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PR E =G, 20224F F E AR K AE
Science. Cell. Nature & H 7 F](Nature Plants.
Nature Genetics. Nature Communications)fIPNAS
HIT) B RR AR SC(WEFEEE, WArticleflLetter) s 4CH
1635, 520214F(1615)HH LI A 15K, TMifECell.
NaturefliScience = [E R &z & P22 AR BA T kR 18 3¢
(WFFCR)VBOE A T B, 225 (202148 124 5); 1E
Molecular Plant (MP). Nature Plants (NP). The
Plant Cell (PC). Plant Physiology (PP)#1The Plant
Journal (PJ)ToA YA} T B R R 185742
W, 520214 (6405 ) L1 K16%. IT34FERIS itk
R, 20214 [E R 5 AR BIASFHE YR EiR
HH bR R I8 SO X S R SR 4
44%, 20224 Uk 3 K A 21 50%, CELL4F
(2019-20224F ) fir JE tHE FL 551 (3R1) (BdEkJE: Web
of SciencetZ L& 48) (Fr & I [A]: 2023423 H29H).

I I 43 BT R [ R} 2% 5 202020224 7E Science
Nature 1 Cell =Fi [H B 25 & 14 22 A T (1 A) FI 5 7
TR 3T (B 1B) & 3R 10 SC T F B SR 38 44 8
RV VAW T 1E Dy S B AR AT 58 & EE B4R TR
R, (EAORE H Al ELERB Rl KFE. FKM
INEZBFARAEI T, DIOKHE Y S A4 BHRIE 5T & B f
e HzE i TN R EOK, e Ak, BL/NZE N Ses iRk
WHAL G b IR KBS (BI1A, B).

N B ST M Y AR B A R S T ) R
WA R, I R 3R B AR 5 AR B A H S,

&L 2020-20224 A [F 544 B E K I RLE FAES TR
ZERIIFI(MP. NP, PC. PPRIPJ) & S i (B i
Web of SciencetZ L& 4E)
Table 1 The numbers of papers published by Scientists
from China, America, Germany, UK and France in the five
major journals of plant sciences (MP, NP, PC, PP and PJ)
from 2020 to 2022 (data sources: Web of Science)
20204F 20214F 20224

NE gk XE gk wE ke

B (%) i (%) i (%)
HE 589 43.6 640 441 742 50.3
*£ME 450 33.3 453 31.2 434 29.4
fE[E 229 17.0 239 16.5 205 13.9
HE 130 9.6 138 9.5 136 9.2

wE 115 8.5 114 7.9 104 7.0
I WEHEERE, YRXERTZAEK, §MEK
B 1R, ARSI 5 EEROBUE, BT RL S EEZ AR T100%.
20204, 20214120224, 5T(MP. NP, PC. PPAIPJ)M]
BILSCE S HI91 351, 1451811 4765 .

Note: When a paper is assigned by more than one country, it
will be counted into each country once, so the total percen-
tage may be more than 100%. The total number of papers
published in the five journals (MP, NP, PC, PP and PJ) was
1351in 2020, 1451 in 2021 and 1 476 in 2022, respectively.
MP: Molecular Plant; NP: Nature Plants; PC: The Plant Cell;
PP: Plant Physiology; PJ: The Plant Journal

ZEBEFXTWLHAHEE, N2022F K EF - K AEED R
AU 3 I BT e Ve S T g 1 HY 30 T B
I FLREAT TR EVPIR o S8 H AT R ST R
WF ST i FH 00 R SR A R, B i 3 1Y) 30 130 B 2L it
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Bl1 2020-20224: 7 [E #4 7) F} % 5 AE [ br 25 & 1% AR T
(Science. NaturefiCell) (A)FEYIEL 2R IFI(MP. NP,
PC. PPFIPJ) (B) LRFLIKFE. K. NEFUREIF AT
RS SRR | (B R IR Web of SciencelZ 0 & 4E)

e PL2ANB2AN CL R A ki S0 A EE 4 3P [ s
A 2RI (Science. NatureFICell) T 5 1 LIKFE . Tk,
/N FOFURE I 9 S B RL 14 SC 5 Hl R0 43 71l 915 (20204E).
27 (20214)F129 (20224F)K5; 5F(MP. NP. PC. PPHIPJ)H
YRk F R TITIE R DOKRE . Bk ANEM R A6t
RHR S 2 HR SO 2> 9555 (20204F). 569 (20214F)#1681
(20224F). MP. NP, PC. PPHIPJ[#%1.

Figure 1 The proportion of papers published by scientists
from China in international multidisciplinary journals (Science,
Nature and Cell) (A) and mainstream plant science journals
(MP, NP, PC, PP and PJ) (B) from 2020 to 2022 using rice, m-
aize, wheat and Arabidopsis as research materials (data sour-
ces: Web of Science)

Note: When two or more species are used as research mate-
rials in a paper, this paper is counted more than once ac-
cordingly. The total number of papers published in the three
international multidisciplinary journals (Science, Nature and
Cell) using rice, maize, wheat and Arabidopsis as research
materials was 15 in 2020, 27 in 2021, and 29 in 2022, re-
spectively. The total number of papers published in the five
mainstream plant science journals (MP, NP, PC, PP and PJ)
using rice, maize, wheat and Arabidopsis as research mate-
rials was 555 in 2020, 569 in 2021, and 681 in 2022, respec-
tively. MP, NP, PC, PP and PJ are the same as shown in
Table 1.

Jerh, RZHGRLOKRE. NIRRT R
IR, R A E YAl K N 2 i 7T 2

NHBTH B 3 BB AR (YD) 10
B I AN R SRR

1 RBEY=

1.1 #MFEYBILE “SHZHE” 95 FHIH

W F MRS R S R G A RRAE . 7
YIRS GEOCHE T, R R Ak B M kAT 2
fi(Zhang et al., 2017). {EAFIE A E L H TH{ERH
EAK, HR% AR E 5 HBRIEEE AN EER .
R, AP E “ 2R SR I dINLHR KR
JEE b A% A R BR ) 22 AR AE A B BRI o A ) iR Bk . 5
BEFES, FEASIEER H fe VF UARTEA & 25 32 K th 2 i@ i
“ [ AE B A S T PR T AR B R RS ) S U Sk A
(Zhong et al., 2019). FHEBIIZ, WHRFEIRERE X
HG AR, RER I 2208 51 38 AR A0 0 & SR SRS (B “ %2
FEAME” ), EOGERE RBCH “ R AV IRIE & %
ZRE” BRE . KIIDCRE X “ A AavrmRiemE £
ZRE” IR G S HUE LA E R . AL AR
B, 52 AFER/ANJ/HERK1 R 51 55 1A 1685 & 20 Wb 1)
RALF/NKAS 5, TEACAEIE R I g3 “ B B 1k
JE ARk BRI . U ek B IR R O 4 S
TR E G S, IMARRR “Bekm” , ikZB 21400
EAETTE OZAGAME” B o R S SR IR ER AT 2R 2
2K (Zhong et al., 2022). T FCEAER & 5]
F2 52 AL DL KA A7 B 240 A8 1 F 52 0 32 55 LA
B AR AR I R ML R AR, R T EAT]
Z AR R

1.2 EYSHFERBEKESNRENT

S 5ANIA], R A B AN R R A AR 1 AR 41 i =
Az, RAE R (R AR B b 0 75 48 D0 404 1 1) o B
i (Feng et al., 2013), #RifmHoh BAKK) 4> T HLH]
H A0 M AR 278 0 AT o 5030 ARSI 74 LA RS JF
SIS RL, X miR1567E 3 3l A ik i 41 4 ] 1) i 2
WA ) EEAE T TR ZE (Yu et al., 2015). ik
W, A T AL — o0 A AU R T miR156/7 5%
%R0 5% g Bk miR 156/ 7 AH 7k (1) 3 A 25— R 51| SLIRIE
B, TERAH AR AR, TS miR156/7 (1%
KRG SR R TR R, AN E
miR156/7 i 51 %4 4r 1., MIR156A/CYE AT 1t A= FE
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B, MIR1S7BTEMSIG K A M Bt MIR157A/CHEFH T
B R 3k AR A3 A A Sk S, A TR R {1
AL, DURA DR A A 75 B A AR 2 R RS v T & 3
WIE K (Gao et al., 2022). %W 7T~ THEYEE
BRI, NEEEREREENS T8 MM
T HEBK.

