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Application of Gene Editing Technology in Agricultural Breeding
WANG Wei-jia, LI Meng-xin
Abstract We introduced the current development of gene editing technology and its specific application in the field of agriculture, combed
the literature of seed character improvement and market value, and tried to explain the development trend of gene editing in agricultural breed-
ing. In addition to the commonly used gene editing tools such as TALEN and ZFN, CRISPR/Cas9 is currently the most popular tool, and has
now changed a number of crop traits through CRISPR/Cas9, such as flower color regulation, extend shelf life, anti-herbicide, improve resist-
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ance to stress, increase disease resistance, etc. Since the crops created by CRISPR/Cas9 are isolated through Mendel inheritance and do not
contain exogenous genes of other organisms, they are not restricted by genetic modification regulations and have become the latest sharp tool in
scientific research and development. China has always attached great importance to and achieved a series of results, but the literature on the
latest gene editing technology is relatively less combed. The main contribution of this paper is to combine the latest data to explain the applica-
tion of gene editing technology in the field of agricultural breeding, and provide literature references for the development of gene editing tech-

nology in China.
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Fig.1 Application direction of gene editing crops
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B Gt R B S3S 3 Fp Mt A B T A ZFN  TALEN
il CRISPR, i3 rf CRISPR T #AE 8 it FH P58, 513k
FRTZRMEIFRAGE I . 2012 4F, =M R~ 1A
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L
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VAT o el i 30 45 i o o SEBERIE 507 10, At B /)
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PiBREF] ALS(acetolactate synthase ) 3[R 28 48 w7 A i & H
PRy FEER GUS(bet aglucuronidase gene) of, GFP ( green fluores-
cent protein) A A% ; ZFN -2 Jij F T B A W) B B AF 5 ety A
RAFIEH GUS itk

I i PR B A 1) 1 R 8 0 2% (] 5 i 4H. (homol -
ogous recombination, HR) | T £f [if§ ( recombinase ) JE K B A &
KA R (oligonucleotide ) FREE I AL KA IR ( nuclease ) FRiL %
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S5 5 1 AR Ml ¥ S0 A ) 4k R A6 462 J) (USDA” s Animal and
Plant Inspection Service) FIL#E, B /7 T #F A H ERI6 B BT
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Table 2 Research crops and projects by gene editing technology
HA 1E9) e e PeF
Technology Crop Research project Advantage
CRISPR/ Cas BIRAAIT B KRS /N RS R ANEPLEORE E RSO AL . RTER 8GR, 2013 AR T 7ELR CRISPR B,
i MR AR B s L oK KA ARl R i B K M
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HAJE H AT AT Z AR . CRISPR RGEA1 4324 3 Fil
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HEAFE GRS orRNA 255 A REFFUF 09 D) B bs v B 45
26U CISPR 248, it /& CRISPR/Cas9, H 775 Cas9 2K
5 AT erRNA 5 2 20 4k CRISPR 3 5 RNA ( trans—activa-
ting crRNA , tracrRNA) JE 1852 & 44, BIAT HEHOF 85 00 H A5 i
BE 2012 4E4% orRNA 5 trac rRNA 45— 4% sgRNA (sin-
gle guide RNA) , /> CRISPR/ Cas9 F4¢ #4419 52 4= FE , 22
B AN EA PR B UIROR , i CRISPR/Cas9 R 48 A 1T L
AE SRR T PR i TR S TR 2013 4E A, R SR
JH CRISPR HASCHL T 0ok FURZ AR SE P AL o iy
CRISPR/ Cas9 i ARTE S IR 58 G4 LI SE B R R o A
YA PR HAT A BE | Cas BT S sgRNA, Joii i s 4n
Tt % 8 A0 B 7% ( microinjection ) B H, %5 £L 5 (electropora-
tion) SE AL, A A0KE Cas9 5 sgRNA #4550 T DNA 24K, i
DI FT 5 54T 2 %672 ( agrobacterium-mediated transformation )
BHED A 1 (particle bombardment ) 1% A ) Jk A 20,
Cas9 55 sgRNA i %5 i 7 K& [ 4 vh 19 H A5 07 51, B H
CRISPR/Cas9 F- 1 4 19 2 5 e 't th $L A6 2013 47,
2013—2015 4F- CRISPR/Cas9 F Gt ££ 4 4 S48 9] 46 fiff Y, L
2 2015 AEZ 5 AR BRI H CRISPR/ Cas9 FAEM &
R4 T . CRISPR/Cas9 R G0 AW 5L, 2 LB Hi4A 5
(Arabidopsis thaliana) 3130 WHEL ( Nicotiana benthamiana) 7K
T (Oryza sativa) 553 (Sorghum bicolor) ./NZ7 ( Triticum aesti-
vum) ZEREY N F o DI BB ST B ERAE ( Citrus sinensis L.
“Valencia” ) """ & 3k ( Solanum lycopersicum ) 12 2 e -
Y1k CRISPR/ Cas9 RGEHIM B, WIH AT 2R FHAAT I
% A (agroinfiltration) 58Y PEG 4\ 5 A R AR5 R v: (PEG -
mediated protoplasts transformation ) , ffi CRISPR/Cas9 j= 4 1
B R ET T, 48, Feng 27 1L CRISPR/Cas9 fii
12 ABATRARTT B PR A 2 28, 578 B BE PR Al g5t A8 22 T, i
1. Hsu"™ LA CRISPR/Cas9 Z it KR 11 /M55 HE K, ik
SEH CRISPR/ Cas9 if5 & 1 T, ARG AR BN W] it 2 T,
R LA CRISPR/ Cas9 %45 1t 5 DRl S~y o AR st A% 7 i, 1)
L BAHY) T, I CRISPR/ Cas9 1& &5 W H TR E A5
PREM PR DR
2.2.1 YUBAEM, BT R (anthocyanin) S48 AL ST (0 1Y
&Kz —, @it CRISPR/Cas9 EX k4K E ( Nicotianatabacum )
535 & (Torenia fournieri Linden) [ 8% % i 3 -1k ( flava-
none3-hydroxylase , F3H) F: K], GE 5 M 5 5 12 2 ) 46 5 P
£ 5 Zuker 27 ) RNA T3t (RNA interference , RNAi)
{diFR )22 ( Dianthus caryophyllus 1. ) (1) F3H JE R Bk Ak 1Y 45 5
WA
2.2.2 REPUEEERE S, ARGOS BN Y 2. St
HI SR TR, S T BRI G 4 R OK X 20 1 BB EE B
¥ E K (Zeamays ) 1) UBIQUITINT Ji& 379K 31 i) ARGOSS 3
AETK P RGR ARGOSS LI, 25 e Ae T R BE T

