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FE 202140 [E AR 5L F R R Gk 27 RIS R 27 2301 ) R 2 A8 SR AT EE 202047 S 25 19 n, - 7 fE e
MHIRH 5 2H . T Az e BRILE. eaREAR SR, BRI MM. BReZ. (EMPKYIMLS TR H 3
THEEDT IS T EEA U R, SR DA AR BT AR AR PR MR NiE20214 % “ B dr R E KR o ZO0R S
120214 LR E M RL 0 FERUAT F RS, TN 4] 7 30T Bt frg, DAFEBhELE [ R EHE MR R eSS, BEm
] SE e Mo A ARk 2 T 45 R 5 K7 SR AT AT

X8iF [, EEE, i, 20214

MR, BRARE, BANR, B0, EBME, Bk, Bz, TF, HRE, 2EL, TME, FiRE, Bk, #E T6
(2022). 20214+ EAE YRl S HEH S E. YR 57, 139-152.

PR FIA TG, 20214 1 [E R4 K AE
Science . Cell. Nature } 3 ¥ 1] (Nature Plants .
Nature Genetics. Nature Communication)FTPNAS
W) ERRIIR S E U161, 5 EE(1365)HEL
K7 18.4%, iMifECell. NatureF1Science =T
REW 245, EEN55)M1.61%; 7£Molecular
Plant (MP). Nature Plants (NP). The Plant Cell
(PC). Plant Physiology (PP)#1The Plant Journal
(P) LAYl 7 T T R 18 36380, 554
(57053 )AL 3 K 11.9% . 15 3411 4t i $0 3 W,
20194F h [H B} 27 5 AE B IR M T k2 A 7T 18 ST
(Article) £ 5 1% L& B F1] & 2 5 (Article) %4 1) 38.8%,

20214E M IR GH 1 K 5544.2%, L% 4E34E(2019-2021
SEVAL RS (RA) (B KIE: Web of Sciencet%
OAHE) (KR 202243 H24H).

B E R FR2019-2021 - /EIX SR E AT LR
AR ST SEIG AR o3 b 45 SRR, SR SRR 2
H AT EZ R FAR, 1 DOKFE . FORANE g siss
RO 53 5120 1524% . 8%M6% (#2). FHrE
A5 5 I I 5K 7 SR A2 5| IR0 5T

S B B b T AR A R S B A A
WARGR, RRIRE YRS R AR, 2
LRIACKZE, FATMN20214E I [F R} 2 K LE MY
Pl 40U A 2 1 B v R 18 S v gk gk HH 30T L

®1 2019-20214F [ 544 BR3E H Z MR KAESFME YR LRI (MP. NP. PC. PPAIPJ)#I R SCE FL (B K i: Web

of SciencetZ 0> &4E)

Table 1 The number of papers published by scientists from China, America, Germany, UK and France in the five major
journals of plant science (MP, NP, PC, PP and PJ) from 2019 to 2021 (data sources: Web of Science)
20194F 20204F 20214F
I 71 " e N
CE R i (%) EH i b (%) NEHE i t(%)

Ex 445 38.8 588 43.8 638 442

% 393 34.3 448 33.4 450 31.2

1 [ 224 19.5 226 16.8 236 16.3

&k 126 11.0 129 9.6 138 9.6

% H 117 10.2 111 8.3 112 7.8

VERHBEZETE, Y1RXERTZMER, tANEMERE1R, 50 EN G EIE, Fik bz K T100%. 2019,
2020#120214F, 5T(MP. NP. PC. PPFIPJ)Ha 3L (Article)& 5 591 146, 1 342F11 44455 .

When a paper is signed by more than one country, it will be counted into each country once, so the total percentage may be
more than 100%. The total number of papers published in these five journals (MP, NP, PC, PP and PJ) was 1 146 in 2019,
1 342in 2020 and 1 444 in 2021, respectively. MP: Molecular Plant; NP: Nature Plants; PC: The Plant Cell; PP: Plant Physiology;
PJ: The Plant Journal
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2 2019-20214EH HEMAI ERIAEMP. NP, PC. PPHIPJ L ERLU/KFE. TR, /ANZE ARG IF AT 584481 1 S F (Article) 5

7 (BdE kIR Web of Sciencet% &%)

Table 2 The number of papers published by scientists from China in MP, NP, PC, PP and PJ from 2019 to 2021 using rice,
maize, wheat and Arabidopsis as research materials (data sources: Web of Science)

20194 20204 20214

] — — ——

LEHE i L (%) LEHE 15 (%) LEHE i L (%)
IKFG 98 22.3 122 221 132 23.6
EXK 52 11.8 57 10.3 46 8.2
INE 24 55 25 4.5 31 55
EiINE P 265 60.4 349 63.1 350 62.6
Bt 439 553 559

LA~ B2 DA B Ao MR K SC g R v . MPL NPL PC. PPRIPJ[E# 1.

When two or more species are used as research materials in an article, this article is counted more than once accordingly. MP,

NP, PC, PP and PJ are the same as shown in Table 1.

FERSILREAT TR VPR . 75 2 A2 X AR (A
AR B, WA AN ZE KSR -

1 RBEY=E

1.1 NRA—FZ BRI ETE R SH LR
5> FHLE

FEAEFEYI I AE R 0 K 5 2R 2 BIMEE S 28 B 2
R AH ELAE P AS HE R 4% . Bk 50 R AR M S
TR 28 B BB IRAE BACTR,  RTH OR A AN R I A
TR E Sk, IR0 f BB 1250 K o
2 SRR 7 2H I AU, T T O A Sk 1D L % A R A7
MR R, B0 REEE 5] RS 7L SR 4 g M SEOKP
BEAK . ALK I PCP-By/NK B 548 sk B 47 WA 1
RALF33/)M ik 35 4+ 1 45 A FER/ANJ, AT B A Sk 7L
SRR A I R P AR B R, 5 B MK TR R,
SlEIER K EEE IR (Liu et al., 2021a). iZBF A
IR 7R T FE Sk 500 AH FLR 0 7 FALEE, 3R TTFAE
FEADAE JEAY b AT B8R FH A UL 1 58 i DL DR IE S8 FTE B
Rk 2z (AR 0, 1 HLoR o iR A58 & A b 5 2 2
A PEAGPRAL T BB RIE . (PR KEL
VP, WORIZHIE T 1% U 2 AR BT AR 1 — T
YERERE, JFJE T A6k 54 Sk AH BAE B AL 09 e &
(EHAPZEEE, 2021).

