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1 70 5829 83.27 2014.23 — —

2 CRISPR/Cas9 157 17 299 110.18 2015.20 — —

3 491 2213 4.51 2015.37 —

4 63 6457 102.49 2014.51 — —

5 215 18 377 85.47 2014.54 —

6 70 6190 88.43 2014.74 — —

7 26 2639 101.50 2015.12 —

8 60 4028 67.13 2014.65 — —

9 18 1330 73.89 2014.61 55.60% 0

10 56 5695 101.70 2014.34 — —
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F1.1.2 K4S Top10 TEARBNEEFZOIEIEL

FS TrEMRANG 20124  2013&F  2014&F 20154 2016 F 20174
1 15 11 14 10 13 7
2 CRISPR/Cas9 7 17 26 32 38 37
3 26 44 71 73 133 144
4 8 13 11 12 8 11
5 38 34 34 31 38 40
6 11 9 10 12 13 15
7 1 5 3 5 5 7
8 10 6 9 15 10 10
9 1 3 4 4 6 0
10 9 12 6 13 12 4

2 CRISPR/Cas9

DNA
DNA DNA
CRISPR/Cas9
( clustered regulatory interspaced short palindromic re-
peats/CRISPR-associated protein 9
CRISPR 4

Cas9
RNA DNA
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1.2 Top3
1.2.1
Peleman  van der Voort

2003

1.2.1
39% 27
2897
50%
1.2.2
1.2.1
1.2.2
5
1.2.3
20.9% 1.2.4
2014 Molecular Plant A
high-density SNP genotyping array for rice biology
and molecular breeding 68
2017 Molecular Plant

Crop breeding chips and genotyping

platforms: Progress, challenges, and perspectives

ICRISAT
SNP QTL
1.2.2 CRISPR/Cas9
2012
Science 10

2014 Nature Methods 10
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*1.21 “FEREYHFRIUTEMN LTEARMNGFZOIEXNEZ~HERSMX

FS BExR/KX IDIB 3 183ZEE I WEIREL GElE G4 ik
1 USA 27 38.57% 2897 49.70% 107.30
2 Australia 15 21.43% 1233 21.15% 82.20
3 Germany 12 17.14% 1159 19.88% 96.58
4 France 12 17.14% 706 12.11% 58.83
5 China 10 14.29% 1067 18.31% 106.70
6 India 10 14.29% 1055 18.10% 105.50
7 Mexico 10 14.29% 1178 20.21% 117.80
8 Japan 7 10.00% 333 5.71% 47.57
9 Spain 5 7.14% 857 14.70% 171.40
10 Canada 4 5.71% 624 10.71% 156.00

®1.22 “FEREPHFRITER ITRARAEPZOICNEE~LHYIAE

e i b wsuem wswes o2 BOE
1 Cornell Univ 10 14.29% 1422 24.40% 142.20
2 Int Crops Res Inst Semi Arid Trop 9 12.86% 1001 17.17% 111.22
3 Int Maize & Wheat Improvement Ctr 9 12.86% 1077 18.48% 119.67
4 USDA Agr Res Service 7 10.00% 977 16.76% 139.57
5 Univ Western Australia 6 8.57% 628 10.77% 104.67
6 Chinese Acad Agr Sci 5 7.14% 317 5.44% 63.40
7 Kansas State Univ 3 4.29% 365 6.26% 121.67
8 Donald Danforth Plant Sci Ctr 3 4.29% 261 4.48% 87.00
9 Leibniz Inst Plant Genet & Crop Plant Res 3 4.29% 221 3.79% 73.67
10 Limagrain Europe 3 4.29% 170 2.92% 56.67

China 10
France DNA
DNA DNA
Mexico
Germany
Japan ’
Australia
Spain
ZFNs
-~ TALENSs MGN CRISPR/

121 “FBREVHFRITEMN ITEWARIGEE
ERSEXERNSIEMEE Cas9 CRISPR/Cas9
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#1.23 "EERMEPOFREN TEHAR

USDA Agr Res Service

Int Maize & Wheat Improvement Ctr CIMMYT

Int Crops Res Inst Semi Arid Trop

Cornell Un
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BUig
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Univ Western Australia

