afX £

Synthetic Biology Journal 222.3(s).847-869 2022 4 % 3% % 5.8 | www.synbioi.com

S N B DOI: 10.12211/2096-8280.2022-034
R TR IR

TE i) B IS W 5 Rt R )RR 5 1A )

mES ", KR!
CFEMFR, TEMAHFERGF S, PEEREBEAARE, A0 THREEREALRE, £#H 200032;
PR ERFRAFE, LE 100049)

BE: GEYFE—NEEEYF. 45 MIEF 4ZF. IENERMEEFZSFMINRIGER. hES
FRE, BREHAE. BESHMEDTHALNMAREEFEVNLIN T TENESUMARRER, AMEDSHK
EMEARLTREN R . BWEREMZRAITEZEERERNBRATY . £ o FRIGIGE. =BICE1ER
JERERIRRIE . BIRIBCIEMAIR BN T RASFHEAEFR. 53R EIREBBAESKRPIITRET,
BEMERENF I US ESRRALEDMHIGHIIRERER. BEREINMMNESREDR , FRENEREPHEER
FEMMTENECITTHERR . EREBRITUNERDRUCSFEMENFRA . RN EM T IEEREDEME
PDFNESMARHRE, FRTEDSHEDFE WK™ BRFRONANE, SBEEMRATDEHRSRER
5. oFRI. AR CEDLIE . BN F. RETENERNMHREN . EPEREKERIT. 8
MERREFEEHNEN D WK™ BRREDEREDNZRAR, AREMRI TAESLY WK™ Birdig+
EMERENFNEEFRTARERR,

Xigia: EMEREDSE; WA, KPM;, XA, XEER; oFRl; wiCEY, 8mI

hESES: Q94  XBiFEE: A

Plant synthetic biology for carbon peak and carbon neutrality
YANG Jianzhao" ?, ZHU Xinguang'

('National Key Laboratory of Plant Molecular Genetics, CAS Center for Excellence in Molecular Plant Sciences, Shanghai Institute of
Plant Physiology and Ecology, Chinese Academy of Sciences, Shanghai 200032, China; *University of Chinese Academy of
Sciences, Beljing 100049, China)

Abstract: Synthetic biology is an interdisciplinary research field, for which complete quantitative research systems
have been established in bacteria, yeast, and mammalian cells. However, synthetic biology in plants is still at its
infancy. Plant synthetic biology can play important roles in synthesizing plant natural products, developing molecular
farming, improving photosynthesis to increase light energy utilization efficiency, designing carbon farming plants, and
building plant factories. In the current efforts in creating a carbon neutral society, plant synthetic biology can help to
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address challenges of food shortage, energy crisis, and environmental pollution. Specifically, innovative methods can
be developed to reduce the emission of CO, and pollutants through plant production of high value products, whose
industrial production is mostly associated with high CO, emission. Moreover, plant synthetic biology can be used to
optimize plant production through minimizing carbon emissions and reducing the use of chemical fertilizers and
pesticides. Furthermore, plants specialized in carbon capturing, such as high photosynthetic efficiency, large root
systems, and high resistance to degradation, should be developed as well. Various options for increased photosynthetic
efficiency, such as optimizing the antenna size of photosystem, converting C; to C, photosynthesis, introducing CO,
concentrating mechanisms, and establishing the photorespiration bypasses into C; crops, holds the potential to
dramatically increase the carbon capturing capacity for improved productivity. In the future, in addition to crops, trees
and algae can also be engineered to become efficient carbon sinks. Photosynthetic algae are expected to become a
source of clean energy and industrial production system with zero or negative carbon emissions. In the long term, a
complete plant factory system, which has optimal control of light, temperature, CO,, water, and nutrient, will be
developed to achieve optimal plant growth and production while maintaining maximal carbon capturing capacity.
Finally, artificial photosynthesis also promises to be an ideal solution as an energy production system. These aspects
will be facilitated by the rapid development of plant synthetic biology tools, including biological part standardization,
genetic circuits design, and directed evolution. This paper summarizes the major progresses of plant synthetic biology
and prospects the major roles of plant synthetic biology in the future efforts in carbon emission peak and carbon

neutrality.