1.2 1EYIREIE SR IREIHLH
YRGS RE T, KT HHZ KT H, Y

& WA CRAIE SR 41 i X 514K F i Thi &, e 5 A
ERE. S KIABR, INEE AN T — By
MIONA Ry B ER, Z5E AT, AT T
ANAUL R T O 4 iR 52 R O A s 2 480805 i (Zhao et al,,
2019), M %5 B 24 2 AE 9040 B RR 7 R ) R &
RIRE ABEECS1MECS2, W7t KB, 32457, ECS1
FIECS2F ZL /AT /E G AR AL N, 75K 20 a5 U 400 A fi
Ba, A TR A 2w 2 UR A0 i B, B AR LR R
S L (B 200 R ) 23 s R A6 K IR 5115 5 LURE, AT FHL
b2 RACKH B BENNTE, BE G 2K U0 PR S50 1Rl &
(Yu et al., 2021b). %M 5T & B YR 4H i AT DL AN 52 K
ST, RATESZRE I A £ REECS, M B
IEZ R E TN, BIZ T R ATEZHEAR I 1I1E
LRI E IR HEN R SE, T S2KE ) Ja ST i as PH
1 22 4 K A Rk N IR R 1 5 1]

1.3 E£KF “BUEKER” WoFIH

A K R I 1 5 4 i R R A (2 A AR, AT
EERMAEK, B304 K% 7 (Rayle and
Cleland, 1970), {HI4 Tl — B AR KN 4% vUARHIE 5T
YA AT FC R B, 2 PR 5 L ) TMK R 52 4 385 g 1A
BAEKERGESHE S Xuetal, 2014), FET 3, AB411F5]
FH G 28 UE 5 45 B 1 R 1S 1) 7 10 % TMK I HLAE 2R
F, RBLTMKA 5 5 67 T 40 B B b 0 i1 = R ik
(H™-ATPase, AHAS){FIEAR AR . A KR AERL IS 7]
N FTMKE G AHA, BERILAHAR B CAR S R 5T 1
TREIRAL A, WOERH R FRE N, SBURTAME, R
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AMATRALFEFE T, AT 51 A 4 B 2 A 0 400 e
K(Linetal., 2021). %A 5N “ERIEAE KR F2 4t
T EEMUEE SR, AR RAE KR IE R
T,

1.4 HEYEFSZHESIMEBEHEBEE K
TIN5 R4 E M (target of Rapamycin, TOR)E HE %
A — Rl E R I L J R AR E MR,
I A5 5 0 i b R OB A% T EIN22 TOR I AN 3
&Y. MM OIRE SR SEEY, LMESHRT
CTRAXTEIN255645F1924 47 22 21 1% (S645/S924) 1) i
ftk, BWOREIN2EE AR EDIE], S EEIN2 KR b
DA R B A AU Nl A%, oS Rl SR
EIN3/EIL1 (Qiao et al., 2012). REEWTFRAKI, 5
FE G 1 L0545 5 B CTR 1R A A A, TORH]
152 AL EIN2 1) 25 657 £z 75 Z IR (T657 ) (H AN 14 EIN2
FAVIE], R DR A R AL E T
WE(s 5, U YR A A B B T S EIN2AS
[ PR A7 s B R AL, AT R EIN2 K #5452 11 Tl RE,
EIN2AT BE1E NBE B S 5 M 20615 5 B A AR IE
1EH, REEYAK K E (Fuetal., 2021). %5
e RS OESIRER, R THEDE
IR S IR AR AR L, 4 JE VR AN S
AR Rt T . (R RRE L
B, NS4 IEh-CTR1ME 5B/ S HIEIN2-C
A RN AN F], 75 TORBLER S P 4% 01 1 1)
THOLUT, A RKMEIN2E AT NGIHRZ, BERASFTE
A EIN2 8 N B AT B $0AT A 5] 1) T B (il % 5%
2021).

1.5 MRSERES EEEYTHReERE

LA R0 5 B 389 9 IR 5 Bl T s 43 26 4 23R 1 1 2
J 53 oA T R o IR PR IV S B AR U T T AR
VINE BRI & B ATV, DUE NOAEEAR (L . {H 41 it
GBS 5 H AT ATE . ST 7 4ld i 57
KT oy AR A GIRIE S, RIE B A KEMET, ¥
A5 5 7E T A PRGOS s B o KR 41 4 M A S
By S B DR e o B 22 Fh B8 5 I BEIR . AT TR P
1B &M TET AR S 8 BN SAHKE S
5E SN R I 3% {5 5 (endogenous  stress-related
signal, ESS). j#id RAEH P EEES LE, KILC

MR FLEE: 2021 S EEYRIA BB RERE 141

W5 K B 7 S5 DR 7 EING B L [R]85 R 7 - 4 B A 15
H ELRREUE AGL22 1 Kk T AGL22:H 1 B #2411 1
CLV1/CLV2, 4+ T4t ffa 2 42 ik [ WUS T &
k. MY AN S fE, AGL221E Ay A B
Jop 3 HR O B DR 7, — 7 TH R SR A0t 30 15 e 1)
Wi )82, 573 — 7 TH BEL T 4 i o3 A R HESR AR, T2 A
WIS AR T e YR, PR 0K B i
HFE(Zeng et al., 2021). 1ZHF 5052 T AT T 40y
IZMMESS, . T ESSE A IR MAMNEE S R
ATIEPE S IR AESE

