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Abstract: This article briefly introduces the strategic framework of genetic technology of Chinese government and Chinese
Academy of Sciences, and the remarkable progress of genetic technology under this guidance. Using bibliometric and patent
analysis methods, we reveal the current status of genetic technology research and development in China. China has made great
achievements, both in terms of quantity and quality of academic publications, and quantity of patent applications. However,
there are still something need to be improved, such as international cooperation and combination the efforts of enterprises,
universities and research institutes. In the future, China will improve top-level planning and government guidance and
supervision. In addition, it is also crucial to encourage investment from enterprise and communities, and to broadcast the
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science and technology to the whole society. Moreover, actions have to be taken to reduce the risks of bio-safety and
bio-security. The innovation and breakthrough of genetic technology is a key to sustainable development in the bio-industry

and bio-economy in China.

Keywords:

FRFAIEHF— R Y SRR %5 . FIH
HARIBALAR ST | A8 3k D A ik R G B 2 1 255
FHOCH 6 Bh AR, S A AR B O RN
A 20 e 70 AR, A RS H AR A
A R N R B R IR v B B K AT R P ok A
SR MG NIEHEAMT, R TED
FARWFFE R BL2FB FERE . 1990 4 AZRIL 41t
Rt EE G5, MESEE ., R, fMmE. HA
A L2y A T iz . AZSIER L R R/ (1) 58
B KA TR TR R R R

BEA FEH AT EAR . B BAEDFHE AR
DAL 2 A 7 R S5 24 B AR R BT B RN & e, R
BRI T3 A0 & SRt ] . 4% G S DR B AR AR
KA HARAE B T BRI AG s o DASER | el |
i 3 AR BB TR I, VEREEEYS
Uk R M CE R AT R $E515€
B A ) 8 U SR R R T IR R R
FENTRE . DNA I DL R A= 40 F 9 ) Bl s it
RN, X 3 B ARJE TR AR IR S > %
WA . B EOM X A YR SR — E A,
H 2010 4¢ 1 Aie, defE 2Rk Sl ey 47
THRI A A ik A e S e A L 3 IR B AR A Ry A
S PES rp E E PRAR A g A R
ST T B AR & B Y G BRE BE ik F AR R A T4 5 E
A7 Ja o AR SC B A v RN op R B AR SRR B R
WFFE IR BRI HE LR , DL X —HESR 35 5
FE BN 2 U Y EE R

1 A ESURF e o B WSO B

1.1 ESZRMEXRIBEZHAXNGF
QEELES S PNy 3 B UL
(20062020 4K) Y1 (LI FRIFR ( NE ) ) S LA

% : 010-64807509

genetic technology, strategic planning, bibliometric, patent analysis

B 0022 35 s o 3 12 4037 () 5% ik s J2 1 ) o
B (L) Aol F o5 A0 PR Rl s e R % 4 |
TRAE . B SRR E MR E e 38, Siik
[, IR AE M i A . R em . 3
995 RN B 1 S AR A EE KA YL B iR = I E K%
T SRR AR B YIS, B/ KETRHEARZ —
PIEIHAR,, HARIRA L B AT HEA %, &
[ g 2 S i AL 2 St R S B | S E T . (4
BU) Kb R B | SRR S 2 o
FoA . JERERAERME AR TREA . Hr— kg
W1 AR S5 AN Ry A B AR SR O e T 1Y)
S, I T S AT 1 RSN E
T AT ) ) 5 T R T oK I SRt I o T, i PR
ARAKA TR I BRFHEIER, Flan A fid
SRS (1 L Pp2E SR Y . Al A s AL el AN
felb AT RELE & R R I . BeAh, <=
7 FE FRH QTR L PR AR A A o B T
B R P E AR WO K TR,

5 () Mitk, BHEE. AMZERFRIBE
Xof 5 DRI AR () IR A SRy D B R SR A . B R & A
(CF R EYEAR LRI ) DIEREATFTY . T
TN AN S 5% NN S N Y L v N N Y YN &
Y H A AR BE 7 B VAN Jr T X 3 BB AR B 5 RN
T % AR A SR A RGP, (A = Tt
RO TRA] ) Kb — IR EB AN D T2
GEME TR MR AR R O, R R e kA T
Yt — R T R SRR,
Pl G 35k PR 4 AR A SRk 3 T k= Ik Ak & &8 )
AR EE . R EEFENE . 2018 4 2 /]
28 H, mPHERZEk, 16 HERsh (EREDH:
KRR RGN ) ARl TAE. AR 2022 3R AR
4 ARGy FERER A E A R Kl R TR B |