Donald Danforth Plant Sci Ctr

Leibniz Inst Plant Genet & Crop Plant Res IPK

Limagrain Europe

1.2.2 “FEREMHFRITEM LTIEARAEEZIEENEIEMNES

eS| OIC R E B HE KX

Fs Ex /X &5 [ iE 3 &5 1R Cie S S B3] ked
1 USA 1393 28.72% 2015.81
2 China 838 17.28% 2016.18
3 Australia 543 11.20% 2015.71
4 India 444 9.15% 2015.78
5 Germany 429 8.85% 2015.60
6 France 324 6.68% 2015.65
7 Canada 258 5.32% 2015.67
8 UK 252 5.20% 2015.97
9 Brazil 200 4.12% 2015.84
10 Mexico 169 3.48% 2015.66

®1.24 “FERFEUDFRITEMN TERARE

AY
=

HiES | OIE A EE = HE

FsS A eI EE KSR Oie S tbhl S as)iiElkeS
1 USDA Agr Res Service 313 20.85% 2015.9
2 Int Crops Res Inst Semi Arid Trop 164 10.93% 2015.6
3 Cornell Univ 155 10.33% 2015.5
4 Int Maize & Wheat Improvement Ctr 143 9.53% 2015.7
5 Chinese Acad Sci 137 9.13% 2016.2
6 Ins Nat Rec Agr 134 8.93% 2015.4
7 Chinese Acad Agr Sci 127 8.46% 2016.2
8 Univ Western Australia 113 7.53% 2016.0
9 Univ Queensland 109 7.26% 2015.7
10 Kansas State Univ 106 7.06% 2015.8
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PAM Protospacer adjacent motifs

NGG N
RNA sgRNA sgRNA
Cas9 PAM DNA
CRISPR sgRNA 20
PAM Cas9
CRISPR/Cas9
1.2.5
1.2.6 11
3 5
1.2.3

1.2.4
1.2.7
900 40%
1.2.8
40
200 8 500
2013 Nature Protocols Genome

engineering using the CRISPR/Cas9 system
1900 2014 Cell
Development and applications of CRISPR/Cas9
for genome engineering 1600
CRISPR/Cas9
CRISPR/Cas9

#1.25 “CRISPR/Cas9 KWAEMERRE" TRMARNGPROIEXNEE~HERSMX

FS Ex /X IO ITEL 1E3ZLEAl EIN ELE G40 RIIHE 12
1 USA 74 47.13% 10 028 57.97% 135.51
2 China 30 19.11% 2514 14.53% 83.80
3 Germany 21 13.38% 2297 13.28% 109.38
4 UK 17 10.83% 930 5.38% 54.71
5 Japan 12 7.64% 872 5.04% 72.67
6 South Korea 11 7.01% 1351 7.81% 122.82
7 The Netherlands 8 5.10% 1255 7.25% 156.88
8 Australia 8 5.10% 857 4.95% 107.13
9 Italy 8 5.10% 686 3.97% 85.75
10 France 8 5.10% 407 2.35% 50.88
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7% 1.2.6 “CRISPR/Cas9 R\ AYERERE" TIEMAFALATROIEHEEHIE

Fs A B ILEL 1B3ZLE el WEIRE WEIHELs RIS
1 Chinese Acad Sci 11 7.01% 1706 9.86% 155.09
2 Univ Minnesota 7 4.46% 395 2.28% 56.43
3 Towa State Univ 6 3.82% 458 2.65% 76.33
4 Massachusetts Ins Tech 5 3.18% 2274 13.15% 454.80
5 Univ Calif Berkeley 5 3.18% 1895 10.95% 379.00
6 Seoul Natl Univ 5 3.18% 1103 6.38% 220.60
7 Univ Calif Davis 5 3.18% 533 3.08% 106.60
8 Harvard Med Sch 5 3.18% 179 1.03% 35.80
9 Vanderbilt Univ 4 2.55% 634 3.67% 158.50
10 Univ Chinese Acad Sci 4 2.55% 408 2.36% 102.00
Japan CRISPR/Cas9 TALEN
South Korea
Sermany. The Netherlands 123
Australia
China

France

1.2.3 “CRISPR/Cas9 R AEMERRIE" TIEHAR
ANEFEERFMXERNEIEMLE

Univ Calif Berkeley

Massachusetts Ins Techo

lowa State Univ

.Seoul Natl Univ

Univ Calif Davis
. Harvard Med Sch
.Vanderbilt Univ

Chinese Acad Sci Univ Chinese Acad Sci

B 1.2.4 “CRISPR/Cas9 RIAEMERRIE" TEMRRIGEENWBNEIERLE

Univ Minnesota
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*1.2.7 “CRISPR/Cas9 K AEMERGRIE" TIRARANEFIES R OIEXNEE - HERI X