FERT 4 AN BEURR ) T K 1) 48 7 i, Tl AR i P G 119 0K
w1 A 419 FhFOK 1 32 R A2 ARGOSS mRNA
PR R R ETA AR E KN E ARGOS8 mR-
NA F=E#E T 4% UBIQUITINI :: ARGOSS 1 £k . iZH A
FH] CRISPR/ Cas9 ¥ T K N4 ARGOSS ()5 8h -, LAIF) I
BRI Tr ik, BB T AT RSB GOS2 i 31, 3
JIMARGOSS () mRNA KRB G, 455 s, 7EH AL BT B ) Pk
K, GOS2 2 ARGOSS K (AL ik Lo B A 78 5 K 114
R

2.2.3 R FMHUMEN T, FH RIN(RIPENIN GIN-
HIBITOR ) FE[A 23 R i 25 Al R 5 J5 34, 15 S N R S M 1G4 1
JFHELER (lycopene ) (/4 i | [ fif I 4 2 ( chlorophyll) , 4f
i R AT R S P R A R A ) S S B T o B
(breaker stage) f& 5 d S HUFLL A, SR ML CRISPR/ Cas9 fiff
RIN BRI 248 i it 2R o8 L2 i 8, /< # ] CRISPR/
Cas9 A i SF2 52 500 RH G JE [H SR Ak, 28 K SR S T 400
[ TE N MISE R4 1 s B2 A% IR AR FII T CRISPR/ Cas9
PR EE s (Agaricus bisporus ) Hoip—A Z2 15 48 AL ( poly phe-
nol oxidase, PPO) [ I UIRE , (1281 PPO 1E AR 30% , 35
SR 25 4 A H R 9 B Y AR S R BR AN T2 R (Du
Pont Pioneer) FI] ] CRISPR/ Cas9 ¥4¥# T K (waxy corn) ( Zea-
mays L. sinensis Kulesh) Py 4= i) Wal LR REEE . Wl LR A
W RFLIE R RIS & PEVE R & U R (endosperm” s gran-
ule-bound starchsynthase ) , fii ¥ T & 7= 4= 4% £ B9 B 5% V€ ¥
(long-chain poly saccharide) , R Wal JEDR 4R T2k =
T EEVERT (branched poly saccharide amylopectin) , HER: B 5% €
BIALRITEIE o
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(leucine) |5 &P (isoleucine) Joik 3 o K BTHLIAIT 5K
52 ( Glycine max ) ALS FEIA 1 iE s i 2R ( proline ) 25
225 1R (serine ) , A A AR KT AR BBt PR 3R 25 BR %577 Chlorsulfuron
HAHE" . FIH CRISPR/ Cas9 {fi 5 K ) ALS2 H [/
DSB 4555 165 il 2 MR 80K 22 2 WR 1) ALS2 H RS AR LA [+
TR EAUEE A Ty 2k A FOKFE R AL, % F K BT 100 mg/L
Chlorsulfuron 21 d J5 ,’f}ﬁﬂ‘ﬁﬁiﬁizziﬂ NEiliNy Sun'?! LIARTH]
(177 2 B K R 1) ALS FE D, B KA ALS JE IR 5 548 > M
627 N HEIR 143 1) 8 2R (tryptophan ) Kz 22 28 1% 24
HHEIR T 5 &R, F ] CRISPR/ Cas9 {25728 1o 1Y 5 i
ALS FE IR B KRR N A 1 ALS FEIH, AR 1) it —20
bt 1 ALS LA 5 sgRNA 2 Cas9 #435 T ] — DNA 2§,
A b 308 od R S V5 AR AT AT i T L) SR306 A K AR
ALOTZHLY, T8 R R0 U Bk () B 7 A B0 ok, iU Eh 3RS