‘.:: Plant synthetic biology for carbon emission peak & carbon neutrality

Plant Natural Product Carbon Farming

Carbon Emission Peak Carbon Neutrality

Keywords: plant synthetic biology; carbon emission peak; carbon neutrality; natural product; photosynthesis;

molecular farming; carbon farming; plant factory
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Tab.1 Some examples of plant molecular farming
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intercommunication of
local R/FR, Av, [H,0], T,

B B E
CHE W56 2% T A i P AT B AR08 1A RO R 240, L InZD6 5@ 2006 b (F/FR) . Jelit, il . AN CORESE . T
LEIREEE R, MR A LSS TR O A R S ARHE R, DA EGREFI IR . bl DUEAT B RO S RE O & RN, C,
R CFESTAHED 5C Mgt (AR S0 52K COo,MRaNLH (RAERD ZIinrHE. ]
PEP—RERMG B NN EHER ;. PYR—IIAARG: MAL—¥RL: OAA—HME L1R: PGA—3-BERRH i
RuBP—1,5- MR HINE; M—Zekifhk; Ch—rt&ik; P—id S (Ll ik
Fig. 1 The concept of a smart canopy
[Leaves in a smart canopy are capable of sensing and intercommunicating the local red/far-red ratio (R/FR), light wavelength and photon flux density
(hv), humidity, temperature and [CO,]. Based on these information, a leaf in a smart canopy is capable of adjusting photosynthetic properties and metab-
olism for optimized photosynthetic energy conversion efficiency. These adjustments may include changing antenna size, switching between C, photosyn-
thesis (bottom left and bottom right figures) and C, metabolism (upper right) or algae-type CO, concentrating mechanism (upper left figure). ]
PEP—phosphoenolpyruvate; PYR—pyruvate; MAL—malate; OAA—oxaloacetate; PGA—3-phosphoglycerate;
RuBP—ribulose 1, 5-bisphosphate; M—mitochondria; Ch—chloroplast; P—peroxisome

233 AIRSMAER HEFRMANTIeSE AR, HEEPIRE R HOE

N T E 1 YR 2 fE 4 6 & 1 IR 2 1 Bl
A R, SN v RO 8 KR B BE 2 4K BR
LA A e B, JF R CO, B8 40 i A AT AL
Yo NTO6EAE R SR I AE R 2K, K K
REFE MR T 35 RE . LA FIOG S L 1 iR 49T e 1oz
H, PSR AR AN B GRS &K T, 1EH iR
WS RSB 7 TR RO AR R TR T AR
A AT e & RE VAR A 2 77 158
B4 b v IR AR KR AR S, A W5 Ru
Pd %5 & J& AL B & W A 85 B SEELIR AN 2% 1RO
AR R, E R AL

HATRZ A RE T RN eSEM, A
Mo L & RN TT AR BOB B, 45 S SE R RE
J ' 9K PR B ] 5 A R, B TR AR L S
KL DL CO, My R & BA L . Yang [
BA T — B T R 9K Bk R 2 T B A TR

REIRZh YU 8 CO, & N TR 3h, AR REBUA A
H A 5 = e 2 7 3 R W IA 3.6%, 1A B C Y
KF . Xiong 2 M kg T T A T IE T W 40
W PS T 9K 3 H B [ 5 i 3R, ol & kA= 4 Tk
F5 06K H it A5 16 ELR K BH O TR W B, A K
PS 1T AR /K SR AL LT S A W L B TR
Erb & " SR I SR S Ak R B 0k, R A1
TP AN 2 160 FE 70 R RO SR, 76Ok
BN L2 E COF A N A LR, R KRR MR
PR REE A N T SEI T N LSRR AL, 5
—J7TH,  TEGAR P B TE AN A 2R R A O A A
RO IR Bk 8] 5 AR R EAS T 18 2 g . Milo 55 T
B RIRSC-ABRIEH FN KRG 2, @i
{326 52 BLAX B CO, Jy B Ui A5 10 W A L At A LA
Ma %5 U0 Sz T AE A AR &P, L CO, N RR TR
Mk B RTERT, 1% N A R %R ok e A A
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R A 2 8.5 o To IR S R TR0 ORI B
FLEMA R RG, LR EHA
TheafFmm R, O R&RIN R, K
FER AR R E LN (B aEHE
FRAEN) UG RS R 2) .