. cjb@im.ac.cn



ISSN 1000-3061 CN 11-1998/Q A4:¥ T.F2*4k  Chin J Biotech

S BT 5 EAMNEEACE AR 22 B SEa T, B 2
Teat e R SRR R B AR BT BT 5K, B2 o
PR AE AR K A, W v B R e E T 1) .
T2 I 20 1) e ) 2 DAL R R 2 1T e 5 in ik A=
PR G T2 T P E R 28, R BT St
BOK 2 K JR ROn | v LR e ] R A S B
“PIAS—E A 2 H AR SRR, i
AR F R T ) AR P T s g

e FRHERR AR S T, T EE 8h T 2008 0K
TR ERITE , # ARk E S AR G R A Y R
TSR S, PR R N R | AR 2R HE
FEAA S ORY U AR O Az 7 45 224 40 1Y) B 2 S il
TR R FFE AL o Fh G R Tl K242 Sk 1 B X
BRI RS HE R AP E S LIz h A
FEAHRT 2018 45 1 HJEsh. %W B¥
T E AR AENBEGE TG, P TSER A | B ER
4 RAVH A FIGE, AL R LR 4 22
S E N Z AR, R AR
AIHAA S | ARFAR L, MRS
S IR UL S LR TR, i PR A (g
R A R B, 2007 47 A, difeRdE
P 5 2 Sk 197 AR 5 R 43 TR ZE RN | R
FRER S %5 BEAE 5 A ek iz A
Y. AT PRI 4L L R G RHF BRI SE
X} 10 000 FiAE A S L EA -0y, LAEE A9 %2
FEPE | HEAL . AR S IRAP & A E SRR AL
o7 AL IR R RTFE ), 2017 4K 10 J, it i
YRR L (WDCM) F B2 B G A iF
FEPTAE R E A ER 12 A E A1 P 58 I8 O
Oy R 1 A B A A X D e i DR 21 A A=
YA F S AR TER S 3. 2RI AE 5 4R
SERUE T 1 07 AR MU AR SR Y, B
L H AT E A 90% 114 4 P AR 2 B R, 58 R 3
1 000 M= AREAD Y, s ANA . 5.
TEAE B ), 6 SR i TR 2 A A i o U
ERFEIR TS — B E PR ER R, EENT 2BRAL

http://journals.im.ac.cn/cjbcn

BRI A 225 B AR - 6, ST
(D GR7/EIRSPN NN ( 27/ N2 2 0T S WL R (B
L RIS AR | RO AR FIR I A
R AL, S gk DR o o e N e
FE . IR Yh B A A 7 AR R R, 2
T AR B R AR

1.2 HEMFRMAEE

Hh R BV T ] B SRR e 2 AR LA
HARBLE S mBARLG AR BTG, FfEEEE
MIEERFAR BRI K. A 2006 LIk, #E
THURAUH TR, & HEER1+10"FHEAH 5.
S 55 35 PR B AR AH DG 1 BB 1 ik b = A T
fa e 5 B 25008 et . JedE Tl A W He R T S
FIBCAO R QB Fedth . 283 10 AFRR] A4 2
HRBDE TAREUS T 200 HAT [ B 52 i g i E K
FHE SR, Rt 7 RE R s R R AL,
Ry BT v R E R 2 B R BT R R T A
AR AR

HEABT T S, o R B ST Y i 4
TRt 2T 0 B R Rk AR 2 TR Rl
ARHEZE— (=T R gE ) M k%
AN AEE, P ERLE BT\ A U R 2
A&, JELA FERIEES: 60 TiE R 5k
JrT A 80 W SR E A, fELMLAEEHE AR
FIREE A . FEE AR AN AR Ay
FM U AT PRI 5y, (B AR RE IR S A RE 5
EEL 75 % NN R E B A SNRE RA L/ Es o NV & &/ xilha
SV T SR BRI 5T 55 T AT BT I AE
PRBIBLE 7T, Fe R 5eA 78l T i & e mss
] 2020 4, HIEBIEBCR 02— A ST e
BCEAT FEEZ 0 T 5] ) A A ) PR — R
WEOLRG, ZER o S BT B 5-10 /4~ ELAG i
25 AR I T ORI 5T o | 3 R
F AR I % e AN 8 ) 50 1 A A AR o DA
HAETHLG X U ROk E (R 2018 4F 2 /]
2 H), " EPRL R B gofe 5 KB AR 58 Fs 5 16