PO AR KRR ™ o

2.2.5 PrEFM: . DMR6(downy mildew resistant6 ) & Kl f#hd
A 2—oxoglutarateFe (I1) oxygenase , BRIHI{ASF AR dmr6 H,
ORISR 5K A7 IR (salicylic acid) (Y & 5 3 1 #4285,
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TR TS T MBI AT 1 ( Pseudomonas syringae) |25 HUBE N
T ( Phytophthora capsici ) ¢ 75 By J& gt W] A1 377, LU
CRISPR/ Cas9 {§iZ& 7] DMR6 ( SIDMR6) R Fei: 545 7
MEHIRER , 5 R RS, 18 i DMR6 5131 8 1 B2k
KUIRE™ . G AT R, f CRISPR/Cas9 7=
A2 ) dmr6 B il 5 A8 A X i R LA T B B AR e T R AT e
P, SRR 5 B AR B A R PR TG 1 25

TR (rice blast) i R #4557 ( Magnaporthe oryzae) 5|
o AR 2K R B D 3 R AR 32 B E AR
OsERFI22 J K 578 23 i /K R b Fes Hus i AH DG L R e o i 4
1o, A KA AN 25 2 L R H . DL RINAL 5 R BRAE 7K A5
OsERF922 SEIR], AT LA AN KR X R AU (0 H0 1 ™ 3 3ok
CRISPR/ Cas9 ERIL/K A OsERFO22 R iy BEH 3 /K R %)
PRI . 4 LL CRISPR/ Cas9 3R75 ISR BV /K A A1
28 H AR N OsERF922 L [H 5474 Cas9/sgRNA [ T-DNA
(transfer DNA) 4355, 3545 R A OsERFO22 R 7Z FL N 1Y T,
HACHURHG KRS . T, HEAPTRERIRK AR bR = 45 508 1
i T bL 1 55 A 20 PR IR 5 F AR R Y K R ) G i 3 2
SRS 2 CRISPR/ Cas9 HARERAA I B ARIE , OF

NS AR I A L PR

2.2.6 PURETE. DIRIFEE AR i 21048 R B2 (to-
mato yellow leaf curl virus, TYLCV) & ;24 /4 (origin of repli-
cation) f) sgRNA F I T 4 45 Cas9 PN V)i (Cas9 endonucle-
ase ) B[R 1) 3 40 00 BE, P AP TYLCV, TYLCV BRI 4
DNA TR A ) R Z 3] CRISPR/ Cas9 RS0 T4 1A
B, g UgE CRISPR/ Cas9 R 48 R BLIG k443K 5
W% 25 (bean yellow dwarf virus, BeYDV ) # {4 if 1 5% o &
[ ( movement protein ) 5 #ME [ ( coat protein ) & [H, DI&¢ {4,
964k H (green fluorescent protein, GFP) F: KB, I 54
Cas9 J%z BeYDVsgRNA 1444 557 : [7] 24 55 7 £F 70 303 90 40 55 %)
H'™ . BeYDV Jpidkiksz 8 Cas9 5 sgRNA FIL M, 35
HARPTRIE N GFP 55 B 55, i7" CRISPR/Cas9 4K
ATAARCTARAE Y T R IR R 1 LA T R A R B
- 4E (eukaryotic translation initiation factors, elF4E ) 7] 5 mR-
NA 9 5'3 i ( 5'—terminal cap) fEJ1], 2 5 mRNA $3% ™,
elF4E 5 EhE2 38 Y St (Potyvirus ) (5 25 25 F BE N 4125 &
('viral protein genome-linked , VPg) 2K , n] #/p Bl Potyvirus 52 %

