AR AL, e 28 ORI 1
B LEARE S AR A 1 1 AT AT AT M AR ) B 25
Foft s BB T B ARIR B E L 77 AL HL
i, g E VB AT B ORI R B
ARERF AR A A WU S IE e AL LR
(L

42 EW

Jnsi S5 s G H

TSRS IFIR A2 W, 2 b BN s e 2L
iR BOR R G 0 A U SR R G, IS R e A
[E] Ah 2% ) 2 22 B4R A% 00 e A (R 5 R A58k 2 B
PERF A, 38 0 S5 s 0 R SEIRE HARK P EER
FEUN LA HIFERAEMBL SRS T
FEF AN L9 L RIS A N L 7T, B DLIRA 4%
BOAHTHE -

4.2.1
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4.2.2  BEAHIR R R

SE38 BHIT A B R PR L, T 3510
SRR AR i AR RS R AL, SRR IR
T340 75 SRR R =B BRAT &, 2 R = AL
X ABRTT A E R TT, U190 H AR A ek =
AT 3% 38 AR 35
423 ARIEEFFRUME

B[R G 4 Pl — DN RSB R L A A
A AT AR AT SR A R 7P ORI ) 8 B B R 1A
By T L DLRIR AL LR S VAT R AL T R
T 17 T 375 K A B R T R R &R . JEH A
HFE AR LT Dy AR AORIE TR L JC 7R 2
SEULRUR P BRI ALty R R A A A R e
WP B A AT A AL, At R S R BRI, A
AR RE SRR LR 42, TG B SRR
BUOREE b AL Ao

Sk

0 A, EEE, TEY, %2018, [E 44k CRISPR/Cas9 %
8 25 4 RO R 23 (0], ZE dn B2, 30(09): 1010-
1018. (Fan Y L, Wang H Y, Wang H Z, et al. 2018. Pat-
ent analysis on the development of domestic and foreign
gene editing technologies[J]. Chinese Bulletin of Life
Sciences, 30(09): 1010-1018.)

bR AR Ml A= P B AR SE R 25 4028 2016. 2015 4E 2 BRAEH)
PR/ R RE R ALK RSB (T]. vh B AR TR A%
&, 36(04):1-11. (ISAAA. 2016. Global biotechnology/
GM crop commercialization development trend in 2015
[J]. China Biotechnology, 36(04): 1-11.)

FEME %, AR5, VR . 2017, FRIEED R BRI K J&
HIURE. BURAE B, (22): 27-29. (Kang G Z, Li
G Z, Xu H X. 2017. Debelopment and status of trans-
genic technology in China[J]. Modern Agricultural Sci-
ence and Technology, (22): 27-29).

GO, B =, AR0E, 55 . 2019. HEFRH B R ARIEED & F
o R D i DIR[0, o A 2l 4k, 35 (06): 96-
100. (Qin RY, Yin S, Li J, et al. 2019. Application and
regulatory status of genome editing technology in crop
breeding[J]. Chinese Agricultural Science Bulletin, 35
(06): 96-100.)

FEB, AR, A 2019. 5 FE Finll 2 5 I8 7 15 1 B
b8 B RS R A A BB —— PARIR P AU B ).
rE A TR &, 39(07): 108-117. (Ren T, Zou W N,
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