1.3 £ KFEMEBPINNEHS TIENT
AR EAE AR OR DR A 3R, B as 2 3
X FH e R ) BB — . #ia R AR
AR OREE T ORRAE, Horh, RO KRR S
A R RS 5 M A K R MR A K RPINJC B 22
{EPINZK I 2 1 R B A 328 AR K R P AT 48
BT R FCR A, RS0 = V2 A — M A K R )
PEIZEANHIFR, R AR AR AR 7 iR A S R
L Ak 25 /8o FNPAT] H 545 4 PINZE [ (Abas et
al., 2021), {HIHAEHBLHIARED . PMRIERTFE4 5 E A
A A 38 R FH 35 T T8O 1 TR 2% 7R T RS I A R I 5
TEMEF P ZREMPINIE AR A iz EKER
3-M5] Wk 2.2 (IAA) 35 P, 7T 4 25 13 38 g 05 O 4
NPAHIH; I W FLEh PRk R G A K Pk Rk,
i fr12i4k 7 LR TFPINT AR (1 I F A VR Ha 5 B R
FERBAR R INAENT T PINT AR (apo). S5 KMIIAA
SEA LK SN FINPALE & 134 B HER S5 44
PINT [ 5 25 f A AR 7 FINhaAER A 4T &, 23
MBI S . EIRIAARINPATEZ & 77 1
HAT — 5 AL, (HZNPARL—Fh 5 & 55 i i
77 45 A PINT, 8] T NPA = 2% 30 10 8 F L sl
(Yang et al., 2022). X 5i#E~ T PINTHG R E
KR IAAZBENPARIS 1 73T HLEI, I AE KR
SMERIR P E S fR it 1 A5 R A, OB XS PINS R
B A A B B 5 AN AE R AR R R BEE T
R SR

AtPIN3 5 6] — ¥ 5 % i AtPINS B A 8 = 16 7 41
)Y 1, HA % 40 2 rp [ o 1 S5 47 1 PIN 5K % Bk
o ST U 5 [ A 2 e I A R s AR
RKEIZ IR RIE M 7 APINS (BB i M b 1
AtPIN37EapoilR 25 SIAAL & J 5NPALE 4IRS R 3
AN PR R LB S5 I B0 AIE T AtPINS ) S B &
FERR IR FETE IAA R iz AINPART | i A2 o 11 25 224
FEH T AtPIN3# 12 4= K 2 1 5 HiL i (elevator-like) 15

Wriliteas: 2022 b [EEY)RHE H BT R 177

B(Su et al., 2022). W TR T APIN3FILE 1
IAATR ] S NPASHIALE], e 7 AT PINA S 1
A KRB T AL AR, B R R T 4 R
PIN S i 8 13T 2L 17 3558 T &2l

2 AEIEREARSEMN

2.1 MEFETOC-TICEREHiBESEN
-SRI N LA TR R A i 2, AR
T H SRR H, H S A 2R 43 2
57 Py 24 A TR A G B, A 00 D5 e R BT A4 2R
B, b5 s 2R, izl 1 i e fr T -4k
K I TOC (translocon at the outer chloroplast
membrane)fITIC (translocon at the inner chlorop-
last membrane)tHi% ¥ K 2 & V)8 TE 5E . 1T,
T T AT 1 R B A EETOC-TICE & W ¥ Uk
HLUBEEEM), R N2.5A. BTN % BITOC-TIC
HEEH14F 4Ly, BN T S TiC20MTICE &, f#
R RKBILORN TICE SR 7 B 5. R, Al
I Tic214 55 4 il 1) 5 T S 2R A% @ T TOCH!
TIC, iy Hoad i B W2 1h 1 5 5 & W 0k B 1 A
R T XHEAWTOC-TICE 5W# & At
IRFEIE R . Ak, RIS FE A R R TOCHITIC
A% O 21 7y v BE AR, T SCORAL 3 A7 AE 2 5 (Jin - et
al., 2022). B 5T E RAE 7R 1 XU S AR 5 )
TOC-TICE &4, MWWl 7 eBMilikEAiis
AR, AN TOC-TIC K B 41 i 4% &5 1 # iz L 4%
B FE N BE | H BRI

2.2 EMNERGRATHENMAMRNABE

WHRAS T, 4000 A BEE AR JE A 24 S8UE B
A2 R . 4 PN A ATPHR AL, I8 5 ) 3 2
HH NADPH $2 fit . 1) 5 A2 28 Ji fit 25 & & 1) ATP I
NADPH /& 535 40 i & B AR W IR DG B, SR 1M 7E R 7 5k
B LA . AR B A S [ AR R AR
HEIEH RGNS, R AL E &G =W
ATPHINADPH R Dy 38 5t 1 24 40l (1) & B . At
AT = v 43 B8 SR A I 3k — 28 N T e g oK R B4
¥t (nanothylakoid units, NTUs). NTUsTE/& 4] 5%
JGIE G2 A ATPHINADPH . A1 1488 FH 208 i 55 £y 25
AENTUs, KBS OGBITHERCE M. BOb)E,
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NTUs#2 5 7 418 N FATPFINADPHIK S, s T
HHRA AR o FEET AN B T R 1R YT
NTUs#F 7 HCEfaas, #1521 £ 1K & (Chen
etal., 2022b). ZWIFLITR T —Fpdk T YRk
RLBRST . AT KL A R, Wk T HUE
SN AMNE R G HE R, W T RN AT
P, SR TR R IR 22 GRS A 4 40 A 1 O 2,
AN T A FLRAT YR V6T -

2.3 RNARREEESHIHISCH SRR 575 FHIIE

RIS B PR B PE BT, R AR 0 i R AR B BT
A B2 FmRNA) 5 35 R AL, B8R AN [ 1)
BABTLEAN R B A4 EE TR . Bk,
A I 5T I s Ay AT T O OGS AT AR B ) 1 45 A
L AR B AR P L AIE 2 . AR 2R
% T B LY A 8 R 0 ) R RNA R Jie i
UAP56. W5t A Gidid FH EAEE A, KIMUAPS6
5 COP1 K B 5 BN 7 U2AF65 7] BLfE HAE . B3¢t
AP o, UAPSBARICOP1I % T K& A 1F H LA
J AT 5 S AR R DR (1 e s 5 T AR BT 42 o RNAG 27T
JESLI R B, UAPS6HICOPAZE 4K Py i /7 FH -+ 8142
T B OGS 5 N SR B BT HE (LD et al,,
2022b). %A TTEE E BDCTEAS H R BT T UAPSS,
RIL T COPAYE Ay vl A2 85 29/ 45 R F B Thiae, #on
T UAP56 5 COP AL A A5 TR A5 8 e 73+ Bl -
[Ei, HTFUAPS6FICOPAEREY) R shi b8 iz 47
TE, W AR FH 7 ORI AR AL e 7o L e P it 256
INLHIFR AL T EE S %,

3 1FIEMF

3.1 KEEMBRZEEENLE

IKFE R BRI B FRAIEY 2 —, 7890 KR K FE
JR BRI AL AR S, 5 00 e ik DR R P o S R AR
KGR DR EROR 22 4 (ALl . Bl
NS FE R A L DL 56 MO b iz st A 2 R
R S 45 BT A 103 4% A2 S 1092 25 DR 4H a8 7 52 31 5 22 1) 5%
7E(Zhao et al., 2018; Huang et al., 2021). £&A(HF 7
HEENZ K PALEERE OISR T BA & REAERME
(112024 ML AR IS FEAZ O AN 5T 2840 H BB A5 11
By AR RS RB A0 T B AR R AT 1 . = AR

7, TE 2 3 o N A AT R TR SR A
PR T B A 7K P AR B K 1R 7K 8% 1 T 8 iz 26 IR 4.
NAEJE—BUEAR AR 2R TR P v T KRR
T spd6MqTGWL.2alf I AL R, #a7m | AR 4
P28 S AE KRR 38 B e B e~ AT 9k e 7 v i) 3 AR
F; A, S ROR) I e i 5 1Y) S (R A 08, AT
M3 7 #3E FERiceSuperPIRdb (http://www.ricesuper-
pir.com/) (Shang et al., 2022). %W 5 K niE 7
NATTRS 7K A L DR 2E P AR, LR S ot B8 9050 S 20t xof
IKFEAE W 22 Bt LR E Fh S e 38 1 AN A .

3.2 KiEPEFEFE—OsDREBICH %
SR — L TR N B % 0 BRI URR £ 72 AN A Y ) A
P T KR AR P B AN A B A T O O R
PR b 2R, 9 H A K IR B TR o T SEEK
TS T pe m e A E AR A R R &, X
(1) £ 2 ok R U R e S DR B R A o R SO T 4
MG I 1 1184 S R 7 v 45 7 1A e TR I 52 % R
AR R 3 (%4 55 K T OsDREB1C . i%#E 3% K 1 7]
BoE A AE IR F A ERWCEE DL R AT AR 4%
AR T W RE I A 55 55 OsDREB1CHE % 1 4% 4 Y
Rubisco/)M I # [ OsRBCS34E [ (Suzuki and Ma-
kino, 2012), MM EIIIGARE S, FHFREHE = HER 2R
s H 3 M OsNRT1.1B (Zhang et al., 2019)f
OsNRT2.4, KIHERIE 5 H 3 [FIOsNR2 (Gao et al.,
2019) IR IL K, T 1 B &= KR ¥ iz ik
REVER T OsFTLLEL e ik B 46 . KrOsDREB1CH: [X]
O S UG ATE LI IV L VRGN R N = B S & T e
RIA &, mA LI A KA 20 Bt (Wei et al,
2022). ZHF T NAKKFE G PSR At 1 B
FREEDR, i 5 ek DR T R A AL AR P MR S A2
THEH .