FS Ex /X 5 %2/ e S &5 [#Z e SEL A IS 15
1 USA 4318 36.55% 2016.2
2 China 2291 19.39% 2016.4
3 Germany 1050 8.89% 2016.3
4 UK 878 7.43% 2016.3
5 Japan 690 5.84% 2016.1
6 France 621 5.26% 2016.3
7 Australia 553 4.68% 2016.3
8 The Netherlands 506 4.28% 2016.2
9 Canada 499 4.22% 2016.4
10 Italy 408 3.45% 2016.3

#*1.2.8 “CRISPR/Cas9 KW AMERRE" TRARANEPHES B OICXEER~ I

Fs A b5 118 3 EY b5 1% Cie LAY eS|
1 Chinese Acad Sci 625 29.69% 2016.2
2 Univ Chinese Acad Sci 251 11.92% 2016.4
3 Harvard Univ 213 10.12% 2015.6
4 Univ Calif Berkeley 173 8.22% 2016.0
5 Harvard Med Sch 166 7.89% 2016.9
6 Massachusetts Ins Tech 154 7.32% 2016.0
7 Chinese Acad Agr Sci 149 7.08% 2016.7
8 Univ Calif San Diego 125 5.94% 2016.4
9 Stanford Univ 125 5.94% 2016.3
10 Univ Calif Davis 124 5.89% 2016.1
2017
3/4 1.2.9
1/4

HUNTER IND 1.2.10
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#1.29 "“BRRNEE ITEARBNAPHROICXIEE"HERSMX

Fs Ezx /X IO STEL 1E3ZELB) W5 IRE WEIEELD] RO
1 China 85 17.31% 185 8.36% 2.18
2 USA 64 13.03% 274 12.38% 4.28
3 Spain 43 8.76% 386 17.44% 8.98
4 India 40 8.15% 26 1.17% 0.65
5 Germany 35 7.13% 188 8.50% 5.37
6 Japan 24 4.89% 22 0.99% 0.92
7 Italy 23 4.68% 293 13.24% 12.74
8 Australia 21 4.28% 136 6.15% 6.48
9 Isracl 18 3.67% 163 7.37% 9.06
10 The Netherlands 15 3.06% 223 10.08% 14.87

#1.210 “FHegRiESE" TEARMEPRIEXNEE~HNGE
FsS g B3 E 1B3ZLEfl WS RE ek (4] RIS
1 Ben Gurion Univ Negev 9 1.83% 96 4.34% 10.67
2 Univ Florida 9 1.83% 49 221% 5.44
3 Univ Tecn Federico Santa Maria 8 1.63% 36 1.63% 4.50
4 Univ Sydney 8 1.63% 29 1.31% 3.63
5 Consejo Superior Invest Cient 7 1.43% 158 7.14% 22.57
6 Nanjing Agr Univ 7 1.43% 42 1.90% 6.00
7 Agr Res Org 7 1.43% 41 1.85% 5.86
8 Hokkaido Univ 7 1.43% 10 0.45% 1.43
9 Univ Sao Paulo 7 1.43% 12 0.54% 1.71
10 Wageningen Univ 6 1.22% 87 3.93% 14.50
Germany

1.2.5

1.2.6 Spain

Australia

1 5 USA
1.2.11
1.2.12

China The Netherlands
1.2.5 “BgKiEs” IERRAEEEERFEX
BRETERSE

173



174

B_obn SRS R

Consejo Superior Invest Cient

Univ Sydne?/i\ . .Nanjing Agr Univ

-

. i . Agr Res Org
Univ Tecn Federico Santa Maria
. Hokkaido Univ
Univ Florida .