2.4 wCiEYeIH

TG R 20 T R SR Th RTR 55 b — A
FAEAE FI A2 G BRI A Y o BRI AW Y 3 KR AE
WiEmAEYE. BmARR. RAVIEMRE . T
WAL 1Y DA BRI BRIC AR, — 5t AR

I C R AT S0, RIS ] AR B A A A ik
AT SKGIME " TE e RIWR— R g4, # AR 250 Bk
ICRY AR W SR SRR IR AT RS T A
o . MY RGUEY AR T G A UG
HEAEARABRIAE D) B ) 3 7 A 2 ) 2 AR A
Y R G E % BN YK AT R T
e AL IERE, AR R R A YDA R A
ML BER R R Ao 5S4
MERTHAERAREFELZ RENRGHE, Hh—
ANEE) HAR B L HCF D) (ePlant) SEIUG
FE W 4 5 o A i 3 B AR, s 5 2 AR AR
W& RED) A BT A R Atk B, KA

R2 HOLEE MG RAED S SUE R B

Tab. 2 Some synthetic biology examples for improving photosynthesis

By B0E 77 1] i SR UG R BUGRAE ZE
Pl AA % R NPQ W FRIEEFFINPQAH R G AR R IE N 15% JEED [97]
{}: VDE.ZEP.PsbS
Heh K& AN TN N T e 2 A vl R 2 37 30% KFE [100]
WRGBOCE IO BRI RIEPS D1 B RS A A 5B B (RS T 43.7%~ WEIFHEE,  [101]
I gk 80.2% , HHH 15.1%~22.3% , /K & 20.6%~22.9%) KFE
TR BUEEIPIR S SIANKIAF R R TEEE AR 1F L EONEERiS [117]
b
Fgt O R- R (GOC) T B A ) B 4 Tl T A v 15% ~22% Al IKFE [118]
fhigA% 14%~35%
4R Y #E37 GCGT i 4% HE R E 6%~ 16% IKHE [115]
MRS R L CRERR AR HSE A o] LI AR T B e 24 40% JEED [119]
R
it RuBisCO 5| N#2 Red-RuBisCO InPAE AR I BT LAE e 1) Ak e H P [127]
WEH
s WaR AR NEIE I RKILEmBPI PR A ER AR K B AL 25% KT [106]
SRR
R R IA #i Bk NRP1 Je A IR BRI A B A A B R IKFE [107]
iSRS
kel 11 %X DREBIC AL R 30% A 1 IKFE [109]
REMA R
ANTH N TG EE £ A TR 28 55 T B 20 1 5 97 it e R TR L A R T IK 3.6% IR [137-139]
H1EH W AR & (Sporomusa
ovata)
JCREIB S MR PS T SRR AR ILE] 9% WA [140]
BRI ) [ B 14 &
NI i 2 8 ik TESGHE R E L [ i CO, #E W A MR ¥R [141]
KWAFF R AR EE 54 RuBisCO A LLE 52 CO, K i [130]
T i
R -R IR SCAG 3 VL CO, Ml £ s A H A G ML NN [142]

TR AR CO, BRI K & e R
stil

AR E R A O R = 4 8.5 1% il RENEN [143]
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Wite FEY A SOE, AR EHE SRS 5 R
BAR KL R A A, S B R TR A T AR Bk R
Ty QG AR A " B RS
U R S B R AT B AR B bR AR Rk
CHY, BFEHETHaRe R AR . R bl 5E
F7~ HEAE 2 PR R AR P B =
2.4.1 ARAIRFoy sIL ALY P B AR Rt