THE ShERERAREAENERSHETRS T REN

WL T 5 TR RE 2 LG .G L B RS
ARG AR AR G . shiE
b S BAEHTR A R O . A AR R A
B, LR R R BESE

e H B, T EREERE A ]
Pk, A FHEMALE T EAT . e, 5
RPN E AR AT S —— IR M e R R B 0 1%
LI ARG SIS FH LI (A 2K) FIEEaf S 28X
BITRJT AR (B 28) 2k, H 2011 FH#tee%
WA sk, #2018 4F 3 H 1 H, " EEERE
g AL 17 T, B e FE I 24 i,
5B AN FAH 1 B AL 7 FAL T E
FREIHHAR (A ZR). 1RV A S v 4%
AWIEE RIS RN (B 2K). s E A MR
BEALfEAT SRR (B 28) A smiz vl 8o 7k
TS (B 28) e L, sty iy skl
DA KR4 UL, AE S T 4 AR 5 0
Bz, LAEZKERBH RSO AT, ek
T —FRYIR R EFMX IR A SERE . S
RURETERHBE )8, © A R ) 1) ] B T4
LN PN S 35

i bR, hEMNER ., HCHZE RGN
] 7 B ATLAA AT~ 2 A0 35 A1 A 401 35 174 0 K A
Jar, TRV BS LA T A N 0T H B By, AR K A Sl

United States
United Kingdom
China

Germany

48 881
40 722
39082
31339

30 744

26 971

22 540

19 818

Australia 19 720

Japan

France

Country

Canada
Italy
Netherlands

TIZU P R, T LAR Hp £ 2% U
o Z2 I 40 5T R T T AT L — B

2 BEHANXARE RS EFLES
it

21 X HH
2.1.1 $IERIEFITIE

A5 FH Web of Science & Hr iRl 5 | 0%
5|9 R (Science citation index expanded, SCI-E)
B, L Web of Science 4325 F “GENETICS
HEREDITY™ 28 Jil w0 5% 09 ) 7l 38 20 4F
(1999-2018 4F) KRMWTTICCHEHRIR, IR
481 166 fieC (KrZEtE A 2019 47 H 19 H).
WSOk T, AT BRI B S kR
PR A AR ST Ko b R
Lo REESEEZNERBERE RN ZESS, T
HENLZ
212 FEEZRBBRIAS T

MEFRSHERRIRE (K1), EEAHES
R —0r, HAkFIEIC 182 5455, i RE, 2
He2 50 B [ R SCREE 4 %5 TP EHERSE =,
BRI 40 722 5 Horp, DB CLHE Tk
2GS L BUREAGE R S HIX R
A v D A e P s R AL X

182 545

0 50 000

100 000 150 000 200 000

The number of publications

E1 EEHEAFRFEELE TOPL0 BEHR
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Fig. 2 The number of publications of China, the USA and
UK on genetic technology by year.
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Table 1 TOP10 institutions by number of publications on genetic technology

Rank Institution Country Number of publications
1 Harvard University United States 8 931
2 Washington University United States 5731
3 University of Pennsylvania United States 5347
4 Chinese Academy of Sciences China 5237
5 Oxford University United Kingdom 5152
6 Baylor College of Medicine United States 4 861
7 University of Toronto Canada 4833
8 Cambridge University United Kingdom 4679
9 Stanford University United States 4 696
10 University College London United Kingdom 4 486
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Fig. 5 The number of publications of three representative
institutions corresponding to China, the USA and UK on
genetic technology by year.
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Fig. 9 Share of countries by number of patent applications.
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Table 2 TOP10 applicants of genetic technology
patents
Rank Applicant Numbe.r of.patent
applications

1 Roche Pharma AG 6 690

2 Monsanto Technology LLC 4725

3 Pioneer Hi-Bred International INC 4701

4 Chinese Academy of Sciences 4 361

5 University of California 3728

Shanghai Biowindow Gene

) Deve?opment INC 3206

7 Human Genome Sciences INC 2 404

8 Novartis AG 2125

9 Pfizer INC 2 004

10 ISIS Pharmaceuticals INC 1976

% : 010-64807509

2.3 IhEE

3 B R AR GU0E SO B i KB, 5
HAEZAHE, b LA SR AL R G
R AR Y, (A E BRI ARy T A R
SR, T S HE— TR, ZEEAL A R0 A
P E PR GAE T, HESh R . s, ThETE
ZAUE AR AL, 1830 R R
NABRAT T P R =B — K, R E R
T i E A A BR AT LR b R B AN L i T
PILRIFRARAFIMR . 5EEARMFE, oEF
BRFEA NRPHIBERT, AHSC A AT & 52 ) 5
55, REUHEERA R ik, Ak, hEN
MG O IR IERFAHSCE IR, il SFEHF
MU AR, SEBLIERIETIE -5 7= Ak i FA A 7% B
A, AWHE R P EAEZ SR SR AT g T