Univ Sao Paulo

Ben Gurion Univ Negev Wageningen Univ

1.2.6 “BReERERE" TRERARIIEEZIIENSIEMNE

&1.2.11 “BEERYES" TEARINETIES O XEE- HERSMX

FS Ex /X TS B3 EL &5 1018 SCEL A S]] k=S
1 China 309 24.72% 2016.6
2 USA 252 20.16% 2016.5
3 Spain 143 11.44% 2016.3
4 Australia 117 9.36% 2016.6
5 Germany 110 8.80% 2016.3
6 Italy 84 6.72% 2016.1
7 UK 66 5.28% 2016.6
8 France 65 5.20% 2016.5
9 Canada 52 4.16% 2016.4
10 Japan 52 4.16% 2016.5

F1.2.12 "ERERNESR" TRMRANETES O XAIEE~ HHE

FS s HES B3 &5 [ Cie S N33 kes
1 Chinese Acad Sci 29 14.87% 2016.1
2 Consejo Superior Invest Cient 24 12.31% 2016.3
3 USDA Agr Res Service 22 11.28% 2016.5
4 China Agr Univ 22 11.28% 2016.3
5 Univ Florida 18 9.23% 2016.3
6 Mendel Univ Brno 17 8.72% 2014.2
7 Univ Tecn Federico Santa Maria 17 8.72% 2016.3
8 Wageningen Univ 16 8.21% 2016.5
9 Northwest A&F Univ 15 7.69% 2016.5
10 Univ Sydney 15 7.69% 2016.5
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17
2013 5 2.1.1
2.1.2
2
2.1 ToplO
Topl0
738 310 “
" 33
F2.1.1 Rl Top10 TREFRELG
Fs TiEFARLG RAE S5IRE FIOREIE  TIRFE
1 281 4232 15.06 2013.91
2 209 4017 19.22 2012.86
3 738 14 216 19.26 2013.62
4 170 1813 10.66 2013.29
5 135 4549 33.70 2013.46
6 308 4639 15.06 2013.40
7 157 3299 21.01 2012.78
8 595 12 540 21.08 2013.64
9 210 765 3.64 2013.89
10 301 4005 13.31 2013.45
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F2.1.2 R Top10 TIEFRRNGRIZRENES I EFIEL

Fs TREFEEG 2012%F 20138 201442 20158 20164 2017 £
1 74 49 58 37 53 10
2 102 56 35 12 3 1
3 187 185 173 115 73 5
4 58 46 32 27 7 0
5 37 33 40 19 3 3
6 108 77 55 39 18 11
7 82 40 23 11 1 0
8 155 140 124 124 45 7
9 40 43 56 47 19 5
10 84 90 66 34 23 4

5
3
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222
2.2.1 2/3
222
DUPO
2.2.1
222 BROD  MASI

HARD

F2.21 "t TERFBEA” TRFRATROEFNEE " HERSMX

FS Ex /X RIFE NIFELLHI #Ww5IE Gk 4 IS 1EL
1 USA 178 63.35% 2876 67.96% 16.16
2 China 54 19.22% 606 14.32% 11.22
3 Denmark 13 4.63% 223 5.27% 17.15
4 The Netherlands 11 3.91% 180 4.25% 16.36
5 France 9 3.20% 188 4.44% 20.89
6 Japan 9 3.20% 98 2.32% 10.89
7 Canada 5 1.78% 69 1.63% 13.80
8 Germany 5 1.78% 121 2.86% 24.20
9 UK 5 1.78% 56 1.32% 11.20
10 Switzerland 4 1.42% 59 1.39% 14.75
®2.22 “thTFHEFMERA” TRRARERPRZOEANEE~LIUD
FS s E=x NS KAFELH WEIE WSIEELH IS 1E
1 DUPO USA 20 7.12% 331 7.82% 16.55
2 MASI USA 16 5.69% 421 9.95% 26.31
3 BROD USA 15 5.34% 412 9.74% 27.47
4 HARD USA 12 4.27% 268 6.33% 2233
5 REGN USA 12 4.27% 169 3.99% 14.08
6 STAM The Netherlands 7 2.49% 103 2.43% 14.71
7 CECT France 6 2.14% 145 3.43% 24.17
8 Recombinetics Inc USA 6 2.14% 99 2.34% 16.50
9 REGC USA 5 1.78% 85 2.01% 17.00
10 STRD USA 5 1.78% 88 2.08% 17.60
DUPO Dupont Nutrition Biosciences Aps MASI Massachusetts Inst. Technology BROD The Broad Institute
Inc. HARD Harvard College REGN Regeneron Pharm Inc. STAM Dsm Intellectual Property Assets Manage

CECT

Cellectis REGC

Univ. California STRD

Univ. Leland Stanford Junior
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*2.2.3 “RUEFNSEMREREN TEFRINGTROERNNEE - HERIX

