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Abstract: The seed industry is a basic and core industry that is strategically important for a nation. Considering the national guidance
opinions on fields such as seeds and cultivated land, industrialization of biological breeding, and development of core technologies for
germplasm resources, the seed industry has become a driving force for the rapid development of China’s agriculture. In this study, we
summarize the current status of the global crop seed industry from the aspects of germplasm resources protection and utilization, bio-
logical breeding technology development, seed industry development, etc. Moreover, we analyze the problems of China’s seed industry
from an international perspective. To promote the development of the seed industry, China should implement a national germplasm
resources strategy to consolidate the foundation of its seed industry; implement a scientific and technological innovation strategy in the
seed industry to achieve breakthroughs in original innovation; construct a seed industry system with Chinese characteristics to enhance
industrial competitiveness; promote the role of enterprises in technological innovation; and modernize the supervision system to im-
prove industrial advantages.

Keywords: international seed industry; crop seed industry; germplasm resources; biological breeding technology

WeRSHIB: 2021-06-10; fEMIHMI: 2021-07-21

IR B, AERHRMRRE R AROAE B 5250 TR T 0L, BF 5T 5 AR RS . E-mail: zjjaaa_zn@163.com

PRI H = op E TR R AR @RI ATV R IR R ST (CKCEST-2021-1-1); G5 RMBL 2B BH 631 58 77 8 % E 10
(KJCX20200203)

AFIMHE: www.engineering.org.cn/ch/journal/sscae

045



EIREMF & R B3 TR E Al & R A R

S -

EF R BIETE 2021 4E 7 A 9 H A A THVR
T REE ke EPHERH, Rt
b, Bl AR RGN E X, fEAE
LRI RN C R E K2 ARG = 5, b 1
HMERR, ANEA. SR B XK, S B AL Rl
H o7 H S R A E R (1] Bk 2R«
A7, REE Y. RO, BEEE R
R PR T AR M ) G R HEE AR Rl
WAL” “TF R CRIET HARLOS” S48 3
B &R E SRS R, Rl & SCh SR
B A s Uk R ) B S 2, M, BB Ak E
HENCAHE o R 0 ) e A2 5 3K A B AR LIS
B, B HEH. — . R R EER
RN RIEEFBNT LL “EDEAR + N THEEE+ K
s BEAR” NFRHERE R 4.0 B HIL[FE,
A BRYE B Y R ol Al Fe o S AUR W g, BT
EIRAEDMEAR AWt Bl — ik rfh
W gk, fEDFLAERFOL <SR 22—, RIRE
E SR 24, ERmAE e H CF R IRAZ
B HXHEDFNL R R FZED GRS R RS, 4
[T AR A ERAVEYI RO R RS, IR T 2 3RAEY)
Pk SE 4k R, 0T i s R Foboll % e R« HERE AR
YIE PP OCBERR IR, ATHE PR AR R0l ) 7= b AT S
HARBME X

= 2L R RS

(=) &MRBFERIFSFIAER

VEY i 5t 5% 52 o R PP ) 2 DROR R, B2
BEMm. s ey i L. Bk, AR
SR R ] o 2 208 M5 s v B AN a8 A TR VR %2
FEE SRR AT AR R E B MR (ISF) 4t
it HETAERILA 7.4x10° 4 F 5w %5, 1750 4
B A, o KT 1x10* 4 Rl OB R A 3 IR
A 1304, FEE. A E A A R A = K AE
Vst AL SR B . BB B BoR, SR E E KAE ) B
Ji & & (NPGS) AR A7 T 244 A F}, 2553 AN,
16 204 4 Ff, 600 419 f3 T [2], H R EE AR
Foft o W YR B L) 7 AT ) 28%;  H [ R i 8 YR
Wb R YR AR A BRI 5.2%10° 4, o 76%

046

AL THE, 24% 2 EAME [3.4]; EIEEAOLFATR
Ja& () |8 FRAE 38 A B2 =) B R PR AR AT (1) 25 Pl AR VE )
PR R AR L 4.5%10° 473, A KRS Bl R R 5 R 3k
1L1X10° 45« /NERE 4x10° . Bk 1x10% 43
RN 2710 4. R 6.1x10° . BN
6.1x10* 43 [5].

FE T HE T FHEDF AR R, R
$5 5 BRI SN B B R ZRFN SE b, FAN
HIZH 2R T [6]. NPGS M 7251 R Gp i
SRRV RARAE . LAV, CRIEYFh
FREPEA S B, A, BE. EBURFHSET]
S R PR 0 R T 20 2.5%10° (8K

(D) EHREYBEMEANLRIER

Ik, AEMHEA. THENEAR S T
BRHEARK CEEE, RKEEFZCHANL “4E
VIR + NTRRE + REHE” ARHER & A 4.0 I
o FREFAR, EHFmBHA, 2ENALEEFER
Py J PR 2H 27 A 24 B AR D BOR B A 7T
L 5HTHT

1. BRI A

RO R AP 7 R 31 2 H DN 4%
AEEIHE T, n M\ BR— FI 5 Ty £ 22 TR PR 2 A ) 0 4 1
R RE N I 2 BE R A R e s MR L A B
KE, M ABTR. PUR. BRI AR R R
Yy, BEEPUE (BUR PUIE HUERBIO . MR
BRER. EMEANEEREY KR, ZEZR
HERE ARG T, RIS B, &E
R TR R AR AL T AR ERBE . AR5 PR