3 FEAFEFRUAFAEERH

FL N T ARG AR W A R IE AR ) I B A
ARREARITE . SR gAY CBRAUA R, S
AR . FRtr . ZEBMIA DNA & AR
T BRI o A T ZE A 2 B R A A
W NGB EOR . SV AR GEY)
HEDH A BT ML FH 7 TGI8 3 25 St

3.1 BARNHEAGENSES—HESERY
M 7 B9 E K R R

B A RN R — T 24 I 5 G,
R HE AT A KT R HILIE o B R R T R Y
ISt AR A AR ST 5T 2H P R A S I
WISV BISE R T 4 A B0 A YT
BEGL AR S BT 5 A2 B, o v ) B oA 4 5
2 J5 5 AN RRIE I T RIS i B R A i 4K
Rl , o E R B AR R A s A O R
ZE R BE | BE/NAT B R B A T AN R
FESLAIHT Hh O ] A B AUE 9T A1 BAAE [ BB TR ) )
HEH A A AR B A T R A e
Yy i) AR JLAh, HhEREBE S A A

. cjb@im.ac.cn



ISSN 1000-3061 CN 11-1998/Q A4:¥ T.F2*4k  Chin J Biotech

S SR = WA 2 R E A SR & K AE Nature
Communications, PNAS. Nucleic Acids Research
Metabolic Engineering % [ 52 2 1 1 I

I DR g i AR i NS RE XF  b  DR AV
HEATINER . B de . HiASFERAE. B 2013 4EH AU
K4k R CRISPR/Cas9 HiARMIME LK, HAEA
B4 A B b 2 5 20 M A X B P B DR T S B R
g, (EASHARIGAR KOG o B T Lo FH 40 i A5
ZIGERE, BRI G B AR A B AE A W B
Bt % % A L JF % i CRISPR/Cas12a™® |
CRISPR/CasX Fl CRISPR/CasY™ %4 245, i FF
& T CRISPR/Cas 2451 RNA Fifi 4 K2,
R K 2E R E R B A5 AT B G R EL
S AR IEAT T IR, YOk T HN T E
FPY . Bt R 2 TT & T R D g L. 454
51 FHRR NI, o E R B 2R 2 T
JIT 55 Z A B A A TE T 355 780 58 G 0 5 AR
GOTI f5EH G T 222 A pTAS i TR, o
Rl B st 4% 55 & & A= W0 2# 058 i 8 % 65 141 BAAE
TR T AR RS S R R A -, 2018 4
NS TR ot i, 4RA5 TR HERE [0 24N 7 it
R0 A R ) DR £ % X B 48 (X, skt B A=
YN T YR ST /N | KA e Th A
P 5 20 LT, e i 2

UEAh, AT I RENGER TR, RER#
FXFREH G B AR A PR ARSE o Il K23 2k
ZilYNERy @i SIS L= S NIV ES NS Y e S S 41
TERRG H 5t A P R B b Hh Vg 22 Il AF DG Y
s SRR RS I T Bk . R
B ST ST BT E A A AR CRISPR/Cas9 £
AR R KR GHURZIE (CAR) T 4L, 3558
JIN BB B R HE e R 1 BT ik e SR R DL B
CRISPR/Cas9 i ARTEAE i fiE S BEIR ST Iy THI R TE
F1o H Rl A A0 0 1 B A 2 A AR FF 35 R 2
AR (CRISPR/Cas9) FURAHMIEFAEE A, B UK
NI R 5 AR T R S A M, F%E T SE RE MRS
H AR AT B S R e,