1.6 EZICOPIEEE/ B FEAT ARS8

B AR W) R 40 I R AN 40 U R L E Y I R SR
JR G, B G S A R AR TR, s
iF F& HCOPII#E /N 71 53 (Zeng et al., 2015). i 57
COPII/INLFE fil ik 72 25 145 (¥ GTP R & 11 (Sar1 %5
COPIIEE ) E b FE AT 2R 2 AN A 52 2 Thig
TUA A VEFE K (Chung et al., 2016). &AM EHIEZ R
A 4i(in vitro vesicle reconstitution)#) vz N T
FLEW KR 7T, B i% RS % KR SR
JRAH R TRE R 1, IR T AT FEIIE HN& A 1A
W, HIZ R GER Y R FE A& WARIE . 22 BT
RAEEY P T AN COPINEEIEH R4, HW
22 FIR AN R I COPNE /MBS, kT £
ESRAHEYI COPNEEHAZIE 5 B 4+l FIFIZ RS
BE— PRI R I, TERE DI VR B 1) 5 AN Sl
B, COPII/NIE 52 Sart [7 Y5 2 1 AtSartaf ik
W, BRI IECOPI/NE R 258 L 1 1) B A 3%
W, IR % E A s A T I 5 bl A O
HHA(L et al., 2021). ZWFRIER T HEYELEKRE
BRI N 2 T (B B e SR ) T LR, A
FEA R 0 A B N U AE Y B B B RN e AR A TR
Bk,

1.7 ZNWHIINETOMBEUBESFHAENSF
!

LKA N ERZ AR RS I T by, KR
EH 240 it A 5 DRI 4 R, 6 48 B o b B 8 BB 1 B A
PRI Ze bR i 18 2 A Ia iy 28 &AL, iR 2k
HMIETOMEEAL il &2 4 & (the translocase of the outer
mitochondrial membrane)fi 57 iz i K & 2 [ i fi 4
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HE LR Rk (Wiedemann et al., 2003). TOMMH 74N
BEAH A%, AL A% IR TE B AR B 2R I Tom40 164 L a
WE e JIE 2R 1 (4% 2E A Tom5. Tom6Ai Tom7 K 31k
FEHTom20. Tom22F1Tom70). TOMI¥)ZH 2 DAl 5% i
P 200 R B A 7S EOK . Wiedemann I
Pfanner (2017)#F 53 B, TOMZL3 75 2L i S i
SAME &%) (the mitochondrial sorting and assembly
machinery) 8, HEAANLHHAE . HIHKEETOM
A A AR AL, BT RIF 7 2EE e L 3 P
A i B 2H 0k R G0 E A IR RS AR A R AR, R B
WURL A VR LB H AR AT 1 TOMAH 2 FE2 (g 24 21 i v
(A 5 o = 4R 1, 455 DhRe s i B 7 SAM
B AV % UL KR TOMI 4 F AL . Tom40.
Tom5HTom67ESAME & EaE T A%, Tom71{
k21 % 4f (1) Tom40/Tom5/Toms6 fiit 5 SAM & & ¥
(Wang et al., 2021a). %A 78 A LR AR I3 V6 T7 FIAE
VI AL O R B T ER AL, O B SR BT )
VRIS UL TR A

1.8 RNARSEIVHI=#SEH R TIEA MBI

o 55 B0 AL ) A TR 4 LA AR L A8 ) B R B T
bl o Bl A AE Yk 2 24 IRIDM  (RNA-directed
DNA methylation)i& 2T 8R4 ka1, 4ERFIERIH 2
£ PE(Zhang et al., 2018). Pol IVAIPol V& iZi& 2 1)
DR, ARG PR X AT 4 5%, FH5EDNAH
TG AT 1Z X IHDNAF 4k . Pol V2 440 i i%
D RAFIRNAR &/, 524D Pol 1. Pol I
FPol INAHEL, LR X, BAER R T
T AR J7 M A B D) ge 5 F 2 2 X )l (Singh et al.,
2019). #3043k, Pol I. Pol IIFIPol NI = 4k &5 ik
SRR AT, SRTIPOl IV B =4k 25 A0 TAE 7 A5 9R
K, BRI T X Pol IVEESEALHI IR TT . kR T
H5EWZXBAEE, TR THEDKFEEBEREASR
EWI Ltk 7%, @M 7 Pol IV-RDR2EE A E &)
=4egERy, RBLPol IV5RDR2HANRNAR & it fa &
G, TR WA TEE R & B TG Pol IV
PARUEE DNA Y IR A 0 1) 5 55 RNA M 12 P4 #4038 T8 B
P45 RDR2, i 5 RDR2 LA % 5 5 RNA Y I b &
BOEERNA. #E, flifi 192 H T Pol IV-RDR2E &4
“Backtracking-triggered RNA channeling” {13 #i
T (Huang et al., 2021). iZHF 7 R INARNT T E

ZAEYI AN RNAR SRR 454, K Pol IV-RDR2X
BERNA R & 2 AW 0 i 4 #4) 38 F0 bl 7] T4F 7 3R,
¥R 7 HYRADMI& 12 h AUEERNAS %I TAENLEE.

1.9 #EFTDicerXEERDCL3YIEI =% /\RNA
TE R AT RNATE S I DNA R #4L & 21, Dicerx
JEEEDCL3 (Dicer Like 3)KtPol IVAIRDR2/=4: i
1siRNAD)E| 2224 nt, ZEHN FHFHAGO4H, i#t—
5 Pol VE KB AEMIGRNATAE, /5 TN
DNAHR 4k (Matzke and Mosher, 2014). 1E Nt
NG EREER/IRNA, 24 nt siRNAZERHUH
B PRBEIE BRI AL AR e M R S SR 2 R R R IR
# #4E H (Matzke and Mosher, 2014). ¥ 3 AR #5141
DAME A R 77 2R ()24 nt siRNAIDCL3 AT &, 45
HEE . A UL IR ARNAT F 4 F B, T
DCL3% i 7 siRNAS S B B A4 IR L P« 55 sk
5 103 B 3 9 HA IR R AL, )R T DCL3 1 &K
DR KN ER SIS VIEIN 52 E YL, N
2T RS HT T Y Dicer) ThRg ) H (Wang et
al., 2021b). 5T 9 ER M NRNASN T I AEA) 2 W15
SR TR A, O EET/NRNAHE [ E )
BUEBEE T A