2. BRI

$:T CRISPR/Cas 5 4t (1) 3 [K] 9 5 43 AR 42 31 4F
RAE A B AU ) E R R AR FE R e ANHAR BT
RBEKE, FEEALE L THEHAL; AR
RMERE, RESEINEALT R, &
ZEAEH 5 J7 )ik B E FRoe gt K, W g4 HoR
ERRE FEER Y OKFE. NE2) J7 T i ik
Tt RS AT [7]. 2021 4, WA KR4 )
TR TR 78 N 2 &8 T Retron Library Recom-
bineering (RLR) FE[X 48 T, W] DLF I A2 i %
IEEE IR, “OmiLT AT AL, — IR
EEEANFE s e LE KU 1A] B R K ] S0 K A
(CRISPR) HEHEATATHIEN MEH, HAHER



hETIERY 2021 4 $23% 41

Ig 4B 2% (8]

3. AR A £

Wt 5 2 DR AL e B R AN T SR S 1) PR A
J&, eRENAERFE R EYR R, SRR R
PEIR BT RCR AR KIETE, RokAT BN TE
/NS b UR = RPN sy W R bt i)
B J5i% (9] MBORN M KRG, H AT 22k A
kT HMOAETR, KEFREEWE M Ha
T BRI TE, ABAE B AR5 T I ST
FHHRAR (&l #D, Bhdeas (MR 5%
[ Pl B3k CAE FOK SR L SEBL TR BRI
ML s SRR ZBAROEE, EE. EE
S KA R SR O SE . FIFE 1 2 3k PR 4%
BRI AL TP B

4. BN

SETRIZHIN P B AR R pR g FeHtE sl 1 AR5 AT 24
W FCMI SRR E . PR R S B R sh A 5
RAEFME R, CElokmE. M. TR ¥
JRAE E BRI SE R HIM e, W10 E R T XEA/EY
WAESE A I ZhBEPEIR, WU E AL PRAT 41 [10];
T T kT e 308 A R AL N e ) 6 R R 5 TV
THRE T KRG FRA SRR 5 PRI A S Bk 23 B AT
REWETT. H AT, FE KR LD Re Sk R AL AT 7T B A K
AT I bR Se i, e 5 b A o AR
FPBOARTT i e R A FE R B 2K, il S8 Al 1 38
JRL B KRESR. HEE. PGSR EY
[y 4 2 DR 2 P 71 P9 5 3 S PRI [11]. FEA A2
KB F2 0 B R ZVERIE Ry i, FRE S Tk
FAEF A Ik

(Z) EHEPRABH~AUAER

1. I RED)

1996—2019 4, A= BRI 3L DR VE ) Fh ke T AR &R
HIEF] 2.7x10° hm’. 2019 4F, £ERILH 71 HMEK
FUHLIX N B T B FEREY . 95 B2 5% 2L RE Y P A
K MHIRIB PRI i 2 E 2K, 2019 4
e TR AHGA 3] 7.15%107 h?, il (6 56 VR W0
iRk, KRE. Ml HiE. Wk, #%. 5%
=R, MR, RS, HERKE. BXK. M
16 897 25 B FH 2835 $1) 95%.. 3 [ 4 5 DR 1 4 ki
I FRZ N 3.2x10° hm®, X N FEE [ 0.48%, B fh
AR AERMA (3 D. NEFIE EE,

1996—2018 4, FE:REY P i B 3L L5
2249 12370, HpREIRE 959103k 70, £1h4aEk
SR 42.64%; FREFRTS 232125670, A H Rk
SRR 1) 10.32%; BREE S, GBI R HE A FE AT
1 S PR AE (2814238 70) L1 (266 10.3570)
FIENFE (243 123570 [12].

2. FRGEAED

5 [ 2 thE 5 1 R g R AR A o B b A B R
FEHIE %K. SU Canola i fith Bk IR Bk B0 771 2% A& 4=
BREE — AN AL BE R m AR, 2015 EAEE
4000 hm” (¥ -1 FEAT 7 Rl bRl . 2016 4, %
V] b A R T 30 3 356 R 2 2 5 A B 4 A8 A SR
ARHEZER (DNA) BB i fh . 124 M1k,
CLA 150 22 i I R 4 48 4 420 397 o ol e 5% [0 R 3 48
TE NN IS AR, T R VR AE 36 R AT R Ik A
fH, BFEEHERKE. PLEBmANE. SR
FRFE. mERILAES. Har, EERHBEE
ZEAE AT T 23 R REFEREEY, BT HE
] > ] B (R AR FHAT IR e A =) OB QAL 2 =D
WK 3 MAEYILLAE, AR K B Calyxt. Yield10,
BensonHill Biosystems 55416 A T — 544
VAR TR R G R R S L I AT R R
B, KA E RO 7 5 g /N RS A &) 22 18] (%0
VPRV AT 5 L i 25 TR G e AR = B4
Felg [13]. 2018 4F, S[EHALAE T 5 Omega-3 £ A1f
A 1 7 TR 117 256 D5 G 8 0 JRR 55436 1k P AL . 2020 4,
HAGE S 7 AE B AR e & —— Sl
JE EFThRERLY Cy - & TR M7 ahes & Hid,
s 25 45 DR = i v AE N T 3

