2024 OF R 4
— /X TIX
\/é
S A= 1
T O B B e D e e e 4
S B R AR e e e 5
DU, AR A I e e e e e 6
T BRI et 7
Sy RBRBEEF I I .ot 11
t. REREHERFIREZER ..o 16
NS AR EE R E ..ot e 18
T BRI AR 25
(=) BIEE RN TV, et 25
(2 EEEIISII A IR . o oottt 30
() BEBEIMEE o 36
Ty R GUEE .oe 39
T FEAREATERR .o e 41
o B E R R 43
o BB T .. 44
B T . ..ottt 44
e R . . ..t 52
B R 59
By - < 62
B B . . 66
BRI TR . oottt 72
O B . o 76
BRI . ..ottt 78
T B . ... 82



B BRI, .. o 85
BB . ...ttt 94
R S N 99
BB B, ..o e 107
K B TR, ..o 109
R B, . . o 111
BRI BB, ... 114
AR - 126
B o B ..t e 129
L R 3 - 133
ERAE . oo e 137
I 141
A R B, ... 143
KT TR, . .ot 147
EBRE BB oo 153
HKE BB, .o 155
B B, ...t 158
T TR . .. 161
A . .. e 165
Bt . ... i 168
RO . . e 173
O R B . ... 175
BB TR . .. ottt 178
BB . .. 184
B . .. e 186
XU . . ottt 189
B BB TR .. 196
S Ny = 1 202



State Key Laboratory of Plant Environmental Resilience (SKLPER)

(N

—. SEE =M

FELA PO ey 0 e R B R S 2 MR I T SR R RS . IR KR 85 B, 18
I 1 [ X R R R Mefp i g N R (R, AR JEAE A AR B 5 AR A o [ 5
SeU6 = AL b, B IR I B [ ARO K S A [ KGN BT T & A 2
Jre, AR, SRAMENR, REREART, RREXEKNTRIE, TR,
[ B e e 2 U BdR . T E R BB TR KBRS ER AR SRR =
W78 TARR SR 5 i 1 B EE R

DR VLY 3 S Re or I AR AR E S 2 -9 NESE S N 1R e o5 Kb UL e )
FIERRHIE TR A ATV R L, PSR T 32 AR AR P AN B IR e 8Ok v BT
6], T FEAE IR B 1 B A ATV SR AT 7T, AT AR i N 5 e B S A L YR e AL
A R B AR AN Gy A, R I SE SRR DU R K S R B AR R DE SR L
T v RS S PR T B 8 A% B A 23 7 I P ML), F2 408 B B E AR 0 R 2R ]
NI A R b A R B R R D SRR AN B 1 4R

SIS EBE 4 DWTFITE: (1) AP RS a1 A A AN 2 1 kAl (2D
TR A R RE R4S (3D HEWDIE MR 2R v SR AR R B Bt (4D
TEVIPUL e MR S A Y R 2

S Y6 2 THT 174 3 R B K et 7 sRATRE R 22 [ Bk R i IR RO e “ AT
W R A B AL K o TR B REIE . USRS YRR T, 5] S e Y [ Br
SEARWEFC TR, AEAED I N AR A Vg 85 38 ) 23 IR P AL, AR IR 22 MO RE R ROF
PR BB T, ARPDIA G ML AT, (EVI DU RO s G108, A RAR s
e A SR R PR BORSE T IS T — R EAT E B2 m T e SR, 9B Ak AT 5 4k
R EANAR B P B SOt 1 2L TR

LU0 AR 7L 07 A LARER e, R E = AT — DN R R L, =A
AIBNELAE : R BTG FT I BN e 5 0 v R P 7 BN < VR 470388 e 2800 o €1
BEFERIBN, T I FEEOAR Oy s s = BT AR R BEEOR SCHEEA R R o

S = R SO E BB IR R R, S = BN EE M E RN
TR RS HER IR HR . R AR S FAR N B R BB 1R REwT 7T 51, S8
6 %8 2 R 2R G B AT Dy [ R 2 e o R XUAIT 58 5 AT o B A bR 22 DL RS S R
e A ARZE P2tk B FE AR b AU 1 5 A 2 AL



EMESHNEEERSSNE 2024 FEIRE

<

W EEE AR LN 4R, e, a8, EE, FHEE. B4 [F2,
BRE RPR. BAEE,

WEE FEPARE T AERE. BEAK, R, Baidy. HFED B Bha. &
AW AR SRER. AT, R, BOCR. EEkl. BHKE. skks. BREE.
R XNEFE IR MoLHEE.

S = g A i3 RO [ B — I B AR P S AR B T . AEAR e A
GUEFTIE R et . R 2= RUEY) TG N A RE IR 36 . HE) 308 55 A= ) 5 B B & AR A2 i
O, ANPRFEE FOR B 2 MO 2% (0 n] FEE R fE R AL B BB S

AW HIA B E NG 70 N, Hpp R £ 1 A, A ERAA TR
B8 AN HAEMERAA TEFEEE 4 N, BHE “BHEFFERZEEE” 155 20 A,
E KNGS “RFHFERFEE” RKGE 15N, FEUHAL 4 N, BREARE¥ESE
QUFTIT T REA 14>, &% 18 70 Ao E N A P e FE#ER 47 N BI#ER 18 N PR
NGUREIHEE A G2 5 N, Hrp B EREGH IR SER AR 5B #5110 A

2024 FA ZAEREWEN R AR E R ESRANNFEES. METFFEEE.
AIMETS B F .

2024 I EHAT SR A TH 146 W, QIHEE K 3 RFF SR 0T Fi T
1T, EZXRARREREEANEFRES 6. MAEFES 4T, HoH 11 T,
EEr XD SES5ZRHHE 4 B, @ ETHE 36 B, FH0H 8 . BEHEEHH 3
s R K o SO R TR O U S AR R I E D 30 I, BUR [A] [ BR A g
FrefEmiE 2 01, BHLAEE 2030 WH 2 Wi ARMRF ERAAO A& M E K RH E K
LI CETHED 9 I, NYGG I H 4 71, H'ETiH 26 1T, 24341t 6560.935 JiJt.

2024 4 FESem Z [ E N BAERE SCI R ER R EEN IR 78 K, H
Nature 2 %, NatGenet2 ki, CellRes1 %, TrendsPlantScil j&, Mol Plant4 i,
Nat Plants 2 4, Trends Microbiol 1 5%, NatCommun3 4%, SciBull2 /%, AnnuRev
Genet 1 /%, Plant Biotechnol J 3 5, Genom Proteom Bioinf 1 /%, Plant Cell 4§,
New Phytol 6 &, Curr Biol 1 5, Plant Commun 2 %, J Integr Plant Biol 9 %, Cell
Rep 2 %5, Curr Opin Plant Biol 1 %5, Plant Physiol 4 5. 24t SCI 50X 1 944.5,
I T 12.10/55 . 2024 4 S0 %3R5 R W FIMIER A 25 AR AL 22 T

2024 4 8 H 5-8 HIIGRE2$Ip T “2024 WIS B NE -5 IE3E B 22 AR T 2



@ State Key Laboratory of Plant Environmental Resilience (SKLPER)

(2024 International Symposium on Plant Environmental Resilience) ” . &UEiIE T
KEMEE. mEXR. #E. QA PEE 5 /N E SE bR 0 A 5 AU i A4 R
PR PRGBS R, RN TR T RSG5 S Y0 B I8 55
LRSI EEEE. 2WIINTER 9N, HHEXK 19 N, UL Z) 500
ANZ4x. 2024 F 11 ] 4-9 HERIR =287 1 “h IMEY S E AR 27, BLJ7
B 11 NPT LR 14 Nl 7Rk, RonBit Fidtie, IR S-S
“fE, 22 A5 500 KA.

2024 FFRW = PARZRIES) 229 NIK, HrigiE BN SMRATRSER = YFE 72 A
K, T E N RAEE NS IO S 90 AR, L= N SEE WA MF 7 67 A iX.
SR E ML WA RVIIRE” 15k, H 45 AL AR TR

2024 I IR FUAESL 504 N, EFARE LA 418 A, WiLA 86 A,
e 20 A, WikEl 8 A, 2024 fESIG A LS. BN G 39 A

TV e E L SER = (SKLPER)
State Key Laboratory of Plant Environmental Resilience

http://skiper.cau.edu.cn/




EMESHNEEERSSNE 2024 FEIRE

. ZREEERRS

e BES L pg THER G 5 R

Ll % o | b | kI Rek

2 | RMEE | mE | Rkl Al K

3 | BIEE | G | hERIAY B (T

s | B R | e | REKIAY FHb 3% 5 B K

5 | & | BoEX | hEAILAY FHO S ML AL A
6 | & R | mmE | WERLAY | RKEEREMLLK
7 | & m | wkE | hER A Re K BIEE bA K
8 | & | wWE | hERILAY W5 A

o | & R | AW | hERIAY Ve Ab

0| & /| DEE | REALAY Sl ALK
NIRRT R MR A K

2| & R | B B | ERLAE | AWERRKEREREL
R T e L

| & R | RER | hERLAE i

TR e R [ R Sk % (SKLPER)

State Key Laboratory of Plant Environmental Resilience

http://skiper.cau.edu.cn/




(N

State Key Laboratory of Plant Environmental Resilience (SKLPER)

= ERFERBRAE

’?; W | Bk 5% s AT
N ) A .
1| A | wsE | 2 fE | LEEEDE BT RE A
| e | RS " -
2 | wweR | gL | g | ORI T e
3 | msm | # o | EEE | hEREe R Ay
R
4 | e | s | B R | 4 THRER (it it 2
R
L - o - -
s |wwk | Pt | = o0 | ey B 2
. | TERLAER " -
6 | i | WA | & 0| IR e g e
R E—— | R -
7| e | ® on | e (et it 2
8 | Bl | HEGELE | B R | FHLRMEHL A R B 2
., =] =) EF‘;FLI‘%I;;:D veb 2
o |wmk | e | ® o | LSRR e s T
0l ELE| % w® | E A Jexihe R B A
1| ke | % ow® | E A TR A By
2 EEE| % B | E A A B2 2
13| EEk | H B & R | REKLAE | ERR LR
14 | B | #oB | B R hEK e B A
15 | BuRE | # B | & R hEKL e B A
6w e #oB | E R | REKL A Ay
17 | e | % oB | E R hEKe A Ay
18T ow| # & i ﬁ o il 2 WIS f




A SN S E S S SR 2024 FERE g,

M. 2024FEARRREWELE

T
20254 1 A 21 H (EHI=) 9:00-12:00

;Y
RO RS AmBHEp G H-LRiE (4057 %)



State Key Laboratory of Plant Environmental Resilience (SKLPER)

(N

T, EERRRAN

(—) EYHEMTE R AEE A K T 22

TR S B A T T, BB T ZmCPK2 il ZMCPKL7 4% £ oK 3+ 5
AR 5> FHLE] (Hu etal., J Integr Plant Biol, JLEEEGIZH); R T ZmSnRK2.2 if
TR ZmALL14 % oK L (Wang et al., J Integr Plant Biol, EXiif&igl),
78 T ZmMIK2-ZmC2DP1 G i % FORIRGTER HME AT TS a1 5 7Bl (Yang etal.,
J Genet Genomics, ZUEIREA); MR T ZmCRKL 4l H-ATPase i i F K
A HLE (Liu et al., New Phytol, [RRFHEFREZ) .

FERE I N 3 B B 7T 7 T, R 1 R s A AR TR ER R 23 L (Liu
et al., Plant Cell, SRA ML) ; BT JA 15510 B 70 A 0 B 3 e A i 437 B

(Lietal., Cell Rep, fHZEEMIZ]); BT OsHKTL;1 il OSHKT2;1 FI45H, MM 2
AT T /KFERES %Itk HKTs £ MHE FfEA (Gao et al., J Integr Plant Biol,
MR MR 7 H A & FHLE B it g (Liang et al., J Integr Plant
Biol, ¥/ & R4

FEREYHRGURZ e Gl AR J7 1, #8781 FOKIRIR AL R HSF21 il 4
FF BORAGIR ME T AR RS IR TR A MR 2 FHLEE (Gao et al., Mol Plant, #
WA D s [ B T PSRBT AT 25 7B 1 CNGC20 AN S I B ER AL, SeBlxt i@ iE
TEPEAE AR E HERD RS, ANTTRS 4B R A RIR R 1 3 7L (Peng et al., Plant
Cell, Wi HEURAH ) W IEAS[F (1) B R G0 el S5 FE Y AE AR Ml 254 T A AT AE IR L
#il (Ding et al., Annu Rev Genet, T k. B4 . R T /KRE S ERIUERE
R IAENLE] (Yang etal., SciBull, XUEHEERAEZAD; 73BT NFXL1 i XBAT31
R T AR I R R B 2> AL (Zhu et al., J Integr Plant Biol; Zhang et
al., Cell Rep, XM EL]); #/RT CCaP1/CCaP2/CCaP3 EHN S i MEMA
KM1E P (Wang et al., Plant Commun, XIJEFER D .

FEREPIU T T, B IRIE R T TIR SR Dy tie /I G AR R o 7 o 3R A i 1
il (Songetal., Nature, AR SCIEMAD); #7R T CRP & AR R 7 A 2 A
IR (Yue et al., PLoS Pathog, 2= KA ); a7 17 HEHIRE B RS FLE A
PO itk B AL 1 FHLHE (Gaoetal., Plant Cell, ERkITifRE4); #R T SGTL

7.



EYMESNEEERSLNE 2024 FERSG ~‘§j

TR, RN T —ASE PR E Y R R S SR SGT1-NSLL
(Zhang et al., Mol Plant, 5k7ksZif#Z0); %5E 7 RNAI BB — AL 41 RH20 i@
i1 5 SGS3/RDR6 bodies H.AEIE 2 RNAI /- HIHUR B S 170 7HLH] (Wenetal.,
Plant Biotechnol J, 5K/KSEEREEAD: 7~ T FoK WAK-SNRK102-WRKY 7515 Hi id
WA IR 4 AT R FH PSR HRAR 22 AR 11 43 T WL (Zhang et al., Mol Plant, 4% B4,

(=D EW/ARYIK S TR RGRERRI A BT B 2= HLH]

FEREYIK 23 e R 7 T, #8378 7 SNARE 2K [ (B BR 1L 2 W) ¥ SNARE E &
PRZH B ISR A 1) B 2SR, WRE T LKS4/SGNL i@ R ik SYP121, TEMIFESMA
FLIF A R SBE(E R (Ding et al., Curr Biol, 28 84): KL T £k ZmPHRL )
7 e 42 38 2 R AN K 40 e 1) 2 LR DA TR T K8 77 e ORI PR 5 )3 ) G B
KR T8 8% (Tian et al., Plant Biotechnol J, BR4E#E. 452577 B4 .

FEREPD IR 0 BRI AT T 18, e RE T A% A InsP6 AEW& BRI h RENLA, LA
J InsP6 i 340l S 5 P45 i N BE AR AS I /E LI (Xu et al., Nat Commun, #8443
g TR T TR RG] T IR RORLE B R RS S, A
AR RS AL R A T BT L% (Ding etal., Cell Res, FZHERMLL); KILT
FSZAR S WAKLA-NRAMPL i # B A R 2 3 AR R RHILE (Yuan et
al., Nat Commun, *BHEREH); KILT CPK28 /i SRR LIG5E T NRT2.1 7E4
FIFL AP R IR 2341215 (Yue etal., New Phytol, ii4EfE . VEVFERBLL); @I T
e S RIEEA R WIR T RERIE K 7 7O, #E T — IRk MR M 1S
1517tk QJing etal., New Phytol, #(4E4e, TERURE4); B T EIN3/EILs-ERF9-
HAKS BEH % 208 T 8 2 IR 4r 7 ALE| (Xiao et al., New Phytol, 224 % .
FH R RTRAR A ) s £33 T 7K R AR R i PR S5E 198 7K 1 B AR A 24 o 7 1 7K P (14 23— WL i e 7 3
J&, VG T KARETR 2> e RORAE B 15 A% 25 R IR SR BRG (Lu et al. Mol Plant; Lu et al. Plant
Physiol, &£ IRE4).

FEAEWIE BT T T, MR T HR B U 2 - MR 40 A <6 iR 28 IR P - D e I AR
o> TP, R AR IR = 8 ] S R Y ek R 1 B oK 7 (Qiao et al., Nat
Plants, MR ); L5k 1 JUT BT 0K ZARBRIL A T A g 38 4 s 5 Bt 2311
#] (Zhang et al., Trends Microbiol, ZESIHIRBZH) .



\é, State Key Laboratory of Plant Environmental Resilience (SKLPER)

TERED G R R T 1, %€ T —KAee iR 1L phyA & A B PPKs, Jf
H BT TZP @ik -A o B2t PPKs &1L phyA [f15r FHLH], idE—BIRNfR
PR 20615 T DL KOG SR 242 0L 7R W% (Feng et al., Nat Plants, 254
WAL 4575 T ABI4 5 PIF4A ZLp 7 TREBRAE IR Z CRYs A 3 VDL S igte
R¥IEFEZEVER (Song et al., J Integr Plant Biol, ZEZkRIE &4,

(=) EY/MEMEFAE TR B EEE

AR R B R TE, KIT ZmGDlo-hel il 44 /R85 &k, #miHE
KA bt BOE PR (Deng et al., Nat Commun, 28] B4, T T
R IE T FRFER AN R N B 5RE, A IR K A 2 FHLE] (Wang et
al., Plant Physiol, Bt 4. J&TEIREAD: #75 J ECAP-LUG-BEH3 & &l %}
SPL J [ (1) 2 WAL 14z , BETRR 57 4% /MR- BE 4R R A 1) 35 HLi (Shi et al., Plant
Cell, 2R M 7 W E A KIKINTIEIE K2 5 R D45 L& 8
T8 B AT, NS FLiEsh 2> FHLH (Zhong et al., Nat Commun, {H 2R R4,
MIABER - FAE JE 4 ARV e AR Y e S5 DA T TR, £50R T R 4> AR H 2R
ob T2 B N 2 ) 4> THLE] (Zeng et al., Curr Opin Plant Biol, J&SCEIRBEA); 8
IR TSR RF MYBB2 #2245 B 1 ADFO AT (MR 22 RO, 3 7 18 1 A 4 M
TR B2 7 HLH] (Qiu et al., J Integr Plant Biol, E[FE# k. T4 iRms).

KILT LRH-RSL4A S TR MR B RAK I T, AREBRABRAEK
MUEIBEAE T B LR (Cui et al., Curr Biol, MABIREMA); & T —ANKMFRIRIE
mpk4 RAEFTAE R, X MPK4 TEREY) LK E MG id #2 o D) s i th 7 % I A
(Zhang et al., Plant Physiol, R84 ; #/R T SNARE AN F/KREHAEKRE
BRI N s B RIESE M (Zhu etal., New Phytol, BALEERMLL); KL T B
HAAE AN GmFATAL fl GMFATA2 Mz K Z RN R ALK K B I THLE

(Liao et al., Plant J, A HEEIHFEH),

QLD (7/Epuiry ik i i aa it v do el

TEAEPPLI SE 24 7 TH , #2257 T TIP4;3 JER RIE KT 5 TR A M 2 TR LR,
HoR T TIP4;3 A1 T KA MR FHLH| (Zeng et al., Plant Biotechnol J, Jitif %

9.



EYMESNEEERSLNE 2024 FERSG ~§/

WM AR A ) 5 ) A 3 R SR B0 M, R T J KRR 35 K] HSF24, f# b T HSF21
TE R K A7 FHLE] (Gao etal., Mol Plant, Jtifs#5 . #ilttEiREia); B
b FORPURDER FRGER ZmWAKL, #8177 ZmWAKL  IE [ 4% oK B ik
143 FHL# (Zhong et al., Nat Genet, #xB] RiG@4 ); @il B molE 4 e T [F XK
PEI < KB AN LA ) i Bk B ZmCPK39, fi##T 7 ZmCPK39 % £ oK i
W THLE (Zhu et al., Nat Genet, &8 R R4,

TEVEY R = SRR A8 7 T, KB T WA HE TRk BURRAE 1) G B R ] lacl, REREII &
KEAOGERES), BERESIOKFERATE, B 7 KSR RIS (Tian
et al., Nature, FH . ZZkWIPRELD; ek 742 FOKF 72508 D3 A BUH O EE K]
ZmPTOX, RGN 7 EKEFF R E MR R AAENLH (Yin et al., Plant
Biotechnol J, #/NLUREEA).

FEAEYIR B QU BOR AR SR dt iy T, Mt 1R 5] 3448 4% PE6C (Cao et al., J
Integr Plant Biol, FRHZERBA). i 7 — MR a RS 2425 F SoyOD, #
G TN R A MBER IS AL(S S (Lietal., Genom Proteom Bioinf, 75 BHEE RG],



State Key Laboratory of Plant Environmental Resilience (SKLPER)

N RERFIEEG TR

F B (%_) WL 17 Egnﬁ
5 e G2y i) SR
H Maize smart-canopy architecture enhances
1 25 Bl yield at high densities Nature | 54.4
R Substrate-induced condensation activates
2 ~ X plant TIR domain proteins Nature 544
The ZMWAKL-ZmWIK—ZmBLK1-ZmRBOH4
3 R module provides gquantitative resistance to Nat Genet | 36.6
gray leaf spot in maize
The ZmCPK39-ZmDi19-ZmPR10 immune
4 R module regulates quantitative resistance to Nat Genet | 36.6
multiple foliar diseases in maize
5 g The _LRR r_eceptor—like kinase ALR1 is a plant Cell Res 365
aluminum ion sensor
5 2RV Capturing the phosphorylation-linked protein- Trends 225
%45t ¥ complex landscape in plants Plant Sci )
New mechanistic insights into phosphate-
7 L starvation-regulated plant architecture change | Mol Plant | 21.4
and nutrient uptake
8 %/ﬂﬁf Genetic variation in a heat shock transcription |\ 0o | 57 4
Tt s factor modulates cold tolerance in maize
Proxitome profiling reveals a conserved
9 Kk SGT1-NSL1 signaling module that activates Mol Plant | 21.4
NLR-mediated immunity
A maize WAK-SnRK102-WRKY module
10 R R regulates nutrient availability to defend against | Mol Plant 21.4
head smut disease
Liquid-liquid phase separation of TZP
11 222k NI| promotes PPK-mediated phosphorylation of Nat Plants | 17.1
the phytochrome A photoreceptor
S Zinc sensing in nodules regulates symbiotic
12 s rittogen ﬁxgﬁon 9 y Nat Plants | 17.1
S Chitinase-assisted winner: nematodes Trends
13 MY antagonize symbiotic microbes Microbiol 7
A clade of receptor-like cytoplasmic kinases Nat
14 R and 14-3-3 proteins coordinate inositol c 16.1
. ommun
hexaphosphate accumulation
ZmGDla-hel counters the RBSDV-induced Nat
15 R reduction of active gibberellins to alleviate c 16.1
. . ; ommun
maize rough dwarf virus disease
Endomembrane trafficking driven by Nat
16 i 2 microtubule growth regulates stomatal c 16.1
. . . ommun
movement in Arabidopsis
Diurnal regulation of alternative splicing
17 XA associated with thermotolerance in rice by two |  Sci Bull 15.9
glycine-rich RNA-binding proteins
18 il e 3D chroma_tin reorganization during stress Sci Bull 15.9
responses in plants
MRS
e Regulatory networks underlying plant Annu Rev
19 1tk d adaptation to cold st Genet | 48
St responses and adaptation to cold stress ene

A1,



EPREE S EE RS E 2024 FERE Y
FF| &R E) WL BT -2
5 e SR H¥

Linkage and association mapping in multi- Plant
20 /e parental populations reveal the genetic basis Biotechnol 11.6
of carotenoid variation in maize kernels J
. . Plant
Sz i ZmPHRZ1 contributes to drought resistance by .
21 P s modulating phosphate homeostasis in maize B'OtefhnOI 11.6
Genetic variation in the aquaporin Plant
22 Jitite 45 TONOPLAST INTRINSIC PROTEIN 4;3 Biotechnol | 11.6
modulates maize cold tolerance J
SoyOD: An Integrated Soybean Multi-omics Genom
23 FFHE Database for Mining Genes and Biological Proteom 11.5
Research Bioinf
Differential phosphorylation of CNGC20
24 iR tE antagonistically modulates calcium-mediated Plant Cell 11.1
freezing tolerance in Arabidopsis
. The plant rhabdovirus viroporin P9 facilitates
25 LR insect-mediated virus transmission in barley Plant Cell 111
The adaptor protein ECAP, the co-repressor
26 o !_EUNIG, and the transc_;ription factor BEH3 Plant Cell 111
interact and regulate microsporocyte
generation in Arabidopsis
27 TRE EXECUTER1 and singlet oxygen signaling: A Plant Cell 111
reassessment of nuclear activity
2 1k The EIN3/EIL-ERF9-HAKS transcriptional New
28 A cascade positively regulates high-affinity K* Phytol 10.2
uptake in Gossypium hirsutum
ZmCRK1 negatively regulates maize's New
29 R W A response to drought stress by phosphorylating Phviol 10.2
plasma membrane H*-ATPase ZmMHA?2 y
Orchestrating ROS regulation: coordinated New
30 Kk post-translational modification switches in Phviol 10.2
NADPH oxidases y
CPK28-mediated phosphorylation enhances New
31 E O nitrate transport activity of NRT2.1 during 10.2
. o Phytol
nitrogen deprivation
Alternating inverse modulation of xylem
K*/NO?* loading by HY5 and PIF facilitates New
32 R diurnal regulation of root-to-shoot water and Phytol 10.2
nutrient transport
The t-SNARE protein OsSYP132 is required New
33 B for vesicle fusion and root morphogenesis in Phytol 10.2
rice
LKS4-mediated SYP121 phosphorylation
34 i 2 participates in light-induced stomatal opening Curr Biol 9.8
in Arabidopsis
Structural changes in the conversion of an Plant
35 Mot Arabidopsis outward-rectifying K* channel into | 9.4
: o ommun
an inward-rectifying channel
CCaP1l/CCaP2/CCaP3 interact with plasma
e 3 membrane H*-ATPases and promote thermo- Plant
36 KR responsive growth by regulating cell wall Commun 9.4
modification in Arabidopsis




(N

State Key Laboratory of Plant Environmental Resilience (SKLPER)

FF| &R E) WL BT -2
5 e SR H¥
The m®A reader SiYTH1 enhances drought

tolerance by affecting the messenger RNA 3 Intear
37 TH B stability of genes related to stomatal closure Plant Bgiol 9.3
and reactive oxygen species scavenging in
Setaria italica
NFXL1 functions as a transcriptional activator I Intear
38 XA required for thermotolerance at reproductive 9 9.3
; . . Plant Biol
stage in Arabidopsis
. Structural insights into the Oryza sativa cation J Integr
39 PoeHE transporters HKTs in salt tolerance Plant Biol 9.3
7 . EEE Designing salt stress-resilient crops: Current J Integr
40 WK . 9.3
AN progress and future challenges Plant Biol
WA=
- PE6c greatly enhances prime editing in J Integr
\':H: - - .
41 P transgenic rice plants Plant Biol 9.3
Ca?*-independent ZmCPK2 is inhibited by 1 Intear
42 FEL Ca?*-dependent ZmCPK17 during drought Plant E?iol 9.3
response in maize
Phosphorylation of ZmAL14 by ZmSnRK2.2 3 Intear
43 T regulates drought resistance through 9 9.3
. . Plant Biol
derepressing ZmROP8 expression
STOP1 regulates CCX1-mediated Ca?* 3 Intear
44 oI ZER homeostasis for plant adaptation to Ca?* 9 9.3
o Plant Biol
deprivation
" Regulation of cryptochrome-mediated blue J Integr
2R . ; . .
45 “HAEN] light signaling by the ABI4-PIF4 module Plant Biol 9.3
Jasmonate signaling pathway confers salt
i 2 tolerance through a NUCLEAR FACTOR-Y
46 ZKAL trimeric transcription factor complex in Cell Rep 8.5
Arabidopsis
XBAT31 regulates reproductive
3 thermotolerance through controlling the
ar At accumulation of HSFB2a/B2b under heat Cell Rep 8.5
stress conditions
Tipping the balance: The dynamics of stem curr Opin
48 JHSCIE cell maintenance and stress responses in P 8.3
. Plant Biol
plant meristems
Chemical-sensitized MITOGEN-ACTIVATED Plant
49 | PROTEIN KINASE 4 provides insights into its ) 7.6
. . ; . Physiol
functions in plant growth and immunity
Developmental responses of roots to limited Plant
50 L phosphate availability: Research progress and Phvsiol 7.6
application in cereals y
Molecular characterization and functional Plant
51 Bl analyses of maize phytochrome A : 7.6
Physiol
photoreceptors
57 Jasmonate mimic modulates cell elongation
52 Eé?; by regulating antagonistic bHLH transcription Pila;gl 7.6
A factors via brassinosteroid signaling y
Regulation of metal homoeostasis by two F- Plant Cell
53 X group bZIP transcription factors bZIP48 and . 7.6
o Environ
bZIP50 in rice

.13.