2 AEERSAESHS

21 KEMEEARZI-NDHEZERBASYFE
EE

ENAERE R B FE T, SRS (PSHADE R4
(PSI) AL EFFA X 2F0 A (1)) HL 15 3% . NDH
2 EGEPSI AL, 230 T e ) %
ez —, X YRR R S S ATP A R K 1 5 38055 R 1)
HeARP Th e B A B % U (Peltier et al., 2016; Yamo
ri and Shikanai, 2016). A1, XT3 AL %
% 1 PSI-NDH [ 45 1) S HRS 1 W 45 L R IR A
TERE . BRI SO S K U AR AT T K
AR PSI-NDHE 7 5 G R [ s o e 45 0, RN
ZE GV H2APSI-LHCIE &2 444, 11"NDHIE & &
R AN R ENE A USPAL L, 485554 ([ WA
298NS E T 6T RIAY MR T 250N E
¥, Ko7 E%1491.6 mDa (Shen et al., 2022). %
A 7R T T S P - SR KR kR 46 W Lhcas il
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Lhca6 f 1014547 NDH MV 5 RS ff 4o B A0 45 K4 5 1
LN =R P L ER (SR r/HEE 3 SEp)
st E AR AN S PSR K R R

ECSN
=X

22 HXESBEREREHFHK

TR A 55 AR R TR P 1R) S S AR T U AR SR
MBS, &N —NEFERed e, &MY
AT LRI EY . SRR mAYE AT, HHE
SFHURI ATEE . ATHIRTC R, JolE T oci it st
A FHY5 (LONG HYPOCOTYL5) 2 1 7T Al _EFBH
R R B AR, AR & 4K (Chen et
al., 2016), &4t %FT (FLOWERING LOCUS T) M H:
7] J5 85 [ 1 0] 75 42 9 7k )9 # 3)) (Corbesier et al.,
2007; Tamaki et al., 2007). T2 AR, K
T IHY5[EJE K HGmSTF3/4 (TGACG-MOTIF BIN-
DING FACTOR 3/4)FIFTIRJR & H GmFT2a/5art i
ERSZEOCE T, IEREh BN, R RS, EES
TR [ EFGmCCaMK (calcium- and calmodulin-
dependent protein kinase) i 12 J 15 i % 5 W B2 Ak
GmSTF3/4, it GmSTF3/4 5 GmFTs H.1E & i #%
KA, A AT B O AR S A A DS RE A]
RIFRIE, AR B(Wang et al., 2021c). &
FiE s T H b S6AE 5 A TR 3 A [ &UE S b R 4%
HOIRE T 1R 43 WL, ) B 7 o' R AR RE T B A
FEJR I, il o1 B Fh ok AR [ R RCR BE
T E B EA .

23 XEREEFRBPIEFELES TR
SR e, KGR A BIER ] SO
AL, F5FREPT IS, BUEHE R 2 151K (Carriedo et
al., 2016). Wang#lLin (2020)WF 55 &K HH, #6324k ke
16 & (cryptochromes, CRYs) i 2 6 % 2 & i A1
PS5 SUN EI/NE (5 VI N NS 115 D A0 e 51 K31 | A S
L F F CRISPR-CasQH R X K Z71~GmCRYH: H
BEAT PR, RIILAPANFERAFAEThRE U A&, JRILTH
A G0t 55 WG B N . DGR I B GmCRY 1s
B S FE I TFSTRIRISTF2H R &, {2 GmGA20x
B RIS, BARER(GA)E &, N 224
ik, MRS N, STRFsE A MM R &b, S
AR Y2 R (Lyu et al., 2021). iZHF 7R 7850

MR FLEE: 2021 S EEY R E BT R TR 143

ST IR B R KGR R H H % W 2% B
RIRHER L, Ay RORE I N K & i A AT
ERKE iRt 7

24 KEREEEEBELARERMANSEE
R4

R0 e S R UK i AR, A P — i
B R T 4 R P R N A P, X R
11 2401 A S5 K O e 5 P 5| e R e 5 ) o 5 A
[RIL, fEAT K500 B RO (1 2 7 Ak, SR 4
JE 3 NV — B A R T 7T B RS T AR B i
OV 2% TR R M [R) R IA ELF3. ELF4LL & LUX
% ) M % % 30 ) 2 A 44 (evening complex, EC)
(Nusinow et al., 2011). fLALILHF R R IR G A2
ANLUXH[FEREZEE R, 43l dr 44 LUXTHRILUX2, —3%&
ERE A TG AP RIEILRNIRE, M
lux1/lux 23 RAE A4 AR FER AL R AL, 56 i U
M L 58 A8tk Maryland MammothAE #2510, ek
i1 % Guangzhou Mammoth. £ K& 4, LUX1AI
LUX2# AT 5 08 (A ($L B FFELF3 AR & () AR 3K
WA E AR, 4 ET1. E1LafMEILbIIE ST, 41
HlEATIRIRIE, I — BT BRETX FT2afI FT5alt]
], (e K EITE. Guangzhou MammothiE
Koo 5 H BT IFAR a0 38 22 5, R A
5 G ¥ R S ROV R O A (Bu et
al., 2021). 1M 5 B & T AN 5] 26 52 1) R 08T i f
FRAL T B RSP AL A A