Y EAERIE (PA) WIS Z T X #F
TRV E P, M43 1 66 05 3K 15 I
IR R . B e s MR OE YL B R
S U IRV P 1 B AR AR Y B R b b S ) A
WO R 2R A, AR T I K 2 R R
BERMIMARY ", @58, oA RKETIES
ST VFZ BB AR R, IR R X e 5 A
6 U 2 e X g o T R AR Do g ST AR, R
BRI B — A 28 B A O R A AR A %
HRE, HimA s —ik, AR A RALTERK
AR, S50, 7B — M E YR
RIHEZE, B &R SR K, S I
DR A 304X 3 20 7 B SR Y A e B B0, A A S BT
AKRE SRR, B & E I
TV ELARRRIE (I BE T 1

TEMEY) R fe SEYSUE X T H, Jaf
TER 2GR IR fE R R EE . A E RS
TR A 5 TN 6 A5 3 TR 6 0 1A R 4 P 24 A AR Do oed
A P AREHR I 8l 3 B DT SRR
B FIARHBE B D10 AR =4 43 T 9 VR - A
T Do) R T A AR TR A D) R K RS X
So i A LA 4R S O RN ik B o Ok RO BRI R
o] Lroe1on 167 SRSk T B — D R X S R A R A 3 —
e, R — AR, I T S8k
HAAMEET (2.

Y TE A A A 2 Hp T R TR [ B 1
B, ATLATF R — 20 A T A A 16 g R 10 3 A8 Ak
eV IE T, R AR I B0 e B ALRAE
F ST — A el R CF I E R R, &
HE AR PUVT Al B 28R 2 5 P URH R ) T
Tk F e . AT MR B X A AL . AR AL
1) B AE BR T B T E A SO I LA B T, R 7 58
%R GAEBINELE, I HIE B 7 A )
(e R A A %

242 ANILAFEHM-FE LR Z

YA R AW Z R B E R R TR
PTG, E IR AR X B 5 R
B mETRR, FUEA 7N TS EY -5 BAR
R IIMEE U AR BRI ) B E 2 — 2
H A s K PUTRE 7. A 20 thE42 80 AR 4R
(P i B R AR & 1, B TR BT R TR T
Ji 7 77 2850 LAk A A B D7, AR B A A 2
TS0 L A A e 7 (1) 553K

Y5 RRMEAERRZRAMPAR, HE
Yy — 77 T 7 B E R R R, R
Z Y KEE R B8, R RERRES R
BT R o DAL K 2 Af H A 24 % dUi i
FSC™ E () PR R TG G A S A 2 R, &
ASEEUFEARN. ML, Tk, KRS 17 FoR/E
YT 2 REUT 43 T AR Mk 5 iR 3R Hu s P

2 HI A AR 7 AN R T R 2 3 K B A
T HETBC, 3 H B YRR A 23 A A SR 1 i HE TS EE
L 28.02% 1 & 43.66% . R ) AL AR A A
25 80 PR AN 30% 2247, R IEFR B R It 40%,
MR A 8 S R RE IR R B ) R A
B A 2 AT T A pe Al A 77 ) R 7 SR R R
IRBETG G, a0 SRR A ] L R A 3
Ak 7 ) R A R WA 4 R R Ay R A LR A
VS5 FLAD IR T e 7 R B B T B AR AR vty
G AR 7T S5 70 3 AT R AR )

2.5 w#YIr

Y L) B0 & A =N AME, R
PR KR E 25 AP BUR S DU 1% 5 i 8 7R
Ao IR SEHL Tk AR AR AR 7 it 75 10 1 42 A0 B
A=, S IR 58 A R0 B Rk ad 1 i R AR T
JEHEEY L] 506k a &, B URRIKIE
B o R0 R B AR R T SR

—A R EY L) R R T Y A
FRAE N IR I . T - 7 A R s SR AN
HEL I 240%™, 20 4l 60 FEARTF 4G EEH
S M M A S5 [ T G AT BRI T T
R R, EA5 MBI RS E s 7 KEEY T
ARYEIUH , HAIE LT NP B "™ 1
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N - , 3
un) + (Eshade * lshade)

B2 B S I A )
B R T YDA . Wl AR, RRSE. Ko EmSEAERE, SREYAERKRLKE .. MY TELRE, Aimsesixt
PR AR AR B BN, LRI AT AP F B0 R e A e M S AR T L A RORRREAE T BRICE R m R Rk
BEMMRE. L. PIERERHIL. RERAES AR A EM AR ZR . Ber R wT DU T 317 B Y P 75 0 B AR R Y %
i TSI 7D