http://journals.im.ac.cn/cjbcn

3.2 BHEYIFARAE 4 £ B K K Fg MR
M. FHEHIERGH

2017 4F 11 J] 27 H, (R4 et e
R} 2 Bl 2 B A58 BT B Bl 2 55 80 AR 4R B
BEFTOREAE AR KB N, Frikdg i
& PR 15— AN e AR A R A 28 sh P (A 40 i v e
AR b 7RI R KRS SR S T
AL o - ) “ ST R A o B2 Bt S
5 T JRI B AT A 4 BR i ok B e — A B AL A, BP
R-/NESFRIZ G AR T 4B, 324k Science
W) e 3 SR8 A2 5 A 3 I 98 R =2 5 T 4
U TR, b DA R R ok 2
S AL SEOF SR T4 0 TR, B A BA
FIFH CRISPR i AKSEEF LR, IX P AT 38 i 4R
BRIR TR AR, IS B/ IVE R i 268 42, R
IR IAR TR FR AR fE YRR AR T, 255
WHBAEEE R U . bt E YRR ian i
TN L A TR K R ] i o
WA TR o I X A o LB A
5%, BRI B R RO TR i A 2R ARt
TR, BYPRA T B AR I B A S S 2R
HRIZAMR, fEE e L, B R TR
KA I AR EY 2018 4F, LI 51|
Ay KA 5 FBNEAE, B T R4 K RE PAR
PR ZR EROE N IPAL BEBEHR & /K R i S RERG 58 X
RS Bk P42 0 B LRI B, Rl sl K2 F U8
R 40T B /N A 7R T D R T T R A
AL —— P % S A R SRS U
B2 TR TA PRI 2™ B A T AR ) 1) D TR 40 AL
SR R ARAEY) (R AU PSR T8 1 A
B2 B A 2T N B3R 35 DR G e e R B e S T
IKAE TG A s A R B R o R T AT R G
PEZG X, T AR GR R e 24 e . FEAE
WAL B T, H R B e VR 9 T AR IR
VR T P & BT HL A PSS AT B R SIS
Jo, o e A e B A A T A T RS
PSS AT RIS T E B e T



THE Z/hEEERARERENNERSTHATK T REY

i N X BB 45 4% 2590 38 V) 753K e A
SE A T A P R R R = T, R S
N GABARAS T 220 R, S PR R B R
HRANS AP TR xS R
i 2 B12M0 WYLy Tt s S 4 i ad
TE PR R SRR i S5 e 0 B s AR, (20
T 7 s 2 527 mo/L, S2PE H BT TR TE
LR P A 7 v e i

3.3 EREFFAGE 6 F ol REK K EELT
SR AR

FERUAS— F A E KRR A R, o
FEARGUR AR G A Flh A SR R, Rl
FESE R IN AR 55 5 THT e i R e, R TE L — 7 1
broedf S, VEREERERIMIER AT PG, K
K (BGI) F 2017 FAEGIIESR 22 5 B b, H
AN B BRI A 24 1 2 JRAE T 8 K oTiik
[F4E, L1 DNA & 05 TR M AR A PRk
FERT AR, BURIE Y DNA il 5 SRoBr — Ay
Hi—Mto WO TF 2011 AERZGRH BB L B R
JRE R R AR B i — R SR A A il g oLy,
ZR M T E LT A 7 IRk 55 . N SSERY
AN IE RN RO R (WeGene) B 22 17 7] 114 7%
B NEFEAMRS, APE®E 10 7A, SHEA
AR REH 30 . sbAh, MiERER . DEIE
(Berrygenomics) . 4xMEF (GENEWIZ), — kK
K (MyGene) . 547 B BIHT Al 78 3 PR AR AH G
SRR A I

4 ZEhS5REEN

TEFE GRS HESR AR 51, fEZ IR H ¥E
BT, Zd RPN BARSS 11, LA E R
BARPITE G IR C BT 128 108 H A, JCisfE
WICHCR R | A F IR LU FRAIT ST R
FEIT A T WESRTE . L AL B
K, AMUT RS E GRS TR KRR S,
TESLRR BT AU 0B R, MU, Rk,

% : 010-64807509

SERBAKE A SR, e . IR I |
SN2 A7 ) A TR, A A R A8 5 i T e B
RGPRERL,  JCHIERS TR S LSBT AR,
SIS S ) T A R S | . B
FE LR 6 /4S5 T RS i3 5 R SR AR SR FE 40T
AR R A JR

1) PG DUZ B, KIS R B

PAEE R SR, MARERILAA T R B
AHSEBIRSE U THUZ BT s B, 5 Al H
PRAIEFA I A FEBRER P o AR BB RO AHE SR, BT
TEEA R0 | R 1 PR A SR AR BT o K i
BRMBFHOAR R GHAD AR G, KR
Bk A 5 XA S 2 R S R L Y
SELH RER S RS ] R, IORBFTEARA, FEA A
Jy, $RTHEIRADETRE