3.3 REEKBMEXRTENWDIOEBRIERELIERE
EP SRR, F2IE. AREERS A
o TR, HRMEHS™, SMEERFE
(Doebley et al., 2006; Hufford et al., 2012b; Liang et
al., 2021). BAtt, RAIAS AP ) ik B 6 R B
Tl B E R AL, RS R . T,
M /NELRIE T2 5 [ 6 A 3 12 9 L TR I 428 ] oK A
KA 72 ) 2 IKRN2 FTOSKRN2.. #F 7T R B, £k
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KRN2FI7K FEOSKRN25Z 1) 4 [F] 346 45 3 i AR ABA 1) i
BRI FRFKFE 7= & . KRN2/OSKRN2 % i 1]
WD40%E [ 5 Ty e & J1 i FIDUF1644 L AE, 4 i 3%
TR G KREHIRREL . SC30R W, @bk EKKRN2A!
JKAEOSKRN2H] 73 73l #2151 7~ 5 10% M18%, - H % 3
EMRIREI B, MHAEE KR S, AR
4 3 R 4156 BB ARG 214905 42 1 1 R e B 1 L &
FEPR, T 4 I DR 7 Y A R R AR Bl TR T A 4
A B 3% & % (Chen et al., 2022¢). iZHF AL F
B TEMYIMLR L 8, 1 H vt m L e A ek
Y= BIR A T HL S . (YR KB L SUAVE, A
M FAE A B R HKF ER7R T RoKR E KRR
PRI, NI — BT LS A HEIRTE B 43 T
BUER B AL B Bl (0 B2 3358 T 8 2 B0 Rt (R v8A
M2k, 2022).

3.4 ABAARMEREEIEEKIEFFIRERFIHE
ZW 5 FHLH

FRFARAR R — PR L E R Z IR, 22 N 4Eh
R 45, DR bt S 8] s 5 DR ) o B 2 O R S
A AN S m B R EE, Bk
B B REER, MGRIRIR KT FiKasalath # 58
B 201> R 4R KRR AR IR 1) DG 5 BRI SD6 . SD6% i1
AMbHLHA R ¥, HEAFEEA— KK FICE2IE
WK FER T IARERE . — 7T, SD6AICE2if T &
i 45 & ABA 1 56 5t 5L [l ABABOX3 3 1 1+ ) G-box
B E-box X 1% 4k K g AT H b %, 55— J7 1, SD6AN
ICE2i i 45 1 145 OsbHLHO48 7] 22 3th i 5 ABA A B
KL AINCED2. thol, SDEFINCE2 R M 5 FA 455 i
FE, VA B A TR I ABA S E AR T 1Y
PRARFRFE o AAI 13— 2D B R A gm BB B AR K 24N 5
TR 2F I KR DA B /N 22 32 3% P 1) SD6 4= (K] 147 24
R, oCR AR AR 2 IR A5 2 B 2 2B (Xu et al.,
2022). ZWtFiE R TRV @ I U R R S ORI AR Y
R FIRIR 5 85 R 2 FHLE], AR F btk
B R R B T ER A PR T IR R R

3.5 ZHEBEZABAMEKRATFIKFERZAMIC

TEAUA 27 HERHE P A A 7 20 0 e 3 1 4 S A
JE, vRRE R (1 R IR AR A B 7 AR R LR TR,
SEHEARAAEBRE, SUERAZE. -, A

Wit 2022 b [EEY)RHE EET IR 179

Wi J3; -+ J9EAE 152 f 48 B (Pandey et al., 2021). 4R, 7E
TR RIR P LIRS AR R, LR EACNEY A
R EE ST A, 5kK S A S
AMEAEF R, I TE I SE 3% o i 3% % Rl 7 Os-
EIL1 LK R & SRIE R OsYUCSHIFR L, i in
IKAEI R A A KR IR, IF Hisd A KRk
OsAUX 1 & BB AE K R s i 2K X R 4 i
R .S58, ABATER T 2 Hm AT AE K R I T i,
T R Z A AR K . AR AR AR AR K I ABA
St b T AR A 2 UL H T R 11 2 3 T S I RE ), IXAT
7 A 1R B KA BT R 208 s s R e 0 A% SRl S
(Huang et al., 2022a). iZHfFFEf@ 7 LS
SEAL N R B S 5 AN R B AL, ARk
B E I AN [R) 35 B AR R PR BE 7
WAL

3.6 THPIOREERMFEARIEMARIA
e S

AR E AR AT 8 i B AUA5%—10% . K4 EL
PE R EARIEF A S, HFh 7 A S 2 K2 HO
AL RFEZFI3ME . KB FRHE TS
FLAEAE, FIHtrio-binning 77 154 i T K4 HTHP9
(TEOSINTE HIGH PROTEIN 9){JiEZ: A5 TIDNA
A, Hd it Bk g, RS detafk R E RN E
B B A HE VRN i — R AR EE9 (teosin-
te HIGH PROTEIN 9, THP9). B4 L KMt R#ER
THPO-THEHR & AR WA R, XA KM T
et E e EE ., BN, THPO-TEBE MR EKE
AR e, MR G 0T AN R AR P i B A
FRARE ) R AW AR R, FREEAN T ™ & i 500
M7 TREARS E. ZPARM, EIRAKMS
T, EERRIH ST 2ROk B A R S5 A 2 A
THP9-BAI % %% (nitrogen-use  efficiency, NUE),
I N H o R OK A Y R 45 HT 5t (Huang et al.,
2022c).

3.7 TaWOXSEEBEFRENEEEFUE

EKAEAN K L ZARAEIAHLE, N AR ALE R H.
Sk, BN TR AR 2218 . Hoh, ki
238 AR AR s IR B AR A A A 24 B PR i R 3R o 20154F,
Ishida%(2015)i8 i 1 B 1% = S A AL AR 1, A8
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BN B AAT B A 3 3 A R 3R w5 $150%-90%, 5
X H/INZE SR, 6 DR R AR g ) BT AR AR SR
TR ] 17 M) FH A ke PRLAN 56 R) 4 8 AR o AT 38 A%
B . Lowe5(2016)fF 7L & B, dlid 5] A\ FRAEAH G5
PRI AT B i A I B A R, BT AR AE 70 AN IE 5 B
Fo MXEGIFA S ENINGIEE, /02 kR
Hh R IBWUS FK 5 5 [ TaWOX5, 2 T HILACE,
BEAHE T R R AR AN, B 45
MR IE R, e Ao BT AR e ok TR/ 22 R R PT AR 90 i
TSR o AATTEE— 25 X5 224 B ALHE T /N 22 il A
B N A R IR AT e A Sk, 45 R K W] Ta-
WOXS5 5 R R AR AL AR, fERR/INZE . M2, K&
DA K oK B F TaWOXB [RIFE BEAE 4 i S A 0% « 1%
W E 9 HR s HE BE 7 /D 22 10 2 7 B R BEE T AR
(Wang et al., 2022a).

3.8 AEREREERTSRIEZR[BFELEERNSF
$2 i R LA [ R BE 0 B R e AE SR
RIS AE R, AT B T S AR . K e 2
AT RREE O S S “ XU ™ R o LA AR 1 [ 2
RE 7 5 SRHE BB UE DA L Be Bk AR B, DA
i 3 Az [ 280 3 e A i e B AR I R AIE SR
PIHEANFIIREE T IR S AR F 27 Bt U 2 AE AR R
RILT G IKZ % 5 [1GmNAS1 (soybean nodule
AMP sensor 1)f1GmNAP1 (GmNAS1-associated
protein 1), ‘BATAIESZ EAMIREEARAS, WA HE
P2 g T 7= A K S ARR v 1 3 A ] S0 A 0 4 i
S F 77 190 43 B (Ke et al., 2022). %0 TR T
K AR IR v B3 Y e R 2 4 GmNAS 1/GmNAP1
e T 7 R R A U A R 2 G, 2 T U AR R AR
BE JT 01 70T WL, Dy i 2 B A 73 1 et SR A
T

3.9 LSHEZEFAEEMEMEMZEESARN
L7k

LR R RERNEN L —, 2ERAF10Z AN AL
TR EON TR, B, HRee e A EEZ .
T, X E R (AR S  D R SR oy
)2 LA DU £ R Bk 15 F O 32 (The Potato Genome
Sequencing Consortium, 2011), B4 44 Z RN 4]
WEFAR D, X BRI T B AR PR B R AE A b e i R

1. 20204, # = CWFRAEMR T 46 A DR E
PR 28 4y R 3 (R 2H 43 T (Zhou et al., 2020). 2022
T, TR SO %E 7402 4 AR R
2y Etuberosum#4 K} 25 LR 4H, Fe A H H A%
A 4 27 S i (Tang et al., 2022). ZHF A
I T SR ZE MR EA TR, E5E T RS MET A
LR YR (A KE S R, RET R RIS
FRAISEA RIE PR T S BT

PR A, & = SCWF 78 438 Ik AL v R B 7 o A TR
4\ HBEBIA LR AR R I L oy
MFEME B S 4G, HIME T aE) 2R
LR 13 A E Rz B R 20 (Zhou et al., 2022). %
AT 575 388 3ok 48 7 5 o7 5% DR A0 5 R R S Jo i R 5 g 7 S
S, e T ORI TE B LA 2R 1AL R T R
PRI T X 5 ARG AL T7 (R AR o