IREER A JE Y . ZidE Cas9 5 elF4E 7 K (elF (iso)4E) fiy
sgRNA Z [ Fi AT, f# elF (iso)4E 28745, elF (iso)4E BHi{H
IR 20T B T SR AR 2B G HARSE D G4 1Y) elF
(iso) 4E B LA IF ALK T, HHAC, 225 Fh I8 35 ik SUW 75
(Turnip mosaic virus) 5 , elF (iso) 4E AR IR
Chandrasekaran 255" .Caj 20304 ) CRISPR/ Cas9 4 A i ¥
JK( Cucumis sativus L. ) [ elF4E 2845 | B8/ 32 1M 3R 45 46
BIG 7 HARKE 2 A4 T, X elF4E 8ONG4
TP 75, elF4E BT 58 42 Bk %) 8 I 88 Jikoi 5 ( Cucumber
vein yellowing virus) % 54 JIN 7% b % 80K 85 ( Zucchini yellow
mosaic virus ) M A JREE S EE - P4 JA % ( Papayar ingspot virus—
watermelon strain) E G HRTE,

CRISPR/Cas9 ZFN 5 TALEN 25 AR 1) % J i g 4 o
BN Y, C I ITERVEYI TR SE AR OB | s
PEFFOR A AR 1 L7 CRISPR/ Cas9 1] LLHUA
RNAG J2 BRI R R A, BRALRR A B DY, 550 o o PR 33t 1
GBI RFERR T Cas9 F1 sgRNA 45 g 45 2L ], 76 7105 i B
JE B HEDR 43 AT AR B K S AR ) . 3d i) CRISPR/ Cas9
HOR, 7T LA 0 i 85 224~ H AR BN, AN U VR A 1 48
RABIR 0 L5 LA LRI, CRISPR/ Cas9 132 L]
FHEWER
3 RUERREFRARLEER

BEPHARR IR B Wi S R A A A3 5 A 7 3
M BRI EARTET TUAEARAT 1798 R 0 & 58, 0 JLAF AR 31 <
i o R T AR AR RSG5 2 AR 1 2 T v 1 K T
I N 3G TR £ A Al FH B i sl /b iy RS 3 ok A
BORBCEAAN YA FEI VR, A2 it 22 A ok i 10 B 458
RE PR TH1E B Ol 28 55 2= Sl )1z 6

FTLUFE H 5 PR G i H R ZE A ) VR 0 o 19 1 P 38 ¥ 14
I, TS REE Y I S T T SR A G, Ak P g R 4
ARAEVEY TR B EEE AR BT (%3) .

T TR TR N SR R TEARAE ) U B
2 4 FI 1 PR F K % - Derwent Tnnovation ( D) % B 51
A2007 4F 1—12 X 10 4R A WL RGN, 5 1 35 491
P& W (DWPL L HIZH ) , - LA IR R tH 5t # & 51 ( Derwent
World Patent Index( DWPI) Manual Code) 4% R /3255 #E473%
AT T H R PRI AR R A g

R3 2014—2016 FR B R AREEZFFAEY o Bz AR

Table 3 Market scale of agricultural gene technology in economic crops(2014-2016)

b —
for 2021 /15 Market size in 2016—-2021,//%
FHYIVEY) Plant crops 5192.2 5507.5 5859.1 8459.3 7.62
& BI/Kr" Livestock and poultry 3040.7 3237.9 3458.3 5099.5 8.08
41t Total 8233.0 8745.5 9317.4 13 588. 8 7.79