2) JmsE LR EA R 5| A

5k DR AAH 5 Uk B B A MU 7 3k R AN e
BT T Hp [ A 2 478 LA H TR PR A
R AL TR ARG . WIS B R R
1 5 I 58 3 AR L ) M A RO, A S O A AR S Y
AR o T a3 XU A8 B A IR £ T B
SR B0 A il T 977 A ) 2 M A ) 2 DR AU, g
TEBE, AL E R A TS IG5
BARRMEAE,

3) o [ PR A ARG S I

T HP L BEA 22 TE B BT AET by S, e
fe i A BRI B, s B S VRS 2
YRl R A LIRS, TR BT [ 5 1]
ik 1 B B R AR . FE A [ B A S A A B
B, ARCEEEPRE, Zaa AR E St
ZY AR, BORAME, LSRR 1E
SRR TR IRI 7R B SR N BOR
SR AR g, i b Y T PR AL

4) SATANE YRR, HEFEHORFAL

7 S5 AU A2 J A= i 77 ol R B 23 Fh A K
PR R, B2 R 2 e & ) AR F

. cjb@im.ac.cn



ISSN 1000-3061 CN 11-1998/Q ¥ LFE%:4f ChinJ Biotech

Ena IS R R W R iR A SIS e T]:D)
ERMESME, SUIRERA RS ST, JF
A N B R A AR . IR B RS B
Ak, BN Y, RN R, fe
PR S 2B RS A . R, AR AR AR
ITATEA R T3 R SR BT T = A R, A SUSCBEEOAR
LG 558 LRI, P2 XU B
TWAIZEARE ST, (2 P B SUAZ O R LR
55 [ PRk HERE L

5) MsEFHEE AL, PRSI

BT RBRN TSR N SR DN HOR B AR E i R
EA, AARNMFBNAGRER . @i B,
LR . G E AL SRR XSRS U |
I, App. AR (3R BISR) S5 T By A R0
By RITFEE AN FE I HAA SR B A 2
PR AN SZ o [ o AT AT Jie 22 J2 U R %
WG, REARSHE.

Wt 3 e ) ] 5K A0 3R B0 T s F) TR N 52
i, AEFESS BEMA RARE R A, Rk
ARSI 25 . By Al . Tl ML 2 i
LRV SCE SIEWNIUE (S

REFERENCES

[1] White House. National bioeconomy blueprint[EB/OL].
[2019-07-01]. https://obamawhitehouse. archives.gov/
sites/default/files/microsites/ostp/national_bioeconomy
blueprint_april_2012.pdf.

[2] BBSRC. The Age of bioscience strategic plan
2010-2015[EB/OL]. [2019-03-28]. https://webarchive.
nationalarchives.gov.uk/20100304174633/http://www.
bbsrc.ac.uk/web/FILES/Publications/strategic_plan_
2010-2015.pdf.

[3] BBSRC. UK'’s Bioeconomy Benefits from £319
Million BBSRC Investment[EB/OL]. [2019-06-17].
http://lwww.bbsrc.ac.uk/news/policy/2017/170411-pr-
uk-bioeconomy-benefits-from-319m-bbsrc-investment/.

[4] State Council. National guideline on medium- and
long-term program for science and technology

http://journals.im.ac.cn/cjbcn

(5]

(6]

[7]

(8]

[9]

development  (2006-2020)[EB/OL]. [2019-07-09]
http://www.gov.cn/jrzg/2006-02/09/content_183787.
htm (in Chinese).

55 B . B 28 rp R R 2 AR e B ) 4
(2006-2020 4)[EB/OL]. (2019-07-09). http://www.
gov.cn/jrzg/2006-02/09/content_183787.htm.
Ministry of Science and Technology. 12th Five-year
biotechnology development plan[EB/OL].
[2019-06-28]. http://www.most.gov.cn/fggw/zfwj/
zfwj2011/201111/W020111128572620628742.doc (in
Chinese).

BEECHR. =R A Y BOR & R #LA [EB/OL].
(2019-06-28). http://www.most.gov.cn/fggw/zfwj/
zfwj2011/201111/W020111128572620628742.doc.
Ministry of Science and Technology. 13th Five-year
special plan on biotechnology innovation[EB/OL].
[2019-06-17]. http://www.most.gov.cn/tztg/201705/
W020170510451953592712.pdf (in Chinese).
BHEEE. =R AR ETH & LRI [EB/OL].
(2019-06-17).  http://www.most.gov.cn/tztg/201705/
W020170510451953592712.pdf.