4

41 E¥Ema

411 HEYBRHLEANGEINEERN
TR NAZ AR, FHAH G 7 11 X (pathogen-as-
sociated molecular patterns, PAMPs) & ¢ 32 51| 5 =,
5 5214 (pattern recognition receptors, PRRs)[JiR
A, fub KM PTI (pattern-triggered immu-
nity) < . (Jones and Dangl, 2006). 13 iH 55214
B N ARISHEE (receptor kinases, RKs)FI52 {4k
% [ (receptor-like proteins, RLPs) (Jamieson et al.,
2018; Wan et al., 2019). SZAARZEE A G FIRC 4
PONALE] — ELR BT . SER R AH S EN S
L AT B AZ K (RXEGT). 2 4R-El 1A 2 & 1K (RX-
EG1-XEG1) YA ¢ 52 A - i -3t %2 16 5 45 14 (RXEG1-
XEG1-BAK1) &5 4k T+ B BUOBOR IR A 1 8 A AR 45
), &R BIRXEGT i if H N i A1 C i ¥ loop 45 4 5
XEG145 4, 454 J5 RXEGT 1N it A1 Cuify 45 44 35,
KR, Rt ZARXEGT 5 ZABAKT R
SR AR SR S D) RE it — R, XEG
7% T M RXEG1-BAKA 5 Y — SRR T8 A2 B0 T i
PUR S SRR ML B &AM, &7 R R ILRXEGT
S HBAAL T XEG G X 1, RXEG13ZK4E5 & )5
AN HIXEG BB 7K A s 1, EL R 1 S A
f244(Sun et al., 2022).
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tb ok, Sedk A0t 52 5 E N A& & IS X TNLs
P AR B VO S (S T R B 1 Ay HLEEEAT T
Fio ABATTRIA B A R A T TNLs 2R Sy (5 5 ik,
BRI %558 T TNLs 2 52 44 B il ik ADPAZ Ml B 4k 7= A=
{11 5 7> 7 pRib-ADP/AMP . i J&, it ThRE M HT &k
B, %5557 LA R liFJEDS1-PAD4RIEDS-
SAG101 & &4, M fih %% ETI (effector-triggered
immunity) 5 5 8 # < M (Huang et al., 2022b). 4]
I AR L R XTEDS1-SAG101 K & ki 4T 45
Kb S AR BTE 73 A, RS A TIRSE S5 R 18
AR [ ] 8 R H ADPR % A i ATNAD /K fift Bl {1k
=R IR B H (ATP) AT 1 12 iR 1 4% ¥% (ADPR) f\) ADP
RERAL, T2 RADPr-ATPLL }2di-ADPR. —# 15
EDS1-SAG101 5 & h4i &, IR AERMIER, 5
R BINLRE ANRG1 H.AE. EDS1-SAG101-
NRG1E G BES 5 T & 75 5@, e
HHHEYETHE 5B (Jia et al., 2022). FiREUE N
TR RN PR BT 7T B85 1 FERE

4.1.2 EYREIINpHBRZFETHLZESRRALE

Ji A1 pH 2 52 ) 4 i A 2% R0 AR W A RO Y EE B TR R
(Tsai and Schmidt, 2021). fij g M BA P 1k 2 F A 2
M) g fabn 2 — o lan, iR AAE 5% o TR (PA-
MP) T fitl 2 1 5 9% S B (PTI) AT LA S| R g 40 iR pHAE T
= (Felix et al., 1999; Huffaker et al., 2006). Kk
Z TR, MY R 2 A FpHAR ML, H
JEENPH ML v AR A4 7 FRLL T 90 20 5 Sk AN T
FRAAELE, RABUE . BRI ST B, X
B SRS A X 4B kAT T A5, R B A 40 R
25N PR ¥ RGF 1R 4 52 52 44 £ PEP R B R B A 458
AL FERRR IR A5 R, RGFA B B 2 B i iR 10 12
ML RURAE TR TR B, 552 R RXGGEE 7 7 A2 78
FI A A B AE R, ¥OERGF S T i & (1 32 &
RGI/RGFRI{ &5 45 ik Jy; FERRYE %A T, RGF1HIME
AR R KA LR, SBHESERIT
R, MRS A KA S HMEE. RN R, B
M N MY 5% 2 MR 1 PEPRI TR 1 & 5 12 (Asp,
Glu)i 71k, B3R T /hikPep1 5PEPREE, #I| T
W5 AT, BUEIREE N, SRR RN & 2%
B4k, R 3ESZ RS I 24k BAR, WOE TR Rk R
Ni. HRGF1FPEPRIFIMI S Z AR S5 MR, — 3 X8

Wrilite4s: 2022 b [E )R A EET TR 181

Bl (e 5 4 % £ 2028 (Liu et al., 2022a). i 7T 7R
T OCHRAMBAL” B S R SR B CBRAE KRR Y
AL, v CERBAEED MK, U, PURE
Tl A AR = N B0 T BB R . (REAIEEIRY K
BRIV, INZWT TR I T AR Y) 40 i 5 A A pH
(RRSZ 35, 8 B T 5 A B P B SZ AL B AR B
T 5RO E AL, IR T AT P A
55 G 908 80 B R 2 I 8L T R T B AR (W 7K TR R A
2022).

413 NEXFFHBHFERTaPsIPKIN AR H
{ERHLE

Ui B PR A AR = E PR T . RERIZE G Fhep
Rz, AHRIE BRI (4 5 P 2 51 R0 J5 i K
A RAE, FEUE N AR P % (Chen et al.,
2014). BRI, 52 B JE R BT I 7 A A bt
P B A 7 APERT 1 (Pavan et al., 2010; Lang-
ner et al., 2018). T, ERAHRASEHNE1EE
S BE T AAN /N F2 585 0 B 2k Rl TaPsIPK Y, 1% 5 [A]
RAG J& AT T /N2 2 P2 B R T 1S b o AAT TR
TaPsIPK1 75 11 5 255 1 81 [ FE HEAT B B U AL,
e o8 B H A RN F T PsSpg1; 5 AL SE I IE
B, PsSpg1r] LU G TaPsIPK1 E i 2 1k (2 Al
Yyigops, I ELEEER 1k 5 TaPsIPKA B i 5 54 7% 45 40 i
s S JLUTTE BR & B o b, K LS S R 7 Ta-
CBF17 L 5TaPsIPK1 H.1E, J5# i id #)i| TaCBF1
A5 BT UE ALV TR P 2 SR 1 i T AV S AR 1) SRR
PEIER(Wang et al., 2022b). %0 5t 4 & /N E 246
TR A0 R - RO R B, A 2R R 5 R
BB E AR gt T AREAME R R R IR, (Y%
WY RFE TR, INNIZF R T HPsSpg1-Ta-
PsIPK1-TaCBF1d1E /N 32 5% £ Ji S A v fish i 11387 1)
WERR A S L, v iE RV EAE S B R A
Pt SR ERAL TR SRS (FL 41k, 2022).

414 ERmBLGIESEKATBHHEN/NZH
Mlo (Mildew resistance locus O)Je & 576 K Z v
W (R IR SE TR, DR S RN T R IR PR 5 1, % TR 58
AR BE R T 22 TR 0 0T 1k 0 1) T 9 47 14 (BUschges
etal., 1997; Schulze-Lefert and Vogel, 2000). &,
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s EI A E N AR T B R g A TS
fE kN Tamlo AR A, 1ZRBIREA AR,
BBk AN 7 B B R % (Wang et al., 2014). 38, i
TR FA TALEN XS /22 i Fi Bobwhite 15 5 FA. B, D
FERIZH FMLOLEE R AT 8K, A i o7 Y mlo 2R A%
fETamlo-R32, ZRBAEARE T AW it
Y, T H R B REAF R IER . 8 AL o b F
DRI 2 B 00 7, R B A% 9% A8 44 B £ TaMLO-AL BL ¢
TaMLO-D1EER Ak & A g 4h, IEAETaMLO-BLAE Al
JE B I A2 T 20304 Kb K R Bl Bk, 3t 1 3 1% 0
RO ARAESE, KW IHETaTMT3IBEE H 1)
Rk, ZAERBRIETKE TaMLOM = &M K & £
. Ak, Smlof [F K2 TMTIBHI DB th B A {15
P, LR IF T R A TMT3B ] LAZZ i 4l B 7 mlo 5
AR R R 0, s A S AL E A
CRISPR/Cas9%k Al 4 48 . AR AE 2 AN /N3 32 8 it i o
SEPL T Tamlo-R3228 %45 (Li et al., 2022a). M 7T ilE
ST R S DR g A R TR 2 A AR E M S Ak i 2 1
ARSEIURS A, AEITON & M Fe et 1R
WA .