EPREE S EE RS E 2024 FERE Y
FF| &R E) WL BT -2
5 e SR H¥

25 0 K Molecular mechanisms underlying
54 . coordinated responses of plants to shade and Plant J 7.1
S environmental stresses
The acyl-acyl carrier protein thioesterases
55 FHEE GmFATA1 and GmFATAZ2 are essential for Plant J 7.1
fatty acid accumulation and growth in soybean
EE= ZmSCE1la positively regulates drought
56 B tolerance by enhancing the stability of Plant J 7.1
ZmGCN5
Effect of different irrigation and fertilizer
57 FH e 1] coupling on the liquiritin contentsof the licorice | Ecol Indic 7
in Xinjiang arid area
The SALT OVERLY SENSITIVE 2—
= CONSTITUTIVE TRIPLE RESPONSE1
58 SR module coordinates plant growth and salt J Exp Bot 6.8
tolerance in Arabidopsis
B4 Triacontanol delivery by nano star shaped Plant
59 : . Physiol 6.2
A T% polymer promoted growth in maize Bioch
Unveiling the regulatory role of miRNAs in J Agric
60 Bt internode elongation: integrated analysis of Food 5
J& T 5% microRNA and mRNA expression profiles Chem
across diverse dwarfing treatments in maize
Design, synthesis, and bioactivities of N- .
heterocyclic ureas as strigolactone response J Agric
61 BHA : . e Food 6
antagonists against parasitic-weed seed Ch
S em
germination
62 By Insights into plant salt stress signaling and J Gengt 58
tolerance Genomics
An LRR-RLK protein modulates drought- and J Genet
63 o : . . 5.8
salt-stress responses in maize Genomics
. Genetic and lipidomic analyses reveal the key J Genet
64 iR s role of lipid metabolism for cold tolerance in Genomics 5.8
maize
Sz o Phosphorus acquisition, translocation, and J Genet
65 Piai s redistribution in maize Genomics 58
Design, synthesis and biological evaluation of
novel phenyl-substituted naphthoic acid ethyl Int J Mol
66 Pt ester derivatives as strigolactone receptor Sci 56
inhibitor
ot Ethylene accelerates maize leaf senescence
7K B in response to nitrogendeficiency by
67 R regulating chlorophyll metabolism and Crop J 56
autophagy
Multi-omics analysis reveals the pivotal role of
68 R phytohormone homeostasis in regulating CropJ 5.6
maize grain water content
Role of OsbHLH156-0sIRO2 transcription
69 75 H factor complex in regulating manganese, J Exp Bot 5.6
copper and zinc transporters in rice
70 B PHO1.: IinI_<ing phosphate_ nutri_tion_ J Exp Bot 56
translocation and floral signalling in plants

.14.



(N

State Key Laboratory of Plant Environmental Resilience (SKLPER)

7 B (%_) W2 HAA) -2

5 e 2R H¥
Zn?*-dependent association of cysteine-rich PLOS

71 NG protein with virion orchestrates 5.5

. . Pathog

morphogenesis of rod-shaped viruses
Nuclear lamina component KAKU4 regulates

72 b= chromatin states and transcriptional regulation | BMC Biol 5.4
in the Arabidopsis genome
KAKU4 regulates leaf senescence through BMC Plant

73 b= modulation of H3K27me3 deposition in the Biol 5.2
Arabidopsis genome

74 Ey) Protein phosphatase 5 mediates plant growth Environ 59
and phosphate homeostasis in rice Exp Bot )
Identification of the fructose 1,6-bisphosphate

s aldolase (FBA) family genes in maize and .

75 A% analysis (gf the)phosgh%rylation regulation of Plant Sci 4.9

ZmFBAS8
& Deciphering physiological and transcriptional Plant Mol
76 PRt E mecr}?anisrr?spofymaizéJ seed germinatio% Biol 46
e The maize ZmCPK39-ZmKnox2 module

7 fRIAIR regulates plant height aBIOTECH 45
Enhanced editing efficiency in Arabidopsis

78 R 2 with a LbCas12a variant harboring D156R and | aBIOTECH 4.5
E795L mutations

Bit SCI AT 944.5, FHEWHET 12.11/85.

.15.



EMESHNEEERSSNE 2024 FEIRE

B BRI BRI Z B

P - EH=S B

B ﬁmzi% BB e B2 e AEH

1 @g%igﬂﬁ%a FFEEE, B, FRiERE ZL202210311249.9 | 2024.01.05
. » B S \ NIl A

2 E{J;fiﬂﬂﬁﬁﬂﬁ ﬂfz PRy, <, ZL202310592286.6 | 2024.02.20
FORKBURPUEA R |, . e

3 | BE GRS g%;;*gﬁﬁhgﬁ W | 21 202210012417.4 | 2024.02.20
&)EH NYAS ’ )'D
HAEMEE NS | BBEHA, £HIE, THNK
2K ZBeIETE N EEZR | BT, FRicfl, MHk, +

4 o b SR | Y, R, e, 24 ZL202210696963.4 | 2024.03.06
H g, EFE
ZMMAPK & A J Ho 4

5 | WERAEREEDC | EiaE, wildeg, FEyE ZL.202011565861.6 | 2024.03.19
U5 P AL R A R
IRBURPIHEAREH | . W

6 %ngv;u;z_ig I g g%i%%ﬁ{gﬁgﬁ w ZL202080013982.1 | 2024.03.26
=) 25 A
- "‘/ﬁ A y 2 —‘ﬁ’ ¥ ’ : EE,

7 E&gzﬂﬂﬁﬁm CES iiﬂgf FEE, XA IF ZL202322400075.6 | 2024.04.02
— == R EEL R

8 zzﬁ;ggiﬁiﬁ% WRHZE, Se—3, EEEE | ZL202110812557.5 | 2024.04.16
— MR A T ;

9 | BRHFLmETEm E:iié%” f’i;g %f};ﬁ Z1.202310031890.1 | 2024.06.07
jj?z ’ ’ =Dt
. 1) =)

10 Qﬁii}giifﬁi MRILE, ZUREE, Se—M ZL202110812232.7 | 2024.06.21
%20 HEH. HYmiD | FER, RXBEE, HZE,

11 b 3 A ZL202110324876.1 | 2024.06.21
— M EKPUEMR R | B, 4EfE, R,

12 | RHEAMREAMNEY | R, EER, PRI, & | ZL202310720864.X | 2024.06.28
A4 RE T . Bl
— P A S TR

13 | KPS QTL 2N | #A s, FE, skl ZL202310232675.4 | 2024.10.22
N H 7
— P FOK % AOR

14 | BFEHS PR | sk, TdE, MRESYS ZL202211562186.0 | 2024.10.22
. H
IR FEARTE A 8 i 4% . \

15 | K CLRD1 J&H W ﬁlﬁ% j:.ﬁiii iﬁi ZL202210683006.8 | 2024.11.06
}Eﬁ 7N b ’
— A FKREF AR

16 | 2:[K ZNCRG2 M H N | 5kER, &K, £ ZL202211671933.4 | 2024.11.08
H

.16-



(N

State Key Laboratory of Plant Environmental Resilience (SKLPER)

P EH=S B
BRI B se N\ R .
B & KBTS AEH
ROOT-SECRETED
PEPTIDE PEP1 IN
RICE AND GENE BAEE, FET, Wt £
17 | ENCODING THE i US 17, 180, 930 2024.03.29
SAME AND USE
THEREOF
ZMWAK-RLK
PROTEIN RELATED
TO GRAY LEAF
SPOT R, B, B, K
18 | LESISTANCE. AND = ek, ek, US 12, 077, 769 B2 | 2024.09.03
ENCODING GENE
AND APPLICATION
THEREOF-US
HF O HE AN -
19 | JERK HR A bR ﬁﬁi PRT, SBE,| a004sR0634616 | 2024.05.11
Bk a4t V1.0 =
T TR R IG5 o
4 ’ ;% 1 ’ %'\ ’
20 | FAR AR B B TR Izifﬁ Im{ ﬁ@fﬁ * 2024SR1593093 2024.10.23
B, gkOmAs, AT
V1.0
MR, 22BN, ETR,
A2 FREDE | 2, 2K, BRE,
21 X o~ 2024SR1711525 2024.11.06
P ALY V1.0 EXR, W, FEK, 5
e
HIEMAMEZTFEE | DBtk ET598, 25280,
‘/ / T 7K p ’ 5 UJH ’ /\"—”
op | BAIHTALE [ P Y, B | 00 0R1708009 | 2024.11.06

FR: 2V EERS D
HrigfF] v1.0

W, K, EER, A
R

7.



EMESHNEEERSSNE 2024 FEIRE

&

J\ ABEREEBRIE

WE GRED %

v e TH GRED 4% . 7 F 251
1| % B | B R R 31921001 gigﬁﬂig%
2 | E OB | EARE LN T 32025004 iﬁgﬁg?gﬁ
3| B | IR E RIS TR, 32025027 iﬁgﬁﬁggﬁ
4 | FE | HIBE SRS 32205006 | LA LIATHIAEE
i ﬁ%ﬁgﬁﬁz%ﬁﬁ%mﬁ%g 7225058 iigﬁgﬁgﬁ
6 |HAE | (EVMbsER 32325037 igzgggé
7| EWRS | Wi sazs0as | L ALTEELIES
8 | ikikst | MR TEY 32122070 igzgzgé
9 | BEE | MM E ST 32322008 igﬁg?gé
10 | e EE@&@%%&*%%W&%@ 2122058 ﬁigﬁgggﬁ
FES
11 [k SC | MR R S A T AL RAFEIE i
0 | =am Eg%iﬁ%ﬁ%ﬂ%&%ﬁﬁ% 1630076 %%E?ﬂ%%ﬁ
14 | e g%%ﬁ§£%ﬁ$@ﬁ¥mﬂﬁ 2030008 gi;ﬁﬂ%ﬁ%
5w = i?ﬁ;ﬁ%ﬁ%i&ﬁ%%%% +2130007 gi;?ﬂ%gé
S %;E?$@?ﬁ%%ﬁim%@ 2230030 gigﬁﬂégé
P - zﬁi%ﬁgﬁ%Wﬂﬁﬁmi% 7330028 giiﬁﬂiﬁé
o lm + ﬁgéiééﬁTM“mﬁﬁﬂ@ ©2330077 giggﬂégé
20 | R %}Eﬁ%ﬁ%@ifﬁﬁﬁ?ﬁﬁﬁﬁ 32330086 f;?ﬂig%
2 | mgs %ﬁ;%;éﬁﬁﬁ%ﬁﬁ%m@ 2130004 gi;?ﬂ%gé

.18.




(N

State Key Laboratory of Plant Environmental Resilience (SKLPER)

z 4 TEH GEED &5 A “*,f) | mExm
FORHERLI A e 6 o B o ] 5% E AR M4
22 | ¥/ha Iy — 32430075 -
N — 5% F AR i
NERE TN BEINES —
23 | ppiE ,Cf‘ ;I%‘;f %ﬁﬁ?ﬁﬁ BrE 31920103002 Hbs GhIX) &1k
A S E
e ) 5 [ AR 4
24 | Z1% %ﬁ%ﬁgﬁﬁgkmﬁ%ﬁﬂé 32120103008 EpE GhX) &1E
SR
e o e 5 F AR e
25 | F % E%@Xﬂﬁm&ﬁ%ﬁmﬁ%m 32161133014 Efr X)) S1F
SR H
- ) B [ AR o
| BSRL 4 kA SR LA *
26 | kK5 o, - 32320103003 Epr (X)) &1
e [
‘ " 5
~ FE DS I3 A 5o e T AT
27 | & |0 P i 2022YFE0108200 | BUi[a] [ brfHL 61
%ﬁ%%iklﬁ?r*ﬂ%”ﬁﬁﬂ %ﬁ%'f/lzlﬁ E
Tk CPK BRI a7 T o & AR
28 | Bt | ALEE R AR R R BT S 2023YFE0109500 | U Ia] [E Brfh 4 6]
FiI 4 Wi
| KRB 2 A T MUcRL 35K 5 [ AR o
29 | BT 0y b ) 1o FE 38 RS 32070078 H EBA
| TG GSOL M AL NE 5% E AR i
30 | BikiE FHLEITT L 32070301 & LT
.| BT ZmALL4 R EoR TR B X B ARRIE 34
SL VR s b 32070308 i E3
7 MPK3IMPK6 /S (4T E5 [ AR A
821 B e B 32070310 T LT
U FF PUB30 /31 HB24 iZ % 1 L
33 | % % | WEEERS S RN S I 32070311 gjiﬁﬂigﬁ
KRS L 5 ”
[ WY RBR & A MR PERTA 5% E AR i
34| JASTIE | ot g 3 By 25 TBL 32070874 T -5 A
REES ZmMNRT2.1 HAEEZEEX B X B ARRE 34
35 | IUIA | 4 2 s LB 5 32071920 i L35 H
shhia T SOS2 il il SE ¥ . .
36 | Aa | MEEHRE A LR 4T 32170283 I A2
o | AR SAFEL F1 SAFE2 /& eSS S
37 | ERA | ppacm (= 2 S oL mmmt o 32170284 i L35 H
s | | FORHOER AT TR 2170873 5% E AR i
Rty o A R S VR L W E5iE
MEL G HEA MRELS? 2 5% v AR 2
39 | EIAM | ABA VSR DANNLIEE AL 32170682 1K A
iy i L5 B
40 | BORHE | AR M B TS (10 5 32171188 gf;ﬁﬂﬁ%ﬁ

.19.




EMESHNEEERSSNE 2024 FEIRE

Y

RE R &

Fr
g | BA HE GRED &5 o
a | g T2k Reticulons F k& 11 5 4] 5 e
¥ | ZmR 3 2 =¥ e —
ﬁm B16 4% Tkt R ERITh AR 32171940 i ﬁﬁ SRELE S
‘ 35
2 | kit | Ak MDA £ "
b i LASE I 3 (19 T-HL 32270168 % BRI
- iji]
i | s gur'ﬁﬁufé%%é\ﬁii%ﬁé@ﬁ@ﬁ—l-ﬂé R
K | BEEIEE R GSAL MIBEIRIL N
FREX; GSAL IjJ’FJ"éi}%H’EE‘;E; ﬁmﬁ 32210271 %iiﬁgﬂ?ﬁ%/ﬁ
PRI Tty T e )
E?f;ﬂwﬁﬂﬁ 32270299 %aﬁ‘sﬂ%g/ﬁ
a5 | gy | KAERT LREL T LTH
B0 TR I T 32270348 % B e
46 | gz | ZMDTL0 RERUFET-RAA R L35 H
BRI & B R P 2 L * 32272024 FEEL S R
47 | jptags | ZMHSFN TR P2 L T 35
] 32272025 FSE Qe e
48 | gy | ZMmiR164e NG RETEE [TRIYE|
A AR 070 AL 32272036 % AR 4
a9 | g gy | TUBTEEHRE T MUCRL A bR fi_-J5 F
iﬁﬂk 15> THLHI 32370086 % FRRL IS
50 | g | FRPERRBERAS LR LI
- ‘f*ﬁfﬁ” 32370131 % H ARl 4
51 | Tk | oo HE RNA 256 iR E i L3 H
ig iﬁgﬁ%@?&ﬁ@ﬁ¥mﬁgu 32370154 % EPNE R
e (18 PSRK L Wi B 5 % L3H
52 | Rt | AT BB R T S
B 32370272 Eﬁiﬁmﬂ%g/ﬁ
53 | [Tt Tﬂr’ﬂ%‘eiMAl/Z 55 ERdj3A/3B # H
g’ﬁﬁﬁ PR AR BE R B 15 T L 32370367 I 5% SRR 4
54 | ptjy | S CHERNG NRPPL £ 10 i 35 H
Hi e VA R S5 05 T L 32370430 FENEPISE =
55 | Ty | AT LCRNL UL 25 L) i b3
ﬁ:g 32372806 % FARIE 34
56 | 5w | ERMSHRERT TocT5-Nl ALEK LIiH
éﬁéiﬁu%%@%%ﬁwwf 32470150 X Bk g
57 | mms ‘ﬁﬁ 77 - R B EL Ao ifi_E 35
SRR HINEO 42 587 B Py 12 N
el VR KRR T PR £ 48 4 32470259 iﬁﬁﬁgﬂz—égﬁ
58 | TH#kk HEL ARG E 7 HRK1-HRK2 if — -
RIS M 2 T L 32470305 [H% B AR A
50 | Try | SOF2 BRIEA FIAARLER ELRH
5 5 HHLEERE I 32470311 f EEY S
60 | e | SOS2-BRM BLUUEId F Ui Vit LIiH
S T [R5 1 4 T HL 32470315 i AftHFES
IH

.20-




(N

State Key Laboratory of Plant Environmental Resilience (SKLPER)

WH GRED %

z 4 TEH GEED &5 . e
ZIE WA N R EREBL131 Ji#% £k . .
5 AR ¢
61 | BBtk | EIEKIHEAET KBS sa72031 | o NS
FHLI *
AR SRR E R 2% F AR 4
62 | IKUIA | b oy 5 5 s ) 32472035 L5
GhZAT10 #& K FRA L IFi 1z . N
5 AR ¢
63 | HEEE | B GhKUPS /S itafe e 32472048 giggﬂ%ﬁ%
ST KWL
LR T ZmEREB209 Al o g AR 2L
64 | BRI | ZMEREBL47 1 T R /K [ 32472228 igﬁ‘ﬁé‘ﬂ%%/ﬁ
S TFHLE "
| MAPK (S SR MR 5 2% F AR 4
65 | 1% 48 TR 32200266 e T
ST kB RA50 AP B T2 1k o
66 | ML | ALRLIFHERIUH (A i 5 T 32000200 | L KTHERTEE
I R
o | ZMAGOA TR TR N R A Y PSRRI S =
67 | EE T 32101657 i
NF-Y E&4N 5 JA-JAZ8 12538 . .
68 | A KT | VR HEF R AL 4 T 32200261 Eﬁ%@ﬂigﬁ
WLEIRTE -
WSS 5 SPRL 25 AT 2% F AR 4
69 | LR | g ey o9 T3 32200285 T H
PR MU B LR T o
70 | WS | MtGSLL {1 14l A5 32300216 iiﬁgﬂigé
115 TR R
s | PAEEIT E3 2 RKIERERE MIELL B B X HARRI2E 34
L URRE ) g S K L) 32400225 T
\ KU LTS SRH VI T 2% E AR
é I X
72| REE | e ki AL 32400274 -
i . o FERL
e | FRAT AR R B M e L e
R D, soksmtibptpmpg | V2A2018L | OIS
— , FERLI A
SR A T K e K T
A9k 1B &
| sussorEsing FasE Uash20LTT | PRI
) AR 5% E AR
75 RIIR ) e 12004205 B 2 A%
S 4k / ot E
76 | HKE ;Ei‘f%w HIA LB A 2019YFA0904704 | [HZ B S kiR
77 | Btk igié%ﬁ%iﬁrﬁ%%%@%ﬂ 2020YFA0509902 | [HZ & Ak it%
K R AR R PR e o T
78 | BAL T 2021YFF1000402 | [EZx & S#FRitH%)
v | ape | SRR TR | oo e e i &l

AN 70 O IR BL

.21,




EMESHNEEERSSNE 2024 FEIRE

Y

WH GRED %

g 4 HH GRED %% . T
80 | T % iigﬁ;m;%z%&kﬂﬁm%% BRI | 5001YFF1000502 | [E15% s B -4l
81 | MifitE gigﬁg%ggggﬁﬂﬂﬂm 2022YFF1001603 | [HZx & Stk itk
82 | HKE Eﬁ;ﬂﬁggﬁ%iﬂﬁﬁﬁﬁ 2022YFA0912101 | [HZ & Stk iT%)
83 | ©~ ;iiéj%‘wg%@ﬁgmgmﬁﬁ% 2022YFA1303400 | [HZ &E Stk
\ TR B8 - I A2 I o7 285 e B 1 T ) . e
4 B 5
84 | gk TR 5 G R AT 2022YFA1303402 | HZx & St kitL
85 | 1 F | B4MIREFRHEFE R ik K 2022YFD1201503 | [HZ & SWkit%l
KB e S R YR 2 4 S
86 | /N | HI-E KPS BRI SCBALNFZ | 2022YFD1201804 | [E ZK & mifF R 11Kl
AL
87 | MikE ;ﬁ;%%ﬁ;?; ﬁﬁ%ﬂ;ﬁ; Na" | 2022YFF1001601-2 | [E% & s 4
R VEY A N 7K 4 il i st 5 4y . e
88 | fsinbiinay 2022YFF1001602 | [¥ 5 & pifff & it&)
SEARAEYDI £R 05 5B W 3a 1 Bt E
! L] GRE 3: AR AEYI AR & . e
VK N N 5 i
89 | WHE | o et i 5 4 gy | 2022YFFL001603 | [HACH i il
)
| RS EAERIIN AR AR S R E M E o
90 | XIz:RE s 2022YFF1001603 | [E % & S#f &tk
91 | AERWE | EKPrli s IE AT S 3288 5 B 2023YFD1200502 | [HZ & Stk it%l
92 | &g ﬁ%ﬁw’ﬁ%mﬁﬁ%%mﬁg 2023YFD1200702 | EHZ & SWkit%
03 | BT ﬁ‘/&%%ﬁ)\ﬁzﬂiﬁm’ﬁ%wjﬁﬁd 2023YFD1202905 | [E5 & i -4
94 | Br®E g??ﬁﬁim%@ﬁ%ﬁm%ﬂ%& 2023YFD1700605 | [HZ & Sk it%l
e | ARETEMA KR E SIS N 1 e e
95 | JEISCHE GBI R (TR 2023YFF1001300 | [EZ & Stk itL
o | EREMAEKKE ST bz o
96 | % g T L A 2023YFF1001302 | [E %= s & it&il
o | VEPDIET AR5 B3I SZ SR T aa (1 L ER [ 5% & SRR
97 | AR e 2023YFF1002100 S RS T
oK EA L 24 R T R 32 5 BEEN= Y e
98 | Btk 5 2023YFD1201800 S Bl
. HRA ™ K B [ T R A EE [ 5% & S R R
9 | PHE | swmnmimrebl slRe g | 202 01901700 | sy
o | KGOS AR E S = | EERE SRR
100 | L st o RS 2021YFD1200703-5 i
101 | Brema {’E%Mﬁz%%%?%ﬁ%ﬂ?ﬂ@ 202310210910085 ‘%;Eﬁﬁ%aﬂzu
BE TR
102 | A8 | KERMBFDRRES FI% | 2021YFF1001204 | % AP

TR




State Key Laboratory of Plant Environmental Resilience (SKLPER)

| e TE GRED &% AR GEED B g
i SRPUIR 2 FALRIBIE 5T S F e Al [ 5% & SR R
103 | BEE e 6 (R0 2023YFF1001402 i
, SIS E P &P P T e N [ 5% & SR R
104 | FRA AR ] 2023YFF1000203-2 i
105 | EHfe | FKEBELLRLAMLGHER %% | 2023YFF1000401-2 g%ﬁﬂ Ji
e | BEETERCR AR B R AR S B A BHA1HT 2030
106 | EAEE i 20237D040720203 T T 1
107 | EEIR | Heedit EMEARCH 5N A 2023ZD0407602 ﬁ&ﬁ”%ﬁ E§030
i H i
.| BRI E bR A E RS a = LANES]
108 | 5Kk [ G2023108007L Pt
109 | THa#k | 4E XXXX FF J XXXX F+-2023 gﬁ%jﬁ?lﬁ
e | AR ST E A R S B R LNV E R E K
110 | jtEthlE [ 2023ZD04071 B E LT
v e e e e LNV E R E K
111 | FE& ;*W@-E AEMERISIERET | 5 0507p0401801 FHCE R LT TR
15
IR . n PNV E R E K
112 | mggy | 00T ERMERFIRIBRCERE | o000 004030-05 | A E kLT TR
& AAE i
b e o LAY E R E K
113 | EE 13;\7& LRI B S AR AT 20237D040710101 | R E KL T
15
. et L 25 Ty LNV E R E K
114 | B %ﬂ:ﬁﬁ/ﬁ PR S E M E T 20237D040710102 | FlH: & kLT 715
15
. s s LNV E P E K
115 | 3 # %* ARAGERRMREZES R | 00370040720106 | FiH e 0 T8
;Eéﬂ
. LNV E P E K
seae | PRACAERIAR BT 73 O R 5 1A : Kim
116 | BRas 5 b b 2 A T 20237D040720204 %E@ﬁ%b&%
LY E R E K
117 | #RH R | &R XXX H-2024 NK202307020101 | Rl & KL Tl
15
LAY E R E K
118 | R | A& XXX H-2023 NK202307020101 | Rl &E KL T
8
119 | 5kk5 | NYGG NK202201030102 | NYGG Ui H
120 | xIFH2E | i XXX Al NK202307030109 | NYGG Tii H
121 | /M4 | NYGG NK2023070403 NYGG Ti H
122 | e | AR XX R-2023 NK20231701 NYGG Ti H
L | BURRME PR AR AR R MR AE-1E 2 AR ML = E B AR
123 | HIBEF] s CARS-15-16 kAT

.23.