Fig. 2 ePlant guided creation of plants for carbon farming
(ePlant is a mathematical model to simulate the plant growth and development, the interaction between plant and environment efc. ePlant is based on
modeling of photosynthesis, respiration, nitrogen assimilation, assimilate partitioning, water transport etc. ePlant can be used to guide design of ideal

'] Plants for carbon farming has features such as high bio-

architectural, physiological and regulatory features for either food or biomass production'
mass, high light and nitrogen use efficiencies, perennial and with biomass resistant to degradation. These features differ dramatically from food

crops. ePlant can be used to design ideotypes for crops for carbon farming and hence guide breeding such crops)

T AR A e Al A 7 1 - 3 AN g B R AR
B, (HAEY L) BB RS B B R & 5
B2 IR HOAEA i BhORN P B AR A B T

HEEY L) B B D B, (A5
TR K HG AN LED 77 Mk 528 B A R4 K R Rl

o FE PR M BRI L S B S BAR A
EE RN, ERAH T 2R RBHBE B, AT A
TEBOGCRHEY T, AT & B o A 5l
o N B BUEY) T R AE KRN T ER
EMBRIL R 58, %A R ERAEEMLS b REL
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W I3k s it JEB B o0 i 2 se A AN [ K B e
ELIR) LED B9 A B, AN R R A 42 26 K R AR 25
REAE 70 X B 8, SR I JE 4 S 4 T e KA Pl A
T VA SR 2 N R R 8 R N S Y L RiEh
BT E NS AR TUN ™ s Tir i E
JROK IR WA Ja B EAE A R 48, JFR IR I
YT RE S Gy FEFFEED AR R it
ANAE WAL B e e R ), SBLAEL A 42 2B A A T
ORI, A ISR 2 e . 2 E A — L
Y L) R T H AR B, BT oy sh R
TR ROE Y I R G R AR R B R A
MM T A RAESIEEAHES

T TR AE RO 4 BRASR A AL A4 F5 A2 25
S 75 A% BB, AT DG RE R JE T R 4k
HHIESE7/L b= Tua | A V¥ V= 7/ W AYSE- Y < S0 N
R RGE, 2 RR A A N B ik AT A 2 235 it
JEUR BT, R B J KRR R S AR

3 BiJy “Wux” HbsHIREY &
AR

FHE T 1 28 0 Al 26 0 R 3L 30 0 4 L DR
WG RED AR R AR T BRI R B 18
KIAEKREHEA Y. BRMERMERA . AR
SE IR0 A% e AL AR R SRR R 2 HE W & A R
R R " RE WL, TFET 2N EE
WAL IR T A AR A A R 2R L BT R A R R R B R 2%
R E 1) 2 A AR A S5 7 TR AR T R HE FE

3.1 EMEETHRECER

B B o e B AL 0 B R R AR AL
KA A EE N 20 e B R AR, B S s b i
TAETCAE, PRI —E BV 3 DT D g
RXITHCETER T V2 hn e LE, i RARERME
¥k 2 HE T A W h e (BioBricks) 4 % FT K & T
KW A S IFGE S (synthetic biology open
language, SBOL) "™, ik& piE W) % 0y o F 4 22
A S I RAR QR LR B — AW R A
AN, Bt 4P K BISBOL 2.0 A, I HK
i T AR AEY) ) 78 4K & Plant MoClo Syntax M,

U 5 3 B P AN Jo I 300 2 91 4% SBOL 14 &
P Br AE AR P o A S AN BT S5 s e o 0k
kEP o T