4.2 IEEPpriE

4.2 TT3FATT2iBIR/KIETH AR 5 FHLH]

W %5 4 BRAARASHE 0], AR s e v ™ R ot bR
TLa. WIS ED AR R, TT1 (thermo-
tolerance 1)W]i& R4 b RIr 2 HE A, H5RIE
RS RO (LD et al., 2015). I, %W s 4l 54k
TRt L A EXT22 7620k K R AL AR AT T K
FIAEAZ ARG IR RO AR T S 58, BT F b T
H KR = IR HUE B QTLAL S TT3, %47 S AR 24
HEPURE KR R FIQTLERTTI.LMTT3.2. 1)
Uity f 6 (42°C) T, 4 LR e A 1Y B2 B 4z i
TT3.10] AN 3R T % B & 2 TR (MVB) Y, #1355
HEZ BN GRR AR ATT3.2, fi &M, iR
B R TT3.2F 2 Fid it kSRR i, $ sk
TR m iR H e DL R 7 . fE AR R % F5 (CG14)
TT3.1°C" E30Z Z Bl (1095 VA0 78 0 IR A5
(WYJyrfr, TT3AYMY G E B85, DR kAR LT 2,
WYJ7E il 8 T 2 3 2 I TT3.2 i 24 i A 1
NIL-TT3VYW ISk P AR 2, SR 44k, S8OL iR
TRUBCRR YRk ™ o HH B S, 0 SR AT S AT

Bl AL B T A B BANIL-TT3 M EENIL-TT3W Y 1%
P2 21115%(Zhang et al., 2022a). %7 KL T I AE )
B2 A TT3.1, R 1 S8R (1 BRI AL,
RN A ERASARAR IR 51 R IR & e & gt T 2
B A R i TR B R

PR B AT 52038 52 A7 9 B T m i G AR Ay T A
MEERITT2. MR RIR M TT2427E 11 SNP, 1%
SNP i H 4w i1 e ar & b B X & [, NIL-TT-
2MPSI2 g Mk LA R A TR A, EL AR B B B
BB, L R UK IR RS R, % SNP i b
BAR . 1w U AR REE R, i oA O 1 4 R R
ZHRFES B T, MENIL-TT20PS 25k & by — 348
3 U 5 3R] (04 1A 1 1 R 95 0 o 2 o ) o T A
[Al -7 OsWR2 5 [K ) A~ i b7 #h I B R IK R o iR
NIL-TT2"PS%2k 2 v OsWR2 {iff e i 72 1L ¢ 784 3 2k,
e WA i 38 o 35 E 0 5 A R o K R 1 T
IR CE T, PR IR R 45 B ek
A7 (CAMTA) 5 i i b2 SCT1 ] B 45 & OsWR2¥)
JRENF, FMIOSWR2AIFRIE, Fi T KR iR FA 1k .
HIFFEIE % B R B s 40 P9 [ Ca Ik 1, 5 5 SCT
A5 R R AH BAEH, i OsWR2(#)#%iA(Kan et al.,
2022). %A TS E BKARE P O R TT2, JF
7R T TT2-SCT1-OsWR2AE B i 2 7K R i #474 1) 43
T o

422 ZmICEIBRERIBIEERMTEMY
TR Ty, IR E b ERAEE . SR
1M, AT T K e A 3L 6 237 WL AT 9 i Ak 1
B B, AT R IR AR R ZHR R = o iRt 7T
X 24547 HAZ SZM AT T IRAKIER A B R 1
FEFRAC T 4H 2 20 W e mGWAS 23 B, Kk B 5 1
ZmICE1Z 5 IR FE S WA HE TR, dR&
ZmICEL R DA 25 38 5 1 oK B & 3 DL A v 3 1) i 74
P, RIAZmICEN & £ K vt 1 IE i 1. R
RNA-seq & ChIP-seq%: i€ | 802/1>ZmICE1 ] B H2 4L
F, MZmDREBI1sHIZMERFSZ5 4 i N HE R 4,
A E R 2 5 % RS AR . o — 28 ZmASSs
(ASPARAGINE SYNTHETASES)Z A % i% Glu-Asn
GO, R R IEE AR . s Rk gk
KRBT, K ILZmICELS 51 [X SNP-465 17 5 4%
S 7 ZmMYB39%: 5 Al 5 ZmICEL & 3)) 1 (1) 45
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&, MM ZmICEL I % 55 7K1 i v B A A v,
ZmMYB395ZmICELJA 3T X 45 & B J134 58, Zml-
CE1#: /K P18 ZmICE & A — J7 THi 2 3k v4 i v
BL A (40 ZmDREB1s) (1) 3K ik 53 — J7 Thl i i ) il
ZmAS [ %15 B AR Glu/Asn I AE WD & &, AT /D i
Glu 51 2 [y 28 hi 4 3% 75 %0 (mtROS) 1) 7= A=, iRt B
mtROSX}DREB1sf{j4ifi|(Jiang et al., 2022). %
F R 1S T ZmICEV % K MR IR M a5
LA 4> AL, EY IR o R B2 4L 1%
%

5 HEHMRGHK

51 #HMFEMBZAFEFMERFELNS

B HEA o Bt AR R A S B 89%,  FLER R AN AR G i
AR R ) ) 23 U R T R, & 2R KR
. BARAEMM: (self-incompatibility, SI)Z 15 1EH#
AT E R FIAEE T R B e A Re =R AT
KRR TR R IR I 2 FE R O E L, S
KEAT LAY NARET (Fujii et al.,, 2016), fFET2)
A0% Mk R, IS A TR R itk
% FE I SIHLH R dnfa] 2 AL 12 B AT 2 8] i
R RZWHT? BB T AASENINEER, did
XFEXF A L AR R ) B SEASSEFINE &S
PSRBT TG00 AT, RG0S5 H BRI HE S|
FI3FhF R B R N4 IR R A2, I R BLH 135S
MEE M TERE TR R IR 2 YR 2 7 2E (Zhao et al.,
2022). Zt st R TSI IE RG], RN
FORE TR IR A R AR T —ASE I o AL
HLEIHESE .

5.2 ERHHRERAEIEEE

B2 — DRI, 2491 0002 Fh, 43 A5 K
R HEKIERZ AP ARG HEN KR —EAEF W
(Stull et al., 2021), FRERNIEY)EE R Rz —, MM
Sk, WTEAHE. RAMNARHSENIZ KR
L AE, iR e R T R A A 75k R P Fh 2
BACTR R R R LI 7 o3 by, Ml | — S KA AR 5
WO R o, A AT) R IR ERAT R R 420 1) B3 3 [
HAeETREA T VAR 2 ek R HEE 4, DR
TRER M) 5 AR A 2 A IR, SR R TR A I R

Wrifiteas: 2022 b [EEY) LA H BT RE 183

B UbAh, MhATTIE R I — L 5 b AR B R B A S 1T
FEDRIRN B2 9 ok S R 5K« BEERR AR S Y e €A
F R SR HBEA RS, S AW A2, 5%
VIR R A R, TR T — Pl B R R SR
IXFP LR IR T A b, B KPR R A 1 0
R AT, M H R ETRER B R AELE(Liu et
al., 2022b). ZH FibrEE M F R & K53 SRR
YO ED, NESITRIBENAEHREE T
£t

53 HEMRZFRENREL

H [ H R AR AR o A R AR 1990% o« IRAER BT
H B £ 1002 4 11 = 5 FP Saccharum  officinarum 5
HZXHFAFS. spontaneum N T2 58 Ja =4, wi#H N
FeE I FYR )\ 544 (2n=80), J& # W B A 567z M f Pk
gLt R ER e, HIACH B M DTER T A o)
BESEAR MRS .t T Al ZEBp A sy g R
F, YR AE A — B 1% AT A A R BT A R
LR R, AORBR S T IARH B B MR . B
TR LAE(Zhang et al., 2018), FKFLRMT 5t LT
T ZE AR ) AR R DU £ A Np-X I R 4, 0t
G3AT T FRE A 100 2 40 40 2200 RHEEAT T B st
(e T3 Y Siga sy i b/ R - = = i
AN TR o %W TR E— 2D Sz A i e A
K FE DR A A5 DA R E PR A S HE DR 1 v A4 S5 A T
T HEVE, O HE BN TR o R ) R B
(Zhang et al., 2022b).

54 EHRBYMHERMENL

FORKALYR T VU EF PO, I bR AR AR
Wz —, RBEAFRBYMHERNRKAE, &Ly fpm]
TS 2 FAN [R] R BR R, 2 3 I Vo A AP 7 ) B AR R R
(Hufford et al., 2012a). & w54l 5 E N M 1E
H, FH T &R JE (Zea) N T7A BF AW FhF1 T M 3 1
237100k RE, K507 AR EoK B AZ R RE, Mg T
FERBEABLETEE. Do kN, EER
J& A [F PR AE BE A 212 5 SE BT TF 4R 704k, fERE A2
6.8 73 B P 434k RO BTE 7 AR RIS F, Forh
VAT IR T K o & ) BTE A 8] 47 72 K &
MZEE N, RIS AL & N R R 4% T
#HEAE ] (Chen et al., 2022a). %W 70 % 2@ 1
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AR AL AL D SLHEAT TR, T OKIE R
R BUE [ BB AR RS T AR SR

Bl ARSI ATHIKE. it oAl TR
P E BT, 4 HO

Wi de (F B R L X F)
B BT (F BUR A IR A S A B S0P
EAE (P EAE A5 A F L)
R (b E KF)

AR (P B B A A 5 5 A7)

HEEZ (P B AL T T

ML (P ERFRES S KT A F )
IE (RHMERS)

A (R K )

Gk (F B ALY 5P

FEEL (FEPIRY)

£ (P EAF AT L)

23k (P B A A T KT

(P B A 5 AR

E & (P EAF AT

E BN

LAk (2022). 53 REBRARBLARE /N A S VR M L R B . )
4 57, 405-408.