Science and Technology Daily. “National outline for
biotechnology development strategy” started to
prepare[EB/OL]. [2019-07-01]. http://scitech.people.
com.cn/n1/2018/0301/c1007-29840968.html (in
Chinese).

B HA. CEZFAYEAR KRS EE) I 3
H[EB/OL]. (2019-07-01). http://scitech.people.com.
cn/n1/2018/0301/c1007-29840968.html.

Xinhuanet. Harbin Institute of Technology lead to
launch the 100,000 genomes project to get a national
“health map”[EB/OL]. [2018-03-04]. http://www.
xinhuanet.com/local/2018-01/04/c_1122211093.htm
(in Chinese).

BRI TR A Sk A Bl O KR R 2 R 2 o
[\ “fet B i < "[EB/OL]. [2018-03-04]. http://www.
xinhuanet.com/local/2018-01/04/c_1122211093.htm.
The 10,000 plant project
launched in Shenzhen national gene bank[EB/OL].
[2018-03-04]. http://www.ebiotrade.com/newsf/
2017-7/201773195637700.htm (in Chinese).

A paE . R A DR A ) A RN [ 5 R T

eBiotrade. genomes



THE Z/hEEERARERENNERSTHATK T REY

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

s

H i f5 3 [EB/OL]. [2018-03-04]. http://www.
ebiotrade.com/newsf/2017-7/201773195637700.htm.
CAS. Global
genome and microbiome sequencing
cooperation China[EB/OL].
[2018-03-04]. http://www.im.cas.cn/xwzx/jqyw/
201710/t20171012_4872678.html (in Chinese).

rh [ B2 B A ST T, A BRAE U A A B A
ZH 0 B A W 2H 0 By A A R IE 30 8 [EB/OL.
[2018-03-04]. http://www.im.cas.cn/xwzx/jqyw/
201710/ t20171012_4872678.html.
Chinese Academy of Sciences.

Institute of Microbiology, model
microbial

plan launched in

13th Five-year
development guideline of Chinese Academy of
Sciences[EB/OL]. [2018-04-26]. http://www.cas.cn/yw/
201609/W020160902357072710740.pdf (in Chinese).
HrE R B, BB T R R R R 2
[EB/OL]. [2018-04-26].  http://www.cas.cn/yw/
201609/W020160902357072710740.pdf.

Sciencenet. The Trump administration’s proposed
budget for 2018 released[EB/OL]. [2019-07-31].
http://news.sciencenet.cn/htmlnews/2017/5/377835.s
htm (in Chinese).

Bl2EM. RIS BUN 2018 W A i [EB/OLY].
(2019-07-31).  http://news.sciencenet.cn/htminews/
2017/5/377835.shtm.

Xie ZX, Li BZ, Mitchell LA, et al. “Perfect” designer
chromosome V and behavior of a ring derivative.
Science, 2017, 355(6329): eaaf4704.

Wu Y, Li BZ, Zhao M, et al. Bug mapping and fitness
testing of chemically synthesized chromosome X.
Science, 2017, 355(6329): eaaf4706.

Zhang WM, Zhao GH, Luo ZQ, et al. Engineering the

ribosomal DNA in a megabase synthetic chromosome.

Science, 2017, 355(6329): eaaf3981.

Shen Y, Wang Y, Chen T, et al. Deep functional
analysis of synll, a 770-kilobase synthetic yeast
chromosome. Science, 2017, 355(6329): eaaf4791.
Shao YY, Lu N, Wu ZF, et al. Creating a functional
single-chromosome yeast. Nature, 2018, 560(7718):
331-335.

Zetsche B, Gootenberg JS, Abudayyeh OO, et al.
Cpfl is a single RNA-guided endonuclease of a Class

010-64807509

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

2 CRISPR-Cas system. Cell, 2015, 163(3): 759-771.

Burstein D, Harrington LB, Strutt SC, et al. New
CRISPR-Cas systems from uncultivated microbes.
Nature, 2016, 542: 237-241.

Abudayyeh OO, Gootenberg JS, Konermann S, et al.
C2c2 is a single-component programmable RNA-
guided RNA-targeting CRISPR effector. Science,
2016, 353(6299): aaf5573.