GRS IR T Market and market 2017
Note; The data is from Market and market 2017

TEXBELE TR I 10 5 2 A 0L 1) 32 B 4 AR 5 75 2
PLZ= 2% (hybrid/cross breed) . A\ T.3%#3/#5 ( artificial pollina-

tion/insemination ) A% it 14 1% % 32 Jitl ( genetic assertive mating/

inbreeding) S48 A7 A LA A BT RS iR 2 (HE
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BORTETI 2 10 4R IBHAE TR TR K 43 1A WO A BE L
FARBR G, W i A e, 9 HIE l—a %, 4
AREJEZITOMMER B T RS AR, Z 5 1%k
PUE FPEOR ZE R R AR AR LAR T AR R W B %
TEAR T P AR A AR TR A R AR T o
BHOR LR T IS TURREE N AFHA 1 A Jig , #0312
PEARECAR sl R PR A 5 T B AR A Ak R MRS b A B
11 (2014 AR5 ) A5l b BT AT E S FE 1N 44 4 ((genome

editing) $ K ) ZFN  TALENs ,CRISPR/ Cas 1) % W 4 4 ]
BIGINA S L HIE CRISPR RS- G5 7E 2016 4R A W] &
K 108 4, ™ 2 1 AR 5 78 S R R B 8 13
(£5). BRI (mega nucleases, MGN) ZEAZHTR (ol-
igo nucleotide ) H #2825 Az B 2H it ( recombinase ) & [H B A 45
HART- BTELM FEPIH AR HI A Frg K R RE 4
B AT H A A R A TR K EFb2s T,

x4 EALRAPRIBEERRRFEESE

Table 4 Classification of agricultural gene technology platform in patent invention ™
iﬁﬁé&hnologies 2007 4 2008 4 2009 4 2010 4 2011 4E 2012 4F 2013 4F 2014 4F 2015 4E 2016 4F 2017 4¢ Inﬁ?ﬁms
Z%3Z Hybird/ Crossbreed 1000 1150 1197 1211 1540 1636 2104 1958 2028 239 1336 17 207
4li 75 ff Pure breeding 3 3 3 7 2 9 11 11 14 16 15 94
FEHLAEHEL Random mating/Panmixia 1 1 4 4 3 4 17
FLIF M Genetic assertive 347 449 572 536 644 675 1141 1000 1116 1051 631 8292
JT2E3CHE Mating/ inbreeding
JE IR AE Genetic dissortive 6 15 12 14 14 14 29 33 51 64 42 294
W& % ZHH Mating/ outbreeding
Z 50 %4l Linebreeding 1 12 19 14 26 55 75 61 60 34 361
[ 3% %5l Breeding back 1 2 2 1 6 2 7 3 28
NT 25 Captive breeding 1 2 2 11
7575 B Fh Mutation/ variation breeding 19 48 27 36 59 39 100 72 66 41 24 531
N TH#2K5 Selective/ artificial breeding 43 33 38 77 61 92 144 165 196 183 113 1 145
43 FARIC Marker-associated selection 40 32 41 61 106 125 125 84 111 113 75 913
DNA f#[%%1] DNA microarray 22 11 26 17 7 16 4 10 9 10 15 147
FLH 42 Gene mining 1 2 1 1 11 3 18 2 2 41
B R FEE ) Quantitaive trait 25 37 26 30 43 26 35 51 55 81 60 469
{37 35,/ AB-QTL locus/ AB-QTL
)5 A Introgression libraries 52 34 99 92 187 280 337 354 314 265 205 2219
ZANKZAE Multi-parent advanced 1 2 1 2 2 5 4 17
RIRZ23E Generation inter-cross
JE 5L R 4 R A 58 TILUNG/Eco TI- 11 25 14 11 10 11 21 29 36 66 38 272
LUNG
KHBEPAFA57 55 Massively parallel sig- ! ! 2
nature
LK FF 31| Sequencing
FEBEFRINF Pyrosequecing 3 1 2 1 4 1 2 3 1 19
A Y 7 Mumina sequencing 2 1 3 1 3 4 3 17
SOLiD jil] ¥ SOLiD Sequencing 1 1 2
Roche 454® {iljF* Roche 454® sequencing 1 1 2 1 1 1
Ion torrent semiconductor M ¥ Ion torrent 1 1
semiconductor sequencing
DNA naoball {l] /% DNA naoball sequencing 1 1 2
Single molecule ral time | Single molecule 1 1
ral time sequencing
HricdiEh A 28 Marker-assisted back crossing 1 1 1 1 2 5 6 25 48
3 FFRic Marker asisted recurrent selection 2 1 1 1 10
FEFIZH%5H Genome wide selection 1 1
BRI AW Restriction fragment length 87 49 26 44 19 23 20 30 38 19 19 374
2451 Polymorphism
AR A B B 2 A Aplified frag- 13 15 9 17 19 11 7 13 9 5 11 129
ment length polymorphism
BENLAE % Random amolified 15 13 10 18 7 10 6 9 9 7 5 109
FEHLY 18 £ 2% DNA Polymorphic DNA
N T 44 Artificial insemination 52 60 57 76 80 107 118 138 155 193 90 1126

e S
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Gk4a
ZEHALEA 2007 4F 2008 4 2000 4F 2010 4% 2011 4F 2012 4 2013 4F 2014 4 2015 4 2016 4 2017 4 2