BKE, IE (2022). AV A0 AT SN A pH IR SZ L 9 A AT
Y4k 57, 409-411.

REL, ZERE (2022). RETIRRIEMHE K FERFKR
Yk R L. Y 57, 153-156.

Abas L, Kolb M, Stadlmann J, Janacek DP, Lukic K,
Schwechheimer C, Sazanov LA, Mach L, Friml J,
Hammes UZ (2021). Naphthylphthalamic acid associates
with and inhibits PIN auxin transporters. Proc Natl Acad
Sci USA 118, €2020857118.

Biuschges R, Hollricher K, Panstruga R, Simons G, Wol-
ter M, Frijters A, van Daelen R, van der Lee T, Dier-
gaarde P, Groenendijk J, Topsch S, Vos P, Salamini F,
Schulze-Lefert P (1997). The barley Mlo gene: a novel
control element of plant pathogen resistance. Cell 88,
695-705.

Chen L, Luo JY, Jin ML, Yang N, Liu XG, Peng Y, Li WQ,
Phillips A, Cameron B, Bernal JS, Rellan-Alvarez R,

Sawers RJH, Liu Q, Yin YJ, Ye XN, Yan JL, Zhang QH,
Zhang XT, Wu SS, Gui ST, Wei WJ, Wang YB, Luo Y,
Jiang CL, Deng M, Jin M, Jian LM, Yu YH, Zhang ML,
Yang XH, Hufford MB, Fernie AR, Warburton ML,
Ross-Ibarra J, Yan JB (2022a). Genome sequencing
reveals evidence of adaptive variation in the genus Zea.
Nat Genet 54, 1736—-1745.

Chen PF, Liu X, Gu CH, Zhong PY, Song N, Li MB, Dai
ZQ, Fang XQ, Liu ZM, Zhang JF, Tang RK, Fan SW, Lin
XF (2022b). A plant-derived natural photosynthetic sys-
tem for improving cell anabolism. Nature 612, 546-554.

Chen WK, Chen L, Zhang X, Yang N, Guo JH, Wang M, Ji
SH, Zhao XY, Yin PF, Cai LC, Xu J, Zhang LL, Han YJ,
Xiao YN, Xu G, Wang YB, Wang SH, Wu S, Yang F,
Jackson D, Cheng JK, Chen SH, Sun CQ, Qin F, Tian
F, Fernie AR, Li JS, Yan JB, Yang XH (2022c). Con-
vergent selection of a WD40 protein that enhances grain
yield in maize and rice. Science 375, eabg7985.

Chen WQ, Wellings C, Chen XM, Kang ZS, Liu TG (2014).
Wheat stripe (yellow) rust caused by Puccinia striiformis f.
sp. tritici. Mol Plant Pathol 15, 433—446.

Doebley JF, Gaut BS, Smith BD (2006). The molecular
genetics of crop domestication. Cell 127, 1309-1321.

Felix G, Duran JD, Volko S, Boller T (1999). Plants have a
sensitive perception system for the most conserved do-
main of bacterial flagellin. Plant J 18, 265-276.

Feng XQ, Zilberman D, Dickinson H (2013). A conversa-
tion across generations: soma-germ cell crosstalk in p-
lants. Dev Cell 24, 215-225.

Fujii S, Kubo KI, Takayama S (2016). Non-self- and
self-recognition models in plant self-incompatibility. Nat
Plants 2, 16130.

Gao J, Zhang K, Cheng YJ, Yu S, Shang GD, Wang FX,
Wu LY, Xu ZG, Mai YX, Zhao XY, Zhai D, Lian H, Wang
JW (2022). A robust mechanism for resetting juvenility
during each generation in Arabidopsis. Nat Plants 8, 257—
268.

Gao ZY, Wang YF, Chen G, Zhang AP, Yang SL, Shang
LG, Wang DY, Ruan BP, Liu CL, Jiang HZ, Dong GJ,
Zhu L, Hu J, Zhang GH, Zeng DL, Guo LB, Xu GH,
Teng S, Harberd NP, Qian Q (2019). The indica nitrate
reductase gene OsNR2 allele enhances rice yield poten-
tial and nitrogen use efficiency. Nat Commun 10, 5207.

Huang C, Chen Z, Liang CZ (2021). Oryza pan-genomics: a
new foundation for future rice research and improvement.
Crop J 9, 622-632.

Huang GQ, Kilic A, Karady M, Zhang J, Mehra P, Song

© 0000 Chinese Bulletin of Botany



XY, Sturrock CJ, Zhu WW, Qin H, Hartman S, Sch-
neider HM, Bhosale R, Dodd IC, Sharp RE, Huang RF,
Mooney SJ, Liang WQ, Bennett MJ, Zhang DB, Pan-
dey BK (2022a). Ethylene inhibits rice root elongation in
compacted soil via ABA- and auxin-mediated mecha-
nisms. Proc Natl Acad Sci USA 119, e2201072119.

Huang SJ, Jia AL, Song W, Hessler G, Meng YG, Sun Y,
Xu LN, Laessle H, Jirschitzka J, Ma SC, Xiao Y, Yu DL,
Hou J, Liu RQ, Sun HH, Liu XH, Han ZF, Chang JB,
Parker JE, Chai JJ (2022b). Identification and receptor
mechanism of TIR-catalyzed small molecules in plant im-
munity. Science 377, eabq3297.

Huang YC, Wang HH, Zhu YD, Huang X, Li S, Wu XG,
Zhao Y, Bao ZG, Qin L, Jin YB, Cui YH, Ma GJ, Xiao Q,
Wang Q, Wang JC, Yang XR, Liu HJ, Lu XD, Larkins
BA, Wang WQ, Wu YR (2022c). THP9 enhances seed
protein content and nitrogen-use efficiency in maize. Na-
ture 612, 292-300.

Huffaker A, Pearce G, Ryan CA (2006). An endogenous
peptide signal in Arabidopsis activates components of the
innate immune response. Proc Natl Acad Sci USA 103,
10098-10103.

Hufford MB, Bilinski P, Pyh&jarvi T, Ross-lbarra J
(2012a). Teosinte as a model system for population and
ecological genomics. Trends Genet 28, 606-615.

Hufford MB, Xu X, van Heerwaarden J, Pyhgjarvi T, Chia
JM, Cartwright RA, Elshire RJ, Glaubitz JC, Guill KE,
Kaeppler SM, Lai JS, Morrell PL, Shannon LM, Song
C, Springer NM, Swanson-Wagner RA, Tiffin P, Wang
J, Zhang GY, Doebley J, McMullen MD, Ware D,
Buckler ES, Yang S, Ross-lbarra J (2012b). Compara-
tive population genomics of maize domestication and im-
provement. Nat Genet 44, 808-811.

Ishida Y, Tsunashima M, Hiei Y, Komari T (2015). Wheat
(Triticum aestivum L.) transformation using immature em-
bryos. In: Wang K, ed. Agrobacterium Protocols. New
York: Springer. pp. 189-198.

Jamieson PA, Shan LB, He P (2018). Plant cell surface
molecular cypher: receptor-like proteins and their roles in
immunity and development. Plant Sci 274, 242-251.

Jia AL, Huang SJ, Song W, Wang JL, Meng YG, Sun Y,
Xu LN, Laessle H, Jirschitzka J, Hou J, Zhang TT, Yu
WQ, Hessler G, Li ET, Ma SC, Yu DL, Gebauer J,
Baumann U, Liu XH, Han ZF, Chang JB, Parker JE,
Chai JJ (2022). TIR-catalyzed ADP-ribosylation reactions
produce signaling molecules for plant immunity. Science
377, eabq8180.

Wrifiteas: 2022 b [EEY)RHA E BT SR 185

Jiang HF, Shi YT, Liu JY, Li Z, Fu DY, Wu SF, Li MZ, Yang
ZJ, Shi YL, Lai JS, Yang XH, Gong ZZ, Hua J, Yang SH
(2022). Natural polymorphism of ZmICE1 contributes to
amino acid metabolism that impacts cold tolerance in
maize. Nat Plants 8, 1176-1190.

Jin ZY, Wan L, Zhang YQ, Li XC, Cao Y, Liu HB, Fan SY,
Cao D, Wang ZM, Li XB, Pan JM, Dong MQ, Wu JP,
Yan Z (2022). Structure of a TOC-TIC supercomplex span-
ning two chloroplast envelope membranes. Cell 185, 4788—
4800.

Jones JDG, Dangl JL (2006). The plant immune system.
Nature 444, 323-329.

Kan Y, Mu XR, Zhang H, Gao J, Shan JX, Ye WW, Lin HX
(2022). TT2 controls rice thermotolerance through SCT1-
dependent alteration of wax biosynthesis. Nat Plants 8,
53-67.