EMESHNEEERSSNE 2024 FEIRE

Y

g TEH GRED &7 TH “*_Qf) B mExs

TZP ZEH SUMO {hisimiEisttyn LT BRERl A
124 SELT (5 B 5 40 T LR 5232011 41 I H
s Tk T GRAS32 TR 232016 TLa T AR

e K FBRJEL 7 114 T HL61 4 1H F5H

T S B T S R T 2 B T N TR
126 THAE e AT 5 AT SZIBGS202301 |y i

T LR A I S T R SR Ty
127 e 2 5 TR AR 9 NT202010 B

RS2 25 LR 2 ) VR R P B W 2 R R
128 P BT P S 202100205 | iy

MAPK 252 Fh 7 /NI B WL F AR
129 5 LZ23C020003 L4 ST

o . WL FAFRE

130 TR FEARKE) R 1 437 R 42 AL ) e AT Z24C150004 o

KT W ) O T L B WL AR I
131 752 Rl O LD24C30002 | & & 5t H 7w
132 ZMRKE B L FEH MPK3/MPK6 ik Y23C020009 W4 B RE 2

YR G % E

He— I

.24.




(N

State Key Laboratory of Plant Environmental Resilience (SKLPER)

s ERSPERIZGR
(—) BEE S RATIEE

TEA | EAS R R EASEY
e | ER, VOHER N AR E Sk NI
1| E ¥ | * N T REIR R R 22 2 1 L 2024.02.18
A~ 2 N
4 =N F, EPZ?%%#%IKJD < e s 2 ok s
2 | WiRE IR F KPR B R FE DR 2 4 LA 2024.03.07
VAR =
3 | mE | G s O PRI TEAENT | 2004.03.14
4 | tpite | sKBH, PUJIERE: FELAR ) 22 2 KT 2024.03.28
- mAT, PEARARAE | R S BR /EHALEI#T S
5 | Millte RIS e 2024.03.28
. Getting your paper published at
6 | Mill*e | %1, Cell Press cell press 2024.04.11
Bernhard Grimm, Recent advances in research
7 | £E4 | Humboldt University of | into flavin biosynthesis and 2024.04.12
Berlin (L& K2%) heme synthesis
Moussa Benhamed, . . .
Y
8 | HeHg PR ko Advances in epigenetics 2024.04.12
9 | Mo | B, WK ;ﬁfﬁmﬂ%nmﬁug%ﬁ 2024.04.13
10 | #ilte | IR, el oK TE4 DNA $5i4%5 S Z L2 2024.04.17
bl iE 1 4% AR Al 2 7
1| | i e jﬁﬁﬂﬂﬂﬁi WREEEOS T | 000 0410
. &4k, EBEER LS : v ps e
w 1 N “w A =21 N 'H_':‘ =4 . .
12 | #ifte S AT N AL 7 S A AR 2 AT 2024.04.25
13 | BifdE | REETH, HPEARK ;g);ﬁ;ﬁ%@@ma%%ﬁ%g 2024.05.09
Building a niche: How
14 | kK= peter A.n(?rew Moffett, pathogens create favourable 2024.05.15
Université de herbrooke environments for growth
wn | BT, EBRAEER | 2 EAREY) R SR AL
15 | FfL# K B (T e 2024.05.17
Quantitativeresponses via
16 | x#4E | Seth Davis, %150 K2 circadian-clockvariation: lab 2024.05.21
andfield studiesin Arabidopsis
Interest of live transcriptional
. | Laurent Nussaume, : .
17 | BALE R 4 M T Ir?;er:?égit?sis;wy phosphate 2024.05.22
-y EE, T EREEERE | S R YRR EY) S R
18 | MiftE o HE R AL o 2024.05.30
ALK, tRAMR
19 | Milte | hEREERBME SR E A | YRR T RIS R H] 2024.05.30
YEER A

.25.



EMESHNEEERSSNE 2024 FEIRE

Y

? W V.
B BIEAN | mEAEAL. B wEBHE - a=g=p il
- G, g AN TR AEse | Al for science: N T2 AEIRENHY
20 = J 2024.06.20
FEK | g BT
2 47§ . . Proximity labeling-driven
21 | 5Kk g%ﬁ*ﬁ,_ UrE13|vekrs:ty of understanding of the plant 2024.07.24
aifornia, Berkeley nuclear envelope
i Cold stress induced dynamic
22 | tmilte Sa_e Jm_:“?é%gg'; chromatin accessibility in 2024.08.06
niversity AT Arabidopsis
Woe-Yeon Kim, Diurnal regulation of root growth
23 | ¥iftE | Gyeongsang National J e . : . 2024.08.06
University ¢ J %) by circadian clock in Arabidopsis
Isabel Badirle, How plants remember a
24 | Bi4e | University of Potsdam stressful day — a role for 2024.08.06
(PRI K2 chromatin-based mechanisms
Kyuha Choi, Pohang
25 | Mt University of Science Control of meiotic crossover 2024.08.06
: and Technology patterning in Arabidopsis T
GRETIURHE K
Michael Lenhard, ngg]t?clzfr:érzglggglgrtt?aesis of
26 | e | University of Potsdam | om0 e e o g | 2024.08.06
TR ) enantiostyly in wachendorfia an
N barberetta
Young Hun Song, .
‘ Seoul National Effect of red to far-red light on
27 | HitE University development and stress 2024.08.07
R E T ) responses in Arabidopsis
Jeremy Murray, John Sending the right signals:
28 | ZHSt | Innes Centre Flavonoid specificity in the 2024.08.07
(257 JEgh B ) legume-rhizobia symbiosis
Takuya Suzaki, How plants obtain nitrogen by
29 | ZIE1H | University of Tsukuba supplying iron to symbiotic 2024.08.07
CHRIBERE) bacteria
Dario Leister, The Photosynthetic cyclic electron
30 | FE4 | University of Munich flow yhthetic cycl 2024.08.07
C T IS
[ E‘I , JI; :‘ﬂl' A _ i K .
31| % ik i@ﬁﬁ}ﬂﬂ o R B A 1;?5’2 Fe R HAERI TR RNAI A 2024.09.20
32 | Mot | EWL PR -2 A R IS LT 5T 2024.09.25
33 | FSUE | RXL MEERMARKY AR B g S S R 2024.09.27
Capture of regulatory factors via
- . O CRISPR-dCas9 for mechanistic
e S 22
34 | BACR | I HROE analysis of fine-tuned SERRATE 2024.09.28
expression in Arabidopsis
. . .z | Deciphering plant reproduction:
35 | Bk I:);;;Fro j(ltgj[g;;%é%lﬁﬂ The role of agamous in 2024.09.28
BN PN hermaphroditic strategies
, | T, PEROVREBE | YR S LT B SR A
36 | RS . 2024.10.11
AR o B
37 | A | BRI ARERMRRY AR B s S s 2024.10.11



https://bsw3.naist.jp/ito/
https://bsw3.naist.jp/ito/

(N

State Key Laboratory of Plant Environmental Resilience (SKLPER)

? W V.
B BIEAN | mEAEAL. B wEBHE - a=g=p il
N Y _EH_ ® %D_[) I A
38 | gt | A7, mok iR | BIERTIEEE IR a0 101
\ - . KRR HEYIR R T BT
39 e JKZE, AR K2 N . 2024.10.11
MR | TR, Ak Kok ) B
40 | F& g | i, HHERE A+ ) RNA % 2024.10.18
jﬂ"gé s > = 2 \
41| HEE | iR, SRRl ;f%% HFBAIESEHN | 5004 10,23
Shaul Yalovsky, Tel Molecular switches: masterin
42 | & 8 | Aviv University stomatal contral 9 2024.11.05
CRERIGER R
Ar7KAE, HEFFEBL T | Molecular genetic basis of dent
#
43| = TR =2 5L 5 O kernel improvement in maize 2024.11.05
Perception and signal
i 2| fRilis, A8 =2 transduction mechanisms o 1.
44 | A | fREIE, RERMARRE d h f 2024.11.05
extracellular auxin in plants
Roy Weinstain, Tel Aviv | 00 e on of
45 | {# 2% | University dventiti . i 2024.11.05
R 2% ) adventitious roots in recalcitrant
LA woody plants
; - N Auxin facilitates lateral root salt
an N ALY
46 | 15 B TORE, AN avoidance via activating SOS1 2024.11.05
Elucidating the physiological and
Nir Sade, Tel Aviv molecular function of candidate
47 | {H 2% | University genes regulating root hydraulic 2024.11.05
CRERigER K5 architecture of monocts and
dicots
Phennomics accelerates
48 | fE 2B | BESLfR, fErpRORE drought resistance gene 2024.11.05
discovery and application
Structural and functional
- . ; . dynamics of photosynthetic
B0 Y 2
49 | fH # | FRICHT, WEORA protein complexes during light 2024.11.05
acclimation
The blue-light receptor CRY1
50 | 28 | xIEWE, RYIRY serves as a switch to balance 2024.11.05
photosynthesis and defense
Hilla Keidan Toporik,
51| @ o The Hebrew University Modularity and heterogeneity in 2024.11.05
of Jerusalem photosynthetic antenna systems
Qs EP PN
ERERUETY o Physiological and molecular
52 | fi 2% gzg;éé\ikﬂ%ﬁﬂ’ﬁ% responses to high light stress in 2024.11.05
FIIIL maize and rice
Yotam Zait, The
53| @ o Hebrew University of R_eenglneer crops for a changing 2024.11.06
Jerusalem climate
R B A A fE R RS
Tzachi Arazi, Volcani MADS gatekeepers: ovule
54 | & 2% | Institute protein complexes ensure 2024.11.06

CAEA RN BT L)

fertilization-dependent fruit set

.27.



EMESHNEEERSSNE 2024 FEIRE

WA | REAS. B HEME 5 I
A novel cytokinin transporter
N . “ contributes to panicle
S5 | M | KL, WAL development zfnd nitrogen use 2024.11.06
efficiency in rice
Alba proteins confer
thermotolerance at seedling and
56 | fH 2 | ERfnE, bR K reproductive stages through 2024.11.06
stabilizing specific mrnas in
stress granules
- o2 e Temperature sensing and
57 | i 2% ek, TEA B geneF'zic basis for chil?ing 2024.11.06
o tolerance in rice
Lidor Shaar Moshe, Unraveling the cellular basis of
58 | f§ 2% | Haifa University it tol g the tomat 2024.11.06
G2 ) salt tolerance in tomato
Tamar Avin
Wittenberg, The Exploring stress-related sugars
57 | 8 #% | Hebrew University of plorng 9 2024.11.06
Jerusalem as plant autophagy regulators
s EP PN
Cysteine redistribution during
: : oxidative stress: balancing
60 | f& 2 Rachel Arr/llﬁr; ISLHaI glutathione and methionine for 2024.11.06
College (&) plant protection at the cost of
growth
Robert Fluhr, Stress-generated singlet
61 | f§ 2% | Weizmann Institute oxygen: a short-life molecule 2024.11.06
(FH2 SR with everlasting effects
Organellar genome divergence
and stress response shape the
62 | i & | B&, HRILIWEKE cytonuclear co-evolution 2024.11.06
coordination within alloplasmic
cybrids
Simon Barak, Ben Stress-ready or stress-reactive?
63 | f# 2% | Gurion University That is the extremophyte 2024.11.06
(ARl L2 K5 question
Infection strategy of biotrophic
64| 1 @ EH%Z‘S, PEAEARAMFHLR | rust fungi: invasion and 2024.11.06
= manipulation of host immune
responses
o | e, TEREERLE % | Precision genome editing for
65| 4 = H5REWMAN future agri?:ulture ’ 2024.11.06
AN Bt VB K
66 | WUE | AL, FTRHEAE ﬁ[;UC PS A SHIINEERENAI | 5024 11,08
oo | AR, TPEBREARE A | AW P R B
67 | RS | ey W BT 5 5F 4 20241115
Epigenetic control of gene
68 | BiltE | w ok, JbniR expression by cellular 2024.11.15
metabolisms in plants
69 | A | ST, JHKREE REDGF WL 5 A 2024.12.08




State Key Laboratory of Plant Environmental Resilience (SKLPER)

g BN | AL, B A 45 B
70 | wme ;ﬁgﬁ PEREBN | e om eeis 1 ) 2024.12.08
71| ARAEE | NI, A ER K A NAT T FH 5 FHLH 2024.12.08
72 [ Haad |, Aol | kR LRl | 2024.12.08

.29.



EMESHNEEERSSNE 2024 FEIRE

(D) EEAMS ISR E

critical for maintaining intracellular
phosphate homeostasis in rice

5 15 ORI [ Pt i
aNs

=~

| A R SWEH | SWEW
An evolutionarily shared formin
—— protein INFO-mediated different % 6 Jm W KEY)- A
1| RHSH symbiotic intracellular infections in WA [l J oK S 2024.01.07
legume and non-legume plants
Optimization mechanisms for o ; i
2 | HK'E | symbiotic function of broad-host-range ;ﬁﬁi‘%ﬁ i 2024.01.07
Sinorhizobium fredii PEERAS
Deciphering the pH adaptation of faba | ; L
3 | & {& | bean rhizobia via comparative - GEE?:%? s 2024.01.07
genomics PR 2
N T RPUKBE P& 5L A, 7 FHLHIFT | 2024 4F New Crops
4EIR ] e T
5 | Fup AT KRB IR H R ARG K e %Zﬁééﬂiﬂéﬁﬂﬂ 2024.03.02
& R
[V SR L
6 | /el | ToKE R P E S SR s e RS g o 2024.03.20
MV IS 77IIN
7 | B/NAL | FORKERLIN A AR RN BHE R | %% 2024 SEAEY)Y A | 2024.04.23
WD 7
FERAED AR HIRTIEOR: R | L., o
8 | WM | BREEAL KRS (VDAL) 61, i@ggﬁz%ﬁ%ﬂ% 2024.04.17
DhRET 7t 5 M B =
o | WRRIHE | RIHT-ATROE VRS BUWEMEREN | 5094.04.25
SFEEARH &
- \ . o | G E TR
10 | #EAR | K WAKMWAKL J40 3700 LR 7 AN 2024.04.25
e s . | 2024 FREGHEY)EY)
nee Eggﬁa%&ﬁw%&mﬁ%ﬁﬁ% SRR ST | 2024.05.10
! JIPB &S
2024 FREG D EY)
12 | 5k | HEAR R AT PR A KL BT 5 PRI F AW <% | 2024.05.10
JIPB &2
2024 FERG DD
13 | Ttk | MR E FME S 0 7 T | AR AR 2 | 2024.05.10
JIPB %4
NN | BB e IR
ez - N 73 =7y
14| £ % f%@ﬁ%%ﬁ TS R AR R b A E T | 2024.05.11
4 e
=~
Molecular regulatory mechanisms of | 2% EEY77 7> 4%
15 | BfLi | phosphate uptake and signaling in 53R HEBRifT | 2024.05.11
rice £
Phosphate-dependent regulation of s Sy
16 | #HmE vacuolar trafficking of OsSPX-MFSs is G 2024.05.11




State Key Laboratory of Plant Environmental Resilience (SKLPER)

RAE TN s SWEHK | SWEM
Evolutionarily conserved formin T
s | Protein facilitates intracellular WA HAEZ ¥
17 | M symbiotic microbe infections in BAZ X E Friff it 2= 2024.05.15
legume and non-legume plants
18 | ot | zZmwake gtk etebe | D P EEIR 2000 05 16
7 =k HE T i
19 | Bk gi;ﬁﬁ@”ﬂﬁmimﬁﬂ%mug 2024 Iz 111 4x1% 2024.05.24
20 | KL | AEYIAMBER R T AR L HUE S R | 2024 kil 25X 2024.05.25
21 | £ B | B SO A R LS 2024 1l 2y 2024.05.26
hEARRAEAR
o WhFh ., MaFHh. SR EEM. R | RS ORI
22 | FEJK e e 2 T4 Tl 2024.05.30
LYk =
FEERAED) P A THETHBOR: IR | o e 4y .
23 | JLEL | BHEE A% KRS (VDAL) FIES4E iifﬁg’ﬂﬁz%%% 2024.06.24
(VIP) il 57 e
wa e | Molecular regulation of cold tolerance 13 Internatianal
24 | MBEE | o bidonsis and maize Congress of Plant 2024.06.24
P Molecular Biology
Beyond Legumes: Harnessing aBIOTECH
25 | ZEfE | symbiotic insights for revolutionary Conference-f{if T.#2 | 2024.06.27
nitrogen fixation in non-legume crops | B 78\ BHS 615
R KR W ER-F A
SRR TS SRR ILEM | T o
26 | fasper | S APRSSIY PRSI oyuge ok mn | 2024.06.30
FROHIB 25
FERAED A ATRIIBAR: EY% | B maEEw A
27 | MEL | EEEALEKRT) (VDAL) FgEst | A SEWEMZA | 2024.07.01
(VIP) B 5 R H N
5 A E A A i
28 | WAE | BRI ERBHA 2> T AL EY) E MHLEWEF AR | 2024.07.01
K&
TP RS2 L E R | 2024 T EH (RIF) b
\NY
29 | ML VIR T 2024.07.05
The 11" International
. Molecular mechanisms of plant Horticulture
30 | Mtk response to cold stress Research 2024.07.14
Conference
Evolqtionari_ly con_served formin
su| sy |Broens fecite uecelllar | g ks | 2024078
legume and non-legume plants
) O MR IV IpUAS : =
32| M | pp i L R PRERIRIELIN | 4 pgocs | 20200708
33 | Tk | MR RS SR A SRS LA | 2024 RIS | 2024.07.26
‘ o N = e EEES
34 | A | MWEE TRAELIETHS H WL R o 2024.07.26
N 2024 FEAREYE N
Ll TEAN 7%
35 | ¥ A | A ERALERT T LB R o | 2024.08.01

.31,



EMESHNEEERSSNE 2024 FEIRE

Y

RAE TN s SWEHK | SWEM
Plant rhabdovirus regulates activity of Asian Conference on
36 | EHkfe | insect vectors for efficient Plant Pathology 2024 2024.08.03
transmission 9y
U maERYED
37 | BKIL | R RS FRR R A K AL | A S YY) | 2024.08.03
RS
Mechanism of heat stress responses R b R S R
38 | THtk L(Tg#tlgted by receptor-like kinases in R A 2024.08.06
e Biochmical mechanism of TIR- (ER/BURL VRS EI N
/) x® X triggered plant immunity & N 2 AR A 2> 2024.08.06
" Phosphorylation mechanism of the T 85 R S5 3 85
40 | “AEHI phyA photoreceptor 3P E AR £ 2024.08.06
2 ELM AN ES
Al | B | B ERERAL T RN ARSI TS | A — | 2024.08.09
UCFARRS £
‘ Va7 - B TR K | 2024 R EEYERS
)
2| R | gt e m s I EEAER | 20240009
43| vl | iR e R | Lo B EEREER ) 2004 0810
4| Bba | ke g | Lo BEERRER ) 2004 0810
. Bt —Jm BN
45 | W | JOKTRE PR A 20130 1 HULE Tl ks | 20240816
Maize smart-canopy architecture 8= e EEY
46| HF enhances yield at high densities FFEHE KRS 2024.08.19
A calcium-dependent protein kinase U -
47 | %W K | mediates quantitative resistance to E;E£)Eé1ﬁ% 2024.08.22
multiple foliar diseases in maize S
h EAE ) AR B S )
Root dynamic growth in response to ATENZEF R 2024
48 | AR stress: A stem cell perspective iéiifg%ﬁ; 2024.08.25
NS
i E A A B S )
MRS 2024
49 | HathEE | KA MR 5 5 AL FREPARFESBN | 2024.08.25
T= A E s R
K&
A A B S )
VAN PYANTAYNS
e R e b e | T T EMTAE R 2024
50 | iﬁiﬁ%ﬁmﬁwﬁ%ﬂé& ERIDT | i hmop Rir 2w | 2024.08.25
ot oA RS ARE
N

.32.



(N

State Key Laboratory of Plant Environmental Resilience (SKLPER)

| A s SWEH | 2WAW
rh EAE ) A B S )
T A4 2024
51 | Mg | MWEE TRAEAILETHS EREFARFESYS | 2024.08.27
= E s AR
NS
FERED A AETRIEAR: Y% | 5B JaEy e s
52 | JLEE | BEshE A4 K7 (VDAL) HIgIH]. FIBEAEMRIBGH A e | 2024.09.05
Dinent s 50 H ST
53 | IR | TORTEREREERA TR | 2o o0 0 | 20240005
EEARAEY A T BOR: HR | : 2
54 | JLEE | EHBIEAYE KRS (VDAL) FIEE 2% ﬁg%’f%ﬁ@iﬁ 2024.09.06
(VIP) ol 5 i i e
HEEY A
e e WA 4 AR AR
55 | W | F KM= pRBL s B 71t AL Skl W R e E 2024.09.12
o e N
y . — —_— Molecular Plant {E%)
56 | HifLtE YRS P RRBAMN 5 F R ZAREEMEHNT | 2024.09.25
! wix
ERRIEI TR fins | 2000 1S LR
57 | BLER | EEEA4EKS) (VDAL RUgts: | T o 2024.10.11
(VIP) #5115 B PR
I BUES
" Molecular mechanism of far-red light | HY& BAEY) FRTH
58 | Z4kKI signaling i 2024.10.11
Plant virus-encoded viroporins: The 7™ International
59 | E@kfe | biological functions and inhibitor Conference on Biotic | 2024.10.13
screening Plant Interactions
Symbiotic compatibility mediated by I —
. | nonorthogonal integration of key - HAEEPRZ
60 | MK symbiosis genes in broad-host-range | i 2024.10.14
rhizobia
- o \ B (SRR K
61 | EEK | IVEE, Frtirrbing? T 2024.10.15
62 | FadcHE | LR b s | 20or FERBTER 50941017
FERES
F=t—mEh EIE R
= RAMEL--EEAL. . L8 | FilkKe--55 00 e
83| ERX | s ms B R 7 e | 20241048
LR 478N
64 | 4N | TLOGIE S 25 T HLS ;gﬁgﬁ%%ﬁz 2024.10.18
o | YRR RS SR S S A5 | 2024 A BT R
65 | KK po s R o 2024.10.18
| T ERBECOK GRS i R AR | RS IR e
56 | MRE | sty mpepim ARG s | 20241018

.33.



EMESHNEEERSSNE 2024 FEIRE

Y

RAE TN s SWEH | 2WAW
The technology for updating Crop World life Science
67 | JLEL | variety: The application of VDAL and Conference 2024.10.19
VIP protein WLSC2024
. Stomata regulation of cold tolerance 46" New Phytologist
68 | HuE | plants Symposium 2024.10.21
" Melecular mechanism of phytochrome | 2024 Jt& 1 H [E Brij
69 | 24N A signaling e 2024.10.24
Hh E FE A0 B 2
B R HIEY)
70 | B W | REEFSUEMNRE S SRR EAER] | SR EAELZE | 2024.10.25
G4y 2024 FEEARLE
A
=~
o AR BE S 2
AP o AR A LAY
71| Tk Eﬁiﬁgjhxw VISPLATRERERTE | Spimmmnirt iz | 2024.00.25
A4 2024 2 ARAE
A
pay
. o ol H s el ok g e | B AR K
72 | Wik Faﬂjﬁéﬁ PRI ERETRE R | oy pmsp el | 2024.10.26
BT R RS
- N Ft— e ET R
73 | WEL | ABA (G SRS ALIZE) Y e b 2024.10.26
ra |yt | s T O Sse s | AT 2000 10,91
. e e SEEYERRES
75 | MK | AP ER BB IE AL AT N A | 2024-11.01
e e ok ) 7 e B 15 54 2024
76 | HoF | KRR ERRAL AR BT oy A Sl e ﬂﬂg - 2024.11.03
Efficiency and yield increase
- technologies for major crops: the The 8" Yellow River
7| s application of plant immune eliciting International Forum 2024.11.08
proteins VDAL and VIP
" g f ; 2024 SFWEEY) 5
78 | UKW | BLGE T R T Wt b E s | 20241113
A - - _ H ‘u ;§ N 'QL'
70| W m %iéﬁ%ﬂg ;UG BEH3 ki % /) i)f; 2 EEYAEY T 2024.11.17
PR B2 A S SR R | 2024 e EEYEY) Y
80| T | ip e o 5 R LI Ko 2024.11.17
= N 2 M SRR =2 ALY FAN Y,
81| Ftg g%%ﬁm@mwﬁa&%m THL 33/2:1 S EEYEY Y 2024.11.17
~
TETR SRS AR R T BB K i) 401 | 2024 2 [E Y EY)
82 | ik WL 5 St 2024.11.17
> = DEITY It A 2
83| % iﬁtgj TIR 25500 & H BUE S s A=A 33/2:1 S EEYEY Y 2024.11.17
~
L~ | PE6C KifE#m |/ 15 MEERZIR | 2024 4 FHEY LYY
84 POVE | sepmma) samuce K 2024.11.17
v | SROME SN TR B AR | 2024 4 EE A
85 | Motk o 12 g Bl St 2024.11.17

.34.



(N

State Key Laboratory of Plant Environmental Resilience (SKLPER)

FF " "
B wEN wEBHE SWATR WA
Role of vacuolar phosphate International
Conference on
transporters OsSPX-MFSs on . )
- S Genetic Basis and
86 | #H#& | maintaining intracellular phosphate . 2024.11.17
' . S Molecular Breeding
homeostasis and their regulation in L .
. . of Abiotic Stress in
rice (Oryza sativa L.) Rice
SYP121-mediated Exocytosis
87 | f 2% | Participates in stomatal opening in ?24 Plant Cell 2024.11.29
) . iology
Arabidopsis
. . 2024 4 [FH FELMV A
. i R Rl B I (R 90 1 it N
88 | Fyikk E%ﬂﬂ G B RAZ 4 . WL AR T K LR FLRTEIF | 2024.12.06
iR N
Ffz:
\ e 5
80 | HBAHE | KUV RN SR T LA o R 20241206
o | ANEIRBINDE . ST S AR R | 20 F R R
90 KE | oty e e | 2024.12.07
HRE | ey MR RIS IE

.35.