T EAE I R YRRV & PR FH I 9T 7 T HL
137 — R 5| E BRI BT R FHT S, AL 5
KAE. K. %, KE. K. BEIR. LA
R MW EE, H O AT A 5 IR G 51 4 9t vt
i

3. AW E PR B i

A PR B L i ) M B A R — A
E XAV E FE AR R R A RN R, E
Br b B AP RS . —RLEEARE, LT
DA™= it R 5 1) B AR D BR 7 o M o B A R, IR
R CSRBEERME” “ANZa T JEI [14~16]. X T
B gmiE (B SNINEEFD (B9, WA EE
o EAR MBS E M F BRI, W

047



EIREMF & R B3 TR E Al & R A R

R 12019 FEEREY LR MERR

H4 E %K R I AR/> 10° hm? L SR (/RS

1 F[H* 71.5 Tk, KE. M. B8 w3, #isE. BRE. AR, K. ¥R
2 EL g 52.8 K. Tk, #ife. B
3 B A A 24.0 K. Tk, #ifE. B
4 IE N 12.5 WL KE. Tk, #EE. B, ORE
5 =i 11.9 e

6 R A 4.1 KE. Bk, #ite

7 rpE* 32 Fife. AR

8 ZEISs 2.7 K. KE. #TE

9 ECL e 7 4 25 liiyia

10 35 ) 24 37 * 1.4 K

11 LR 0E 1.2 KE., EK

12 ElRE= 0.9 B S

13 iy DA 0.6 e e, aie
14 £ ) * 0.3 it

15 75 0.2 Liipia

16 S AF* 0.2 liipia

17 VG 0.1 Tk

18 FHE i * 0.1 Tk, #ifE

19 R 0.1 BN

20 AR <0.1 £k

21 H| <0.1 K. sk

22 Hhig <0.1 it

23 T <0.1 EK

24 B EViRA <0.1 HRE

25 FEwllE A S| <0.1 i

26 Je HFE <0.1 livia

27 BT e <0.1 Li2ea

28 HRIEMR LT <0.1 F1E

29 A EZ <0.1 Fte. AAL

FE: B RIET B IR R AR S RS 4140 (ISAAA) ; * ARFAHIITRIZE 5x10° hm® Lh_F (0 #6 SR VP Pl K o

RAEFEIERAY), ATRERE. IMEX(17]. B
[18,19]% FAIFRZE [20,21] A [22]. FHEELIE [23]4
DL A [24]. H A [25,26]. KRV [27] 25 B K
MZERIMBCGR. B, dombrE. . JE A
W HREW. BhiE. Shid. MEsEERES
FEABAL R i (28] — 2 LARK B NARER, T4T DAH,
ARFBRN TR EDE A SR ER AR, AN
Nt A HE AR FBAS B LY, FRE IR i 5
DR A W R AT % 1 22 A VEAR R0 4 [29]. 2018 4,
WK B 5 e v B 1Y) 3 B K EE ZH DNAL 21 i ik
Ty BRI AR S H AR W I AR ) A e B R AR )

048

FHANNMRLISE . SR, BRI R L R 7 ] g 2 AR
AT b AN 40 e 80 5 T S R i 7 i M A P
BRI [30], 25 CKe 58 R g A P A0 R e ik PR 2R
Y317, 4 ] A0 7 A i IR i 4 ek i [R] e B )R
R Sl B8 s 10 WP O [32]0 T 2R EL T S R
FEACAA AP B3 331

WEX R REMNSE B2 “HiRe s,
HEQH . KIEHEF. HEHE . 7. .
AR L. BRI EPE R T R EE,
X Bt e DRAR 7 it A7 FE VS A UG [ S 56 25 BF 6 1 FR 1)
RIS BT T E I, HAT, FRIE R A —



hETIERY 2021 4 $23% 41

KA H FombAn R E R, BRAF &8
I SRR E R 0T RRmEEY,
T A H B B R 0 1 OO [34]. €2021 AR
IR AR S TAETR) T el i IR
A W) 5 U B AR AR VM R RS L B (1 aE
A BRSO, BT FRE TR A Ol i B
R AR e AV B mt b, AT el A e 4 1)
BES.

(M) £Tk{E4FL R 51550

gt (I 2), 2019 fE 4 R 7 s i
N 13195 4236 A7 i AR 3 47 1) B 5 45 5l
Refrs, EE. R, HO%FEHN 62.95 1430,
Y1 5 2019 4 H bR MOE R 47.71%. 2019 4F, F [

Bl A& 2.07 {23670, 2905 2BRH 1 EET
1.57%, HEZ S 11 4AL; HIDBHEERT 3 AL B
Fh¥ (L16123£70) KEEFT (0.63{23E70).
AT T (0.17 1270

WG (I 3), 2019 A F Rl HE 0 R
N 146.57 M0k T0; i =HEA S 1 A, Bt A
1094 14376, 2y b A EREECTEAT 7.46%. -
RT3k DA 4.43 (0.3£ 70, 20054kt e
3.02%, HEAEE 11 47 B OBHETE AT 3 67102 552K
P (224 1¢3%70) BEREM T (04710370,
ELRIE SRR (039120 70) : BT TH
WZEE, WEBN 2.36 10550, Bkt EdEsT
PbRBL, far=s. [, VEE. MEmE. AR A
IAERER A7 OKE, WM ORE, %