Genomic technologies

Inventions

FEHESE Multiple ovulation embrayo 2 2 3 1 2 2 2 3 1 2 1 21
FiARHL L Transfer technology

RNA F4 RNA interference 96 88 82 100 105 95 88 86 76 85 52 953
FERYTER Gene silencing 54 69 68 55 61 52 71 53 55 63 47 648
V5B R N V) B Meganucleases/ engineered 6 13 10 8 10 1 3 9 13 7 20 100
homing endo-nucleases

PEE IR B £ R Zince finger nuclease tech- 1 2 4 23 16 9 25 25 15 34 157
nology

TALENs 2 7 5 27 39 35 37 152
CRISPR/Cas9 # A& CRISPR/Cas9 technology 50 70 108 93 323
A S B I 4 K% FE R Single-stranded iligo- 1 2 2 1 4 10
deoxynucleotides

& RNA-DNA Chimeric RNA-DNA oligo- 7 10 8 4 1 3 4 6 7 4 59
nucleotide

=4% DNA J& il S0 58 2 1 R Triple helix- 1 2 2 1 1 7
forming oligonucleotide molecules

) PB4 L ] Cisgenesis 1 1 2 2 1 1 1 9
LK P Intragenesis 1 4 3 1 2 1 14
AT #2#; Artificial pollination 268 399 596 652 1025 1029 1291 867 1442 1629 1103 10 301
KAITHB AL Agro-infiltration 55 74 59 66 113 153 163 180 224 165 63 1315
JZ i B F Revese breeding 2 1 1 3 1 20 8 9 3 48

VE : PR JRTF Derwent Innovation 2017

Note ;: The data is from Derwent Innovation,2017
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& 2 Gene editing + CRISPR / Cas #1#3
Fig.2 Gene editing + CRISPR / Cas institution

SR B HEARZ 4= I AT LJ3 2 DNA/RNA se-
quencing . Genotyping ., Marker—assisted , selection , Gene expres-
sion profiling, GMO/trait purity , DNA extraction/purification,
H1EE 2 T L7 (B L s O 4R PR PE AL R ) 5 91 0B s A
{OF3 i D@ S oS R AN AN B s N = I E RS (0
ik 18. 770 42 18. 233 {Z J% 16. 899 12370 (3£ 5) . Tt 3|
2021 AEAERASHE DI HOAR YT 37 7 (H T 2k 135. 588 /4 36TC, 1t
Pl G KA (CAGR %) #5i5 7.8 %,

AT AR R BTT 373 7 T DR S i sy A 128 ¥ 435 4 £ [] g
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#=5 2014—2016 EEEFREARKHH~E
Table 5 Market output value of gene technology in 2014-2016
- 2021 AEFNE

AR 2014 2015 2016 Forescaj‘:s )fo‘r l2{(%12 s iR
Technology application AR //x10° ZE5T 4% 10° 55 A //x10° 2555 XiOG %56 Market share//%
DNA/RNA {li5> DNA/RNA sequencing 1671.6 1768.8 1877.0 2 675.9 7.4

FLIH Y5 Genotyping 1605.1 1708.2 1823.3 2677.6 8.0

FriE ik Marker-assisted selection 1476.9 1577.5 1689.9 2528.0 8.4
FERF KL 53 M Gene expression profiling 1269.1 1353.0 1446.8 2144.2 8.2
GMO/ PEIREEE GMO/ trait purity 721. 4 764.6 812.7 1169.0 7.5

DNA #£HU DNA extraction/purification 718.8 755.9 797. 1 1099.5 6.6

HAth Others 769.9 817.5 870. 6 1264.5 7.8

JE A Total 8 233.0 8 745.5 9317.4 13 558.8 7.8

TE BRI T Market and market 2017
Note : The data is from Market and market 2017
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Fig.3 Number of major crop papers issued
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