Li X, Wang Y, Liu Y, et al. Base editing with a
Cpfl-cytidine deaminase fusion. Nat Biotechnol,
2018, 36(4): 324-327.

Xu S, Cao SS, Zou BJ, et al. An alternative novel tool
for DNA editing without target sequence limitation:
the structure-guided nuclease. Genome Biol, 2016,
17(1): 186.

Zuo E, Sun YD, Wei W, et al. Cytosine base editor
generates substantial off-target single-nucleotide
variants in mouse embryos. Science, 2019, 364(6437):
289-292.

Li TD, Yang XP, Yu Y, et al. Domestication of wild
tomato is accelerated by genome editing. Nat
Biotechnol, 2018, 36(12): 1160-1163.

Zong Y, Song QN, Li C, et al. Efficient C-to-T base
editing in plants using a fusion of nCas9 and human
APOBEC3A. Nat Biotechnol, 2018, 36(10):
950-953.

Liang PP, Xu YW, Zhang XY, et al
CRISPR/Cas9-mediated gene editing in human
tripronuclear zygotes, Prot Cell, 2015, 6(5): 363-372.
Liu  XJ, YP, Cheng C, et al
CRISPR-Cas9-mediated multiplex gene editing in
CAR-T cells. Cell Res, 2017, 27(1): 154-157.

Yan S, Tu ZC, Liu ZM, et al. A huntingtin knockin
pig model

Zhang

selective
Cell,

recapitulates features of
neurodegeneration in Huntington’s disease.
2018, 173(4): 989-1002.e13.

Liu Z, Cai YJ, Wang Y, et al. Cloning of macaque
monkeys by somatic cell nuclear transfer. Cell, 2018,
172(4): 881-887.e7.

Li X, Cui XL, Wang JQ, et al. Generation and
application of mouse-rat allodiploid embryonic stem

cells. Cell, 2016, 164(1/2): 279-292.

. cjb@im.ac.cn



ISSN 1000-3061 CN 11-1998/Q ¥ LFE%:4f ChinJ Biotech

[31]

[32]

[33]

[34]

[35]

[36]

Zheng QT, Lin J, Huang JJ, et al. Reconstitution of
UCP1 using CRISPR/Cas9 in the white adipose
tissue of pigs decreases fat deposition and improves
thermogenic capacity. Proc Natl Acad Sci USA, 2017,
114(45): E9474-E9482.

Zeng DL, Tian ZX, Rao YC, et al. Rational design of
high-yield and superior-quality rice. Nat Plants, 2017,
3(4): 17031.

Zhang L, Yu H, Ma B, et al. A natural tandem array
alleviates epigenetic repression of 1PA1 and leads to
superior yielding rice. Nat Commun, 2017, 8: 14789.
Wang J, Zhou L, Shi H, et al. A single transcription
factor promotes both yield and immunity in rice. Science,
2018, 361(6406): 1026-1028.

Ma ZC, Zhu L, Song TQ, et al. A paralogous decoy
protects Phytophthora sojae apoplastic effector
PsXEG1 from a host inhibitor. 2017,
355(6326): 710-714.

Wang C, Liu Q, Shen Y, et al. Clonal seeds from
hybrid rice by simultaneous genome engineering of

Science,

http://journals.im.ac.cn/cjbcn

[37]

[38]

[39]

[40]

[41]

meiosis and fertilization genes. Nat Biotechnol, 2019,
37(3): 283-286.

Ma JY, Huang HB, Xie YC, et al. Biosynthesis of
ilamycins featuring unusual building blocks and
engineered production of enhanced anti-tuberculosis
agents. Nat Commun, 2017, 8: 391.
Wang PP, Wei W, Ye W, et al
ginsenoside Rh2 in Saccharomyces cerevisiae cell
factory at high-efficiency. Cell Discov, 2019, 5: 5.
Liu XN, Chen J, Zhang GH, et al. Engineering yeast

Synthesizing

for the production of breviscapine by genomic
analysis and synthetic biology approaches. Nat
Commun, 2018, 9: 448.

Fang H, Li D, Kang J, et al. Metabolic engineering of
Escherichia coli for de novo biosynthesis of vitamin
B1,. Nat Commun, 2018, 9: 4917.

Lv XM, Wang F, Zhou PP, et al. Dual regulation of
cytoplasmic and mitochondrial acetyl-CoA utilization
for improved isoprene production in Saccharomyces
cerevisiae. Nat Commun, 2016, 7: 12851.

(KR35 MINIT)