2 2019 FERMFHO Top11 EXR

HE4 P H T E/x10° t H 230
1 faf = 10.97 27.54
2 X 21.50 20.02
3 1L 8.70 15.39
4 ey 2.28 6.66
5 Pz 1.82 4.96
6 9 5| 2.55 3.63
7 ROKH] 0.83 3.43
8 FlEE 3.64 2.89
9 BHH 0.32 2.81
10 S illin) 3.85 2.67
11 H 0.24 2.07
Ve HOORIE T A B B 5 5% (UN Comtrade Database)
3 2019 FEPFRMFH O Top11 EZX
He# K HER/x10° t ARSI STy
1 faf =% 8.01 10.94
2 e 75 21.00 9.21
3 ¥ H 5.59 8.78
4 7 5] 3.21 7.39
5 EHE 1.90 6.86
6 ol 7.09 6.06
7 Je H A 2.85 5.96
8 =P JiiRIA 22.74 5.93
9 Eeiiliny 17.34 5.74
10 [lip%in 3.67 5.62
11 i 0.94 4.43

W A RIE TS E 51 5 8 2 (UN Comtrade Database) -

049



EIREMF & R B3 TR E Al & R A R

TR TSI IR

() &kBEEMFELER

g 2GR T — AR i, Aoll
5 [ A m)REAOI T 37 03 20K 52 4 H 28 A, R ALl
b [ A 7 AT AE R 4Bk s 8 AR T %
E e g 7y, 2019 4, REAF 4 Kol Ok
AN, wEFLOmRE R AR AR JE5E
BEMUVBMDAERAF. HEEKBOHRAFD
HEN A B B A Top20 5 7£ H At 1 Top20 £k,
EHEA 1 K (BhatEARD, HmER 3 K (FFHAF.
EH R AR FHRMEERD, fii22f 4 K i
SUMIER AR WP AR RAFTFAERA
Al BSERD, EEA 4F RIS BBigs
5% — fhfiil G F A\ . RAGT Semences. LA,
HAR 2 5% O FhiEsR ot k2
), BIEAR 1XK (il . FHEAR. Fldfe
AT —HAML RS E, A rHE 8 S Top20
Al A B 60%, TEECFERF A, K g

AR, #ep ol mit A e, Rk gEr. B
W R A FI RS 222 F . R R it 5 A4 K
BRARN, A E R Top20 £k a4
B 24%. H A 14 KA BARAE A &8 A &
16% [35], {HRFFEEERT, WPk R A E SR HBUE
PR RCRP A 55, 3 o R 22 R R S v T E
FiF AR BB S, IR R A
AR T L 2%, 3 [~ A ol s B A A B A 7]
KRR, 75 BRI A R A A R/NE
Bl 45, # e A ERA R R IR . ARk
POl AR A 7« Tk, ZRRE” 1
FrEg R (k4.

(7%) ERRFl TS S5

WARSEE. s, fEE. JRE. AR, 5K
H. sk, HA. BEr&EslsaE, LIRS wg
VAR TR QRS A0 SN = QU R | 55, &= O ]
Fro AT S0 2 Ml 3= A4 8 7 0T [ s oLl e b 5 4+
J1EAT T IEN [36,37]. RO 4 18R E T

T4 2019 FEHEEN Top20

Hes4 A =31 WEBHETIET
1 HH A Pt 10 667
2 At A EEH 7590
3 e iEIAEH] ] 3083
4 Ry 2 7 7 ] 1619
5 FIEy b == A A 1L 1491
6 AR 18I 1263
7 FHE M 5 A VAR 779
8 I HFh RSt HA 587
9 VIS E Y S g an HA 484
10 ST AM = B I 3 A B 7 o [ 450
11 Fity v W HE i+ 22 7] fif 2% 440
12 GISFIT A faf 2% 379.4
13 L W= R N 1L 357
14 AT T HIR A fif 2% 327.9
15 EE i far == 263
16 RAGT Semences vk 239
17 PR 4R ] tERE| 233
18 22t ol Bl RS 231
19 FERTERF RO A BR 2 7 ] 188
20 P BAR B A IRA 7 Hh 177

W HEERIR T & E AL A B AR

050



hETIERY 2021 4 $23% 41

—MEXS5EETS RSN, MRS TS E
. BRI, EiRimSA R, it
JHURE Sk BARRAL [38]. AV 35 4 8 HOR A 1 L4 65
i Top20 1MV BT Ja B S5 0 4 B 4 o5 A BRI 1T 3 1
ER AR RAE, RBLT — EAE AL 3 A 4l
EEBRT Y LR sEdse . Pl s 3CR F —
[ B 7 i S W E 5 A Bk R T T 3 I T E SRR AE,
PRBL Y — B AL 77 ) Rl ok 4 BR AR 1 TTER B, Y
b T & E R AR EAFE L B AR T3 T SR AS [F
R E RS 5 22 5, o B % L 2 E R
Tl RIS O

SERER (WF 5, FREFHL TS T1He %
$90.302, HEFEEE (0.678). fii% (0.466). JEE
(0.353), #E[EH (0.318) )&, fiAl% 5460, Ak
b T KA