Ke XL, Xiao H, Peng YQ, Wang J, Lv Q, Wang XL (2022).
Phosphoenolpyruvate reallocation links nitrogen fixation
rates to root nodule energy state. Science 378, 971-977.

Langner T, Kamoun S, Belhaj K (2018). CRISPR crops:

plant genome editing toward disease resistance. Annu

Rev Phytopathol 56, 479-512.

SN, Lin DX, Zhang YW, Deng M, Chen YX, Lv B, Li BS,

Lei Y, Wang YP, Zhao L, Liang YT, Liu JX, Chen KL,

Liu ZY, Xiao J, Qiu JL, Gao CX (2022a). Genome-edited

powdery mildew resistance in wheat without growth pe-

nalties. Nature 602, 455—-460.

Li XM, Chao DY, Wu Y, Huang XH, Chen K, Cui LG, Su L,
Ye WW, Chen H, Chen HC, Dong NQ, Guo T, Shi M,
Feng Q, Zzhang P, Han B, Shan JX, Gao JP, Lin HX
(2015). Natural alleles of a proteasome a2 subunit gene

L

contribute to thermotolerance and adaptation of African
rice. Nat Genet 47, 827-833.

Y, Du YX, Huai JL, Jing YJ, Lin RC (2022b). The RNA
helicase UAP56 and the E3 ubiquitin ligase COP1 coor-
dinately regulate alternative splicing to repress photo-

L

morphogenesis in Arabidopsis. Plant Cell 34, 4191-4212.

Liang YM, Liu HJ, Yan JB, Tian F (2021). Natural variation
in crops: realized understanding, continuing promise. An-
nu Rev Plant Biol 72, 357-385.

Liu L, Song W, Huang SJ, Jiang K, Moriwaki Y, Wang YC,
Men YF, Zhang D, Wen X, Han ZF, Chai JJ, Guo HW
(2022a). Extracellular pH sensing by plant cell-surface
peptide-receptor complexes. Cell 185, 3341-3355.

Liu Y, Wang SB, Li LZ, Yang T, Dong SS, Wei T, Wu SD,
Liu YB, Gong YQ, Feng XY, Ma JC, Chang GX, Huang
JL, Yang Y, Wang HL, Liu M, Xu Y, Liang HP, Yu J, Cai

© 0000 Chinese Bulletin of Botany



186 M4 58(2) 2023

YQ, Zhang ZW, Fan YN, Mu WX, Sahu SK, Liu SC,
Lang XA, Yang LL, Li N, Habib S, Yang YQ, Lindstrom
AJ, Liang P, Goffinet B, Zaman S, Wegrzyn JL, Li DX,
Liu J, Cui J, Sonnenschein EC, Wang XB, Ruan J, Xue
JY, Shao ZQ, Song C, Fan GY, Li Z, Zhang LS, Liu JQ,
Liu ZJ, Jiao YN, Wang XQ, Wu H, Wang ET, Lisby M,
Yang HM, Wang J, Liu X, Xu X, Li N, Soltis PS, Van de
Peer Y, Soltis DE, Gong X, Liu H, Zhang SZ (2022b).
The Cycas genome and the early evolution of seed plants.
Nat Plants 8, 389-401.

Lowe K, Wu E, Wang N, Hoerster G, Hastings C, Cho MJ,
Scelonge C, Lenderts B, Chamberlin M, Cushatt J,
Wang LJ, Ryan L, Khan T, Chow-Yiu J, Hua W, Yu M,
Banh J, Bao ZM, Brink K, Igo E, Rudrappa B, Sham-
seer PM, Bruce W, Newman L, Shen B, Zheng PZ,
Bidney D, Falco C, Register J, Zhao ZY, Xu DP, Jones
T, Gordon-Kamm W (2016). Morphogenic regulators
Baby boom and Wuschel improve monocot transforma-
tion. Plant Cell 28, 1998-2015.

Pandey BK, Huang GQ, Bhosale R, Hartman S, Sturrock
CJ, Jose L, Martin OC, Karady M, Voesenek LACJ,
Ljung K, Lynch JP, Brown KM, Whalley WR, Mooney
SJ, Zhang DB, Bennett MJ (2021). Plant roots sense soil
compaction through restricted ethylene diffusion. Science
371, 276-280.

Pavan S, Jacobsen E, Visser RGF, Bai YL (2010). Loss of
susceptibility as a novel breeding strategy for durable and
broad-spectrum resistance. Mol Breed 25, 1-12.

Schulze-Lefert P, Vogel J (2000). Closing the ranks to
attack by powdery mildew. Trends Plant Sci 5, 343-348.

Shang LG, Li XX, He HY, Yuan QL, Song YN, Wei ZR, Lin
H, Hu M, Zhao FL, Zhang C, Li YH, Gao HS, Wang TY,
Liu XP, Zhang H, Zhang Y, Cao SM, Yu XM, Zhang BT,
Zhang Y, Tan YQ, Qin M, Ai C, Yang YX, Zhang B, Hu
ZQ, Wang HR, Lv Y, Wang YX, Ma J, Wang Q, Lu HW,
Wu Z, Liu SL, Sun ZY, Zhang HL, Guo LB, Li ZC, Zhou
YF, Li JY, Zhu ZF, Xiong GS, Ruan J, Qian Q (2022). A
super pan-genomic landscape of rice. Cell Res 32, 878-
896.

Stull GW, Qu XJ, Parins-Fukuchi C, Yang YY, Yang JB,
Yang ZY, Hu Y, Ma H, Soltis PS, Soltis DE, Li DZ, Smi-
th SA, Yi TS (2021). Gene duplications and phylogenomic
conflict underlie major pulses of phenotypic evolution in
gymnosperms. Nat Plants 7, 1015-1025.

Su NN, Zhu AQ, Tao X, Ding ZJ, Chang SH, Ye F, Zhang
Y, Zhao C, Chen Q, Wang JQ, Zhou CY, Guo YR, Jiao
SS, Zhang SF, Wen H, Ma LX, Ye S, Zheng SJ, Yang F,

Wu S, Guo JT (2022). Structures and mechanisms of the
Arabidopsis auxin transporter PIN3. Nature 609, 616—
621.

Sun Y, Wang Y, Zhang XX, Chen ZD, Xia YQ, Wang L,
Sun YJ, Zhang MM, Xiao Y, Han ZF, Wang YC, Chai JJ
(2022). Plant receptor-like protein activation by a micro-
bial glycoside hydrolase. Nature 610, 335-342.

Suzuki Y, Makino A (2012). Availability of rubisco small
subunit up-regulates the transcript levels of large subunit
for stoichiometric assembly of its holoenzyme in rice. Plant
Physiol 160, 533-540.

Tang D, Jia YX, Zhang JZ, Li HB, Cheng L, Wang P, Bao
ZG, Liu ZH, Feng SS, Zhu XJ, Li DW, Zhu GT, Wang
HR, Zhou Y, Zhou YF, Bryan GJ, Buell CR, Zhang CZ,
Huang SW (2022). Genome evolution and diversity of
wild and cultivated potatoes. Nature 606, 535-541.

The Potato Genome Sequencing Consortium (2011). Ge-
nome sequence and analysis of the tuber crop potato. Na-
ture 475, 189-195.

Tsai HH, Schmidt W (2021). The enigma of environmental
pH sensing in plants. Nat Plants 7, 106—115.

Wan WL, Frohlich K, Pruitt RN, Nurnberger T, Zhang LS
(2019). Plant cell surface immune receptor complex sig-
naling. Curr Opin Plant Biol 50, 18-28.

Wang K, Shi L, Liang XN, Zhao P, Wang WX, Liu JX,
Chang YN, Hiei Y, Yanagihara C, Du LP, Ishida Y, Ye
XG (2022a). The gene TaWOX5 overcomes genotype
dependency in wheat genetic transformation. Nat Plants
8, 110-117.

Wang N, Tang CL, Fan X, He MY, Gan PF, Zhang S, Hu
ZY, Wang XD, Yan T, Shu WX, Yu LG, Zhao JR, He JN,
Li LL, Wang JF, Huang XL, Huang LL, Zhou JM, Kang
ZS, Wang XJ (2022b). Inactivation of a wheat protein ki-
nase gene confers broad-spectrum resistance to rust
fungi. Cell 185, 2961-2974.

Wang YP, Cheng X, Shan QW, Zhang Y, Liu JX, Gao CX,
Qiu JL (2014). Simultaneous editing of three homoeoal-
leles in hexaploid bread wheat confers heritable resistan-
ce to powdery mildew. Nat Biotechnol 32, 947-951.

Wei SB, Li X, Lu ZF, Zhang H, Ye XY, Zhou YJ, Li J, Yan
YY, Pei HC, Duan FY, Wang DY, Chen S, Wang P,
Zhang C, Shang LG, Zhou Y, Yan P, Zhao M, Huang
JR, Bock R, Qian Q, Zhou WB (2022). A transcriptional
regulator that boosts grain yields and shortens the growth
duration of rice. Science 377, eabi8455.

Xu F, Tang JY, Wang SX, Cheng X, Wang HR, Ou SJ, Gao
SP, Li BS, Qian YW, Gao CX, Chu CC (2022). Antago-

© 0000 Chinese Bulletin of Botany



nistic control of seed dormancy in rice by two bHLH tran-
scription factors. Nat Genet 54, 1972-1982.