FS Ex / X RNITE RIFELLHI ELE GELE G4 SIS 2L
1 USA 141 67.46% 2816 70.10% 19.97
2 China 32 15.31% 531 13.22% 16.59
3 The Netherlands 9 4.31% 166 4.13% 18.44
4 Canada 8 3.83% 167 4.16% 20.88
5 Germany 5 2.39% 99 2.46% 19.80
6 Denmark 4 1.91% 80 1.99% 20.00
7 UK 4 1.91% 116 2.89% 29.00
8 Australia 3 1.44% 77 1.92% 25.67
9 France 3 1.44% 37 0.92% 12.33
10 Japan 3 1.44% 52 1.29% 17.33

& 224 "“RUEFMSEMREREN TRARESFROENNESZ LI

AFE

W51 19

7 S A T e
1 BUTA USA 14 6.70% 350 8.71% 25.00
2 SHEL USA 8 3.83% 216 5.38% 27.00
3 DUPO USA 7 3.35% 141 3.51% 20.14
4 Suzhou Mingyue Pharm Technology Co Ltd China 7 3.35% 109 2.71% 15.57
5 UNVO USA 6 2.87% 114 2.84% 19.00
6 XYLE USA 6 2.87% 116 2.89% 19.33
7 DOWC USA 5 2.39% 75 1.87% 15.00
8 Suzhou Miracpharma Technology Co Ltd China 5 2.39% 79 1.97% 15.80
9 ANGC USA 4 1.91% 62 1.54% 15.50
10 Api Intellectual Property Holdings LLC USA 4 1.91% 55 1.37% 13.75
BUTA Butamax advanced biofuels LLC SHEL Shell Int. Res. Mij Bv. DUPO Dupont Nutrition Biosciences
APS UNVO UOP LLC XYLE Xyleco Inc. DOWC Dow Global Technologies LLC ANGC Angus

Chemical Company

Germany

Canada > .

,Denmark

LUK

The Netherlands

China .

USA

E 2.2.3 “RUVEFNEENREREN TIEFRIIETEERSXENEIENLE

. Australia

Japan

France
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Suzhou Mingyue Pharm Technology Co Ltd .. .

DUPO .
SHEL .

Suzhou Miracpharma Technology Co Ltd

ANGC

BUTA Api Intellectual Property Holdings LLC

2.2.4 “RUIEFVSEMREREN TEFRAEESNEENEIENSE

#2225 “PYRERRA” TRARINEPZOESHNEER~HERN X

FS E=xR /X RITE RNIFELLHI GRS WS IEEEH SRk
1 USA 462 62.60% 9959 70.05% 21.56
2 China 114 15.45% 1285 9.04% 11.27
3 Denmark 35 4.74% 717 5.04% 20.49
4 Germany 31 4.20% 721 5.07% 23.26
5 Switzerland 24 3.25% 592 4.16% 24.67
6 UK 24 3.25% 334 2.35% 13.92
7 The Netherlands 24 3.25% 456 3.21% 19.00
8 Japan 19 2.57% 307 2.16% 16.16
9 France 17 2.30% 325 2.29% 19.12
10 Canada 16 2.17% 202 1.42% 12.63

#2.26 “IPMEEERA” ITRFRERPROEFNEEHIIE

FS i E=xR N8 RFSBLA WEIE WSIEELH ISR
1 HARD USA 35 4.74% 940 6.61% 26.86
2 NOVO Denmark 34 4.61% 736 5.18% 21.65
3 DUPO USA 32 4.34% 500 3.52% 15.63
4 Broad Inst Inc USA 27 3.66% 954 6.71% 35.33
5 MASI USA 27 3.66% 959 6.75% 35.52
6 BUTA USA 26 3.52% 688 4.84% 26.46
7 Moderna Therapeutics USA 14 1.90% 599 4.21% 42.79
8 HOFF Switzerland 13 1.76% 287 2.02% 22.08
9 STAM The Netherlands 13 1.76% 180 1.27% 13.85
10 CAGS China 12 1.63% 149 1.05% 12.42
HARD Harvard College NOVO Novozymes AS DUPO Dupont Nutrition Biosciences APS MASI
Massachusetts Inst. Technology BUTA Butamax Advanced Biofuels LLC HOFF Hoffmann La Roche & Co Ag F

STAM Dsm Intellectual Property Assets Manage CAGS Inst. Crop Sci. Chinese Acad. Agric. Sci.
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