KW A ¥ (Chlamydomonas reinhardtii) & —
Fiste B G B IR0 RE S 772 (0 SR il AR S, Ok
DRIZH A T 5, AP b A — N RIAR 4, A=
KRR, EEER IR KA T2 5~6 h AT EAH 11K,
A B o e B AN AR, R R e A
BIF 55 AR W & BCAE P 25 1R T K ) B E A )
Fp e, HATTESR AR P O T — MW
7 45 SBOL #r #E [ 45 #E 4L 78 #F T H & (Chlamy
MoClo Toolkit), % Jtf} FEH|H Golden Gate #rifEfL,
TR RO 119 N EE R T L DI RE 70 o 13 KBS
BE LA AT, AT RA— I R £ 10 Dot
HMHEE8 K, NIHABEY AR A o iF EE R IT K
PTG 225 ) U, 3T A AR R 2 R R
B2 W IR AERE R N, & T A= PN
FR)SHE B A R AR AR TR, Wi R 1k I 58 000 A%
ARARAE 121 PSR AE K SRR AL BN R, AR
FETCA R AR L PR T 3% 7,

3T, Mehta 55 B 0% Dl iK1 40 1R 5 R TP
BERE W i L AR A, REA0L L RO & 40 T i A
EYE, TEOGTT B 40 T A I BRI 245 ATP DR fL B
B, 0 ROy N SR AR S g B R A 0 7R AR
Py, BRI AN E HFE, Hl O ikEE
BHE NG EEH & MY ¥R oA R, A8
FF P BF O 1 A & AR 2 T RO &
TOAF I XA A AT MU

3.2 EMEREZERIT

L) 5k DR 2L AT AR 4 0 )y 4 - ks B e
KEZR, FoEBEIRE, HIRZ MAMY,
X AG AT YD G R BRI 4 g B S I A . S
G FEHE ARG W R RS 15
fEI% A% (biosensor) LA | EAEY) ()45 = i i Al A
VA 2%, BLFE R IR LR BE B A # (Forster
resonance energy transfer, FRET). X4 T % )¢ H %k
(bi-molecular fluorescence complementation, BiFC) .
MOt R MRk & Mk & (dual-luciferase reporter
assay, Dual-Luc) ZFHA, kA4 4l 2 48 ) 2
PRI 2% 1o B E— 20 ] DSOS R A AR 45 5 08
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PSR AT BT I T RE, B A S0 TR R
(ABA) 324k 45 Kl FL g8 1K Z 40 T/ o T AL )
BT, 1IN A S B T ABA (S T
M J97 DA $ T 3 XA 420 PO - 5 6 0 s

TP B 453847 5 2% A Ak TR 26 2% 11 B
L&A TAERMMEL % (TEV) & AT
ANTEJERD,  DAUR 2 5 R 2 B R A, AT B SE B
E S B W oo ) g ] AT A R AR BSR4
[0 o A A S I A R DR 2H S B A RN R A%
BRI AR, WA RS A N T 55 ML AT TATA
box ¥k IR ", fERW KM A h O &
MR RTh 7 — S 5 & e TR, e 4¢
A o 2 K TR 1 LB 45 O\ A DG R 48 ik R
ST IPTG 5 5 A FE I SR R R A AR R 2
FEAER T AT /N 5 5 AR T I S A BE AR T
% (Riboswitch) & 04,

IiT, Lister 2 M B 1F T 1 AN E Y 40 i A
S B G AR R 2R B . AR RTE R R ST E
AR BB F kiR EAR, BE6— K7
TP FEFE JofE, v LA N EAS 5 AN 5 (10
SES B AW, LB T OR. AND. NOR.
NAND %5 — 2 F1) Jid A0 i 7 B2 8] . T
Brothy & " M BE 3k — 20, AAUFEMHFLAR R ode)
T A R B, i ARG T A ST A R
e S s R R 1) 23 (R R IA B DA SRR RIEAS

3.3 tEMERERENE@EEEAR

F K 4 38 R B M CRISPR/Cas9 T H AL LAk
WK, PO R T — R &R
R R g TR, YA AP 1R B
UR ST ELAL D A B T Re s O 1) R R e AR, E
B I H R RN AN JE AL RS T 5, R AR T
BRI E AR . Zhu % " FFR T — R Y =KW
TP FE R A BB ) g N R B AR &R, (B KR P
TN B8R B e ATk 47.3% 0, R TR B i
St (prime editing) 7 AR W 7EAE ) bl K JE ,
40 Li Al Gao 55 2 JF R ITE KR8 i A8 o Ak 8 vy
2 ) Dual-pegRNA 6 5 4% 45 T H, L K& Zhu
2 POLLE R Al A AT Chen 25 7 75 1K o 1) 56 5 g
T H. B 73T CRISPR [ 4 [X 4 48 £ R LL4H
Kim %5 2% 3 -F TALEN K 3% [H 9 45 45 & 88 1) 5 44