=, ZREMIL RE&EYE)ER

(=) ESMERMRFFESLR, MREAREEES

EREARE

A [ 5K A 4 BRSO 38 A% SR O [
W, 7 A G IR AR BRI R, 5y T
TE B B SRR R YR . IS D, A
B — A F R AN B O ORI R, 4R T
157 22 B A [ AR 25 20 AR R RO R B B, RO 5
Fof it % R DR AT A ORAT PSR B 2 I L 5K [39]5 a2 I
T A R A 5T 5% U AR 2 o S [ P R R R A
1 72%. MLEZ T, WEBRMEEHEFEE, =
CUEE A B9 T, IR B A I B A 2R A

24%, FUEMRME L ZFEEAEZ, R HA
BRI BIRA L, ERL ISk EASF AR B
Ab, R E RS #E % R IR L AR AR, R LR AR
5.2x10° 43 Bl i B IR 8 ORGSR
1.5x10* 4y, JCILERZ X RIEAR ZHAR. Prid st N &
AsHES . W S, Mt TEREMFIAE; &
] 9 A o 58 YR A FH 2R AN 3.0%~5.0%, A 248 H
HRAN 2.5%~3.0%, ARFFTE AP IR R A A
M AR PR TR A R I AR 2%
HIUA R,

(Z) YR EHMUSHLER, BHRZFEREE

MR

2 #& Web of Science #% 0> & £ 16 & ¥ 4,
2015—2019 4, A ERAEY)H AR E P4k 1) K S
B8R0 G H A EEKN25987 F, FEA
21 620 &, rAlHEA AEREE 1 FIEE 2, & HAERK
R 29.5% 1 24.6%, R T AR B R
REBT R 5 — P45 e . MR 3E Derwent Innovation 4= ER
LR R = B, 2015—2019 4, 2ERAEME
Tl AR AT & ) HR i SN 23 133 4, HipSE[E
A [ L R B o i HE 2 A BREE 1 IS 25 EEH
THEON 11 849 £, (5 AR L HE R 51.2%;
R E B N 6338 £, 5 A EkL R H I B E T
27.28%, BS5ATANSCIEE £, HFEMfRSRRE
VI E Pl R AT Z AR R )&

HE B G TR, BRI
i JokE SR ERE — e 20, SRR Tia
REBY B EEL EEL AL | ORI,

=5 10 Bl =l TS R EHE

HE# P EBR R 2 565 J1iR 4 R AR A E R4 PV TR 4 A A= EAL E e
1 FH 0.416 0.560 1.000 0.678
2 far % 1.000 0.104 0.112 0.466
3 15 E 0.598 0.171 0.199 0.353
4 e3Ey] 0.266 1.000 0.030 0.318
5 H 0.008 0.288 0.603 0.302
6 LG 0.212 0.000 0.145 0.143
7 PN 0.124 0.000 0.104 0.091
8 HA 0.056 0.079 0.051 0.059
9 e 0.114 0.000 0.001 0.046
10 NI 0.066 0.000 0.000 0.026

T B AR AT S R AR IR R TSR

051



EIREMF & R B3 TR E Al & R A R

FEEPKSCREAKR, (Hgm g THRE, £EE
MFedrd . R, £ TH AN
B, FRBER RS 158, & F B &AL R i E 1R
s REE THEARERE, HHAOGME, HEF
JRERAEAE, THABREAME: EE. JH
g T ENE RS S, RECARIEESZ,
BEF RS E, BRI ESS T,

BORCRE, REBRTELEVEAE R L
TARRMAHAL, HEEZ B F0EMEGERE AR, P
T CRISPR/Cas 11 5: R gm g Ho AR i, HARE N
B T GG 1) R DR G R R R A 22 A 1 RN AR 5 TH
AT T 2 oul, WIRE T e H E R, H
FAEREfRPE, BT REZ, R0 A L1
. A R R e A A% O B R YR R,
R OB B FIRCHE AR B BR A AR — A 48 K 2
Rbih AN = T AR, DR AR MR R S A T
e “RIEETF7 R

(Z) #FELTSHETRSE, REEEREWL

AR

SV EME AR R, RER T
RGBT G . AEEYEARE P07 IR AL
TR AR R, AL A SR,
A AR B R RS T D )

MR S E, B E B E B A8 5 R
PR (UPOV) LI, SRl 5 S0 3 K
PO, M 2017 fEE I R, JRER 147 [38];
AR 2014 ER S £ E, UK TRRE, R
B2 4. ESFIEMPFEFAIMG, BRI
%, Az BA SRS 0w, B HRa
AP« AksE, Bl A RESR 7. TRk
b7 Al & R, (B 5 E B — 3 Al ) 22 BEAK
SRR, A RIS 22 SR HT AR 1A 58 1)
FEER. — MRS, AEESE
JUFEEEBHERHRN, R EARE, W&
PEREFT T 1 R — B AR [ BrAiol B3k i “ &R0,
A FERE IR, 2020 FFEF A AP RN
71.26 /28T, FHlfEAE N 11.42 (¢3%70; fERE
P ol 8T Sk 2 117 2 B P AR v BB I PR A
RN 411 L NR T, 5 E BRI E A
ZIEE,

052

MARBIHLER R S, LRI E BT Rl g
ks, KA T CE S5 BT InRHAERE DU R A ED
Fiolk 2 B L) C 55 B 7 28 775Kk IR A il A
il SR R BET RE TR L) SN ST, B AE
HERE R AL E AR RIGESL. BT EMAA S B,
PR T B R ABT A 4R, Al e
FEEAE, B2 TR E AR R A, AR XEAE RE N [A]
LR