EMESHNEEERSSNE 2024 FEIRE

&

(=) EEWIIMNFE

$AEEIN AEHH BrEmm | AW
1| 4N | 6T R 2 T AL ARABAM R 2024.01.14
Evolutionarily conserved formin protein
g | facilitates intracellular symbiotic microbe e
2| R infections in legume and non-legume HAESRS 2024.03.05
plant species
3 | mKE Irmggg?gon of key symbiosis genes in A A e 2024.03.05
4 | EEK | MEEMLRER A T " ﬂ”ﬂmq%f&ﬁﬁ 2024.03.11
5 | e giﬁijﬁ%ﬁﬁ‘c%%ﬁ?ﬁﬁ%mﬂﬁwﬁEl%\ P e 2024.03.19
6 | MiltE | MYIPUE R TR AL S PN 2024.03.23
7 | e *E%ﬂﬁﬂﬁ&?ﬁﬂ%ﬂﬁﬁﬁ%ﬂ#ﬁ (G JeiEIk 2024.03.25
8 | Z=akR glilgrl](;c;iunlgr mechanism of far-red light D 1] ol 2 2024.04.01
9 | FBUNI | mLOGIE 5 SR T LA IS 2024.04.02
10 | R 3 | HEYHUR R B0 S 4 T L RN 2024.04.11
11 | %N | tBEORAGETHS PN 2024.04.12
m | The regulation of SNARE-mediated n
12| = membrane fusion in plants TR 2024.04.18
I=§ cEe s /‘j%‘}<“uﬁ\§~“
13 | gy | o BRRARERAERIESRL ) ggpnnr | 20040425
10| Thppk | 2 HRHRRISEERINAID i | 20200028
15 | TRk | A RGNIR RO B a3 5 HL A i ROl K 2024.04.29
16 | Z9kNWI | SbBBER A BERRALE 2 L SR = 2024.05.10
17 | it Eﬁ@%ﬂ%&%‘ﬁﬂﬂﬂbﬁﬁ‘]ﬁ?%m% PEEHE A | 2024.05.18
18 | IR | ZmWAKL 5 B KK B L] LN 2024.05.21
19 | f§ 42 | Regulate SNARES in plant cells HE R R 2024.05.24
. . [ R L
Y £ ) =W %‘: ‘E{l E‘ = . . .
20 | st | ARG N ARG S TR Sy | 20240528
21 | EEIR | delih. Fiiri B SRER S & ARABAM R 2024.05.29
22 | FiE | A AR BB 1R 4T AL L ZR AP R 2024.05.31
23 | ME | RGNS MRS 5 IR R TR 2024.06.05
24 | FENI | BLOBIE S5 T HLS BT KA 2024.06.06
25 | Wpipte | AR B 2 TR AL BT KA 2024.06.07
26 | A | fHY SOS2 Wi T i EEHLHIRT 7T UK 2024.06.11
27 | Bpite | ARG S N RIRAE S JEHTRAl RS 2024.06.13
28 | ¥ & | HH4 SOS2 B T i #EHLHIBT 7T LEPN 2024.06.25
29 | M4k | YIRS TR A E ST WL K5 2024.06.27
30 | BALEE | EWBER IS, B9 RS R FEILRMEH RS | 2024.06.28
. Molecular mechanism of plant g owe
31| WrislE responses to cold stress HIIE S 2024.07.01

.36-




)
\f.’f

State Key Laboratory of Plant Environmental Resilience (SKLPER)

A B Vewmf | AW
4] (= o7, == Hi=E
TR fFEHT
33 | mifE | TR IR = iR 2024.07.14
" Molecular mechanism of far-red light - N
34 | ZYkRI signaling RIIR 2024.07.22
" Phosphorylation mechanism of the o ps v
35 | ZE4kKI phyA photoreceptor ETIPNE i 2024.07.23
. Molecular and genetic basis of cold 2
36 | MIBE | erance in maize INlIPNES 2024.08.08
X ERBPE T Y AEFF A B T pH RS e
H /\l ¥ =
37| WKH | s WAIBERE | 5024.08.00
Mechanism of heat stress responses
38 | TH##k | regulated by receptor-like kinases in PUAbARMEHL K | 2024.08.16
plants
39 | 5 & | BRI RO A T EARNEAT R | 2024.09.02
40 | RUIR | FOKPUKIER B R 12 3 S HLHI 0 A RO 2024.09.04
+ | NPF-mediated potassium and nitrogen e N
al £ R transport in plants R AL 2024.09.04
42 | ¥ F | M Y LEEEA EiPNGS 2024.09.19
43 | BRUIR | FRFUKTLIw T 7T AR BH 2024.09.20
44 | RUIR | FOKPUKIER B K A B L ELN 2024.09.21
Y4 PER E e m
as | qy w | I PAIRIIEIROP GTPases | FHNTE RS | 2024.00.23
= VL = L, L\
46| Erg | AREESUE BRARERIT A pggenger | 20240025
47 | Bpipte | FOKRMEE R o e RR % 2024.10.01
48 | 1% I8 | MAPK JUKE S IHEBHEYAEKKE L P E R 2024.10.09
. | NPF-mediated potassium and nitrogen / N
9| £ R allocation in plants RS S 2024.10.10
50 | B & | W LA 5T Ll ZR e R 2024.10.11
51 | F4kWI | AERERF EEOLIAEEN ABA 15 Sl e ol K5 2024.10.17
52 | i 2 | WEEYM RIS L P E R 2024.10.21
422 A A7 G 2Ly gk LR P2 .
53 | gy | o EATTRIERERITRR. ey | 2024.10.24
= - | ROOt dynamic growth in response to - .
54 | S | Giregs: A stem cell perspective IR LR 2024.10.30
= - | ROOt dynamic growth in response to 2
55 | JAICH stress: A stem cell perspective LS SN 2024.10.31
56 | ik | YT SE £ HAEMPUREEE M Hh [ B e K 2024.11.07
RFEZKRBACM IR yb AR TR G \ e
s 2 e
57 | ZKAH SO P S T R AR 2024.11.08
Evolutionarily conserved formin proteins
gm | fAcilitate intracellular symbiotic microbe ; “
i1 3 piva
58 | S infections in legume and non-legume GRS 2024.11.14
plants
59 | IRUIR | W HCE MR IED b ER IS 2024.11.18
60 | ¥AE | MY SR I R LAY B A LN 2024.11.22
61 | FRUIR | FOKE B R o B AR H VLR8BG 2024.11.22
62 | IRHIR | KGRI FER St A AR R A 2024.11.23

.37.



S EE AR E 2024 FRHRE Y

E; YA R Yepmf | VAWM
| CRRPMEEZ” IR K E R SRR " .
63 | MK by s JE = N = 2024.11.25
64 | R I | VPR E AEGE RIZ R0 L bR 2024.11.29
s | TEERIRN G N N T SRk Eh 71 IO
65| M A SR A B iy = 2024.12.04
66 | HKE | MR B vz SE DR ZH i 4R AL IR AR 2024.12.09
e | AR BRI AR B Sl P AR A 0 s [
67 | HKH T TEE kK2 2024.12.09

.38.



State Key Laboratory of Plant Environmental Resilience (SKLPER)

T\ FARHALUERR

FF| AR
B | pa FARHAR LR %
1 | Bilse HEMEYE S LT ER = =K
2 | e HEEMERSEY S TRV F S i
s A EETRENE
3 | mipte HEEY) 2 T
N RG24 A T
4 | e ¢Eﬁ%$ﬂ5ﬁﬁi;§2%%zﬁ%5ﬂﬁ e
5 | itk N TR P RBEA SRR E TR RS Al AR K
6 | Mtk HA LR N [iEiss ]
7 | e LB ST ERVRES B LRSS =K
8 | £ ¥ [ AL S R O 4 %
9 | ¥ HEEY SRR E RS %
10 | £ % hEBE AT ERAS %
1l E o E YA B S TR ) S A £
BT A2 )
12 | 1 2 HEMEYF S T ER D& %
13 | 1 2 T E Y SR A TR R 4 %
14 | ffF 2 H E Y S SN SR TR A S Il
15 | @ o E YA SR TR S I ) 5
) TR FE SR )
16 | f& 2 gAY e
17 | 1 2 HH LB AR TAEE T &R %
18 | fEXRT LR EY S 50 T Y& [CEisiE s
19 | FHE P EEY S K
20 | BB | PERZGN S RE DAY AR TR R R FHEER
21 | HBEF] P EEY At TR A Jm iR s g2
22 | HIBEF] hEAR SR 25 T R [EEisiE s
23 | 5KBIA H EAR A S HHER 0 25 T R R [EEisiE s
24 | YN HEARAEY A S EYISERE D& %
25 | B4kNI | PEEYEESEYS TAEMF Y SEELEZAS g2
26 | kNI t E Y A R S T A R R A ISR
27 | H F Maize Genetics Meeting Steering Committee Repr’::ﬂative
28 [ W+ HEENE S BN ER S K
29 | H F HEE SR TR R RS GISERS
30 | H F T E A R R A g2
31 | e EEY S LR T g2
32 | EEK L R A 0 & g2
33 | EEK A [E AT A AR A R R A 4 %
34 | EEIK [ A= A s R A 4 %
35 | BRHZ%E Hh [ gL A o B K O %
36 | K6 H EEY RS YRS TR R EESS
37 | £kl [ AR PR s e
38 | Fkix b [E AR LA Y S AR BAE Bk R FIEREEIA

.39.



EMESHNEEERSSNE 2024 FEIRE

FF| AR

B | ma FARHAREZK R
39 | Tihs *EEE%@%+*%§%§%%EEE%EE¢ £

=

40 | Fmkte P EMEY SR TR R g2
41 | HKE AR FACRLE I PR & R 2% %
42 | HKE FE B iR B 5 I E KR s %
43 | HK®E HE R AR S i
44 | HKE AR AR ZE S WAEME AR & [iEiss ]
45 | HK&E A S AR e TR A g2
46 | HK®E H B A F R AE Y TR R %
47 | HKE EMAEY A S B E TR A %
48 | HK®E AR WMAEY 5 i
49 | Ak WL ER S TAEY Y& HEK
50 | Azt hEEYAEESEY S TAEY S FIESERS
51 | XIZEFE WL ER S TAEY ¥ FBEIERS
52 | XIEEFE HEEY AR SEY S TEYY S HE
53 | AHiE WHLEHEY R SED D TAEY P4 HHEK
54 | B | PEEWERSIERESHEWE RS THEBETWRL S B EREE A
55 | Bk WL ER S TAEY Y& LIRS
56 | tRalH] WL ER S TAEY Y ¥ RIS K

.40-



(N

State Key Laboratory of Plant Environmental Resilience (SKLPER)

T FERBFMER

FFS | NRgE4 BT 2K RS
1 e Plant Cell Reviewing Editor
2 e New Phytologist Editor
3 MiRg Science China-Life Science Editor
4 Mite Journal of Integrative Plant Biology Editor
5 Mg Journal of Plant Physiology Senior Editor
6 Mg Stress Biology Editor
7 e Molecular Plant Advisory Board
8 MriE T FAR FlERT]
9 oA Plant and Cell Physiology TR
10 ;A Journal of Genetics and Genomics TR
11 HEL Journal of Integrative Plant Biology B
12 T % Journal of Integrative Plant Biology Editor
13 T % New Phytologist Advisory Board
14 T ®% New Crops Editor
15 ESE Science Bulletin Editor
16 IS T AR e
17 i 2 LA B R IES
18 o 2 New Phytologist Advisory Board
19 o 2 Journal of Integrative Plant Biology TR
20 7= & Molecular Breeding Associate Editor
21 &= g Trends in Plant Science Advisory Board
22 7= % Plant Journal Associate Editor
23 = g Plant Molecular Breeding Associate Editor
24 % g T FR TG
25 ZEAkHI Journal of Integrative Plant Biology Editor
26 24N Stress Biology Editor
27 24N New Crops Associate Editor
28 FHR Molecular Breeding Editor
29 IR Theoretical and Applied Genetics Editor
30 R Crop Journal Editor
31 IR TEV 54 il 3
32 IR FAF CIES
33 H =+ Journal of Integrative Plant Biology Editor
34 H =+ New Crops Editor
35 H Molecular Breeding Editor
36 B F TE 4k EIES
37 H F op [ RO R IES
38 IZHNAR New Crops Associate Editor
39 FH 7 ] Journal of Cotton Research TR
40 HH I8 i) R4 CIES
41 PRI PN AW FAR FAR CIES
42 178 = BMC Plant Biology TR
43 BRI % A R SR CIES
44 R L% Frontiers in Genome Editing YT

A1,



EMESHNEEERSSNE 2024 FEIRE

S | AR EURIIEY s HR%%
45 R 7 New Crops TR
46 TRA Frontiers in Plant Science Reviewer Editor
47 TRA International Journal of Molecular Sciences Section Editor
48 TRA International Journal of Molecular Sciences Y
49 WYk G P AR AR RS
50 WYk G ANV AP AR EIES
51 MK E International Journal of Molecular Sciences Y
52 WMk E IR i B2 A Wz
53 THHE BMC Plant Biology TS
54 K& Microbial Biotechnology YT
55 H K Journal of Bacteriology Y
56 H K& Journal of Systematics and Evolution Y
57 Tk K 5 Frontiers in Microbiology Reviewer Editor
58 KK 5 Molecular Biology Reports Section Editor
59 k= Crop Health HERE
60 WA E Journal of Integrative Plant Biology TS
61 WA E New Crops i
62 ik Journal of Integrative Plant Biology TR
63 ik New Crops N
64 e aBIOTECH CIES
65 R Annals of Botany H[X G 2
66 FR Journal of Integrative Plant Biology TR
67 I RE BMC Plant Biology BIETE::
68 KGR aBIOTECH TS
69 I Science Bulletin = RE Y ZE
70 FHEE Frontiers in Plant Sciences Yt
71 FHEE Plant Physiology and Biochemistry Yn e
72 5B HE TE A A B 24 EIES
73 BAL Frontiers in Plant Science TR

42.



State Key Laboratory of Plant Environmental Resilience (SKLPER)

= HLEAEEANR

Fgs | S /s A B 575 ) 1E S50 = AR H TR
1 | BBE | £ 7’ A0 HIR 0o 7 DB
> | e | BT | PR B % LTI [ i
3 | BE | ¥ T TR I T HLBIHT
4 | RiE | Fmen] TEE L B B LRI (i
5 | Wb | W | (PR e B ORI (S
6 | % = | 5 = P T B R
BEEIE P T O R,
8 | % &= | Wil T B T O R,
o | mEx | 4 LA R T AL
10 | ok | Wk I I S P LRI
TR W SR B 4 7B
12 | SR | & & P CABALS S HI7 THLH]
13 | 240 | BEa HE ohyA(S 25 S 7 T-HLA]
14 | aE) | R0 i CHEABAL S THLH]
5 | 24N | B A I ohy AT =5 S 7 T-HLA]
16 | oAk | kR H ) G s A 0 2 e P LA
7 | TRA | B K& F ) G s T R A (o S L
18 | T | & F G s NI B2 RN
THRAC IR A AR
0 | & | 6 & R N ETT Ay R T E
TR IR R B H LB
22 | Bk | % B T W A B AW
23 | B | & o K TR AL R P R
24 | B | B KT R KRR B B AL AL
25 | BT | Wik KT R KRNV 7 L) 7 7
26 | EEL | T B TP TR BT
27 | BE | kT S KUK B U LB
28 | e | i (L TR R B
20 | e | A (L TR
30 | Bfeg | RN o T
31 | B | & 5 T ey
32 | ofeg | LR T F
33 | TR | ZaT T AR

\ | EWAERGEEERE | RS AR B R A A
34| mHE | Rk M 5 R 0 T 5 A R
35 | WAE | Bad || HURER AR IR 7
36 | maE | % BB TSI
37 | B | RRA | BE S RS EGE LR FAIE 2 R PR
38 | Wart | kR PO T TR S A B L DL
39 | K& | B M T KR EHLBIBT

A3.




S EE AR E 2024 FRHRE Y

+=. REBHATIERR

R, %, PENFRRLT. HESB
= EHFES , EIRAKRHE
Fur ik BEAAATEFREEET (1999), BRAHEE

FHFRESIREE (1995) .
s E: EPmARHE, KR TER.
BB 2 FHLBIRTR .

WRrZR

(—) BEAHER

1. RESREEMER. SFESREEEZ 5T

JRETEMAEK K ENEERSES, E2MAMEIN R RIEEEER. SRR, b
F5 A LR IR RO i g R . TERIRGR AR, 2RI ) HEBN /K 23 9% 43 B AR 1) e s
W EES) )y, MR, ARG, RN EE WS, HuE SRR
(oAU E AT ASBI AR . SR00 S AT R B, R T SR P MYB59. 33 I 1F 145 28 -8
FEFINPF7 3K, AT 5K FINOS [l AT i &, 2F i s i S AN S AR et i Rl iz . it —
AR IIMYB59.3FINPF7. 315 AP 7E g h Thiar,  AE)E N K. MYB59.3HMINPF7.34
EAE R R, G, W LE S T LLFEMYB59.3FINPF7. 3K IA KT« HYSHIPIFS/Z
JefE ST IR LA T, HYSFIPIFALE 143 ARG T AIE TR H IR A S, eI DA
Bedh 5 7EMYB59.3 115 2l 1 X 3 1 #MYB59. 3 MINPF7.3[f1 31k . HYSHIPIFS 737l 78 [ R4 . 7%
M EMYB59.3-NPF7. 3 %, MK FINOg AR RA T 262k . 7ERHR A AF AT LAAE Bh
MRS KR35 5 PR I8 5, HYS & FZEAR T AR R HIMYB59.3-NPF7.3% ik,  BAi /b
NPF7. 33 V4 FEFS 5T 780 B2/ S KRINOS A A R 3 2k, PR R #E: BRI T 2
W4y J108 59, PIFSTEAR TP BAEBEMYB59.3-NPF7.3% 1k, M@ L #E A8 i 7 RIESHK FINOS [ A
JoR R B AE R A TS A0S S AR, AT AEFRF ) K 43 R TR 23 AR TR IS i . i 90 45 A N I B
JeAF T IR IR 1 4 F LRI B AL T E ST IR . M OC R © 4 T 202445 11 H # New
Phytologist HATI#1i .

Alternating Inverse Modulation of Xylem K*/NOs Loading by HY5 and PIF
Facilitates Diurnal Regulation of Root-to-Shoot Water and Nutrient Transport

Diurnal light/dark cycles regulate nutrient uptake and transport; however, the underlying

molecular mechanisms remain largely unknown. Transcription factor MYB59 and ion transporter
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NPF7.3 participate in root-to-shoot K*/NOs translocation in Arabidopsis. In this study,
transcriptional analyses and Western blotting experiments revealed the diurnal expression of
MYB59-NPF7.3 module. ChIP-gPCR and EMSA showed that transcription factors HY5 and PIFs
directly bind to the MYB59 promoter. Phenotype analyses and ion content measurement indicated
that HY5 and PIFs antagonistically control root-to-shoot K*/NOs™ translocation through MYB59-
NPF7.3 module. We found HY5 proteins accumulate in root and repress MYB59 transcription
during daytime, while PIFs proteins promote MYB59 transcription in the dark. By which, the
expression levels of NPF7.3 transcript and protein are gradually decreased during daytime, but
increased at night. The enhancement of K*/NOs™ loading into the xylem mediated by NPF7.3 could
increase root pressure at night, which maintained the root-to-shoot water/nutrient translocation.
This study reveals the synergistic mechanism between light signaling and nutrient transport in
plants, and defines a diurnal molecular switch of driving forces for root-to-shoot water/nutrient

translocation.
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Figure 1. Working model of MYB59-NPF7.3 transcriptional regulation by HY5 and PIFs in plant response to the light
and dark.
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2. CPK28 M-SR E T NRT2.1 EERIF T REFHIHER I EEEE

TR 2 K 2 Bt MR W AL 1 2 BT R 2 R DA 338 v S B I 56 Mt — 2 A R
SR A (NRTs), HAPNRT2. 12 5 E B A SR AR R Sh A 18k . NRT2.188 (IS & Fh AR 21
FAM T ZAZRWME, I ENRT2.LEA Z2/MEER BRI A FRATR IS A & s
28(CPK28) IF i ¥ Z RI3F 41 F MR IR R Wi . 3 I 4 % e A B B 20 i, FRAT TR BLCPK28 5
NRT2.1k N BAE. BfjG, FIFH & &S w0 A A EARBATRIL T NRT2.17Ecpk28 5L R4
BRI S SR B H . B R AR A S 56 AR (b s S Ve DA S BN AR 45 7, FRATT R Zh it
UEH T CPK284 7 M HL i R (UNRT 2. 1/(1Ser2 147 s o 7F JICIES BRREAT A A 3 8E AT ) 2 B S B8 485 B o
CPK281) L3k i 2 18 T NRT 2.1 iy S5 At AR Eh IR WSO 26 . [RIINF, 7Enrt2. 1F1cpk28 RALAR T 5t
LSRR, LR FF LR, R RIESer2d i mUBLHLRr 225 B2 (IR & 1 8 B A2 1k
NRT2.1821 58 AWk 52 1 90 A8 14 1Y) o o R R Y T 35k W AT R 77, T 400 A 1l R A IR 2485 1 2 1 A
NRT2.1S2UAMIRBE . 2335 2610 T CPK28 [ £ 1 IS 1 2 35 o X S R N B R R I AE 0 AR AL,
(R RH IR 5 75 Sk B B AR LB 4 TR MME R W% (Yue et al., New Phytol, 2024).

CPK28-Mediated Phosphorylation Enhances Nitrate Transport Activity of NRT2.1
During Nitrogen Deprivation

Nitrate serves as the primary inorganic nitrogen source assimilated by most terrestrial plants.
The acquisition of nitrate from the solil is facilitated by NITRATE TRANSPORTERS (NRTs), with
NRT2.1 being the key high-affinity nitrate transporter. The activity of NRT2.1, which has multiple
potential phosphorylation sites, is intricately regulated under various physiological conditions. Here,
we discovered that CALCIUM-DEPENDENT PROTEIN KINASE 28 (CPK28) positively regulates
nitrate uptake under nitrogen deprivation conditions. We found CPK28 as the kinase targeted by
immunoprecipitation followed by mass spectrometry and examined the in-planta phosphorylation
status of NRT2.1 in cpk28 mutant plants by employing quantitative MS-based phosphoproteomics.
Through a combination of in vitro phosphorylation experiment and immunoblotting using phospho-
specific antibody, we successfully demonstrated that CPK28 specifically phosphorylates NRT2.1
at Ser21. Functional analysis conducted in Xenopus oocytes revealed that co-expression of CPK28
significantly enhanced high-affinity nitrate uptake of NRT2.1. Further investigation using transgenic
plants showed that the phosphomimic variant NRT2.1521E, but not the nonphosphorylatable variant
NRT2.152'A  fully restored high-affinity >NOs;— uptake ability in both nrt2.1 and cpk28 mutant
backgrounds. This study clarifies that the kinase activity of CPK28 is promoted during nitrogen
deprivation conditions. These significant findings provide valuable insights into the intricate

regulatory mechanisms that govern nitrate-demand adaptation (Yue et al., New Phytol, 2024).
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Figure 2. CPK28-mediated phosphorylation enhances nitrate transport activity of NRT2.1 during nitrogen

deprivation.

3. ZMCRK1 ¥ F & H-ATPase Wi B T kT 5 Bl B AL &I BT 55

TR E YA KR g S LA EAE A T b e B e R . SRS R
JEE AL 5T ATP BE(PM H*- ATP ) FE2Edt LTI F5E T, BysmR(ABAE ALK
RESEM. HfHAEE PM H-ATP Biinf125 ABA & SIS FLOC TN . A ST 70 K L
SR B U A DG ¥ S AR A zmerk L RABIR BRI B JoK g, X ABA 55 AL OGP RIURR
PRSI, T 5 R K S R IR 3R . I8 LCI. BiFC #1 Pull down S2i45 S B8 ZmCRK1 5
Tk PM H*-ATP B ZmMHA2 H1 ZmMHA3 4 KA EHAE, ZmCRK1 B 1k ZmMHA2 C
Uit Ser-901, LR FIRIETE. ABA BRI BUETE H*-ATPase, SEIR DAHMIAM] H i iE
K, SR ZMCRK1 i ik bk &M zmmha2 SZ R+ ABA 7531 HAMIEJSS, zmerkl RAKR) H-
ATPase JEMEAEIE W 44 T REm TH AR, ABA A5+ PN H o MEE 2% K T B AR,
zmmha2 FARES AR kKR, X ABA 153 10 SFL G P BIUSHE FRAIS, 5l 1 2K 5 H A7
R AWFFRIL T ET R0 R E H-ATPase i MERIE A ZmCRKL. fE/K% 78 2 %%
T, ZmCRK1 B§A ZmMHA2 S| FE T, IR P4 HH MR D, SALITIF, BRI IE
WK, ETEHMAT, ZmCRKL H AR, HIFSHX ZmMHAZ MHIHIIER, HYS MG, M
SEHAALEA, LUENTEMHE (Liu et al., New Phytol, 2024).

ZmCRK1 Negatively Regulates Maize's Response to Drought Stress by
Phosphorylating Plasma Membrane H*-Atpase ZmMHA2

Drought severely affects crop growth and yields. Stomatal regulation plays an important role

in plant response to drought stress. Light-activated plasma membrane-localized proton ATPase
47,
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(PM H*-ATPase) mainly promoted the stomatal opening. Abscisic acid (ABA) plays a dominant role
in the stomatal closure during drought stress. It's not clear how PM H*-ATPase is involved in the
regulation of ABA-induced stomatal closure. We found that a CALCIUM-DEPENDENT PROTEIN
KINASE RELATED KINASE 1 (ZmCRK1), and its mutant zmcrkl exhibited slow water loss in
detached leaves, high survival rate after drought stress, and sensitivity to stomatal closure induced
by ABA. The ZmCRK1 overexpression lines are opposite. ZmCRK?1 interacted with the maize PM
H*-ATPase ZmMHA2. ZmCRK1 phosphorylated ZmMHA2 at the Ser-901 and inhibited its proton
pump activity. ZmCRK1 overexpression lines and zmmha2 mutants had low H*-ATPase activity,
resulting in impaired ABA-induced H* efflux. Taken together, our study indicates that ZmCRK1
negatively regulates maize drought stress response by inhibiting the activity of ZmMHAZ2. Reducing
the expression level of ZmMCRK1 has the potential to reduce yield losses under water deficiency
(Liu et al., New Phytol, 2024).
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Well-watered Water stress

B3, ZMCRKLI# T Kk ZmMHA2{E 1 1 LB
Figure 3. Working model of ZmMHA2 activity modulation mediated by ZmCRK1 under well-watered and drought

conditions.
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zmspx3 RAEWRIMPTFIE, EICHIBEES B RKH zmpt7 RAEN T+ FBUK. 2 RN,
ZmPHR1 & Pi TS5 57 HEEZOER, BERSHYERHEE 7 EABFEE. W TR
ONFZIR A TR E IR e OIS | I ) St i DA SR o JEL i, 6 BRI FE 45 R SR AE Plant Biotechnol
J (Tian et al., 2024).