F1 i W e e o 08 ot S I 7 X L ) 10 T A R 2k
T AR JE DR RAR A A2 SE AT S #S S T v A
[ C-T Bk 5 #

SE [A) 3L 2 N 9 Do 2 1 1 3 SR AR AL, 1R R
RESE IR H I LA J7 IR PRI 9%, S 2R 19 AH R 1)
FE 1) 8 1 o B8R e ) ) A 23T s an AR sl % B AR )
A Bl U S8 Al AL R BEALIR . AN BRI
WER, HTS0E A MRS LT3 %S
U JERILT LR s T )
A, AT BASGE CA 18 E R IR BRI T Re
BOFT SR A S MR, e N kBt it B R
FEAAFAE B A AT D RE N L EE g =

TEAEI T B &AL T VF 2 560 W IE 228 0]
BEACBORAR 0, ) 2an 1) Y W R A A2 K AT 1 A 32
1T ) PACE (phage-assisted continuous evolution)
FAR PO FERERE R IE 22 HE L 4R R OrthoRep (an
orthogonal DNA polymerase-plasmid pair replication
system) ', B BE RO W FL B0 40 40 MR
eVOLVER HEZ2 2! 45 . 3§ 4 3K 1 CRISPR/Cas9 %%
DRl 4 i R Je SR (1) 5 3 4 (prime editing, PE) %
4 PACE SEHL 7 26 R 403 BBl N i 8 g A, 22

TP ) € 10 JEAL BEAR AT AE R I R FE B B, ik
A bR THESCE Y H I E AR
JE M HEA AR R b s, WA EEIR T %
TR T T (158 LB R B R S AE 5
9 p 45 #H I AE 0 NLR  (nucleotide-binding
leucine-rice repeat) 324 & € ] 3k Ak MUE () B 500
%R, HETCAWIE 7R 2 5 In) 3 40 i £ ok 1
NLR 5244 B0 R o 2258 m i ARR R 2
T AR ) VR 5 AR 9w 5 A% (saturated targeted

endogenous mutagenesis editors, STEME), H&5&

o e 4 B8 E R T R T B S s i TR ) DA
AT EE g e, 200 0% 0k 15 3 1 AF & U Bk
WP FEF g Y R O
JUR T OKRE ANEEED P

T 5 T 3 A 5 A ) e Ko 240 2 K 22 B 5%
T 58 K 1) B ) A LR 32 488 % AR 0 3t A I3 2 e DA
Ik, R E R S B A RS Y R
IR AT FERNE S R P
ARA ¥ ik RuBisCO i fll C,~ C, AH 4 oLt 5 A i
RGP GRIAHRE D & BEY % T HE
Bl g5 AR 3D .
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F3 EHIEARERHEYS R TR
Tab.3 Recently published plant synthetic biology tools

HA S FH 45 P2 JSLFH X 5 2% CHR
PR RE 3 K o o B A AT bR AL 1A R TR HE A 5 e 1 B W AR [184-185]
(Plant MoClo Syntax)
KT TR R K [186]
(Chlamy MoClo Toolkit)
QG A B SR K PR FR A R K [187]
F B N b2 0 4 T P S A A [188]
TR JE IR 26 2% v v S 5 N L5 R 2 A MR IF [190]
ey g DR 2 i TEV & AlEZHE] JH L [191]
IS A Py LB IR O\ T K [193]
I 2R A4 A% B 44 FF 9% (Riboswitch) K [194]
L) 5 PR o 8 5 5 1) AL AR i Vs 1R 4 4 B R 20 5 5 g 4 KA T Rk [202-204]
A i K] G e A3 e [205]
5E [ 2E AL, o RV 1) P9 R 5 748 i 4 #5 (STEME) IKFE [217]