MU EBUOR R TG, B R e 5 R ROH A=
AR B MG BELAS T BB R AL R R
X TR ROR R H S, BT IR 2001 4F
KA 2017 SEBAT R AL B 5 R A=) 22 4 3
SN Yo SR Bk DR 4 2 S5 T BOR A B A7
KR T AR SR ™ i, 275 2R A i ]

REF s CAE S5 AR A W) BRI S DL P2 -
M. FHEF A REEESEN

(—) LHEERMREIRKEE, XML REM

FE VOS5 B2 R R 37 A T 1 T 21 B SN
B, e X T R R BRI ORI R AR . P
I BHHLA S R BLRARD N Al B 7 e S5 A
REIT I, 3TN SR B E e 5 5 A
A AR DR, 5 — 7 R A A AT AR
“GEm T U7 B GHE E MR B, s
BT R BT R A R o O B [P e, LA IS HE ML AN
BLRGE, il [ 5 BV BHIR 2 FEPE GRS T A
LB R L IEE G, A SCRFRR T B i R B¢
VARG UHESE E TAE, R —HEDU S Ah AR R g
ol J5 % 5 A A A A SR g 28 [ Ao 1 ok e A
B U AR S5 T AR B AL

(Z) sEreple & 52 6) Fri i, SCTLR A M8 Fh
3T
e ARl A [ 5K X 2 TR B AR A DR
R R DR R i B3 905 D0 5 35k DR IR AT ) R
BIARIBR, e R AL AR AT SR A
BOBSL AL BFT R R MERE FC L T, W BB I R )
JF UG QUH VERMIHE SR 05 i T 5 TR g 4



PETIZRIS 2021 F $ 235 H 4

ARG TRIFRPRRBUORY, BEHRFOL A 3
AL IRAE B EOR . KEE SRR A )
R I, fEmilE R, SRR AREE S
PEVE MO BORTT [N SR AT SR, B AROK v i RS
HE T R T PRI I R A5 E B R R
G AE [ SR A S RO LA I HOR TS T
FEREYERT A, FEARAR KT B R AT T3 B R 3
R

(=) 2EMEFEREMIAER, BA~LE

)

VRN T FERIL AR ] 250, AT B4 i
w7, RO R E MR R BT H AT E
WA FIRS BRVIVREAERTHIN, Fh
ARBERITEMIRE IS ET, ANEE HRE MY
fifi, N AR E R AR R, BT
FHRL” QBTSRRI R R R E SR
FHEBIH B B AR IS AT AL 7= 22 mE 7 R 5K
TR 2 7 BO AR US55 T ) R e 3, I BERLIT 5L
Ji5g. WAL R A AL, SR ek
AV AL BHTIR A A R SO AL IR R BE, X
ATEIF B IR NS A M, Aol e P
AR IR & o<, FEFRE & mE e i Al Sl
izt JEIEHLEI SR, PSR T B E YR
BRTEF T,

(F) seite ol 5 4 B g, 58 10 4 b 81 #7891

TE L

o |7 VL | 2 P 1D G ol A P 09 8
AT R . — 5, I HOF EAH AT,
EHEBEEMLESL, Ehmim A SERER,
WER B, ARV ERE BT RCR AT I- T InE
AW, B CNER” TREFSBESE
BOR=REE R 55—, RR TS DR g AR M A
RGP, PR T R BIEOR T, B
B DAL = BB AT B 2 F B R B
RS J5 TR R I8, (R EAE — SRl iR
Jr IR L.

(F) s MEREIRNL, BREARRBEWLSY
Fol
7= N I TR, R

R R A RS EE RN T
HEB) B R AL WA Ty T A L5 R DAL a7
TR NN 4 76 2 R0 S0 - P 3 G OB PR
BRI R G BB ATRETER . AR TR R4
PR B BE XTSRRI kAL, A B
FEFE 7 VAL B RE D 7 it 22 A PE AR R 75 B % S8 4
JHIHTER T, SRR G VR BEEXG, K
AT BRI B0, SRR AN o lk AT A 30 77 5
BRI BT LA G . e A BRI
BURAL, FEHEHESD M RL I K -

s

(1] Breth. STE-PF LR AP R TR SRR R e
BRI GBR SR HTR RAR HERERL AR 375 8w
JRAEZS PR AR RN R 825 ' [EB/OLY. (2021-07-09)[2021-07-
20]. http://www.xinhuanet.com/2021-07/09/c_1127640160.htm.
Xinhua News Agency. Xi Jinping chaired the twentieth meeting
of the Central Committee for deepening the reform, emphasizing
the overall planning and guiding the construction of the new
development pattern, promoting the revitalization of the seed
industry, and promoting the ecological environment protection
and sustainable development of the Qinghai Tibet Plateau [EB/
OL]. (2021-07-09)[2021-07-20]. http://www.xinhuanet.com/2021-
07/09/c_1127640160.htm.

[2] USDA. U.S. national plant germplasm system [EB/OL]. (2021-06-
06)[2021-06-07]. https://npgsweb.ars-grin.gov/gringlobal/query/
summary.