3 1FIEMF

3.1 KBERFENMEEEEM

R RS EY = BB 22 el TE R
DUER, (R 20t H 2 S B0 =S R, a0
TIER AL KA E E F21k(Guo et al., 2010; Zhang
etal., 2015). [Kith, $2 @ 1EY) B3] FH 203 DL F
I e AR B w7 i K CF 2 K E B (Hakeem et al.,
2011). flRA W FC A IR, FEANF LR T, KFE
43 BE A B 8 775 288 R FH 28 28 A8 S ) A7 7E v B %
o A AT FH A 25 R A DR IE A3 BT 1R 45 58 B AN KRB
R OsTCP19. iZ3E N L% X — /Nt
TR R Bt (29 bp) iRk 5 75 2 AN [F] KRG i F 23 BE 2L
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M) 1, 22 S5 1) = 2 S ER] o e 1. 7 1 4% Rl F-LBD & (A W]
1 R A A AR AL I AT IR 40 ) OSTCP19 1) % 3¢
OsTCP 191 Jy i 42 A+ # ] 4> BE(R 32k B K| DL T 3%
ik, TSI K FE S BER B IS . A R X2
OSTCP19%5 {i B[R 1y Hh 38 43 A1 5 T35 & = 2% UIAH
K, XKW OSTCPT19TEIE A [ b B [X 355 1) -3 2%
PE 77T B EEAEH . 128703 B KRS &R R 1)
A LA 1 R N A G, s TR R R
IKFESY BE R B R FE I 4125 Rl (Liu et al., 2021b). 1A
TS AR B i SN A T s 7 (R KR P B T AR
fille  CHEMZEIRY RELCSEVE, UM E
S FERRNT T /KRG 3 LA [R] H 2 X35 - 358 I8 F0 1) 43
THLH], HR T — 2 H I OsLBD-OsTCP19-OsDLT
5T R R ARG S BE T R T RE, KFER R
BT T E R AL T B SRR, B BN AHANE
(E it E 4, 2021).

3.2 (EYIMESMEIEHIEREE

BRI KL FRRREEFRITR. ARZHIED
2R E IR B S 7R — RO AR R E N g
WS B S SR (ELEIRAR), 5 — Rl 5 MR H e
FEAL LR OC R, IA) 4 A\ A R S B A R (FR A iR
1) MECBAR LA 2 F AR S B il R 3526 15 FHE )
DA I 1R o = BRI, A DA A B AR I T 4 O 9
(Sanders and Tinker, 1971; Jiang et al., 2017). iT
2502 FE BT R, EYRIE A & S RIRES
WIS B AR B 3R, I SRR O B AR 3
AR AR, (HEARE VLRI AR . £ A
FAH R T HRARIEAE “ BRI B0 FHLE . ARA]
221 T KRG - A T R e A e S 1R 4 ) 4% 1 4 S A,
BT 0 87 % 53 TR - OsPHR1/2/338 it 45 4 P1BS
AR e, TR AE 0 B8 T R G RS Tl 7R A
SEMH O HE R R 3R IE 2 B AR 3 AR e S 1 4% I 48 1) %
Do ZME T IE K I E 7 1)K 2 45 SPXil It 5
PHR1/2/3 H.AF, ] OsPHR2HIH B AR 3t A 4 o 5
R RIE, FUREERILA . SPXEUKFOsPHR2E
ERRYFHERK “ BRI KA (Shi et al.,
2021b). %M 7 A Bl I W [ AR I B AL A I
WA, SRV E IR I ORI . (R 2R )
KRB RTVE, BTN 7K RE- A AR I
A SR 2%, AR S D B TR I 4

BTG 78 A (XI#E, 2021),

3.3 EREVRESSMIEBEEFKLRITR
5 FHLE

SRHEM R Z AT 5EERE R E I E R R, TS
) R — MR R EA RERNEE T
H—W . TR P I 8] U e 8 4 = R I A
AR R TR R A, T R AR R U,
AR AT b A RE TAE, (AW TE 5 40 M AR R 1
A B BRI AE F LR R RS A 3 A2 ]
FilE A A 5 R T AN R 7R R, AR R 4 i
JS K B 1) 52 L0 B SR T SR B, AT 5 M AR
rh ) [ OB S 1, HE S b i TG 5% TR N S AL
H HFE R AR L AR TE - Murray i 78 20 & 4%
FFNLP (NIN-like protein)Z % i AANINFINLP2,
T B RS TRHE ) IR S 1) U i R SR Wi B T A
(double nitrate response element, dNRE)J#iH 2
JE T L IMLAT B 1 SR R () Rk, gk T 1Al [ 250 0 75 1
AR RGI T IR, HENLP R G A i
ok A 3 ke A A )R TR 3 e B G A 0 R 3 AR i
LR AR R, EHA 4L B A p 4 AR A B
THAEARAEIR T A A, TR A [ ) “ A
SAFE” (Jiang et al., 2021). %0 5t ik TS SR
TP E B L, i s HE e 28 E 1B
IR .

3.4  {EYpFFhiERFNEEF A Ao FHLE

7= B AN AR R FH 26— B AR AR = R A B R
K HAR. FFRLE R e 520 00 SR AR oK Ak & AL &
ERVITRA BUER, SRS AR, KA E
KEERAFHEY) = 8 (1) 5 2 R 5 3% (Wang et al.,
2015), FFRLHE I 14 47 R B B2 5 0 AR 1 1 7 R
Jii . AL AERI 5T 25 A A2 SR S AR KRG P
SE 7 1/NPHO1 Y il i iz 3 (1 OsPHO1;2, % (118
AR R A Pi AR EAGPase 25 b & U < i
T, AT B v AR A PR L EE S 3 R DA R 1 R
(PUE). iX/&4kWang%s(2008)4i & #E ¢ 5L K GIF 15
(1) S — TGURT AL S5 R 0 3 BEE 78 1A, s A R AR
PEF PRI GE T 5 — N EE AR . A, b
AR 2 B K A TR 25 T ZmPHO 1, 2 1 B % 1 15k
RSB ) B B AR, REPHOIKIEE AN S
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(DR L JRE S U 4 R A A8 AR b s AR <7 (M. et
al., 2021). iZWF FOR BEEE S  FFRLRESR R FH 2k
=HREEA AR RS, XA R I KRR 78 S A
R R A I E MR R L, RS IR A
R GEME T A R B FEEAR