4 B

1 2050 4 4 BRI R 7 B TR 2 L B AE 4
85% A" Bl a2 e I BN 5 3K, (4% B8 H AR
B UL R IR B B B R, R A R
TR bR RE, AN RIES ES T A
W EERM MO, HEYOLE BRI E B
KMo FERZEIAR, M) R 4 i 2 B iR AT TR
NG A ST R B3R 7 IR T A 5
AR B 42 R ], 2 5 N ] P K J5E i T
Yol Bk B 0 AR R R R A RE Y A 1 R R R
E R R IA W B v A S B p R B AR . SE B
XL H bR b R B AT N Tt g, &
FAEY) & E Y S R R ST AL

£ X7 H bR, M & AN ]
LM i T R TR 2 T i B 9 A4 g R A AR
R A BRI PR ) o B3P S ¥ & oA
o2 (0 5 AN AT, ST R XU H AR 18
WAV, AT LR H b e B R R A2
FERK 104, EILLIBEEH R T, FHETE
) Al 2B 7 R R B HETRG PR I A
I AR ) A T AR AR — el A 7 o (R s R T
FTG R ERANHBFERT, ETHFED
Bk 5 s 2 4R S I Y AR 7 A A AL
RE SR SRS 9% 70 e 7 AL AR, 380 7 & 19 1)
I B AR 25 A AT BRHR I, IR 9 AL HE AT AR 24 1) A

Mo 7T A AEY) R IR F= WG Bt 3 8 31
BRI, DURER 18 et 2 M 2 B S A
PPN . BRI AE Y AL PR I AR R AR L T
A PRI AN AR A, EE AR AL AR B R i 2R R
Fr5w 5 77, 4 o 35 A B A R0 ik A 4 8 1) RS
&, ATLAKEIN R AR e . B 21 g B
Ja, TERE— 0 seolm P A B ARERE T, MR OG
AAEFREE BA s & 68 ) Ml Yk 2 ik
N B L. BRI YRR . CE N C,
51 N CCM I 37 WU 52 2% 55 A 1 A ) 2 o0 i
17, HBEKIERIED LR MR, RERe
FeE; FINERTFEDERES T, GHEE S
R PLl . AR RMIBRICAEY) . ERK, KA
B B 2503 X R L AR, 60 36 14 Ak
MBI I AR R PR RIS . G R 2
AR kT 2 SO HE RIS v AR R AN Tk AR
AR . A —ANHEARSRE, A& A
TE 5 26 PR T AR &R, L AE 4% BT 1) o
KPR, EEMBERSHFE N TR,
ORBRFE s ik E e . SN, E4am AL
Je A AE AR B N SR BEAY K AR ok 8 UK
I ) TAT 7 %

F]2060 4, HE TR AE A A HERUTR CO,
2N 250w, B A RS RGO TEAES RGO
G AT 13.2 42 K 5.8 42, it 24 19 42 0
Co, ™, Hemtd, FIHBEMAHEAEAFCO,
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) i ags A A K 8« R TE S B B R 5D 1R
FRRZ SN2 4em, B UAA 2 40 e . Rk
EERG, AT LA R YR BN L
BIC, ARG MATAEY IR AR BE T, 2060 SE R E A
Y ik 2420 COo, & . N, RE LS 261.16
JiIPH AR (L3910 Sk E i H R F
M, HAybEi 2y 2540 s SosE R XX, K
JESetk Ry R S RRIRSE, RN, FAHTE
SR FpAE i SRR, TG [ B )R] Ak 3 44
CO,.

AT SCHE IR (R RE A AR 9 2 B R A, R
SR =W RN 43— A0 A 35k 1) K J R A S P A U
B3 3ok AR A AR AR A2 72 T AT R e E
SR T8 B A2 7 B =, n] LB AR A e s AN E T
Fral JE ORI FE . DA A B AR T AE A A1 il
S ) S PR OR B R R S B, B THE Y e BE R
MEFRBEZIRE, EFEZNEYR, QR
Ta N B 0k S 30 A ] B R A FH TR P 5
BEURAE, #aT DUAH T S8 R R 4 42 CO, 1 [
wR. &5, EY L) BEEERER. AR
T Hb R A ST AR R AR R A PR, W]
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