ZmPHR1 Contributes to Drought Resistance by Modulating Phosphate
Homeostasis in Maize

As an essential macronutrient, phosphorus (P) is often a limiting nutrient because of its low
availability and mobility in soils. Drought is a major environmental stress that reduces crop vyield.
How plants balance and combine P-starvation responses (PSRs) and drought resistance is unclear.
In this study, we identified the transcription factor ZmPHR1 as a major regulator of PSRs that
modulates phosphate (Pi) signaling and homeostasis. We found that maize zmphrl mutants had
reduced P concentration and were sensitive to Pi starvation, whereas ZmPHR1-OE lines displayed
elevated Pi concentration and yields. In addition, 57% of PSR genes and nearly 70% of ZmPHR1-
regulated PSR genes in leaves were transcriptionally responsive to drought. Under moderate and
early drought conditions, the Pi concentration of maize decreased, and PSR genes were up-
regulated before drought-responsive genes. The ZmPHR1-OE lines exhibited drought-resistant
phenotypes and reduced stomatal apertures, whereas the opposite was true of the zmphrl mutants.
ZmPT7-OE lines and zmspx3 mutants, which had elevated Pi concentration, also exhibited drought
resistance, but zmpt7 mutants were sensitive to drought. Our results suggest that ZmPHRL1 plays
a central role in integrating Pi and drought signals and that Pi homeostasis improves the ability of

maize to combat drought (Tian et al., Plant Biotechnol J, 2024).

5. LR EKBEE IR HI 0 T B AL L]

BRIV LTI TE IR 0K, HREMNEM A KR E M5, Y3 Zil iR Rm Rl %
o R BB OB o L3 IR o U2 2 1 8] 1 S50 AP0 AN BEMROSC ) LB, 81 bt 33 rh i TE AL
B R, WHIEEMRAEKKE, ERIER™ . A7 ENIA SRR =, B — R
H IR AL o KA ) 2 Mo ) S SRR, 2 v FLBIER R0t T R oK AR &2
REE, AR AER, BTG ME SR N AR AT AT T KRB . JR
MR T TR g MBS E I AEB M ST, JF8E T IR I RUKRE 13 28 7 7
. AN, IRADBERES TR E TR SAREY a2 2 (R BRI o AT T Kl 2 MRS R R S 11
Gy AL AT DA SEBL AT RRSE ROV AE P R HEF R4 (Guo et al., J Genet Genomics, 2024).

Phosphorus Acquisition, Translocation, and Redistribution in Maize
Phosphorus (P) is an essential nutrient for crop growth, making it important for maintaining

food security as the global population continues to increase. Plants acquire P primarily via the
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uptake of inorganic phosphate (Pi) in soil through their roots. Pi, which is usually sequestered in
soils, is not easily absorbed by plants and represses plant growth. Plants have developed a series
of mechanisms to cope with P deficiency. Moreover, P fertilizer applications are critical for
maximizing crop yield. Maize is a major cereal crop cultivated worldwide. Increasing its P-use
efficiency is important for optimizing maize production. Over the past two decades, considerable
progresses have been achieved in research aimed at adapting maize varieties to changes in
environmental P supply. Here, we present an overview of the morphological, physiological, and
molecular mechanisms involved in P acquisition, translocation, and redistribution in maize and
combine the advances in Arabidopsis and rice, to better elucidate the progress of P nutrition.
Additionally, we summarize the correlation between P and abiotic stress responses. Clarifying the
mechanisms relevant to improving P absorption and use in maize can guide future research on

sustainable agriculture (Guo et al., J Genet Genomics, 2024).
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FIARE AR B A BRI A 1, T hsf2l SRAR AR TG 18 2 i R I = v S0 R B L o R AUk
R, i wEIE, K HSF21 H 3T XIK—1 SNP (-683) Fll—/ InDel5 (-693) K] H A4
5IOK B RMAPEREMK, I B AR RO B S, R & XA DL K E
A &K Hapl. Hap2 #il Hap3 =Fhfis iy, Horh Hapl B HOK FA8 SRR AR AL, 6 R 145
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Figure 1. A working model illustrating how HSF21 promotes cold tolerance in maize.

Genetic Variation in a Heat Shock Transcription Factor HSF21 Modulates Cold

Tolerance in Maize

Understanding how maize (Zea mays) responds to cold stress is crucial for facilitating breeding
programs of cold-tolerant varieties. Despite extensive utilization of the genome-wide association
study (GWAS) approach for exploring favorable natural alleles associated with maize cold tolerance,
few studies have successfully identified candidate genes that contribute to maize cold tolerance. In
this study, we used a diverse panel of inbred maize lines collected from different germplasm
sources to perform a GWAS on variations in the relative injured area of maize true leaves during
cold stress—a trait very closely correlated with maize cold tolerance. We identified HSF21, which
encodes a B-class heat shock transcription factor (HSF) that positively regulates cold tolerance at
both the seedling and germination stages. Natural variations in the promoter of the cold-tolerant
HSF21"2°! allele led to increased HSF21 expression under cold stress by inhibiting binding of the
basic leucine zipper bZIP68 transcription factor, a negative regulator of cold tolerance. By
integrating transcriptome deep sequencing, DNA affinity purification sequencing, and targeted
lipidomic analysis, we revealed the function of HSF21 in regulating lipid metabolism homeostasis
to modulate cold tolerance in maize. In addition, we found that HSF21 confers maize cold tolerance
without incurring yield penalties. Collectively, this study establishes HSF21 as a key regulator that
enhances cold tolerance in maize, providing valuable genetic resources for breeding of cold-

tolerant maize varieties (Gao et al., Mol Plant, 2024).
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() Ca i 5 Epl ™ hg bl . FATHFFU RIS 2 71818 CNGC20 ThREHk Kk RAL A& B A (K AUk
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BT RIS R o BE— 0T SR AR B E R L4, SRR PSYIR #R SO, W Bl
CNGC20 g5 HulE ik, IR R e R B a H, RIR A5 5 B SO B 7 o
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ZWE AR T PRI B Tl CNGC20 ANFIAL s AR RR AL, S I GT I8 T8 V7% 11 A1 2 AR M)
VAT, DT R AR 2B AR I 25 PR 20T AL g PR AR 0 ] o AR TR e 42 44 1 BRIk (Peng
et al., Plant Cell, 2024).
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Figure 2. A proposed working model for the function of PSY1R-CRPK1-CNGC20 in modulating freezing tolerance

in Arabidopsis.

Differential Phosphorylation of CNGC20 Antagonistically Modulates Calcium-

Mediated Freezing Tolerance in Arabidopsis

Plants respond to cold stress at multiple levels, including increasing cytosolic calcium (Ca?*)
influx and triggering the expression of cold-responsive genes. In this study, we show that the Ca?*-
permeable channel CYCLIC NUCLEOTIDE-GATED CHANNEL20 (CNGC20) positively regulates
freezing tolerance in Arabidopsis (Arabidopsis thaliana) by mediating cold-induced Ca?* influx.
Moreover, we demonstrate that the leucine-rich repeat receptor-like kinase PLANT PEPTIDE
CONTAINING SULFATED TYROSINE1 RECEPTOR (PSY1R) is activated by cold,
phosphorylating and enhancing the activity of CNGC20. The psylr mutant exhibits decreased cold-
evoked Ca?* influx and freezing tolerance. Conversely, COLD-RESPONSIVE PROTEIN KINASE1
(CRPK1), a protein kinase that negatively regulates cold signaling, phosphorylates and facilitates

the degradation of CNGC20 under prolonged periods of cold treatment, thereby attenuating
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freezing tolerance. This study thus identifies PSY1R and CRPK1 kinases that regulate CNGC20
activity and stability, respectively, thereby antagonistically modulating freezing tolerance in plants
(Peng et al., Plant Cell, 2024).

3. BHEBE/KEEEA TIP4;3 ZEK B ARZE R E KA

oK (Zeamays L) (ENRIREEFREIEY, J5™ THATHX, SHMCHER R BUSIER 2 7 HAE
Tt 45 PR DX Y AL 9 L AP 7 DT o AN S I [ 18 A% 2 R B TV RO RIS TIP2;1.TIP3;2,
TIP4;3 S /K@ 18 8 1 S R B 2 PR ROK N ¥ . FIFH CRISPR/Cas9 AR 1) tip4;3 R
AR, FERA R IHAN SR Y i V4 1 2 S0, SR EH TIPs SR B DA 1E KR ¥4 i 3 221 7 i
EAEH . [ERERENZ, TIP4;3 FEEAEANFFKBRZRPMRLKFZILEZ R, Wik
KB HTRIN, TIP4;3 JEDH 5 3 X3 AE7E — A~ CACTA S BUHE 14 N B 2R (1) F SRR 3,
2 2H 5 1 H3K37me3 Fll H3K9me2 HIME 7K, AT FEL TIP4;3 ik /KT B KN v M ) 22 5+
BE— AT R, TIP4;3 B R CRMNE T RSSLIZ3). WA (ROS) AR R LA ¥4 i (COR)
SR PRIE, SR TR A Y (B 3). 2L, i AEAIER T IRIEEKBIE S 9 TIP4;3 7£
VA2 KT ¥ VE R 40T, 38 D955 6 i 74 P 8 5 ) T KO i 5T S (1t 1 52 1 R it R B 5 DR B U
(Zeng et al., Plant Biotechnol J, 2024).
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Figure 3. Model of TIP4;3-mediated cold tolerance in maize.

Genetic Variation in the Aquaporin TONOPLAST INTRINSIC PROTEIN 4;3
Modulates Cold Tolerance in Maize

Cold stress is a major abiotic stress that threatens maize (Zea mays L.) production worldwide.
Tonoplast intrinsic proteins (TIPs) are a subfamily of aguaporins in plants. Here, we report that TIP
family proteins are involved in maize cold tolerance. The expression of most TIP genes was
responsive to cold stress. Overexpressing TIP2;1, TIP3;2 or TIP4;3 reduced the cold tolerance of
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maize seedlings, while loss-of-function mutants of TIP4;3 exhibited enhanced cold tolerance,
suggesting that TIP4;3 play a crucial roles in negatively regulate maize cold tolerance.. Notably,
candidate gene association analysis revealed that natural variations involving the insertion or
deletion of a CACTA-type transposon in the promoter region of TIP4;3 influence histone
modification levels, specifically H3K37me3 and H3K9me2. These epigenetic changes lead to
differences in TIP4;3 expression and cold tolerance in maize. Further studies showed that TIP4;3
negatively regulates maize cold tolerance by modulating stomatal movement, reactive oxygen
species (ROS) accumulation.This study thus elucidates the mechanism underlying TIP-mediated
cold tolerance and identifies a favourable TIP4;3 allele as a potential genetic resource for breeding

cold-tolerant maize varieties (Zeng et al., Plant Biotechnol J, 2024).

4. RBRACHHR I ORI R R R E T fe

LY Z BRI RN, AR S 2 oy R AR e O, I HaX A B B e R e SR
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LLKERE MGDG Al fiE PC i, (RIRHME T MGDG 36:5 Fl PC 34:2 (¥4 & i & &1, iff MGDG36:6
M PC36:4 )& B B X% AEWEAR PA F1H ililis DAG ', PA36:5.PA36:6.DAG36:5 1l DAG36:6
& B RIS A AR S S AR @S . XEARIR N R 2RI IR Bk & 0T AR K o g o 21
GWAS 173 THrid, HBIVT ITR FRMIFE fh R A2 K B tbsh, (KR Pa B2 5 SRR PA
M PC &HEIZN, X—IWBEAFEYYF b BA R KR P SEEC, H2MRME
PR Elt— P B, AR TR WS B — L%, HENBES P12 AT Resona s A A
YIRIIR v ko £ ERIR, ASHE FCIE S A i AL o b, A B A i YR TR HEAQBIATR ¥4 1 2 18]
I TERR R, VIR 28 1 308 A 50 R 424 6 R 5 U BB AE I 70 A e MR O F 72 S8 % (Gao etal,
J Genet Genomics, 2024).
Genetic and Lipidomic Analyses Reveal the Key Role of Lipid Metabolism for
Cold Tolerance in Maize

Lipid remodeling is crucial for cold tolerance in plants. However, the precise alternations of
lipidomics during cold responses remain elusive, especially in maize (Zea mays L.). Here,we find
that the homeostasis of cellular lipid metabolism is essential for maintaining cold tolerance of maize.
Under cold stress, the levels of glycolipid MGDG 36:5 and phospholipid PC 34:2 significantly
decrease, whereas the levels of MGDG 36:6 and PC 36:4 remain largely unchanged. Regarding
phospholipid PA and glycerolipid DAG species, the levels of PA 36:5, PA 36:6, DAG 36:5, and DAG
36:6 show induced by cold stress. Additionally, cold stress induced changes in the levels of
phospholipids PA and PC appears to be conserved across different plant species.Thus, these lipids
could potentially serve as molecular markers for lipidomics-based GWAS, supporing the
identification of genetic resources for developing cold-tolerant maize lines.In summary, these

results reveal a comprehensive lipidomic profile during the cold response of maize and provide
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genetic resources for enhancing cold tolerance in crops (Gao et al., J Genet Genomics, 2024).
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Genet, 2024).

Regulatory Networks Underlying Plant Responses and Adaptation to Cold
Stress

Cold is a key determinant for plant growth and flowering time as well as an important
environmental factor limiting plant growth and development. Recent studies have revealed the
complex regulatory networks associated with plant responses to cold and identified their
interconnections with signaling pathways related to light, the circadian clock, plant hormones, and
pathogen defense. In this article, we review recent advances in understanding the molecular basis
of cold perception and signal transduction pathways.We also summarize recent developments in
the study of cold-responsive growth and flowering. Finally, we propose future directions for the
study of longterm cold sensing, RNA secondary structures in response to cold, and the
development of cold-tolerant and high-yield crops (Ding et al., Annu Rev Genet, 2024).
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3. BATE—PIUEM SOS2 it EAERE R AMTL;1 (1 C i OR 1 X 3 22 T R 7k : Ser-450
RS AMTL; 1. BEFEHE— 0 R E N AE KR SOS2 AR KB ISCE A ELET A R jEAh,
AMTs SRS AT DL — P3G am b 75 51 SOS2 MlgE M. Bz, AR E, SOS2 i#

REBERRAL AMTL:L KSR % S e i A s PR I 4R fp S e B BB, DAL DL A AE ) 1) 8 T 1 o 3
(Ma et al., Plant Cell, 2024. Under review).
The SOS2-AMT1;1 Module Contributes to Plant Salt Tolerance by Maintaining
Ammonium Uptake

Soil salinity is a severe threat to agriculture and plant growth. Under high salinity conditions,

ammonium (NH4*) is the predominant inorganic nitrogen source used by plants due to the limited
nitrification. However, how ammonium shapes the plant response to salt stress remains a mystery.
Here, we demonstrate that the growth of Arabidopsis (Arabidopsis thaliana) seedlings is less
sensitive to salt stress when provided with ammonium instead of nitrate (NOs"), a response that is
mediated by ammonium transporters (AMTs). We further show that the kinase SALT OVERLY
SENSITIVE2 (SOS2) physically interacts with and activates AMT1;1 by directly phosphorylating
the non-conserved serine residue Ser-450 in the C-terminal region. In agreement with the
involvement of SOS2, ammonium uptake was lower in sos2 mutants grown under salt stress
relative to the wild type. Moreover, AMT-mediated ammonium uptake enhanced salt-induced SOS2
kinase activity. Together, our study demonstrates that SOS2 activates AMT1;1 to fine-tune and
maintain ammonium uptake and optimize the plant salt stress response (Ma et al., Plant Cell, 2024.

Under review).
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OVERLY SENSITIVE (SOS)/5 = it i 4% il , 122180 B G5 55 1% j8é4% SOS3 Fl SCaBP8. &5 [ SOS2
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(EAE A2 75 LA G e 368 3ok P JBE 2 9 o 8 SR 17 6 e AT AT 48 o FRATTRORH 7848 R T —Fhi & FREEL
AP AR e T A2 WL, B 2 A (MVB) i il 2. BAcRE, /8 ESCRT-1 41k
oy FREEL @ A E mME2LE R [ SR ia i 52t . SOS2 X FREEL #HATHERRALE
M, (REILREAR, AR MVB 1RGSR, B> MVB S5 ml G, ST NI R S8 )% A
Wi N R o X R LGS H TR A PN S R SR TE BT R b R & BEAE A (Liu et al., Plant Cell,
2024. In press).

Salt stress causes ion toxicity in plant cells and limits plant growth and crop productivity.
Sodium ions (Na*) are transported out of the cell and sequestered in the vacuole for detoxification
under salt stress. The salt excretion system is controlled by the SALT OVERLY SENSITIVE (SOS)
pathway, which consists of the calcium sensors SOS3 and SOS3-LIKE CALCIUM BINDING
PROTEIN 8, the protein kinase SOS2, and the plasma membrane Na*/H* antiporter SOS1.
Although much is known about salt responses in plants at the molecular level, it remains unclear if
and how plants respond to salt stress through endomembrane remodeling. In this study, we
describe a mechanism of salt tolerance in Arabidopsis involving the modulation of FREE1 levels,
which impacts multivesicular body (MVB) trafficking. Specifically, the ESCRT-1 (endosomal sorting
complex required for transport-1) component FREE1 (FYVE DOMAIN PROTEIN REQUIRED FOR
ENDOSOMAL SORTING 1) regulates vacuole fragmentation to enhance salt tolerance. SOS2
phosphorylates FREE1, leading to its degradation and affecting MVB maturation, thereby reducing
MVB-vacuole fusion and regulating endomembrane dynamics in response to salt stress. These
findings highlight the adaptive role of the plant endomembrane system in coping with salt stress.
(Liu et al., Plant Cell, 2024. In press).

(2) BHFER
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Liang X, Li j, Yang Y*, Jiang C* and Guo Y* (2024) Designing salt stress-resilient crops.Curent
progress and future challenges.J integr Plant Biol 66: 303-329.
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R APURTER AR AT (B 1), g BT RE S CaZ e it ZmCPK2 ()
ZmCPK17 Frfi#hd, MiiHesayn K a8 = &P (Hu et al., J Integr Plant Biol, 2024).

Ca?*-Independent ZmCPK2 is Inhibited by Ca?*-Dependent ZmCPK17 During
Drought Response in Maize

Calcium oscillations are induced by different stresses. Calcium-dependent protein kinases
(CDPKs/CPKs) are one major group of the plant calcium decoders that are involved in various
processes including drought response. Some CPKs are calcium-independent. Here, we identified
ZmCPK2 as a negative regulator of drought resistance by screening an overexpression transgenic
maize pool. We found that ZmCPK2 does not bind calcium, and its activity is mainly inhibited during
short term abscisic acid (ABA) treatment, and dynamically changed in prolonged treatment.
Interestingly, ZmCPK2 interacts with and is inhibited by calcium-dependent ZmCPK17, a positive
regulator of drought resistance, which is activated by ABA. ZmCPK17 could prevent the nuclear
localization of ZmCPK2 through phosphorylation of ZmCPK2T60. ZmCPK2 interacts with and
phosphorylates and activates ZmYAB15, a negative transcriptional factor for drought resistance.
Our results suggest that drought stress induced Ca?* can be decoded directly by ZmCPK17 that
inhibits ZMCPK2, thereby promoting plant adaptation to water deficit (Hu et al., J Integr Plant Biol,
2024).
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Figure 1. Zea mays calcium-dependent protein kinase 17 (ZmCPK17) plays contrast roles with ZmCPK2 and
ZmYABI15 in drought stress.

2. ZmSnRK2.2 BER{k. ZmAL14 @it iR ZmROPS B F & i S i

TR A K AN 5 B U RN o R IR T SR ) S (R Rk PR SR R T ) BT
Z RN B CEZ, FITREEDIREE. RIOTRKI T —> Alfin-like (AL)Z A
ZmAL14, T FOKPT R T RIE ZmALLS X R0, T ZmALL14 AN FHHTF . ABA B
TEE S ZmSnRK2.2 5 ZmAL14 T B#fR{k ZmAL14 1) T38 fiIZ 2R . ZmSnRK2.2 7438
PRPRAR T T K B 2 . iK% S 1 Rho-like /) G 2 (%X ZmROPS /& ZmAL14 [ E 4 5, H
¥ ZmAL14 ). ZmSnRK2.2 Bt ZmAL14 FHiIE T H 5 ZmROP8 EaFg&, kT
ZmROPS [FEFANH] . TR )5, %A ZmROPS #4538 7 POD MIl#E, F&IKT H02 KIFH R,
FATHWT LY, ZmALL4 2 FOKFLFPER FOR T 5, £ RN RS, ZmALL4 iEid ABA 15
SR AM ZMmSNRK2.2 1k, BHIE T EXT ZmROPS 3K #1#] (Wang et al., J Integr Plant Biol,
2024).

Phosphorylation of ZmAL14 by ZmSnRK2.2 Regulates Drought Resistance
Through Derepressing ZmROP8 Expression

Drought stress has negative effects on crop growth and production. Characterization of
transcription factors that regulate the expression of drought-responsive genes is critical for
understanding the transcriptional regulatory networks in response to drought, which facilitates the
improvement of crop drought tolerance. Here, we identified an Alfin-like (AL) family gene ZmAL14
that negatively regulates drought resistance. Overexpression of ZmAL14 exhibits susceptibility to
drought while mutation of ZmAL14 enhances drought resistance. An abscisic acid (ABA)-activated

protein kinase ZmSnRK2.2 interacts and phosphorylates ZmAL14 at T38 residue. Knockout of
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ZmSnRK2.2 gene decreases drought resistance of maize. A dehydration - induced Rho - like small
guanosine triphosphatase gene ZmROPS8 is directly targeted and repressed by ZmAL14.
Phosphorylation of ZmAL14 by ZmSnRK2.2 prevents its binding to the ZmROPS8 promoter, thereby
releasing the repression of ZmROPS8 transcription. Overexpression of ZmROPS8 stimulates
peroxidase activity and reduces hydrogen peroxide accumulation after drought treatment.
Collectively, our study indicates that ZmAL14 is a negative regulator of drought resistance, which
can be phosphorylated by ZmSnRK2.2 through the ABA signaling pathway, thus preventing its
suppression on ZMROP8 transcription during drought stress response (Wang et al., J Integr Plant
Biol, 2024).
Water Drought / ABA

SGnich A\ A -
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|
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Figure 2. A proposed model in which ZmAL14 negatively regulates drought response in maize.
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(2016) , EIZRAHFTERN F R SIRTE (2013) .

ftsRAE: (1) dpaE R EmEREK
X B RS BEAER S KONEIRR; (24
FaR 2R R 3 A R (R S R AR E KNS FLESRD
HINBITRS .

(—) BiRER

1. ECAP-LUG-BEH3 E &4 if#/MT R4 M & 4 197 T HLHIBT 5

fFE I+ (Arabidopsis thaliana) 1t 24 2 SV R 25 8 AT Kk B I AZ A AL 2 V2 iF 7% .
SR, T Uk 2L A 10 /N6 1~ BRI R A DR 2T S 2 B G G e JE 4 o e 48 AR A - —
BN BAAFRRE s F PR 8 2 R 2 3% . SPOROCYTELESS (SPL) £tk EH
I — B R, 75 B ORISR . TEARME AL, RATKILE EAR ditgiiifrizE A
(EAR motif-containing adaptor protein, ECAP) i#it 5 Gro/Tupl ZK &I FLM#I K+ LEUNIG (LUG)
Ll & BES1/BZR1 HOMOLOG3 (BEH3) ¥k A7 AR, B — Meskilis B &k, imsebxt
SPL AR AL . SPL %A S 40 RAL S5 8270 A A 4 i 2 A0 A= FE 40 i = R BT A )
FE/NF-BEAR MR A2 i R FESCHE R . AT 5T4R7R T ECAP-LUG-BEH3 B4 1A% SPL ik 145
B, BRI ECAP AN — D EHERFF MR T, sEwil 5SAFREASS, FRiEEARERE
ik, MIMAERE K B K& R T REA R AR (Shietal., Plant Cell, 2024).
The Adaptor Protein ECAP, the Corepressor LEUNIG, and The Transcription
Factor BEH3 Interact and Regulate Microsporocyte Generation in Arabidopsis

Histospecification and morphogenesis of anthers during development in Arabidopsis
(Arabidopsis thaliana) are well understood. However, the regulatory mechanism of microsporocyte
generation at the pre-meiotic stage remains unclear, especially how archesporial cells are specified
and differentiate into 2 cell lineages with distinct developmental fates. SPOROCYTELESS (SPL)
is a key reproductive gene that is activated during early anther development and remains active.
In this study, we demonstrated that the EAR motif-containing adaptor protein (ECAP) interacts with
the Gro/Tupl family corepressor LEUNIG (LUG) and the BES1/BZR1 HOMOLOG3 (BEHS3)
transcription factor to form a transcription activator complex, epigenetically regulating SPL
transcription. SPL participates in microsporocyte generation by modulating the specification of
archesporial cells and the archesporial cell-derived differentiation of somatic and reproductive cell
layers. This study illustrates the regulation of SPL expression by the ECAP-LUG-BEH3 complex,

which is essential for the generation of microsporocytes. Moreover, our findings identified ECAP as
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a key transcription regulator that can combine with different partners to regulate gene expression

in distinct ways, thereby facilitating diverse processes in various aspects of plant development (Shi
et al., Plant Cell, 2024).

| & gD ox

SPL/NZZ efc.

K1, ECAP-LUG-BEH3fHL A1 re 7+ /N F REAT AR A 1 4 F LRI,

Figure 1. A proposed working model for the ECAP-LUG-BEH3 module in regulating microsporocyte generation.

2. #EIF LKSA - 31 SYPL121 BERR S 56 E R RIS ALFFBHLHIBE

SR AALIOTT A, AR SR RIFREE SR A e KBRS TER . 1E
Heifs FVALTF RO AR, B FL A P AN B8 7 R 3R (B 2 5 SEUR RN, T 51
QUARIZNK . RIS, SE0 3% B 5T M BT et Bt £ P KD 70 40 M2 T AR K T 7 (R 490 4
JRRE P& A IS . R BN, TV N- 205 TR I R RUR D T I R 2 A
(SNARE) @i HHFff] Q-F1 R-SNARE HIFLXT, it 0 SNARE E &1k, NI SHLIRIIAS .

) Syntaxin of Plants 121 (SYP121) O #ifkiEa = 5 fLiash, HAEMMLGIER 1 Ree /et 8 & v
EE M EWCE R A BRI AN, IERe S B FliE s & DL 5 & B E s . AR, AT
RINZ 65T R 25 52 AR i LKS4/SGN1 (low-K* sensitive 4/schengen 1) 7 PLE #5 SYP121
AR, IFE SNARE 27 i ) T270 i o6 HEAT BRI AL - 2 — B U R T, LKSA MM SYP121
btk 7 SYP121 5 R-SNARE vesicle-associated membrane protein 722 (VAMP722) 2 ]
MIAHEAE R, MM E T SNARE SAMIIALE . TATHIBI LR, SNARE & A 1IBERR & YR

1% SNARE E & RH ISR L& ) B E RN . Hab, 87~ T LKS4/SGN1 @il gtk SYP121,
TECTF AL S h xS 8AER  (Ding et al., Curr Biol, 2024).
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Figure 2. A working model of LKS4-mediated SYP121 phosphorylation in the regulation of light-induced stomatal

opening.