35 NEDEFEAMR

W38 /NZE (Triticum aestivum) A7SA5 KPR, K H 21k
LM F, WS RRE/NEZ(T. urartu, AA)S
I B R HE 1L - ¥ (Aegilops  speltoides, SS=BB)4k
LI 2 A, TR £ /N 22 (AABB); B 5 DY £ 4
N EHi T (A, tauschii, DD)5E2IR 438 I 2 A4k,
1% oS % 4k /N 22 (AABBDD) (Marcussen et al.,
2014). (e ENZYME RS, BT SRR
HIIESR, “FER” T Hn—SEBEMR, WHEMbTH.
ik, MWSHEeYFHIT Y h I3 “ BR7 IR
R EE R AN Z R EE T E. 5A. BIL
FEDI AR B, /N 22 D0 5k R 2 1) 38t A% 22 1 1k R B
Z o RANMGHEFEHXS T L AT T RGWVHIT, M T
H e o B e R A T R R R 2 R 3R R AH B9 P SR
WAL T, LT T EE99% A% 2 R 1] I8 /)
FINER, Bl A5 -NE N LA B\ AR A
Wis R, NS/ NEDE A “ ALY BEE T
ARG T AL KLl (Zhou et al., 2021).

3.6 KEFRMFHZENEETLTR

& G5 B TR 20 F 9T 22 3 11 2385 B TR 4R SR A
Yodh B RE S, R 2 N RE R B AR B AN 4 B R
ANTR] fit o B 2 [R] R a8 A% A S A 0 . =AM P AR
LS, BT T 72 5 R 2 (AR B 5 R 4
72 (Liu and Tian, 2020), B #G6F7C 200 A2 i
FRECA S BT NS, SRAT w5 o & 4k R 4H 4
SR I LR AT SR 2 M b, KRN SRR — L
RIS HEILRA b, e BRI BTk, H
HALE T RANSE ARG SR BHEAN . 6t
R N ERFEE . B AASENZF 8
RLEAE, IEIUEA @ AR 302 AN KAaM K, K
FH 5508 028 = AREE R PR, #AT7 KA Bl P &
JiR 52 R DR AH 2 2 R R DR 45 AR /KR it
H A F12) k498 P8 M BE I 22 JE R 40, JE %558 2|
171 O72/\NEE K MEAR 7 fN122 5AQ/ LK 4 T A4 5

MR MLAE: 2021 S rh [EEI R EET SO kR 145

TX AR S (1) 8K 22 BPE BT I S R R B R IR, %
FORKFEREHESr T B MR AL 7 EHZ KR (Qin et al.,
2021).

3.7 RiEMEEIFERBIEMN LI

B AN D ARG, B AR Wi, kT
PERAMUR, AEORE 224 8 H & ™18 (Wheeler
and von Braun, 2013). @it A Tk B R BE 2 5,
MR 2 5 RS, B1iE B R e, # 2Rk
R0 AR B AL A R IE 2 —(Van de Peer et al.,
2017; Lichman et al., 2020). Z=x FERFR4L5 F N 4k
Z X PALEAE, @ AR R U A R s A
(Oryza alta)F: N4, LB EHRUKR, ZHEHZ
Y BRI, Rl T — R PR 2 £ 7k B
A= TR P B M RN A, A P& AL L T
PR KK ZEFPHLEE FIZE & 045 v e e IAL 1 h
580 BB A SO, BT R
FPEE NI P 5 R oK FE, SEELC OFI1” 1= (Yu
etal., 2021a). PZHFFCIUE ] 14 S U5 DU s 4 B A e A
LY AR SR F IRV AT AT, R T A8 AEY)
B EPFRY BRECHVE, NN
R K FEHEYI I R Th 85 B A B At R & A 7=
KA PE Ay, A AT T Sk B4k B AR R 2 B AR
T, BIHH e N AR TR R AU A 5
B (E AR IMET, 2021).

38 RUDHERIEE
MR % S L T 84S o R gEAR RS .
DT R BUR S 38 A i 0 5 485 7 9 T 45 il
WA S ENZ KBS ERE “RETT
X7, RS “RERARH” BRI R R E
R LRE, IR EmBERNGEEEM, JEHAR
RT3 = O AL S R A
Y H AR 0 1% 21 S-RNase I R AR RASE, I va b T ok
B AR R E ACSR AN DR, AR R T B 2 AR A
fi(Ye et al., 2018; Zhang et al., 2019). 2 J&, %W 7
EH R T AT SR R TR A T S 2 R K B A R AT IR AR
FAR P A FRAEXN (Zhang et al., 2019;
Zhou et al., 2020). T, ¥ = CHF TR HER
HRBARHAT BRI, @A T R SR EIHH K
AR, T R A R (>99%) %1k
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LR AR /MR LB E N RILE 15 (Zhang et
al., 2021). RE1 S RINIE B IR R SR EF M
PIRTATPE, (68 I I8 A% o R HE N PRk AR E .
CHEPFRD) KRBEL SV, WHZHARSRES
P AR M SR, R 7 kT Jk R 2 v A
TR LR E Y B P 4l oo (YR, 2021).