Yang ZS, Xia J, Hong JJ, Zhang CX, Wei H, Ying W, Sun
CQ, Sun LHX, Mao YB, Gao YX, Tan ST, Friml J, Li DF,
Liu X, Sun LF (2022). Structural insights into auxin re-
cognition and efflux by Arabidopsis PIN1. Nature 609, 611—
615.

Yu S, Lian H, Wang JW (2015). Plant developmental transi-
tions: the role of microRNAs and sugars. Curr Opin Plant
Biol 27, 1-7.

Zhang H, Zhou JF, Kan Y, Shan JX, Ye WW, Dong NQ,
Guo T, Xiang YH, Yang YB, Li YC, Zhao HY, Yu HX, Lu
ZQ, Guo SQ, Lei JJ, Liao B, Mu XR, Cao YJ, Yu JJ, Lin
YS, Lin HX (2022a). A genetic module at one locus in rice
protects chloroplasts to enhance thermotolerance. Scien-
ce 376, 1293-1300.

Zhang J, Huang QP, Zhong S, Bleckmann A, Huang JY,
Guo XY, Lin Q, Gu HY, Dong J, Dresselhaus T, Qu LJ
(2017). Sperm cells are passive cargo of the pollen tube
in plant fertilization. Nat Plants 3, 17079.

Zhang JS, Zhang XT, Tang HB, Zhang Q, Hua XT, Ma XK,
Zhu F, Jones T, Zhu XG, Bowers J, Wai CM, Zheng CF,
Shi Y, Chen S, Xu XM, Yue JJ, Nelson DR, Huang LX,
Li Z, Xu HM, Zhou D, Wang YJ, Hu WC, Lin JS, Deng
YJ, Pandey N, Mancini M, Zerpa D, Nguyen JK, Wang
LM, Yu L, Xin YH, Ge LF, Arro J, Han JO, Chakrabarty
S, Pushko M, Zzhang WP, Ma YH, Ma PP, Lv MJ, Chen
FM, Zheng GY, Xu JS, Yang ZH, Deng F, Chen XQ,
Liao ZY, Zhang XX, Lin ZC, Lin H, Yan HS, Kuang Z,
Zhong WM, Liang PP, Wang GF, Yuan Y, Shi JX, Hou
JX, Lin JX, Jin JJ, Cao PJ, Shen QC, Jiang Q, Zhou P,
Ma YY, Zhang XD, Xu RR, Liu J, Zhou YM, Jia HF, Ma
Q, Qi R, Zhang ZL, Fang JP, Fang HK, Song JJ, Wang
MJ, Dong GR, Wang G, Chen Z, Ma T, Liu H, Dhungana
SR, Huss SE, Yang XP, Sharma A, Trujillo JH, Martin-
ez MC, Hudson M, Riascos JJ, Schuler M, Chen LQ,
Braun DM, Li L, Yu QY, Wang JP, Wang K, Schatz MC,
Heckerman D, Van Sluys MA, Souza GM, Moore PH,
Sankoff D, VanBuren R, Paterson AH, Nagai C, Ming R
(2018). Allele-defined genome of the autopolyploid su-
garcane Saccharum spontaneum L. Nat Genet 50, 1565—
1573.

Zhang JY, Liu YX, Zhang N, Hu B, Jin T, Xu HR, Qin Y,
Yan PX, Zhang XN, Guo XX, Hui J, Cao SY, Wang X,
Wang C, Wang H, Qu BY, Fan GY, Yuan LX, Gar-
rido-Oter R, Chu CC, Bai Y (2019). NRT1.1B is associa-

Wrifiteas: 2022 b [EEY)RHA H BT TSR 187

ted with root microbiota composition and nitrogen use in
field-grown rice. Nat Biotechnol 37, 676—684.

Zhang Q, Qi YY, Pan HR, Tang HB, Wang G, Hua XT,
Wang YJ, Lin LY, Li Z, Li YH, Yu F, Yu ZH, Huang YJ,
Wang TY, Ma PP, Dou MJ, Sun ZY, Wang YB, Wang
HB, Zhang XT, Yao W, Wang YT, Liu XL, Wang MJ,
Wang JP, Deng ZH, Xu JS, Yang QH, Liu ZJ, Chen BS,
Zhang MQ, Ming R, Zhang JS (2022b). Genomic insights
into the recent chromosome reduction of autopolyploid
sugarcane Saccharum spontaneum. Nat Genet 54, 885—
896.

Zhao H, Zhang Y, Zhang H, Song YZ, Zhao F, Zhang YE,
Zhu SH, Zhang HK, Zhou ZD, Guo H, Li MM, Li JH, Gao
Q, Han QQ, Huang HQ, Copsey L, Li Q, Chen H, Coen
E, Zhang YJ, Xue YB (2022). Origin, loss, and regain of
self-incompatibility in angiosperms. Plant Cell 34, 579-
596.

Zhao Q, Feng Q, Lu HY, Li Y, Wang AH, Tian QL, Zhan
QL, Lu YQ, Zzhang L, Huang T, Wang YC, Fan DL, Zhao
Y, Wang ZQ, Zhou CC, Chen JY, Zhu CR, Li WJ, Weng
QJ, Xu Q, Wang ZX, Wei XH, Han B, Huang XH (2018).
Pan-genome analysis highlights the extent of genomic
variation in cultivated and wild rice. Nat Genet 50, 278—
284.

Zhong S, Li L, Wang ZJ, Ge ZX, Li QY, Bleckmann A,
Wang JZ, Song ZH, Shi YH, Liu TX, Li LH, Zhou HB,
Wang YY, Zhang L, Wu HM, Lai LH, Gu HY, Dong J,
Cheung AY, Dresselhaus T, Qu LJ (2022). RALF pep-
tide signaling controls the polytubey block in Arabidopsis.
Science 375, 290-296.

Zhong S, Liu ML, Wang ZJ, Huang QP, Hou SY, Xu YC,
Ge ZX, Song ZH, Huang JY, Qiu XY, Shi YH, Xiao JY,
Liu P, Guo YL, Dong J, Dresselhaus T, Gu HY, Qu LJ
(2019). Cysteine-rich peptides promote interspecific ge-
netic isolation in Arabidopsis. Science 364, eaau9564.

Zhou Q, Tang D, Huang W, Yang ZM, Zhang Y, Hamilton
JP, Visser RGF, Bachem CWB, Robin Buell C, Zhang
ZH, Zhang CZ, Huang SW (2020). Haplotype-resolved
genome analyses of a heterozygous diploid potato. Nat
Genet 52, 1018-1023.

Zhou Y, Zhang ZY, Bao ZG, Li HB, Lyu YQ, Zan YJ, Wu
YY, Cheng L, Fang YH, Wu K, Zhang JZ, Lyu HJ, Lin T,
Gao Q, Saha S, Mueller L, Fei ZJ, Stadler T, Xu SZ,
Zhang ZW, Speed D, Huang SW (2022). Graph pange-
nome captures missing heritability and empowers tomato
breeding. Nature 606, 527-534.

© 0000 Chinese Bulletin of Botany



188 M4 58(2) 2023

Achievements and Advances of Plant Sciences
Research in Chinain 2022

Shuhua Yang', Qian Qian?, Jianru Zuo®, Hongya Gu*, Xiaoquan Qi°, Rongcheng Lin®, Fan Chen®
Xiaojing Wange, Langtao Xiao’, Yongfei Bai’, Liwen Jiange, Lei Wang5
Zhiduan Chen®, Kang Chong®, Tai Wang®’

'College of Biological Sciences, China Agricultural University, Beijing 100094, China; %Institute of Crop Sciences, Chinese
Academy of Agricultural Sciences, Beijing 100081, China; *Institute of Genetics and Developmental Biology, Chinese
Academy of Sciences, Beijing 100101, China; *School of Life Sciences, Peking University, Beijing 100871, China
®Institute of Botany, Chinese Academy of Sciences, Beijing 100093, China; °College of Life Sciences, South China
Normal University, Guangzhou 510631, China; "College of Bioscience and Biotechnology, Hunan Agricultural
University, Changsha 410128, China; ®The Chinese University of Hong Kong, Shatian, China

Abstract In 2022, the numbers of original research articles published by Chinese plant scientists in mainstream plant
science journals increased significantly compared with that in 2021, and important advances have been made in the fields
of preventing “polyspermy fertilization” mechanisms, extracellular pH receptors, chloroplast protein transport channel
structures, mechanisms of crop yield, quality, stress tolerance, disease resistance, and symbiotic nitrogen fixation, the
origin and evolution mechanisms of self-incompatibility in angiosperms, and the evolution of sugarcane and maize
germplasm resources. Among them, “New Mechanisms for Mining and Regulating High Temperature Resistance Genes
in Rice” was selected as one of the “Top Ten Advances in Life Sciences in China” in 2022. Here we summarize the
achievements of plant science research in China in 2022, by briefly introducing 30 representative important research
advances and sorting out the experimental materials used in plant science research, so as to help readers understand the
trend of plant science development in China, and evaluate future research direction to meet national needs.
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