LKS4-Mediated SYP121 Phosphorylation Participates in Light-Induced Stomatal
Opening in Arabidopsis

By modulating stomatal opening and closure, plants control gas exchange, water loss, and
photosynthesis in response to various environmental signals. During light-induced stomatal
opening, the transport of ions and solutes across the plasma membrane (PM) of the surrounding
guard cells results in an increase in turgor pressure, leading to cell swelling. Simultaneously,
vesicles for exocytosis are delivered via membrane trafficking to compensate for the enlarged cell
surface area and maintain an appropriate ion-channel density in the PM. In eukaryotic cells, soluble
N-ethylmaleimide-sensitive factor adaptor protein receptors (SNARES) mediate membrane fusion
between vesicles and target compartments by pairing the cognate glutamine (Q)- and arginine (R)-
SNAREs to form a core SNARE complex. Syntaxin of plants 121 (SYP121) is a known Q-SNARE
involved in stomatal movement, which not only facilitates the recycling of K* channels to the PM
but also binds to the channels to regulate their activity. In this study, we found that the expression

of a receptor-like cytoplasmic kinase, low-K* sensitive 4/schengen 1 (LKS4/SGN1), was induced
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by light; it directly interacted with SYP121 and phosphorylated T270 within the SNARE motif.
Further investigation revealed that LKS4-dependent phosphorylation of SYP121 facilitated the
interaction between SYP121 and R-SNARE vesicle-associated membrane protein 722 (VAMP722),
promoting the assembly of the SNARE complex. Our findings demonstrate that the phosphorylation
of SNARE proteins is an important strategy adopted by plants to regulate the SNARE complex
assembly as well as membrane fusion. Additionally, we discovered the function of LKS4/SGNL1 in
light-induced stomatal opening via the phosphorylation of SYP121 (Ding et al., Curr Biol, 2024).

3. WEIFHEAKEINERZHS 5 RESILES)

BT ) BRI il O T s E A BRSNS (kinesin) MIZ) )& E (dynein), TO%T
TR I R G AR KK AN 5 1) BEVRLIS R M HROE 2R o TEARRE T, BATR IR ST B 45 &
#HH END BINDING1b (EB1b) 5 Q-SNARE & H SYP121 HiZAHEAEH, 5% KHEiE
KAT1 hizki AR DA R (PM) B Ai. mfr AtEBlb A H[RIE S A2 T3 KATL M
SYP121 fEfR PN I At xR AE AR, ITE GG SRR AT O FE o T 20 M S i a5 2
R, BBAYHTE SYP121 HIBEM ST IE G AtEBLb JLEhL, FERERE R A E KRk is,
RASEN T M. BATNB R 7 —F S £ K B s imbLe], X—HlHS5 7R 24
Ff R R A G0 B s A A, MRS 4LiE3h (Zhong et al., Nat Commun, 2024).

Endomembrane Trafficking Driven by Microtubule Growth Regulates Stomatal

Movement in Arabidopsis

Microtubule-based vesicle trafficking usually relies upon kinesin and dynein motors and few
reports describe microtubule polymerisation driving directional vesicle trafficking. Here we show
that Arabidopsis END BINDING1b (EB1b), a microtubule plus-end binding protein, directly interacts
with SYP121, a SNARE protein that mediates the trafficking of the K* channel KAT1 and its
distribution to the plasma membrane (PM) in Arabidopsis guard cells. Knockout of AtEB1b and its
homologous proteins results in a modest but significant change in the distribution of KAT1 and
SYP121 in guard cells and consequently delays light-induced stomatal opening. Live-cell imaging
reveals that a portion of SYP121-associated endomembrane compartments co-localise with
AtEB1b at the growing ends of microtubules, trafficking along with the growth of microtubules for
targeting to the PM. Our study reveals a mechanism of vesicle trafficking driven by microtubule
growth, which is involved in the redistribution of PM proteins to modulate guard cell movement
(Zhong et al., Nat Commun, 2024).
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Figure 3. A working model for the endomembrane trafficking driven by microtubule growth in guard cells during

stomata opening.
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£5#E, Hi%. BERAHLEENFES
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Ex=
TRERLH

1. FOKRHE 1,6- —BEEREE AR B0 55 2 5 BEER AL TR B LA

FEL,6- —BERRIE AN (FBA) & — FhIE 4T, M4k B 1,6- — W2 (FBP) nl i % 1k 9 — LA
Wi 5% B2 (DHAP) A H i -3- 5 2 (G3P), S5 RIRSC-AARMGH . i S AR MU AR A& A, 1EmK
KGR P RIEEZ, FNWBIENEREASSEARYSS. EREINESHSEEY L
2, Biltn, FBARERSSE & — RAIHIBE A, HIERNAR AR NS, N SR EREN . R
i FBASHIHE AL WL FIBEAL AR YR AT 3 WIS ANIZE A 200 . REAE — ) h C 2 % E 1 £ 1FBA
EH, HXTEK(Zea mays) T FBAFK HEIIER . AW IhREAEN R G RS B0 E K. £
AW, FATLEE T T KT HLIZEFBA (ZMFBAL-9) F1—/MIZEFBA (ZMFBAL0). R
JR 2053 T 45 7R 2 AN ZmFBASEAE R AL B . 33— D 97T R B Ser32 ) ik BR 1L 3 1] ZmFBAS Xf
FBP L, G iE PEANBEE I . ZmFBABI L R i bk R AR R4 B A KR 47 . X LURI 5T 45 R I IR 1L /2
ZMFBASTHRE M — A E ZFENLN], HIMAEFBARIThRE I A HLHI SR AL T HB K4S (Zhang et al.,
Plant Sci, 2024).

Identification of the Fructose 1,6-Bisphosphate Aldolase (FBA) Family Genes in
Maize and Analysis of the Phosphorylation Regulation of ZmFBAS

Fructose 1,6-bisphosphate aldolase (FBA) is a class of aldolase that functions as enzyme
participating in carbohydrate metabolism of the Calvin-Benson cycle, gluconeogenesis, and
glycolysis, and also as non-enzymatic protein involving in protein binding, gene transcription, signal
transduction. FBAs have been identified in a few plant species, however, limited information is
known regarding FBA family genes, their biological functions and posttranslational regulations in
maize (Zea mays). In this study, nine class | FBAs (ZmFBAL to ZmFBA9) and one class Il FBA
(ZmFBA10) in maize were identified. Phosphoproteomic analysis further revealed that multiple
ZmFBAs were phosphorylated. We showed that phosphorylation at Ser32 in ZmFBAS inhibited its
FBP binding and enzyme activity. Loss of ZmFBAS function reduced the growth of maize seedlings.
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Our results suggest that the phosphorylation is an important regulatory mechanism of ZmFBAS8
function (Zhang et al., Plant Sci, 2024).
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Figure 1.Phosphorylation of ZmFBAS inhibited its FBP binding and enzyme activity.
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THE7E 8 (I — R 1015 5 W48 B T 0 WEER L RS S 38 IR AR SR A 5 i B
Tandem MOAC 5 AP-BNPAGE 25 & /MU R £ 40 b 45 e Sl i) EL I IR AR A 483 (AR R
I REIR NI TE VR PE R 1 73T D RE . IX SR AR AR ZR 1 I R B R A B P AR 34t 1 = i
B, AT TR S o TR AL T ik . R AL ARG Z B A RS 25k, Wik T
Tandem MOAC #! AP-BNPAGE SE56 i FE AR #5FITE S 56 M HH 3 = 0 (Chen et al., Trends
Plant Sci, 2024).

Capturing the Phosphorylation-Linked Protein-Complex Landscape in Plants

Protein phosphorylation and protein interactions are core regulatory systems involved in
plant growth and environmental adaptation. Elucidating the intricate isoforms of a protein and its
complex-specific phosphosites is critical for understanding intracellular signaling networks, but is
technically challenging due to the transient nature of kinase-substrate interactions and the
numerous kinases acting in plant cells. Recent improvements in phosphoproteomic and
interactomic technologies have boosted kinase research, enabling large-scale studies. Tandem
metal oxide affinity chromatography (tandem MOAC) allows global analysis of protein
phosphorylation dynamics of key signaling components. Affinity purification by blue native
polyacrylamide gel electrophoresis (AP-BNPAGE) allows effective separation of phosphorylation-
dependent protein interactions.Tandem MOAC and AP-BNPAGE, coupled with data-independent
acquisition-based masss pectrometry (MS) proteomics, can be used to systematically dissect
phosphorylation-dependent protein complexes and define the biochemical context of protein
kinases (Chen et al., Trends Plant Sci, 2024).
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Figure 2. Tandem MOAC and AP-BNPAGE procedures.
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ZmMIK2 F % FOKHEDT H 18 AT 38 5 207 HL

ZmMIK2 Zifih—NEE ALK LRR BUSRA2 08 g, 24U R 7+ LRR-RK MALE DISCOVERER
1 (MDIS1)- INTERACTING RECEPTOR LIKE KINASE 2 (MIK2)[{J RIS . 7R KRB, HIEET
P A RERR, Zmmik2 FEARRRR F008 T 5 i ai A0 £ o a0 Ak BRI L v e e R A, T R 0A
ZmMIK2 1)K bR 2RI AR S (2 Y, W] ZmMIK2 A7 428 T oKons 5 A il et kg )82 . 1)
MERERUR A e, %58 73— Mmig EA C2 454381 F1(C2- domain containing PROTEIN 1,
ZmC2DP1) 5 ZmMIK2 [ WIAFEA BAEH » #E— 05 B, ZmMIK2 [ i Py dskis i A 5
ZmC2DP1 A s fase . 1 ZmC2DP1 mlREIAN 5458 7456, RS 1+ Rl ks
BRI Ca2H5 5, MM G2 TR BE w2, HE ZmMIK2-ZmC2DP1 L5 i) BEAE F# I
FORAERRT A B A 7 P s R BURE R AR . ABTFUIR7R T ZmMIK2-ZmC2DP1 7 if 1% KL
ER I E AT A B L, v TOKPIE e B E AR A R R SRR (Yang etal., J Genet
Genomics , 2024).
An LRR-RLK Protein Modulates Drought- And Salt-Stress Responses in Maize

Maize (Zea mays), which is a vital source of food, feed, and energy feedstock globally, has
significant potential for higher yields. However, environmental stress conditions, including drought
and salt stress, severely restrict maize plant growth and development, leading to great yield losses.
Leucine-rich repeat receptor-like kinases (LRR-RLKs) function in biotic and abiotic stress
responses in the model plant Arabidopsis (Arabidopsis thaliana), but their roles in abiotic stress
responses in maize are not entirely understood. In this study, we determine that the LRR-RLK
ZmMIK2, a homolog of the Arabidopsis LRR-RK MALE DISCOVERER 1 (MDIS1)- INTERACTING
RECEPTOR LIKE KINASE 2 (MIK2), functions in resistance to both drought and salt stress in
maize. Zmmik2 plants  exhibit enhanced resistance to both  stresses, whereas
overexpressing ZmMIK2 confers the opposite phenotypes. Furthermore, we identify C2-DOMAIN-
CONTAINING PROTEIN 1 (ZmC2DP1), which interacts with the intracellular region of ZmMIK2.
Notably, that region of ZmMIK2 mediates the phosphorylation of ZmC2DP1, likely by increasing its
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stability. Both ZmMIK2 and ZmC2DP1 are mainly expressed in roots. As with ZmMIK2, knockout
of ZmC2DP1 enhanced resistance to both drought and salt stress. We conclude that ZmMIK2—
ZmC2DP1 act as a negative regulatory module in maize drought- and salt-stress responses (Yang
et al., J Genet Genomics , 2024).
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Figure 1. A proposed working model for the role of ZmMIK2—-ZmC2DP1 in negatively regulating the response of

maize to abiotic stress.
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Mechanisms of E3 Ubiquitin Ligase PUB25 in Regulating the Microtubule-
Associated Protein PBL4 During Light-Induced Stomatal Opening

The opening and closure of stomata are pivotal for plants and have profound implications for
essential physiological processes. Light is recognized as a primary environmental signal that
orchestrates stomatal movements. Microtubules play a critical role in mediating light-induced
stomatal movement. In this study, we identified a mutant of the receptor-like cytoplasmic kinase,
PBL4, which exhibits a significantly attenuated response in stomatal opening during transitions
from dark to light. Subsequent analyses of PBL4 revealed that it functions as a microtubule-
associated protein, positively regulating light-induced stomatal opening through the stabilization of
the microtubule cytoskeleton. The PBL4 protein is stable in light but degrades in the dark. Further
research demonstrated that the E3 ubiquitin ligase PUB25 interacts with PBL4 both in vivo and in
vitro. During dark-induced stomatal closure, the pub25 mutant showed a delayed closure rate
compared to the wild-type control. Importantly, PBL4 undergoes ubiquitination and subsequent

degradation by PUB25 under dark conditions. In contrast, exposure to light leads to the
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downregulation of PUB25 transcription, enhancing the stability of the PBL4 protein. This
stabilization promotes microtubule polymerization, facilitating the positive regulation of stomatal
opening in response to light. This study reveals an important mechanism by which the microtubule
cytoskeleton participates in light and dark-induced stomatal movements, enriching the regulatory
network of microtubule involvement in stomatal dynamics and providing valuable insights for future

molecular breeding aimed at enhancing plant adaptability.
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Figure 1. Model for PUB25-PBL4’s involvement in the regulation of light-induced stomatal movement.
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Microtubule-Associated Protein SPR1 Enhances Autophagosome Formation
during Carbon Starvation in Arabidopsis

Autophagy is a conserved protein degradation pathway in eukaryotes that is essential for plant
growth, development, and response to stress. The formation and maturation of autophagosomes
rely on various core complexes, with the phosphatidylinositol 3-kinase (PI3K) complex playing a
key role in the nucleation process of autophagosomes. This complex includes the catalytic subunit
VPS34, along with components such as ATG6 and ATG14. In mammals, several regulatory factors
influence the PI3K complex by modulating ATG6, thus affecting the autophagy process. However,
the specific mechanisms by which the PI3K complex regulates autophagy in plants are still unclear.
This study discovered that ATG6 interacts with the microtubule-binding protein SPR1 in Arabidopsis.
Under starvation conditions, the sprl-6 mutant exhibited heightened sensitivity compared to the
wild type. Cytological and biochemical experiments further confirmed that SPR1 positively
regulates autophagy under starvation-induced conditions. The findings indicated that, during
starvation, SPR1 transitions from a cometary tail localization to a more endoplasmic reticulum
localization, facilitating the assembly of the PI3K complex by enhancing the interaction between
ATG6 and ATG14, thereby promoting the autophagy process. Additionally, this study identified
KIN10, a crucial upstream activator of autophagy, as a kinase that phosphorylates SPR1. The
continuously phosphorylated SPR1 predominantly localizes to the endoplasmic reticulum and
promotes the interaction between ATG6 and ATG14. Under starvation conditions, phosphorylated
SPR1 dissociates from microtubules and associates more with the endoplasmic reticulum, further
facilitating the assembly of the PI3K complex and positively regulating autophagy. This research
provides new insights into the mechanisms by which plants regulate cellular autophagy in response
to environmental stress and enhances our understanding functions of microtubule and microtubule-
binding proteins.
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Figure 2. Working model: SPR1 promotes autophagosome formation during carbon starvation in Arabidopsis.
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2024; BMC Plant Biology, 2024).

Nuclear Lamina Component KAKU4 Regulates Chromatin States and
Transcriptional Regulation in the Arabidopsis Genome

KAKU4 is a putative nuclear lamina component protein and associated with chromatin or
epigenetic modifiers. We conducted ChlIP-seq technology to generate epigenomic profiles of

H3K4me3, H3K27me3 and H3K9me2 in Arabidopsis leaves for the mutant (kaku4-2) and wild-type
(WT) plants. The results showed that knockdown of KAKU4 has the strongest effect on H3K27me3,
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followed by H3K9me2, and the least effect on H3K4me3, leading to significant change of chromatin
states in Arabidopsis genome. KAKU4 may affect the switch between active and repressive
chromatin states, especially knockdown of KAKU4 caused the transition between H3K9me2 and
H3K27me3 in some specific PLAD regions. The combination analysis of epigenomic and
transcriptomic data between kaku4-2 mutant and WT suggested that KAKU4 may regulate some
key biological processes, especially programmed cell death and hormone signaling pathways. In
addition, there are functional crosstalks between KAKU4 and its associated proteins (CRWN1/4,
PNET2, GBPL3). Further experiments validated that mutation of KAKU4 resulted in significantly
accelerated leaf senescence and elevated levels of H,O5, as well as some hormones. In summary,
our results demonstrated the essential roles of KAKU4 in fine-tuning chromatin states and gene
expression, regulating diverse biological processes in Arabidopsis (Cao et al., BMC Biology, 2024;

BMC Plant Biology, 2024).
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Figure 1. Model for KAKUA4 in fine-tuning chromatin states and gene expression, further affecting leaf senescence.
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Molecular Mechanism of ABA-Induced NO Synthesis in Regulating Stomatal
Closure and Drought Stress Response

The accumulation of nitric oxide (NO) induced by abscisic acid (ABA) is essential for triggering
stomatal closure. However, the underlying molecular mechanism remains unclear. In this study, we
used virus-induced gene silencing (VIGS) technology to interfere with the gene expression
encoding key components in the ABA signaling pathway and found that silencing GhOST1, which
encodes open stomata 1 protein kinase, significantly inhibited the ABA-induced accumulation of
NO in guard cells. To further explore the role of GhOST1 in ABA-induced NO synthesis, we
generated cotton plants overexpressing GhOST1 and found that OE-GhOST1 plants exhibited
more ABA-induced NO synthesis in guard cells and the plants showed stronger drought tolerance.
To reveal the molecular mechanism by which GhOST1 regulates NO synthesis, we screened a
yeast two-hybrid library and identified N-acetylglutamate kinase (GhNAGK), a key rate-limiting
enzyme in the biosynthesis of L-arginine, the precursor of NO. Results from in vitro phosphorylation
and LC-MS analysis indicated that GhOST1 phosphorylates GhNAGK at Ser60, Ser87, Ser334,
and Thr163/Thrl67 sites, thereby affecting GhNAGK kinase activity. VIGS-GhNAGK cotton plants
showed insensitive stomatal closure in response to ABA, while overexpressing GhNAGK increased
the ABA-induced accumulation of NO in guard cells and enhanced drought tolerance. Furthermore,
exogenous L-arginine and the NO donor SNP treatments restored the ABA-insensitive stomatal
phenotype of VIGS-GhOST1 or -GhNAGK plants, significantly increased leaf relative water content,
and enhanced drought tolerance in cotton. Consistently, the NO synthesis inhibitor L-NAME
significantly inhibited the ABA-induced accumulation of NO, suggesting that ABA-induced NO
enrichment in guard cells primarily through a NOS-like pathway. Correlation analysis of S-
nitrosylated proteomics between ABA and NO treatments revealed that both could trigger guard
cell CI ion efflux-mediated stomatal closure by jointly regulating the S-nitrosylation of key enzymes
involved in malate metabolism. Together, we elucidate the molecular mechanism by which GhOST1
phosphorylates and regulates the NOS-like pathway to modulate ABA-induced NO synthesis in
guard cells and identify nitrosylation regulatory targets for NO and ABA in regulating stomatal
closure, providing a new insight into the cross-regulation of stomatal closing, as well as plant

drought tolerance, by ABA and NO signaling (Figure 1).
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Figure 1. A proposed model for ABA-induced NO synthesis in regulating stomatal closure and drought stress

response in cotton.
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ATPase il SOS1 V&1, A Nat/HERZs, MM 7 E KR ER Natsh, Xouftm ke T %
KEA - PEREIR B 7 AT ATHI SRS (K 2).
Ethylene Inhibited PM H*-Atpase to Decrease Root Na* Efflux in Maize to Break
Na*/H* Homeostasis under Salt Stress

Ethylene plays indispensable roles in regulating plant growth and stress responses. Maize
(Zea mays L.) is classified as a moderately salt-sensitive plant, and soil salinity restricts its
production worldwide. However, it remains unclear how ethylene regulates Na*/H* homeostasis to
mediate maize growth under salt stress. The ZmACO2 encoding ethylene biosynthesis enzyme 1-
aminocyclopropane-1-carboxylate oxidase2 was induced by salt stress, and ZmACO?2
overexpressing (ACO2-OE) and mutant (aco2-cr) plants were used to investigate the role of
ethylene in regulating Na*/H* homeostasis in maize under salt stress. The aco2-cr mutants had
lower Na* accumulation and Na*/K* ratios than the wild-type and ACO2-OE plants under salt stress,
but they expressed higher ZmSOS1 and ZmHKT1, which increased the root net Na* efflux and
decreased the Na* transport from the root to the shoot. Compared to the other plants, aco2-cr
mutants showed higher expression of ZmMHA2 and PM H*-ATPase activities, which promoted the
net root net H* efflux to provide more H* proton gradient for salt-overly sensitive 1 (SOS1). Inhibition
efficiencies of Na* efflux and H* influx by sodium orthovanadate were lower in aco2-cr mutants than
in ACO2-OE and wild-type plants under salt stress; however, ACO2-OE plants showed a salt-
sensitive phenotype. To further evaluate the complex causative relationships among ethylene, PM
H*-ATPase, SOS1, ZmHKT1, Na* accumulation, and plant growth and the complex causative
relationships among physiological and morphological data, partial least squares path modeling
(PLS-PM) was used to develop a consensus model. Ethylene had a strong negative correlation
with PM H*-ATPase, SOS1, and ZmHKT1 but had a positive correlation with Na* accumulation. PM
H*-ATPase positively correlated with SOS1. SOS1 had strong negative effects on Na*
accumulation, and Na* accumulation was negatively correlated with plant growth. Overall, these
findings showed that salt-induced ethylene treatment inhibited PM H*-ATPase and SOS1 from
disrupting Na*/H* homeostasis, thereby decreasing Na* efflux in maize roots, which provided a

feasible strategy for improving maize performance in saline environments (Figure 2).
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Figure 2 .Suggested model for how ethylene regulated PM H*-ATPases to mediate root Na* efflux under salt stress

in maize seedlings.
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A Ghmyb4-Ghtopp6a—Gherf9 Module Regulates Salt Tolerance in Cotton
(Gossypium Hirsutum L.) Through Inhibiting the Biosynthesis of Ethylene

Protein Phosphatase 1 (PP1) is an important protein phosphatase family in eukaryotes. With
the vigorous development of genomics, more and more protein phosphatases are being identified
and investigated in plants. However, the role of PP1 in plant resistance to abiotic stress has been
rarely reported. In this study, we screened a cotton (Gossypium hirsutum L.) cDNA library using
Virus-Induced Gene Silencing (VIGS) assay and identified a Type One Protein Phosphatase 6

(GhTOPP6a) in the PP1 family that positively regulates cotton salt tolerance. Consistently, OE-
GhTOPP6a cotton plants showed salt tolerance; while, CRI-GhTOPP6a plants exhibited salt
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sensitivity in cotton. In addition, GhTOPP6a interacted with and dephosphorylated Ethylene
Response Factor 9 (GhERF9) on threonine 81 to negatively regulate the transcriptional activation
activity of 1-aminocyclopropane-1-carboxylate oxidase 3 (GhACO3) promoter. Furthermore, we
clarified that the transcription level of GhACO3 is related to ethylene release, negatively regulating
salt tolerance in cotton. Importantly, exogenous foliar application of ethephon inhibited the salt
tolerance of cotton and compromised salt tolerance in OE-GhTOPP6a seedlings. We also found
that GhMYB4 can bind to the promoter of GhTOPP6a, increasing transcription levels under salt
stress, which ultimately led to the reduction of ethylene synthesis. Furthermore, the transcript levels
of GhMYB4 and GhTOPP6a are repressed by ethylene, which in turn positively feedback regulates
ethylene synthesis. In conclusion, the GhMYB4-GhTOPP6a-GhERF9 module provides a new

perspective for cotton salt tolerance via inhibition of ethylene biosynthesis (Figure 3).
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Figture 3. The GhMYB4-GhTOPP6a-GhERF9 module responds to salt stress by regulating ethylene synthesis.

4. FHEHAEK 15 E FHGhKUP3aDI Th 84 & i iR

K RIEMAEK T LB E IR KEHZE DR KR ISRz i e .
PRI RZH K2R A CEBE 7T 25, BRI K12 5% i 5L i S Be A VF
Z R HN . WK AL RNA-seq 24 H 45 58 Hi gm0k A Kz 8 1 I 5Ll GhKUP3aD, &3 GhKUP3aD
TEAR K26 4F T RRAE KR SE 55 B ] . GhKUP3aD J& T Mt HAK/IKUP/KT gk, (8RN E
AbFERENS 1 153 GhKUP3aD [1E ik . i XL S%) GhKUP3aD #47 CRISPR R4k 1))
i, [ T GhKUP3aD K RIAFEIFME(E 4A). fEIRE LT, GhKUP3aD mifs ik
AVEEEEIR(E 4B), HEA ISR BETGEIR(E 4C, D), 5 GhKUP3aD il FikfEikR I
. ] GhKUP3aD St iafr i Fiis 400 bp HIE 75 5IXHEERE S 1) cDNA SCE BT
i, 37 Z/MERETR Y GhKUP3aD a3+ AR MR 7, HpafE—A C2H2 REEfE A
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N7 GhSTZ1. X% 3 B i & 2= A A M S 56 . B 7% Se g ik S GhSTZ1 RE HH# S
GhKUP3aD ¥ 2l 745 & 9 IE i R IA (B 4E-G). UiBk GhSTZ1 MMMk /ECHR i N B
SENEA L A BRAIEIR,  SRBBON AR SEAR A K& 2 A K oE 2 (&l 4H-J).

Functional ldentification and Transcriptional Regulation of the K* Transporter
GhKUP3aD in Upland Cotton (Gossypium hirsutum L.)

Potassium (K*) is an essential nutrient for plant growth and crop production. K* transporters
play critical roles in the absorption and transport of K* within plants. While most K* transporters in
Arabidopsis have been extensively studied, those in upland cotton have not yet been subjected to
comprehensive research.