[3] ARV F AL B, A EARME SR S5 e, Rk

SRR R i Hh ot 20204 o [ AR AE A0l R Rk (M. b
s RO R S AR A, 2020.
Seed Industry Management Department of Ministry of Agriculture
and Rural Affairs, National Agricultural Technology Extension
Service Center, Science and Technology Development Center
of Ministry Agriculture and Rural Affairs. Crop seed industry
development report in China 2020 [M]. Beijing: China Agricultural
Science and Technology Press, 2020.

[4]  FREGA R BRI R IERS2 50 AR R (0] ROl R
HH1E B, 2021 (8): 81.

The total amount of germplasm resources preserved in China
exceeded 520000, ranking second in the world [J]. Agricultural
Science-Technology and Information, 2021 (8): 81.

[5] NBPGR. Status of collections at National Genebank (NGB),
ICAR-NBPGR [EB/OL]. (2021-06-30)[2021-07-15]. http://www.
nbpgr.ernet.in/Research Projects/Base Collection_in NGB.aspx.

[6] oA AN BT BHELRA SH & AEYRR 5 IR R BLIR
J2 % 5 | [EB/OL]. (2009-01-09)[2021-06-01]. http://jagis.jaas.
ac.cn/CO_show.aspx?id=78&class=5.

Protection and Utilization Platform of Agricultural Germplasm
Resources in Jiangsu Province. Conservation status and
development direction of crop germplasm resources [EB/OL].
(2009-01-09)[2021-06-01]. http://jagis.jaas.ac.cn/CO_show.

053



EIREMF & R B3 TR E Al & R A R

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

054

aspx?id=78&class=5.

T 55, R 5= B D g B U S0 R (D). AR AR,
2021, 37(1): 342-350.

Hao L F, Chen H Y. Interview with experts in gene editing field [J].
Chinese Journal of Biotechnology, 2021, 37(1): 342-350.
TR0 Bl R 2 0 k2% 5K 01 3G B i 56 DY 4 i T A [EB/
OL]. (2021-05-21)[2021-06-18]. https://www.sohu.com/
a/464162722 120393261.

Sohu.com. Harvard scientists create new gene editing tools
[EB/OL]. (2021-05-21)[2021-06-18]. https://www.sohu.com/
a/464162722 120393261.

XS, FaleC, FRE R M R ALk B P HOR R S B 5T
HER [3]. 4 TR B R, 2020, 18(16): 5335-5342.

Liu C, Meng H W, Cheng Z H. Plant genome-wide selection
breeding technical principle and research progress [J]. Molecular
Plant Breeding, 2020, 18(16): 5335-5342.

SR, T A R AL SRR AT S (0], ok E B, 2015
(12): 24.

Jiang J K. China’s agricultural genome research leaps to the
forefront of the world [J]. China Vegetables, 2015 (12): 24.
BTN 00 1 36 55 % S 2k DR AL 4 9T 9 R D T B 3300 [0 AR A T
YRR, 2020 (24): 16.

The research and utilization of cucumber, tomato, cabbage and
other vegetables genomics in China is at the international leading
level [J]. Rural Work Communication, 2020 (24): 16.

] s i b A= 4 AR N7 R 55 L 408 20194 4 Bk A= W R/ ik
BRI AL R A3 (0], Th R TR A 76, 2021, 41(1):
114-119.

International Service for the Acquisition of Agri-biotech
Applications. Global status of commercialized biotech/gm crops in
2019 [J]. China Biotechnology, 2021, 41(1): 114-119.

AR, B HE T LR BE AR R D A BOR K Eh S 5
SEFEH T ] AR PR, 2020, 28(6): 1060-1072.
Zou W N, Song M. Analysis on the development trend and
competitive situation of plant gene editing technology based on
patent information [J]. Journal of Agricultural Biotechnology,
2020, 28(6): 1060-1072.

Rsit I IR BV M HLRIIRTE 0], 2O, 2014,
42(36): 12829-12832.

Liu Q. Studies on American regulatory mechanism for GMOs [J].
Journal of Anhui Agricultural Sciences, 2014, 42(36): 12829—
12832.

USDA. Secretary perdue issues USDA statement on plant
breeding innovation [EB/OL]. (2018-03-28)[2021-06-01]. https://
www.usda.gov/media/press-releases/2018/03/28/secretary-perdue-
issues-usda-statement-plant-breeding-innovation.

EF, e, FEE S EY B R BRI E IURER R [1]. th
R RHE F41, 2019, 21(5): 1-7.

Wang J. Yang Y P. Review on supervision current situation of
new plant breeding techniques regulatory in major countries [J].
Journal of Agricultural Science and Technology, 2019, 21(5): 1-7.
USDA. Canada: Agricultural biotechnology annual[EB/OL].
(2020-02-11)[2021-06-01]. https://www.fas.usda.gov/data/canada-
agricultural-biotechnology-annual-3.

bV, PRERIE, 2202 K. LLPUREIE ORI A 7 R i

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

R FC R R —— RS G 5 BOR B 2B W L Ay (0], REHECE
R IT, 2018, 38(3): 63-68.

Zhan J T, Xu Y J, Jiang A L. Analysis and enlightenment of the
supervision system of transgenic technology industry in Brazil:
passive innovation of system and technology monopoly [J].
Science and Technology Management Research, 2018, 38(3):
63-68.

Nepomuceno A L, Fuganti-pagliarini R, Felipe M S S, et al.
Brazilian biosafety law and the new breeding technologies [J].
Frontiers of Agricultural Science and Engineering, 2020, 7(2):
204.