4 I

4.1 PTISETHESi&EHEERBIFHLE

Y1k W PTI (pattern-triggered immunity) f1ETI
(effector-triggered immunity) /> 2 1R 1156 K 4% %
Gio PTISE 5 Gt t1i WA 55 73 7 4 5K (patho-
gen-associated molecular patterns, PAMPs)32 £/
M 52 {4 (pattern-recognition receptors, PRRs)i}
Al T ik i %) B U B B 5 220 i A R 288 BT
(effectors) Rl PTIRT, &4 F] FHHNLR 32 14 85 [ % &%
MR TR 5 5 T B ETI#42(Cui et al., 2015; Couto
and Zipfel, 2016; Yu et al., 2017). Zid ZERWI,
MATRIAEPTIANETIH IR 51 A 5 5 S AL H] E
TEAEE BRI A, %48 BNy =3 v ge o R AR
H . 4R, PTIFIETIR SAEAE DI Re B B R OCH A
EHE. BT RHIEHPTIMETIEIREAGE S S
FAEERRR . AT I JFPRRs B H 2 AR 1) D g
R IR RAZAR I ET &AL 52 BIHMH] o ETIRT 535 F R i
1B RSB[R JEE (1D (RBOHD) I mRNAFE 3% K &
PERLRR, T E B B RAKOBPTIE 5842, Kk
FEY) I 2 o 2 40l i X RBOHD RS 41 i 4%, 5K
I NAZ I A 0 1 PR R B (Yuan et al,
2021). ZWFFLIER T PTIRETI s R 502 8 1 1) [
AR, v E SR S A iE I 3 R PT & % kA 2 o
ETI R, MITHe mEfem st 7 Bk . (il
WD) KRR SV, AT AL ERT T
T B 92 A3 I BT R T PTILS ETIAR U 2
W, XA — IR R, ARk ik
THE R T B RS R (EAA R €, 2021).

4.2 CNLZSHim/MEr{ERHLE

NLR #& A (nucleotide-binding, leucine-rich repeat
proteins) 2 A TETI MK — K FEZ A EH, R
NLREE N 45 ¥ 85, %2832 7 i 3 32 273 CNL

(CC-NB-LRR). TNL (TIR-NB-LRR)FIRNL (RPWS8-
like-NB-LRR) 335, A, FF=K M 7 CNLIEZ 14K
HEAZARTEE M, 1R ILILIE IS T B IR 1 R A 11
PUIE /M (resistosome) S I RS 2 TR 3 A& it
Jp3 8 Y ZH %5 (Wang et al., 2019a, 2019b). )5, Ma
5(2020) /T T TNLZEIU AR BTN /MR (1 25 4 S 21 385
B o FET AT AT ZARPUG MR LS I (0 AT, A
BB 7t i i 5 43 1 BB R R BZAR B /A ]
FLAEAEH N, T AR T 28 11 AL Glu ) 45 5 118
ZHE S R NI, 0 5] R4 S5 R
JOE TR R, WS R RN, & A AR R (B
etal., 2021). W T B 7 ANATRHEYHUw MARAE
BUHI AR, AP0 B R L 187 To 4 R N B fig
TH YRR PU A PR T %

4.3 EFPICI1-OsMETS-Ethylenefy & &t i5iE
s

L 5 BUN ARG IE R & 32 EERR B VR /KRG ™ B )
F, WATHEN &8 B~ B A FUKIE . TR 8+
O BB P T RO T R R R A K T
o IR K IPTIRETH& AR AE1S S AL AR
X (Yuan et al., 2021). ffHEWFFEHBE R 71563 T
PICI1-OsMETS-Ethylene (1) F 7 A8 i 1 2 38 B, &
LK FGT T H19% NLR G 2 52 4438 i AR 47 1% B AR Y
TH I A s R R By, P RS Y PTIMETIN =
TIERG, BT /KR USRI FE LS. A AT
SRS A R R A A
GO7E, BB iR E A — BT RN
HEAMPICH . ZE A Ed ERA R 5 EOSMETSH)
T EhfRE RS E, NmiEd KB EDR- o
U@, WOSHEA % RN . 9 5 5 52 BZ IR
o Jg, i RN B B R PICH, i R A PT I
Fio MR, MY IENLRZE 327K & (1 PigmR % 5%
JE B RN B e G PE S5 A PICI, M R4 3 4 52 %
fift(Zhai et al., 2022). ZHUHRIEE FIFENT N IEL 2T
BT B B PUW KRG SR gt 7B B B TR, X BRI
KRG, SEPSR R AR B R ER A ST

44 FSETATRREEEKERE
FE W G BEAE B Ja — fio 2 PE BB I A0 i 4 4 (reactive
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oxygen species, ROS)HIfiu it 45 55+ 138 o, i
A 1) 0 Bk e IS AR 240 i ) a5 PR SR OE IR RE (hy perseensi-
tive response, HR) (Zipfel and Oldroyd, 2017). i/
SR R]A R8BE L SR AE N AR, AH R B
SANHIEY W WA KKE, XSHEY ™87 4
(Huot et al., 2014; Deng et al., 2020). #4415
PO RS AR T B AR 9 IR T AN gt
e, TR LA A £ B 58 5 B AT SSCHRAEN AN [R] 955 JE TR F) S
S AT A AT 5 4 E i P A e T B E K
FERIR AL URODT, K W12 3 Rl 1) SR AL A4 X A3 I 076
I Al 95 0 95 At 9 20 A7 AE BB K 1 (Gao et al.,
2021). KIROD1H A AFEAS B 145 & 43I, W4
E3%Z Rz %1k . ROD11[ 5t S K A M CatB
HAE, Rk A S TE R . R A 1) S
SONE, 9 SR A A P a5 28 PR 1 AvrPiz-tiESLROD1,
BWiEROD1-CatBr /i 3 1 i F A MG B L (Gao et
al., 2021). ZHT T 7R 137 EHYIA A TS B
TRAMEB 5 A E A Y R L], I
U8 BN AN BT B R B R IR T B R AR A
M, Nt BEE DL &R BUKRE A BE T
Bitli.  CHEYFER) KRL AV, WA FLEK
TR T — AN e 5 A KK B R BAE 5
T 32 A JiR A PRl R 0K — 15 S sk, @57 % H 3E B
PERLE, W78 R ey -0 R BAE Rt B
H B R (AR, 2021).