The GhKUP3aD encoding a high-affinity K* transporter was identified from cotton RNA-seq
data, proving that GhKUP3aD plays a crucial role in cotton's absorption of K* under low K*
conditions. GhKUP3aD belongs to the HAK/KUP/KT family of upland cotton. Low K* stress can
significantly induce the high expression of GhKUP3aD. CRISPR knockout materials were
constructed for GhKUP3aD through dual targets, and two overexpression transgenic lines for
GhKUP3aD was constructed at the same time (Figure 4A). Under low K* treatment, the biomass of
GhKUP3aD knockout materials was significantly reduced (Figure 4B), and they had more obvious
K* deficiency symptoms (Figure 4C, D), which was opposite to the performance of GhKUP3aD
overexpression plants. The 400 bp promoter sequence upstream of the GhKUP3aD transcription
start site was used to screen the low potassium-induced cDNA library, and multiple transcription
factors that interacted with the GhKUP3aD promoter in yeast were obtained, including a C2H2 zinc
finger protein transcription factor GhSTZ1. Dual-luciferase reporter assay and electrophoretic
mobility shift assay confirmed that GhSTZ1 can directly bind to the promoter of GhKUP3aD and
positively regulate its expression (Figure 4E-G). Cotton plants silenced by GhSTZ1 had more
obvious symptoms of K* deficiency, showing lower K* content and lower K* absorption rate than

control plants (Figure 4H-J).
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R (2014), ERAHSENFES
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ARG E: (EmEERIEIRE L
WIERAR RN .

(—) BEERE
1. WERNFFRARAER ARG S RE TR R K0T L

BIREEM T FRMAERK . RERF=REIE . B AR KB A A TR R R
TSR 2R 25 [H B (BRs) AR FT R (A FE B 17 TR AR, (HIBTER 2 FHLHI A TS A . 7EA0
Fo, e B 2R (CORY) M4 L FH AU 1) 17 4R 719 3 RS0 (R, 4] ™ &4 P B A G 5k DR A6 SR Y
FEARETRE SR K AR LZmXTHL)FRIL, % HERTE KRR P i Sk (e ik 7 1 TRl K o RATTIE B
TR e - PR - e (DHLH) # 5 [A F ZmbHLHA54 B ZmXTHL Jash Fé&4iE S HRE,
bHLH #3 [ ILI1 454 BHLH 1(ZmIBH1)ifid 5 ZmbHLH154 TR — AR RN Fhik 5638
o I FIL ZmbHLH154 SEHIE K, 1M zmbhlh154 FEARAN ST A ELEFAE R 4G . JA IRHRPE RS %
K7 ZmMYC2-4 1 ZmMYC2-6 5 BR 15 5% 3 CH K 5 ZmBZR1 AHILAE R /7 ZmBZR1 *f
HOR R ZmIBHL MIHIER . 45 TR, XL RER T JA RIS BR {5 5406 ZmXTHL
FIEKIATT bHLH W%, M7 FOK A (Wang et al., Plant Physiol, 2024).

Molecular Mechanism of Coronatine Regulating Internode Elongation by

Mediating Brassinosteroid Signaling in Maize

Lodging restricts growth, development, and yield formation in maize (Zea mays L.). Shorter
internode length is beneficial for lodging tolerance. However, although brassinosteroids (BRs) and
jasmonic acid (JA) are known to antagonistically regulate internode growth, the underlying
molecular mechanism is still unclear. In this study, application of the JA mimic coronatine (COR)
inhibited basal internode elongation at the jointing stage and repressed expression of the cell wall-
related gene XYLOGLUCAN ENDOTRANSGLUCOSYLASE/HYDROLASE 1 (ZmXTH1), whose
overexpression in maize plants promoted internode elongation. We demonstrated that the basic
helix—loop—helix (bHLH) transcription factor ZmbHLH154 directly binds to the ZmXTH1 promoter
and induces its expression, whereas the bHLH transcription factor ILI1 BINDING BHLH 1 (ZmIBH1)
inhibits this transcriptional activation by forming a heterodimer with ZmbHLH154. Overexpressing

ZmbHLH154 led to longer internodes, whereas zmbhlh154 mutants had shorter internodes than
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the wild type. The core JA-dependent transcription factors ZmMYC2-4 and ZmMYC2-6 interacted
with BRASSINAZOLE RESISTANT 1 (ZmBZR1), a key factor in BR signaling, and these
interactions eliminated the inhibitory effect of ZmBZR1 on its downstream gene ZmiIBHL1.
Collectively, these results reveal a signaling module in which JA regulates a bHLH network by
attenuating BR signaling to inhibit ZmXTH1 expression, thereby regulating cell elongation in maize
(Wang et al., Plant Physiol, 2024).

JA(cor) BR ,
JfOH J_BRH ZmXTH1
JAZ BIN2

Cell elongation
(Internode elongation)

ZmiBH1

BI1, el R BRI A R R AN SR 2 A B S 5 R KT T K 23 T L
Figure 1. Jasmonic acid affects maize internode elongation by regulating cell elongation through mediating the

brassinosteroids pathway.

2. ZMSCEla EidI¥3E GCN5 fa g ik m KR
5B B K B AR B A B B . SR, ERFTRIER 2 TR AN . AEASHIE
Fir, RI—FF SUMO b E2 454 W ZmSCELla, &R KPR R LR EERIER . 2 FAAE
ST M1, SUMO L) E3 &M ZmMMS21 5 ZmSCEla JLFERA, (f4E A LB R S
(ZMGCN5-ZmADA2b)SUMO 1k, Ith4h, ZmGCN5 () SUMO AL AJiEIt 26S & A B4 iR 45 1 o
GCNS (s E M. 1tAh, ZmGCNS Hd RIAEMRR DL PR A, R O BLREMIEA. A=
RAB BEIER PR, thAh, ZETFMHAT, ZmGCNS i FEaB e ik (10 ol 36 i [R5 PR A0 i v
Ea(ABA)ﬁWﬁﬁélEﬁ%%?ﬁ%&ﬂﬁiﬁ ZmGCNS5 (i R gl i /£ T Fbhia Mg o 1T 55 %
ABA [/ 4 . 45 ERTR, BEFEE R T ZmSCELla REME#R ZmGCNS5 [ffase tE, MMz 12175
S A, G R ORI R Em B (Feng et al., Plant J, 2024).
ZmSCEla Positively Regulates Drought Tolerance by Enhancing the Stability of
ZmGCN5
Drought stress impairs plant growth and pose a serious threat to maize (Zea mays)
production and yield. Nevertheless, the elucidation of the molecular basis of drought resistance in
maize is still uncertain. In this study, we identified ZmSCE1la, a SUMO E2 conjugating enzyme, as
a positive regulator of drought tolerance in maize. Molecular and biochemical assays indicated that
E3 SUMO ligase ZmMMS21 acts together with ZmSCE1la to SUMOylate histone acetyltransferase
.95.
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complexes (ZMGCN5-ZmADA2b). SUMOylation of ZmGCNS5 enhances its stability through the 26S
proteasome pathway. Furthermore, ZmGCN5-overexpressing plants showed drought tolerance
performance. It alleviated O,~ accumulation, malondialdehyde (MDA) content, and ion permeability.
What's more, the transcripts of stress-responsive genes and ABA-dependent genes were also
significantly upregulated in ZmGCN5-overexpressing plants under drought stress. Overexpression
of ZmGCN5 enhanced drought-induced ABA production in seedlings. Taken together, our results
indicate that ZmSCEla enhances the stability of ZmGCNS5, thereby alleviating drought-induced
oxidative damage and enhancing drought stress response in maize (Feng et al., Plant J, 2024).

Drought

ABA sthhesis

Drought tolerance

K2, ZmSCEla¥7#ZmGCNSH & M5 1 K PTF 15 FHL .

Figure 2. The molecular mechanism by which ZmSCE1a enhances ZmGCNS5 stability to regulate drought tolerance.
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IS BREARAR bR AN T ZEOK A 7y o S VR QORI S 20 AE K25 B . ARAHATRERL P R S O
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Investigation into the Key Pathways and Driving Mechanisms of Maize Grain
Dehydration

This study analyzed changes and correlations in water content across grains, embryos,
endosperm, bracts, cobs, and ear-stalks. Experimental treatments included bracts or upper parts
of ears removal and petroleum jelly application to bracts or grains to inhibit evaporation. Key ear
indices and the main driving forces influencing grain dehydration were identified. The flow of the
mobile dye basic fuchsin in stems, ear-stalks, cobs, and grains was observed, elucidating water
exchange within the ear and water loss from the grains. Results indicated bidirectional water flow
between the cob and ear-stalk, with both influx and efflux occurring from 5 to 20 days after silking.
From 30 to 40 days after silking, during the slow filling stage, water primarily exhibited net outflow
from the cob and ear-stalk. The driving forces for grain dehydration included filling processes and
water reflux. During the physical dehydration stage (50-60 days after silking), water flow in the cob
and ear-stalk became bidirectional again. The primary driving forces for grain dehydration shifted
to physical evaporation and water reflux from the grain and bract surfaces. Thus, during the filling
and physical dehydration stages, grain water can be recycled within the plant via the peduncle, cob,
and ear-stalk. This finding offers a novel theoretical framework for understanding grain dehydration.
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Figure 3. The dehydration of maize grains was affected by adjusting the intensity of grain filling, bract and grain

surface evaporation, and water reflux in different periods.
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i%ﬂgﬂ (2022) .
R KREEEERNE ST
BB, AR AEYIEERA R BB 5 F R L .

1. “EEHRE EEFEIOK BN RAK S TS (5HEBRRELAESE)

Tk BRI S — SO VEY,  Pii a BE B AT G N 2 oK B8 7= AP Rp R T I G RE [A]
T DRk, SRR AR PR 2 v e DR L 5 I v i R i e R K B AT R AT
HITSLE FH () 4558 B — > e/ s . o R S A AR B R 1K) B AR RAS R R, B B R
(R ERRTUHRAE, #r 4 Nleaf angle architecture of smart canopy 1 (lacl). LAC1%#i%[E fEC-22
FACKG (DWF4), HAMNE T B —/NME TN S E S E e & k. (Em% AT, #
rlac 1 Je AR A L A 1)« 5K R FA R AL AT DL 3 I IR A o R R S DGR L YRR AR AL O A R
) 55 B AR A RO TRE R S 8L, e i ORI A ™ B R 3 0 . B AR AR, TR oK M SR A 1R 56
B T RAVLLAE BHEBORLACLIN RS, AT H] FKH I XIS 2 ABR A 2, B4 &
KR AR/ . RAVLLX e 5phyAEAE, TiARESphyBEAE. BEA& PR LI IN, L0060
Hefl (RIFR) FEIK, {RiFphyAZE EIFIER, phyASRAVLL B AEFH{EHERAVLLE A/ FEAR, MM IS5
RAVLIXTLACLIWUEAE R, Bl i BE 56 R I K fff . #Elacl %A (A, phyA-RAVL1
- F IS S IE R BEFE T, TS5 lac 2 AR A B RA M .. 25 b, —J7THilacl B A AR
FRERAL Tt 2 N B0 . BG5S BRGSO, 53— J7 Hilac X 388 e S (1) ) 55 39 5 17
TR, PR tlac 25 ) ohe ROAIAE 2R R 3 N Hip [R] (g 2 1% AE 4 (Tian et al., Nature, 2024).

Maize Smart-Canopy Architecture Enhances Yield at High Densities

(in collaboration with Prof. Feng Tian’s lab)

Increasing planting density is a key strategy for enhancing maize yields. An ideotype for dense
planting requires a ‘smart canopy’ with leaf angles at different canopy layers differentially optimized
to maximize light interception and photosynthesis, among other features. Here we identified leaf
angle architecture of smart canopy 1 (lacl), a natural mutant with upright upper leaves, less erect
middle leaves and relatively flat lower leaves. lacl has improved photosynthetic capacity and

attenuated responses to shade under dense planting. LAC1 encodes a brassinosteroid C-22
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hydroxylase that predominantly regulates upper leaf angle. Phytochrome A photoreceptors
accumulate in shade and interact with the transcription factor RAVL1 to promote its degradation via
the 26S proteasome, thereby inhibiting activation of LAC1 by RAVL1 and decreasing
brassinosteroid levels. This ultimately decreases upper leaf angle in dense fields. Large-scale field
trials demonstrate that lacl boosts maize yields under high planting densities. To quickly introduce
lacl into breeding germplasm, we transformed a haploid inducer and recovered homozygous lacl
edits from 20 diverse inbred lines. The tested doubled haploids uniformly acquired smart-canopy-
like plant architecture. We provide an important target and an accelerated strategy for developing
high-density-tolerant cultivars, with lacl serving as a genetic chassis for further engineering of a
smart canopy in maize (Tian et al., Nature, 2024).

Low planting density High planting density
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Figure 1. Model for how lacl responds to varying light signals to dynamically regulate upper leaf angle as planting

density increases.

2. FEYRAXZ4E phyA K& B BERALE

phyA 2 HEYIME—REAER L0 FRIEGE S SR Z . 2407, AT phyA
FEVR N BES BEBERR L, (H2 B AT AR S E B Fr - BEIR AL phyA IO 1M . 2018 45, Z4kNIR
T AR B 7T P % 5 B 41 15 S AL 38 402> TANDEM ZINC-FINGER/PLUS3 (TZP), K3 TZP
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RETS 5 phyA AHELAEFIJF HHZ phyA 7EAA N )R A BRI . HE—BRTFERY], BERRILI phyA AT RE
REEEBRMNIER, ECANXESHSPREEZEDR. ZHAKIN, EOHME
PHOTOREGULATORY PROTEIN KINASES (PPKs, th##{ MUT9-LIKE KINASES) #&f% 5 phyA
BHEOAE, HHEER, AR phyA. 1 TZP 1 N &AW ANWNAETLF X (intrinsically
disordered regions, IDRs), TZP {EAEY) &SI 216 5 REfE 164K PN TE B N /MA  (nuclear bodies,
NBs). ZWFFChE IR TZP RN RSN SERERS K A TR-TBUAH 70 25, JF HB> IDRs #72& TZP )
A BT T S IIE SEIR S R W], TZP feis et phyA 1 PPKL (AREAE M . o
R RMBRE R TR, EHDAMFIERE PPKs 1 phyA I, EAELN R R R/
) NBs HARBEILENL, MR 3RIA TZP J5, PPKs Ml phyA #365E 0 T TZP RHIE K NBs .,
Ak, ZBEFUIE TZP (1 IDRs By A FUS EE A1) IDR Z5M3R, 2R B8 1Z AT TZP s 584
B TZP —FE 54 [HIAb tzp RARAAEIZ LG T T IRAIRAY, sk IDRs 1) TZP WIANRE 56 4 [Hl #h
tzp RAARLA, KB TZP IDRs W) HWE-HUHH 73 B /2 TZP ATMEIE W DhRe T b 1. 45k, TZP i@
1K PPKs Fl phyA 8552 i -7AH 4 BT K NBs A, (EEBA R3S e R RIAR ELVE T, T 38
PPKs %I phyA FIBERR 1L . AT 505 58 25— R BE S B IR b phyA 108 130G PPKs, Jf HIEE] TZP
IR B IR EE PPKs BEERIL phyA 1953 FHLI, vidt— PR NRITIZ 605 5 &40 DLEOGME
SRR ARAL T B IR (Feng et al., Nat Plants, 2024).

Liquid—Liquid Phase Separation of TZP Promotes PPK-Mediated

Phosphorylation of the Phytochrome A Photoreceptor

Phytochrome A (phyA) is the plant far-red (FR) light photoreceptor that plays an essential role
in regulating photomorphogenic development in FR-rich conditions, such as canopy shade. It has
long been observed that phyA is a phosphoprotein in vivo, however, the protein kinases that could
phosphorylate phyA remain largely unknown. Here, we show that a small protein kinase family,
consisting of four members named PHOTOREGULATORY PROTEIN KINASES (PPKs; also
known as MUT9-LIKE KINASES [MLKs]), directly phosphorylate phyA in vitro and in vivo. In
addition, TANDEM ZINC-FINGER/PLUS3 (TZP), a recently characterized phyA-interacting protein
required for in vivo phosphorylation of phyA, is also directly phosphorylated by PPKs. We uncover
that TZP contains two intrinsically disordered regions in its N-terminal domain that undergo liquid-
liquid phase separation (LLPS) upon light exposure. Notably, the LLPS of TZP promotes
colocalization and interaction between PPKs and phyA, thus facilitating PPKs-mediated
phosphorylation of phyAin FR light. Together, our study identifies PPKs as the first class of protein
kinases mediating phosphorylation of phytochrome A and demonstrates that the LLPS of TZP
contributes significantly to more production of the phosphorylated phyA form in FR light (Feng et
al., Nat Plants, 2024).
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Figure 2. The LLPS of TZP promotes PPK-mediated phosphorylation of phyA in FR light.
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ERREAE S AR AR ANIE SRS 1 — AR AL DM ISR A & % (Song
et al., J Integr Plant Biol, 2024).

Regulation of Cryptochromes-Mediated Blue Light Signaling by the ABI4-PIF4
Module

ABSCISIC ACID-INSENSITIVE 4 (ABI4) is a pivotal transcription factor that coordinates
multiple aspects of plant growth and development as well as plant responses to environmental
stresses. ABI4 has been shown to be involved in regulating seedling photomorphogenesis,
however, the underlying mechanism remains elusive. Here, we show that the role of ABI4 in
regulating photomorphogenesis is generally regulated by sucrose, but ABI4 promotes hypocotyl
elongation of Arabidopsis seedlings under blue (B) light under all tested sucrose concentrations.
We further show that ABI4 physically interacts with PHYTOCHROME INTERACTING FACTOR 4
(PIF4), a well-characterized growth-promoting transcription factor, and post-translationally
promotes PIF4 protein accumulation under B light. Further analyses indicate that ABI4 directly
interacts with the B light photoreceptors cryptochromes (CRYs) and inhibits the interactions
between CRYs and PIF4, thus relieving CRYs-mediated repression of PIF4 protein accumulation.
In addition, while ABI4 could directly activate its own expression, CRYs enhance, whereas PIF4
inhibits ABI4-mediated activation of the ABI4 promoter. Together, our study demonstrates that the
ABI4-PIF4 module plays an important role in mediating CRYs-induced B light signaling in
Arabidopsis (Song et al., J Integr Plant Biol, 2024).
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Figure 3. A working model depicting that ABI4 regulates CRYs-mediated blue light signaling.
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Dhge H ATz Hb, RATFEK phyA #EAT 170 78 @ FIae . 45 /&, S5ilBIT phyA 38
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FAHIT, ] ZmphyALl/2 i sk FRBANR D6 F 2O 4. 2, ST phyA RAEAE H
FERNZLN T ERARFEME, FK ZmphyALl/2 XUFEASRLEIX L6 JE 46 F T $ 2 T v i Al
FIKMFRE, XRY ZmphyA GRS FORAE KK E REEMFF TR tEAh,  H A SEie 4
N, A ZmphyAL/2 SUTRASR IR R I, 28 ZmphyA 78 FOK FZER ZPRR 1 145 o 47 18
HREEME. b, TG RER ZmphyA 5 AtphyA FATAIAR A E AR DI g, (5
LB ZmphyA 7 R KA KK B TR MR BB Z RIS TR . %0 FUORIR N B R S HE A
FaAE T SR PR AL TR WA, I B A R KB W R B B B4 T B SCHE (Cao et al., Plant
Physiol, 2024).

Molecular Characterization and Functional Analyses of the Maize Phytochrome

A Photoreceptors

Maize (Zea mays) is one of the most important staple crops globally. To increase the yield,
maize is planted at high densities, leading to mutual shading and the enrichment of far-red (FR)
light in the shade. Phytochrome A (phyA) is the predominant photoreceptor in plants that initiates
photomorphogenic development under FR light. In maize, there are two phyA photoceptors, named
ZmphyAl and ZmphyA2, but their functions remain largely obscure. In this study, we performed
molecular characterization and functional analyses of the maize phyA photoreceptors. Similar to
Arabidopsis phyA, both ZmPHYA1 and ZmPHYA2 transcript levels are repressed by light, ZmphyA
proteins are rapidly degraded in response to red (R) and white (W) light, and both ZmphyAl and
ZmphyAZ2 translocate into the nucleus upon FR and R light exposure. However, in contrast to
Arabidopsis phyA that only physically interacts with PHYTOCHROME-INTERACTING FACTOR1
(PIF1) and PIF3, both ZmphyAl and ZmphyA2 were shown to directly interact with almost all maize
PIF proteins. Moreover, although Arabidopsis phyA mutants displayed no obvious phenotypes
compared to wild-type seedlings under W and R light, ZmphyAl ZmphyA2 double mutant seedlings
developed significantly longer mesocotyls under these light conditions. Further, the height of
mature ZmphyAl ZmphyA2 plants was significantly increased in the field experiments. Together,
our study uncovers an important role of ZmphyAs in light control of maize growth and development,
providing insights into the cultivation of new maize varieties with enhanced tolerance to high-density

planting (Cao et al., Plant Physiol, 2024).
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Molecular Mechanisms Underlying Coordinated Responses of Plants to Shade

and Environmental Stresses

Plants have evolved sophisticated mechanisms to simultaneously deal with multiple
environmental stresses. This review summarizes recent major advances in our understanding of
how plants coordinately respond to shade and environmental stresses, and discusses the important
questions for future research. A deep understanding of how plants synergistically respond to shade
together with abiotic and biotic stresses will facilitate the design and breeding of new crop varieties
with enhanced tolerance to high-density planting and environmental stresses (Han et al., Plant J,
2024).
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Designing Salt Stress-Resilient Crops: Current Progress and Future Challenges

This review summarizes our current knowledge of plant salt tolerance, emphasizing advances
in elucidating the molecular mechanisms of osmotic stress tolerance, salt-ion transport and
compartmentalization, oxidative stress tolerance, alkaline stress tolerance, and the trade-off
between growth and salt tolerance. The manuscript also summarizes recent advances in
understanding natural variation in the salt tolerance of crops and discuss possible strategies and

challenges for designing salt stress-resilient crops.
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Ferredoxin-Mediated Mechanism for Efficient Nitrogen Utilization in Maize
Nitrogen (N) is an essential macronutrient for plant development and ultimately vyield.
Identifying the genetic components and mechanism underlying N use efficiency in maize (Zea mays
L.) is thus of a great importance. Nitrate (NOs") is a preferred inorganic N source in maize. Here,
we performed a genome-wide association study for shoot NOs~ accumulation in maize seedlings
under low-NOs3~ conditions, identifying the ferredoxin family gene ZmFd4, as a major contributor to
this trait. ZmFd4 interacts and colocalizes with nitrite reductases (ZmNiRs) in chloroplasts to
promote their enzymatic activity. It forms a high-affinity heterodimer with its closest paralog, ZmFd9

in NO3z™-sensitive manner. Although ZmFd4 exerts similar biochemical functions to ZmFd9, ZmFd4
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and ZmFd9 interaction limits their ability to associate and stimulate activity of ZmNiRs. ZmFd4
knockout lines with decreased NOsz~ contents exhibit more efficient NOz~ assimilation and field
experiments show consistently improved N utilization and grain yield under N-deficient conditions.
Our work thus provides molecular and mechanistic insights into the natural variation in N utilization

instrumental for genetic improvement of yield in maize and, potentially, other crops.

Hap1 Hapl

ZmFd4  ZmFd$ 7mF‘d4 ZmFd%

K1, BREE EE F Zm P P A RUR) A0 BLS KA KL= B 7 5 2
Figure 1. Conceptual model of ZmFd-mediated NOs~ assimilation and maize grain yield in response to low N

availability.
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Development and Application of the Novel Prime Editor PE6 in Rice

Prime editing is a versatile CRISPR/Cas-based precise genome-editing technique for crop
breeding. Four new types of prime editors named PE6a—d were recently generated using evolved
and engineered reverse transcriptase (RT) variants from three different sources. In this study, we
tested the editing efficiencies of four PE6 variants and two additional PE6 constructs with double
RT modules in transgenic rice (Oryza sativa) plants. PE6c, with an evolved and engineered RT
variant from the yeast Tfl retrotransposon, yielded the highest prime-editing efficiency. The
average fold change in editing efficiency of PE6¢c compared to PEmax exceeded 3.5 across 18
agronomically important target sites from 15 genes. We also demonstrated the feasibility of using
two RT modules to improve prime-editing efficiency. Our results suggest that PE6c¢ or its derivatives
would be an excellent choice for prime editing in monocot plants. In addition, our findings lay a
foundation for prime-editing-based breeding of rice varieties with enhanced agronomically

important traits.
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Figure 1. PE6c greatly enhances prime editing in transgenic rice plants.
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ZmWAKL-Mediated Immunity Underlies Quantitative Disease Resistance to Gray
Leaf Spot in Maize

Gray leaf spot (GLS) is a destructive foliar disease and poses a grave threat to maize
production worldwide. In China, GLS has become another serious foliar disease after Northern corn
leaf blight, which causes 5-30% vyield loss every year. When severely infected, the disease causes
plant death, resulting in complete yield loss. It is of great significance to study the genetic basis of
maize resistance to GLS and to mine the excellent allelic variation loci for breeding resistant
varieties and ensuring national food security. We identified that ZmWAKL is causative gene
underlying major QTL gRgls1. ZmWAKL encodes a cell wall-associated receptor-like kinase, which
can bind to its co-receptor ZmWIK and enhance the phosphorylation level of each other.
ZmWAKL/ZmWIK immune complex can bind to the receptor-like cytoplasmic kinase ZmBLK1 and
transmit phosphorylation signal. ZmBLK1 directly binds and phosphorylates ZmRBOH4, thus
positively regulating the GLS resistance. Our studies have shown that ZmWAKL could perceive the
invasion of pathogen and converge immune signals to ZmRBOH4 via ZmWIK and ZmBLK1. The

activated ZmRBOHA4 finally triggers a burst of reactive oxygen species to execute GLS resistance
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(Zhong et al., Nat Genet, 2024).
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Figure 1. Proposed working model for ZmWAKL-mediated GLS resistance in maize.
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A Calcium-Dependent Protein Kinase Regulates Broad-Spectrum Quantitative

Resistance to Multiple Foliar Diseases in Maize

Gray leaf spot (GLS), Northern leaf blight (NLB), and Southern leaf blight (SLB) are three of
the most destructive foliar diseases in maize. Resistance to NLB is controlled by both race-specific
major effect (qualitative) genes and by non-race quantitative trait loci (QTL) with minor effects. All
known maize resistance to both GLS and SLB is controlled by QTL, most with small or moderate
additive effects. Here, we identified that ZmCPK39, a calcium-dependent protein kinase, mediates
broad-spectrum quantitative resistance to GLS, NLB, and SLB in maize. We showed that

pathogens induced expression level of resistant allele ZmCPK39Y3? was significantly lower than
115,



EYMESNEEERSLNE 2024 FERSG gj

susceptible allele ZmCPK39°!1, The relative lower abundance of ZmCPK39Y%? |eads to reduced
phosphorylation and degradation of the transcription factor ZmDi19. The high ZmDi19 abundance
in turn causes higher ZmPR10 expression, enhancing maize resistance to GLS, NLB, and SLB
(Zhu et al., Nat Genet, 2024).
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Figure 2. Proposed working model of ZmCPK39-mediated maize resistance to GLS, NLB, and SLB.
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K403 K i B AR RE, RIH BRI E =it (Deng et al., Nat. Commun, 2024).