M, R R B8 B R N A UK (7], KSR, 2019 (4):
66-67.

Yuan S, Han T F. Regulatory policy on genetically modified in
Latin America [J]. Soybean Science & Technology, 2019 (4):
66-67.

Whelan A I, Lema M A. Regulatory framework for gene editing
and other new breeding techniques (NBTs) in Argentina [J]. GM
Crops Food, 2015, 6(4): 253-265.

USDA. Chile: Agricultural biotechnology annual [EB/OL].
(2020-03-18)[2021-06-07]. https://www.fas.usda.gov/data/chile-
agricultural-biotechnology-annual-3.

USDA. Colombia: Agricultural biotechnology annual [EB/
OL]. (2020-02-11)[2021-06-07]. https://www.fas.usda.gov/data/
colombia-agricultural-biotechnology-annual-5.

USDA. Israel: Agricultural biotechnology annual [EB/OL].
(2020-11-23)[2021-06-07]. https://www.fas.usda.gov/data/israel-
agricultural-biotechnology-annual-4.

USDA. Japan: Agricultural biotechnology annual [EB/OL].
(2020-04-01)[2021-06-07]. https://www.fas.usda.gov/data/japan-
agricultural-biotechnology-annual-5.

XU, F R, 2%, CRISPR-Cas R ZE7E M1 H 100 9t ik g
S EOR (], AR, 2021, 11(1): 1-8.

Liu X J, Wang X J, Wang Z X. Research advances and regulation
policy of CRISPR-Cas system in plants [J]. Current Biotechnology,
2021, 11(1): 1-8.

USDA. Australia: Agricultural biotechnology annual [EB/OL].
(2020-12-09)[2021-06-07]. https://www.fas.usda.gov/data/
australia-agricultural-biotechnology-annual-5.

USDA. India: Agricultural biotechnology annual [EB/OL].
(2020-02-11)[2021-06-07]. https://www.fas.usda.gov/data/india-
agricultural-biotechnology-annual-3.

USDA. European Union: Agricultural biotechnology annual [EB/
OL]. (2020-12-31)[2021-06-07]. https://www.fas.usda.gov/data/
european-union-agricultural-biotechnology-annual-0.

R, NI, B, 5. e e, (LR g AR Y R R
PR R 1] R A AR, 2020, 56(11): 2317-2328.
Wang H Y, Liu X, Xue H, et al. Improve safety management and
promote the development of technology and industry for gene
edited crops [J]. Plant Physiology Journal, 2020, 56(11): 2317—
2328.

USDA. France: Agricultural biotechnology annual [EB/OL].
(2021-01-14)[2021-06-07]. https://www.fas.usda.gov/data/france-
agricultural-biotechnology-annual-5.

USDA. United Kingdom: Agricultural biotechnology annual [EB/



PETIEMEF 2021 FF F23% F4H)

[33]

[34]

[33]

[36]

OL]. (2020-12-22)[2021-06-07]. https://www.fas.usda.gov/data/
united-kingdom-agricultural-biotechnology-annual-5.

USDA. New Zealand: Agricultural biotechnology annual [EB/
OL]. (2020-12-18)[2021-06-07]. https://www.fas.usda.gov/data/
new-zealand-agricultural-biotechnology-annual-4.

R &, 2087, VREEE. IR E AR B BRI A R 5 BUIR
[7]. AL R, 2017 (22): 27-29.

Kang G Z, Li G Z, Xu H X. Development and status of transgenic
technology in China [J]. Modern Agricultural Science and
Technology, 2017 (22): 27-29.

B . HE44 ] 2019 4R 4 ER Al TOP20 (Hh [F 450)[EB/OL].
(2020-05-04)[2021-03-01]. https://mp.weixin.qq.com/s/IOF-
Xi91Y4zMfXACgqlx2w.

NOVOSEED. Top 20 of global seed industry in 2019 (4 in China)
[EB/OL]. (2020-05-04)[2021-03-01]. https://mp.weixin.qq.com/s/
IOF-Xi91Y4zMfXACgqlx2w.

E& IR AR SN P ERL E RS REF (D] ALt
o ELR LR BE (R 2247 18 50), 2014,

Wang L. Research on international competitive power of Chinese

371

[38]

[39]

seed industry in the background of global integration [D]. Beijing:
Chinese Academy of Agricultural Science (Doctoral dissertation),
2014.

T, RN, R He TRl 3703 A5 v Aol bR 3e 4
3BT I R E AR, 2014, 47(4): 796-805.

Wang L, Liu L J, Song M. Analysis of international competitive
ability of seed industry in China based on the market share [J].
Scientia Agricultura Sinica, 2014, 47(4): 796-805.

AR, BT FIBRT2YE M R IRAE M HR B R A S 5%
Ge25% 43 [D]. Abst: A E LR BE (R 4 2247 16 50), 2020.
Zou W N. Analysis of global biotechnology breeding technology
and industrial competition based on patent data mining [D].
Beijing: Chinese Academy of Agricultural Science (Master’s
thesis), 2020.

T, SR, A, S5 AR SRR E RN I dk A5 B
IIORFF R AR [J]. FpF1E 58, 2014 (12): 1-3.

Xu F H, Zhang L, He Y, et al. Learn from the experience of
developed countries to strengthen the protection and utilization of
germplasm resources in China [J]. Seed World, 2014 (12): 1-3.

055