5 EWMRFHK

51 “rhER" mizpvEEBEE

R HEY) &0 TR I i ek A, e 8 T Fh 11
Y. MTFHEDIAE L1 000F, 1Mifs & (Pinus)2
ViR 2, HERA++2ER, E58KE5H
B R 4145 R . AR (P. tabuliformis) e EHFH
WEAR, SRR E RS, 2R R R, W
se EE ST R SR R S E A2 K
AL AVEXT I FA 14 25.4 GbifFEE LT T 51
SE~ TR AT R B 3 R 4 R R B R T A
70%—-80%, S FHEVAR, XEILHHF “F
7 AR o RIS IR IE A A LR R E 1) Y A K
e BRI A, X AT RefRRE T % B oA K A 1 5 I
AR BRI, hiaERAP A KREMBEKN ST, K

MR MLAE: 2021 G rh [EIEI R EERT SOk 147

PR EER10 kb, R THEMN204%, Hi KA K
A0 1) T ELAT B i R IATE 1 T A R 4H o 5 AR AN
A A7 Iy A i [V 36 B R G P DRI AN 42 5 ' A, Xl
X AR A A G K AR BRI 45 IR o X e R A
R AR T R B AL TSR AL B R R AL T E
522 (Niu et al., 2022).

5.2 IREIMRIFR ERALEH

YOI B BRI 25 ORI T R R 0,
HAEAE RN T EOR R SRR 7o 5 Wb ™ i 1
EE R, R AT & R A ANATTRT RO R AR 2
RER A AT () 30 1) . = e RHI YD I & (Pugio-
nium) & 2N, W 3T (P. cornutum) A1 38 Vb I (P.
dolabratum), IX2ANNFRI NV AREY) . XA AT
HEENINZ KN AVE, X ER2A R R R 4
HEAT 7 SRR, FE AT TR L AT, 4
BB, ZJERE T 1RR L RIEZ 5, 20
JeoR AN R A BA AR Gt i B H fgibg . 458 e
(1 35 R 2 2 35 A DRy A A0 3 7 A 2 358 R0 4 A A B2 3
TRE “IRMEL . 2R AR g ok R
TEA, FHEEMSE A TR, X EH A
A H DR ) R T A B R (2 8 T X 24 R AR b
WA 4 (Hu et al., 2021). 0 5t M3 R 4 3
A4 1) 89 B2 DR g b T S VD B R D (3 R T Rt TR
DL, FFH SEBIIE BA 22 A5 40 DK 50 (1 e 4 1A 225 1) A8 S (E
VIR R i E AR

5.3 HERIEI}SHFEYIMREREIR

HERAE Ay b B B L FEt 2 — T
T (B TR I B, AR 5 F 4 R4 1 e
PEAT) & 25 W H ) /) BL 2 %2 18 (Frohlich and Chase,
2007; Liet al., 2019). A& RWFFL S EAMGAEE 1
HE SR ORI T AN R U R YA
B, a8 I R SE A P RE AR AR AR AT 0 5 5%
GG /R AT, KIEA ML G 4 K b
TRV TR, KPR e EY)
M E ARG, Hax— KRda KppF A e £
M &4, R\ THED SRS 225
CAERTERC B, JFAE Al “RARBI” , FFIESE
T HUAE G TR ) SR B AL SRR R St T 4
KEHBl. hoh, RIS FREY S 0P 2
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L3 (Shietal., 2021a). W FRABIT T 4 DT
Ry Z IR ¥, BT EN RS FREN RS

54 ZIkAEEYRIITZHLHE R

Fas A0 2P A AE A6 - BR 1K B 25 330 A AL ) 2 v 83 51 3
ST A FE SR P B 1K 12 A6 18 4 T (evolutionary museum)
6 AL HE 7 (evolutionary cradle)— B %32 %7 . ¥4
J& & A AR 2K I AR B 2K A £ 1V 8 (Gernandt et al,
2005), JULFAdorAn TAb ek, R 501X 0 ) 5
WA R SR, 1845 915128 K 43 M 4H A F47)
Tl IA) (R BEAE 0% R I AR E o VE/INAHIT TN A Bk &
JUT PG R (112840 2047 1 1% R HE DR 20 2 A AR S 2
LT, R IR JE £990% [ B AE P Fh7E OB o1 T
B8 HL o 23 2 b DX 1R 4 A4 I ) B Sk 5 e 46 R
IRER BEHB X W)k, AR o 25 2 b X AR 7] BE A2 AR M 2K
Ty A LA T I o 2% o o U PO A 5% 1) i 7 T
REAT BT L B 4l 3 S 2 BRI AR A . IR AN, ABATiE
I 5 SR IE SRS ] 1 K A 58 4 5 B
P JBAEAL RV Fh 2 R i T AR W o B TR T4
ROV A ) J R 53 AT s SR %) 1S DR RIS a8 AL 420 D B 2 3k
b5 52 AL (Jin et al., 2021).

Bt Atk . ot oA A LT S it
TR ERTURK, 45 B

B AL (Y EAE RS SR E A )
FU4LHE (AL K 5)

R (P BAHE A A AT T

B BT (F BUR A IR A S A S B TP
EAE (b BAFE A b K H A4S L)
Bkt (F BR K F)

W23 (% Bl 2 A4 5T 50 6T)

£ F (P EAF AT

hERL (P BAS AL AT T

£2 L (FBFLKRF)

EF (EBITEKRSF)

iRk (AR k)

G AT (F B AL )

R (F A AL 5 5T

E & (P EAF AL

SEH

XIHR (2021). BEE B, XEESMAS PLPHR g H i 22 A
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Abstract In 2021, the numbers of original research articles published by Chinese plant scientists in international multi-
disciplinary journals and mainstream plant science journals increased significantly compared with that in 2020, and im-
portant advances have been made in the fields of male and female cell recognition and fertilization, stem cell fate deter-
mination, mycorrhizal symbiosis, photosynthetic membrane protein complex, nitrogen and phosphorus nutrient utilization,
innate immunity, crop de novo domestication and genome design. Among them, ‘rapid de novo domestication of allote-
traploid wild rice’ was selected as one of the ‘Top Ten Advances in Life Sciences in China’ in 2021. Here we summarize
the achievements of plant science research in China in 2021, and briefly introduce 30 representative important research
advances, so as to help readers understand the developmental trend of plant sciences in China, and evaluate how to
better connect plant scientific research with major national needs.
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