Molecular Mechanisms of ZmGDla-hel in Regulating Maize Quantitative
Recessive Resistance to MRDD

Maize rough dwarf disease (MRDD) is a predominant viral disease, commonly referred to as
‘the cancer of maize’. Our previous study showed that a helitron-induced ZmGDla variant is the
recessive resistant gene, leading to quantitative resistance to MRDD. The P7-1 effector of the rice
black-streaked dwarf virus (RBSDV) targets maize Rab GDP dissociation inhibitor alpha (ZmGDla)
to cause MRDD. However, P7-1 has difficulty recruiting a ZmGDIla variant with an alternative
helitron-derived exon 10 (ZmGDla-hel), resulting in recessive resistance. Here, we demonstrate
that P7-1 can recruit another maize protein, gibberellin 2-oxidase 13 (ZmGA20x7.3), which also
exhibits tighter binding affinity for ZmGDla than ZmGDla-hel. The oligomerization of ZmGA20x7.3
is vital for its function in converting bioactive gibberellins into inactive forms. Moreover, the
enzymatic activity of ZmGA20x7.3 oligomers increases when forming hetero-oligomers with P7-1/
ZmGDla, but decreases when ZmGDla-hel replaces ZmGDla. Viral infection significantly promotes
ZmGA20x7.3 expression and oligomerization in ZmGDIla-containing susceptible maize, resulting
in reduced bioactive GA1/GA4 levels. This causes an auxin/cytokinin imbalance and ultimately
manifests as MRDD syndrome. In contrast, in resistant plants (carrying the ZmGDla-hel gene), the
interaction between P7-1 and ZmGDla-hel is weakened, leading to minimal induction of
ZmGA20x7.3 expression. Consequently, the virus-induced reduction in bioactive gibberellins and
hormonal imbalance are mitigated, reducing the severity of MRDD and manifesting as recessive

quantitative resistance (Deng et al., Nat Commun, 2024).
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Figure 3. A working model for the development of MRDD symptoms.
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4, FRMLBERED ZMWAK M F 5T RN

T oK 22 SRR 2 VS AR B Sporisorium reilianum SR AR E . BTEARFSCIESE, 3 RLPUR
B2 ZMWAK, B gmiDan i BEAH OB I, A7 T A0 . A SR I ZmWAK B R 2
Lo R AR ST, R (R A R, SRR ZmWAK X ZmSnRK1o2 [ HAEFIRERR L,
fEffi ZmSnRK102 MM EE R R 40MZ% b . A% Y ZmSnRK102 2 FR A0 B AL % 8
ZMWRKY53 FaE M. ZMWRKY53 fiififa 5ok 22 AR i iE . 412445 R ZmWRYS3 [ R,
it A0 U MR e 12 1Y) SWEETs /KGH I 55 £ 1 1 5: R 3208 B [ AIK, S BUR) A % is 1 B IR P s g b
WKESR . EHERR . K FE 5. X—RSBUTIMEE SRV R =, MREDHEIEEEK, RINPUH.
(Zhang et al., Mol Plant, 2024).

A Maize WAK-Snrkla2-WRKY Module Regulates Nutrient Availability to Defend
Against Head Smut Disease

Maize head smut, a devastating soil-borne disease, is caused by the fungal pathogen
Sporisorium reilianum. Previous studies indicated that the ZmWAK gene, encoding a cell wall-
associated kinase, confers quantitative disease resistance (QDR) against head smut. ZmWAK, a
receptor kinase localized to the plasma membrane, is activated by specific, yet unidentified,
signatures from S. reilianum, leading to the recruitment and subsequent phosphorylation of the
cytoplasmic ZmSnRK1a2. Once phosphorylated, ZmSnRK1a2 relocates from the cytoplasm to the
nucleus, where it affects the stability of the negative regulator ZmWRKY53. The degradation of
ZMWRKY53 then prompts the downregulation of transmembrane transport genes. Consequently,
this chain of events results in reduced nutrient availability, thereby curtailing the colonization of S.

reilianum in the apoplast (Zhang et al., Mol Plant, 2024).
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Figure 4.The proposed working model for ZmWAK-mediated molecular module for resistance to head smut in maize.
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ZEJE A TH T TR X Mk A ) B AR VR T, 7E L BIYIIE RO SR A, i A
FPRLEEIR 2P, BISGRI, &R IR, s M i 2R R TR % FoK ™= X %
R, WP 25~30%, HELIL, fEERETE,

ERGIZEFRFAL R TIRRERFRE: EAT TP, RAT T % Z RN ERAZ R
CML304 HHT T AL R 7 FI k20 %5 . @it CML304 fil B73 41RLH BC, Fs BEAREAT QTL &
Az, %58 H—RIET CML304 HIFTIERL 5 qRIgd. FE4HE AF QTL-gRfg4 45/ 3] 900kb FI4HE
X [a]. BAERAL T QTL-gRfg4 fAefs i3 PSR 1% 5 21 (DSI1)17.8%.

FERHUR QTL ZEBE ZmCCT WERBBMEMMA: ZmCCT &M EUHEIEHIER, [F
I e K H B T IR TTAE . RTIIRT 70K HT% ZmCCT A5 He S A\ F Tk & T H A2 R4 58 Al g
7-2 h, HIRIFRBEE RIIEA 58 FIE 7-2 WHF, S H6 AR 2R bt B 1 m i [ %
L T SRZAOE U, BRI, IR CRISPR/Cas9 HiR, % ZmCCT $ujk #
5524 H6 Ji3 3l DX Wi S 6 JE S 6 ANEEAR X AT i, 203 IR 7E 40 58 Al E 7-2 NI St 3Lk
THERERIEN) 45 FhgmEA R T RIS E . ARFEEYSE T BCaFs R B #1A ZmCCT FHal¥ X 4
BAPRHE K B B T IR e RIS pirE . i R A S, FRATH iR A d1+dl MRS
RIVEF, PR FEN AR A &R, BAEMSRERENRE.

Identification and Utilization of Genes Against Stalk Rot Disease in Maize

Maize stalk rot is one of the most devastating and prevalent diseases worldwide. In the gain-
filling stage, the disease causes rhizome rot, leaves yellowing and grain-filling block. At the harvest
stage, stalk rot disease leads to large-scale plant lodging, which causes yield loss and deterioration
of grain quality. In recent years, stalk rot has widely spread in all maize producing areas in China,
with a yield reduction of 25-30%, or even complete yield loss.

Cloning of causative gene underlying a new resistance locus against maize Gibberella
stalk rot: In this study, we performed whole-genome sequencing and de novo assembly of the
nearly immune inbred line CML304. Using a BC,F5s population derived from a cross between
CML304 and B73, we performed QTL mapping analysis and identified a resistance locus, qRfg4,
inherited from CML304. Fine mapping narrowed the QTL-gRfg4 to a 900 kb physical region.
Genetic effect analysis estimated that QTL-gqRfg4 could significantly reduce the disease severity
index (DSI) by 17.8%.

The modification and application of a stalk rot resistance gene ZmCCT: ZmCCT is the
gene underlying the major resistance QTL against stalk rot, which can also delay maize flowering
time under long-day conditions. In our previous study, the H6 haplotype of ZmCCT were introduced
into elite maize inbred lines Zheng58 and Chang7-2. We analyzed the stalk rot resistance and
photoperiod sensitivity, the resistance H6 haplotype has photoperiod sensitivity under long-day

conditions. To eliminate the bad attribute, we used CRISPR/Cas9 to edit the promoter sequence
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which contain photoperiod responsiveness cis-elements. After selected, we got 45 types of editing
materials to evaluate the disease resistance and photoperiod sensitivity. Phenotypic identification
results showed that d1+d1 showed desirable phenotypes, which can early flowering and remain

unchangeable disease resistance.
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Figure 5. Fine Mapping of QTL-qRfg4.
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TR HTIEAL S QTL-gRIV2, 258 £ JORS 2 & Ak X IR i 441 € 31 1.01Mb X [a] N . 1R4E B73 %
LRI, ZXENA 60 MNER, Hr 28 NMEEFEA IR

A SRR AR, RINE 22 DN RERTERAEER RN G RIA . PR 5 XEE 2 [A] 1) 22
FIkFER, KIAE 7 DEF(ZmLOX6, ZMCSN5B, ZMNADPH, ZmWAKL10, ZmTAD1, ZmRRP1B,
ZMAAP16)E RN 8] A 257, Hirh ZmLOX6, ZMCSNSB 1 ZMNADPH Fis BHimE. KA
— MR LA A A B R R 2 SRR R, R IR AR LR 4 NEFJE, ZmPPKSP Al
ZmRRP1B ZRRik. MEEFMEE, ZmIBHL 1 ZmWAKL10 £ 1 /NHEFI 2%, 1 ZmMHA2
1 ZMPPKSP {E 4 /NN AF 25 . R WX SLIL R W] fe 7E AR R AR N2 RAEIER (B 7).

Fine-Mapping of Resistance QTL to Fusarium Ear Rot in Maize

Maize ear rot, one of the most devastating fungal diseases worldwide, not only reduces maize
yield but also poses severe health risks to humans and livestock due to mycotoxins produced by
Fusarium spp. With recent climate changes, maize ear rot has spread to all maize-growing areas,
becoming the most serious disease and a primary concern for maize breeders. We used the
recombinant inbred lines (RIL) population to identify resistance genes against Fusarium
verticillioides ear rot in maize. The major QTL-qRfv2 was identified on chromosome 2, and its region
was narrowed to 1.01Mb after several rounds of fine-mapping. According to the B73 reference
genome, there are about 60 genes in this region, 28 of which have functional annotations.

Through RNA-seq analysis, we found that 22 of the 28 functional genes were expressed under
either inoculated or non-inoculated conditions. After comparing DEGs between B73 and CML304
at various time points post-inoculation, it was observed that certain genes exhibited variations at
each time point, namely ZmLOX6, ZmCSN5B, ZmNADPH, ZmWAKL10, ZmTAD1, ZmRRP1B (ID:
and ZmAAP16. Among these, ZmLOX6, ZmMCSN5B, and ZmNADPH exhibited higher FPKM values.
Additionally, we analyzed DEGs between inoculated and non-inoculated samples from the same
line. ZMPPKSP and ZmRRP1B exhibited significant differences within the resistant line 4 hours
post inoculation. Meanwhile, in the susceptible line B73, ZmIBH1 and ZmWAKL10 genes showed
differential expression at 1 hpi, and ZmMHA2 and ZmPPKSP at 4 hpi. This suggests that these

genes may play a role in the defense against pathogens (Figure7).
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2024).

FRNFHLE KR QTL-qGwe2 FIFEHR: AR Xt AT 1% 2 F1 QTL-qGwel.2, it i 4 FAric
TFRAEANENL. 2023 -4, FIF 19 A HELA AN 1697 vEJEATFRFEAE M TIE, ¥ qGwel.2 &
RLE7>Fhrid K452 F1 K453 2 [A%] 450bp HIIX AN . 2024 “EE, I 17 DNEAANAE) 1801 #k
JEARBTTT RIS 42 AL TARIGE T 2023 44 HRG A E M 45 R . @I bt B73 V5 A% 741, LA
J A de novo W7 HE HEAT JE DR T, foe 24 i e A X B T E Rl ZmCYP i #% IX

Fine-Mapping of QTL for Grain Water Content in Maize

The mechanization of maize production plays a pivotal role in global food security and
agricultural advancement. However, in China and many other countries, maize harvesting remains
largely unmechanized, with less than 5% of grain harvested mechanically in China. This is primarily
due to the high grain water content (GWC), which typically exceeds 30% at harvest (Li et al., 2018),
surpassing the recommended threshold of 25% suitable for mechanical harvesting. High GWC
prolongs the growing season, raises costs, and reduces grain quality. Moreover, ears with high
GWC are particularly vulnerable to ear/grain rot in the field and mildew during storage and
transportation. Consequently, reducing GWC has emerged as a central focus in maize breeding,
with efforts centered on identifying and incorporating genetic factors associated with low GWC or
fast grain dehydration rate (GDR) into current maize varieties to enable efficient mechanized

harvesting.

Molecular mechanism of QTL-qGwcl for grain water content in maize: The main things we
did during the year were as follows. Here, we examined two near-isogenic lines (NILs), NIL- and
NILH, differing at the gGWC1 locus, and observed that the lower GWC in NIL" is primarily attributed
to reduced grain water weight (GWW) and smaller fresh grain size, rather than the accumulation of
grain dry matter. Notably, the difference in GWC between the two NILs became more pronounced
approximately 35 days after pollination (DAP), arising from a faster dehydration rate in NIL".
Through an examination of hormones and their derivatives, we detected a marked decrease in
jasmonic acid (JA), alongside a notable increase in cytokinin, storage forms of 1AA (IAA-Glu, 1AA-
ASP), and the IAA precursor IPA in immature NIL" kernels (Liu et al., Crop J, 2024).

Mining of QTL-qGwc2 of maize grain water content: For previously identified QTL-
gqGwecl.2, we developed molecular markers in the localization interval for further fine-mapping. In

Hainan Winter Nursery, the 1697 offspring of 19 recombinant individuals were used to fine mapping
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the QTL- qGwcl.2. And the qGwcl.2 was fine-mapped to a 450bp interval between markers K452

and K453. The fine mapping results obtained in Hainan was validated by additional fine mapping

work in Shandong using 17 recombined individuals' 1801 offspring. By comparing to the B73 V5

reference sequence and the gene prediction of de novo sequencing data from the parents, the

gGwcl.2 was determined to be located in the upstream regulatory region of the ZmCYP gene.
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Biotechnol J 7] I= (Yin et al., Plant Biotechnol J, 2024).
Linkage and Association Mapping in Multi-Parental Populations Reveal the
Genetic Basis of Carotenoid Variation in Maize Kernels

Carotenoids are indispensable to plants and critical components of the human diet. The
carotenoid metabolic pathway is conserved across plant species, but our understanding of the
genetic basis of carotenoid variation remains limited for the seeds of most cereal crops. To address
this issue, we systematically performed linkage and association mapping for eight carotenoid traits

using six recombinant inbred line (RIL) populations. Single linkage mapping (SLM) and joint linkage
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mapping (JLM) identified 77 unique additive QTLs and 104 pairs of epistatic QTLs. Among these
QTLs, we identified 22 overlapping hotspots of additive and epistatic loci, highlighting the important
contributions of some QTLs to carotenoid levels through additive or epistatic mechanisms. A
genome-wide association study based on all RILs detected 244 candidate genes significantly
associated with carotenoid traits, 23 of which were annotated as carotenoid pathway genes. Effect
comparisons suggested that a small number of loci linked to pathway genes have substantial
effects on carotenoid variation in our tested populations, but many loci not associated with pathway
genes also make important contributions to carotenoid variation. We identified ZmPTOX as the
causal gene for a QTL hotspot (Q10/JLM10/GWASO019); this gene encodes a putative plastid
terminal oxidase that produces plastoquinone-9 used by two enzymes in the carotenoid pathway.
Natural variants in the promoter and second exon of ZmPTOX were found to alter carotenoid levels.
This comprehensive assessment of the genetic mechanisms underlying carotenoid variation
establishes a foundation for rewiring carotenoid metabolism and accumulation for efficient

carotenoid biofortification (Yin et al., Plant Biotechnol J, 2024).
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Figure 1. Genetic basis of carotenoids in maize kernels and cloning and functional validation of ZmPTOX.
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Maize Smart-Canopy Architecture Enhances Yield at High Densities

Increasing planting density is a key strategy for enhancing maize yields. An ideotype for dense
planting requires a 'smart canopy' with leaf angles at different canopy layers differentially optimized
to maximize light interception and photosynthesis, among other features. Here we identified leaf
angle architecture of smart canopy 1 (lacl), a natural mutant with upright upper leaves, less erect
middle leaves and relatively flat lower leaves. lacl has improved photosynthetic capacity and
attenuated responses to shade under dense planting. lacl encodes a brassinosteroid C-22
hydroxylase that predominantly regulates upper leaf angle. Phytochrome A photoreceptors
accumulate in shade and interact with the transcription factor RAVL1 to promote its degradation via
the 26S proteasome, thereby inhibiting activation of lacl by RAVL1 and decreasing brassinosteroid
levels. This ultimately decreases upper leaf angle in dense fields. Large-scale field trials
demonstrate that lacl boosts maize yields under high planting densities. To quickly introduce lacl
into breeding germplasm, we transformed a haploid inducer and recovered homozygous lacl edits
from 20 diverse inbred lines. The tested doubled haploids uniformly acquired smart-canopy-like
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plant architecture. We provide an important target and an accelerated strategy for developing high-
density-tolerant cultivars, with lacl serving as a genetic chassis for further engineering of a smart
canopy in maize.

Low planting density High planting density
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Figure 1. The lacl mutant maize plants display smart-canopy-like plant architecture and increased grain yield at
high density.
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Discovery and Evolutionary Analysis of Maize Altitude Adaptation Gene

Maize (Zea mays ssp. mays) was domesticated from its wild ancestor, teosinte (Zea mays ssp.
parviglumis), 9,000 years ago in southwestern Mexico. Flowering time has played a significant role
in the spread of maize from its tropical origins to temperate regions and from low to high altitudes.
ZmMADS1 was reported to be crucial in the regulation of maize flowering. However, natural

variations within this gene and how they mediate maize adaptation across diverse latitudes and
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altitudes remain unknown. An association analysis of the 5-kb promoter region revealed a 178-bp
insertion-deletion upstream of ZmMMADS1 with the highest association with flowering time (P =
8.91E-05) (Figure 1a, c, d), and the presence of single-copy and double-copy haplotype variations,
designated as 1XCNV-178 and 2XCNV-178, respectively (Figure 1b). To investigate the role of
CNV-178in the spread of maize, a haplotype analysis was conducted using 1008 maize landraces.
Our findings revealed no difference in the prevalence of two alleles in Americas when considering
latitudinal distribution (Figure 1f, g). However, with respect to altitude, we observed a trend where
the early-flowering haplotype, 1xCNV-178, was predominantly found in high-altitude regions,
whereas the late-flowering haplotype, 2XxCNV-178, was more common at lower altitudes (Figure
1h, i). Furthermore, an allele frequency analysis across both Americas showed that the frequency
of the early-flowering 1xCNV-178 haplotype increased with altitude. Notably, in North America
situated above 3000 meters, the allele frequency of 1xCNV-178 reached 100% (Figure 1j). These
findings suggest that the early-flowering haplotype 1xCNV-178 might have played a significant role
in facilitating the spread of maize from low to high altitudes, enhancing its adaptability to high-
altitude environments.
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Figure 2. The early-flowering haplotype-1xCNV-178 enhances adaptability to high-altitude environments.in maize.
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Tipping the Balance: The Dynamics of Stem Cell Maintenance and Stress
Responses in Plant Meristems

Plant meristems contain pools of dividing stem cells that produce new organs for plant growth
and development. The activity of plant meristem varies with environmental conditions, such as
light/shade and water/nutrient availability. Understanding the molecular mechanism of meristem
maintenance under stress will help elucidate the regulatory mechanisms of plant adaptation and
developmental plasticity. This article summarizes the latest research progress on the response of
plant meristematic tissues to environmental stress from four aspects: environmental factors, redox
regulation, biotic and abiotic stress. Understanding how meristem responds to changing

environmental conditions will contribute to a better understanding of plant developmental plasticity

and provide theoretical basis for improving crop traits and enhancing resistance to stress (Zeng et
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al., Curr Opin Plant Biol, 2024).
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Plant Regeneration in the New Era: From Molecular Mechanisms to

Biotechnology Applications

The totipotency and pluripotency of plant cells are the theoretical basis for establishing efficient
regeneration methods in plants. In this paper, we systematically reviewed the recent progress in
the analysis of molecular mechanisms of plant regeneration through a variety of controlled
regeneration systems and experimental techniques. In addition, the future development direction

of improving crop regeneration efficiency was also proposed (Chen et al., Sci China Life Sci, 2024).
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Figure 2. Cellular and molecular bases of wound healing in the root apical meristem in Arabidopsis.
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Chloroplasts are recognized as environmental sensors, capable of translating environmental
fluctuations into diverse signals to communicate with the nucleus. Among the reactive oxygen
species produced in chloroplasts, singlet oxygen (*O.) has been extensively studied due to its dual
roles, encompassing both damage and signaling activities, and the availability of conditional
mutants overproducing O in chloroplasts. In particular, investigating the Arabidopsis (Arabidopsis

thaliana) mutant known as fluorescent (flu) has led to the discovery of EXECUTER1 (EX1), a plastid

10, sensor residing in the grana margin of the thylakoid membrane. 1O,-triggered EX1 degradation
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is critical for the induction of *O,-responsive nuclear genes (SOrNGs). However, a recent study
showed that EX1 relocates from chloroplasts to the nucleus upon 'O, release, where it interacts
with WRKY18 and WRKY40 (WRKY18/40) transcription factors to regulate SOrNG expression. In
this study, we challenge this assertion. Our confocal microscopy analysis and subcellular
fractionation assays demonstrate that EX1 does not accumulate in the nucleus. While EX1 appears
in nuclear fractions, subsequent thermolysin treatment assays indicate that it adheres to the outer
nuclear region rather than localizing inside the nucleus. Furthermore, luciferase complementation
imaging and yeast 2-hybrid assays reveal that EX1 does not interact with nuclear WRKY18/40.
Consequently, our study refines the current model of 'O, signaling by ruling out the nuclear
relocation of intact EX1 as a means of communication between the chloroplast and nucleus (Liu et
al., Plant Cell, 2024).

— Thermolysin + Thermolysin
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Figure 1. Some of the chloroplast proteins adhere to outer envelope of the nucleus during nuclei isolation, and
protease treatment degrades these proteins.

2. HEEEH TOC33 M H 102-EXL 5 5 &

MR ARIE G G T 3R B, WBERT L i =R E A, B B A (02).
R ITH SRR EXL Aeigidid L 643 AL (L ZIRIkHE(W6E43) A 4k 102 & & ARk,
W643 #EM G, EX1 EEE R FtsH PR, (EHRBFARR EXT 8 E 2 W] R ¥ 40 iz B R = A
AT, EARTERE . T flu SARRIE NG — M4 10 T A, FRATETIHE flu 28284 3]
T, ¥EH SOFL K. £ flu/sofl H, 102 1K 51 1M E AR R BEHI ] . DR s e 0,
SOF1 i &x AR AN EH FH TOC33. SOF1 RAZ JG AN EXL 8 sk NS4k, ANFEm HAE 44
HRERL, AFEI 102 BRI TR EXL 8 M, (EZ2520 1 102 /31 S 44 S 240 1 2 8] 14
FEHS SAh, ATRI 1)EXL E AN UVR ZMIREEE R TOC33 454, 2)TEM 4k s RIL UVR
SERJIREETE 51 T 102 551 TOC33 KMt 4HMIAtT:, 3)UVR LM AER I WRKYSs #3% Kl T 7E4H
Mtz rpsif, AR RIE . AT T TOC33 &M 4k 102-EXL {55 @AM R T,
EX1 & UVR 4543k ae a8 B 08 EXL B H1E T 102 K 1 e B2 (Under revision).
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Chloroplasts engaged in oxygenic photosynthesis frequently overproduce reactive oxygen
species (ROS) under stress conditions, with singlet oxygen (*O,) being particularly harmful due to
its high reactivity and short lifespan. The nuclear-encoded chloroplast protein EXECUTER1 (EX1)
detects critical 1O, levels through Trp643 oxidation and undergoes proteolysis, a process essential
for activating 'O, signaling from chloroplasts to the nucleus. However, the link between EX1
proteolysis and subsequent changes in nuclear transcriptome remains unclear. In this study, we
isolated SOF1 (suppressor of flu 1) through a forward genetic screen using the flu mutant of
Arabidopsis thaliana, which generates 1O, in chloroplasts upon a dark-to-light shift. In the flu/sofl
mutant, all 1O-induced stress responses are largely suppressed, despite O, levels being similar
to those in the flu mutant. SOF1 encodes the chloroplast outer envelope-anchored preprotein
import receptor TOC33. Although TOC33 loss does not affect EX1 import, localization, or 1O,-
induced proteolysis, it blocks *O-induced chloroplast-to-nucleus retrograde signaling. Additionally,
the UVR domain of EX1 (EX1-UVR) interacts with TOC33 in the chloroplast, and ectopic expression
of EX1-UVR outside of the chloroplast induces 10,-dependent cell death. Our findings demonstrate
that SOF1/TOC33 mediates '0,-EX1 signaling from the chloroplast to the nucleus and that the
EX1-UVR domain can substitute for the full-length EX1 protein in this signaling pathway (Under

revision).

(E) EX1 @ EX1 UVR domain
EX1 DUF/SOS domain ‘ Toc33

K 2. TOC33 Al EX1-UVR S5H45 44K 102 f5 5 5 Tl i 1) TAR AR
Figure 2. A proposed model illustrating TOC33 and EX1-UVR in chloroplast *O2-induced signaling.
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A Comprehensive Exploration of Maize-Resistant Root-Derived Syncom in
Conferring Resistance to Stalk Rot Disease

The microbiome can enhance plant immunity and promote healthy growth of the host, but its
specific role in regulating crop disease resistance mechanisms remains unclear. Stalk rot is one of
the major diseases causing global maize yield loss, yet the role of microbial communities in maize
resistance to stalk rot has not been thoroughly investigated. Our study found that the disease
resistance of maize inbred lines to stalk rot depends on the microbiome. Pathogens induce the
accumulation of a range of metabolites in the roots of maize inbred lines resistant to stalk rot. These
substances not only inhibit pathogen infection but also promote the enrichment of beneficial
endospheric microbial communities. The enriched microbial communities can further activate the
expression of genes involved in the plant’s immune response, thereby enhancing the host's disease
resistance. Our research demonstrates that the microbiome can modulate and expand the plant
immune system, thereby improving disease resistance. Based on these findings, our synthetic
microbial community holds promise for future agricultural applications to improve crop disease

resistance.
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1. MC4-Lal PIFIEEREHE R-motif A2 HIBFEIEE mRNA BN #IGIHRER K
T AL

fE¥) metacaspase K A& — R MFTIEE L 5311 caspase & FIBGEAHLT P2 &
B, LEAEDAIEAEAE Y e R E N DI RE . BT RERT, AEACAHICEE] mRNA Bz, M
—HEA R-motif (SUTR B A E SRR AIEEF) AR EEEE mRNA BEAT AT 18 7 (0882, i
R EA RS . HZ DT metacaspase &1 R-motif /3B HEEE mRNA HEIFEZEES
SYIHUR S BRI ANE 2 AR R IR EE S8 # (barley stripe mosaic virus, BSMV)
RG22 ioE MC4, HEMYIE RNA 4546 8 H Lal. VISR Lalac W40 @ A0 & A 0%, 41
KL AT B A0 5T - 32— 25 1A R WA D EN IS 174 Lalac W1 BAZE & 151 R-motif [ 18155 [l mRNA
b, {23 R-motif /3 AMKAME T FE B, MW BUSE P R % . AL (Nicotiana
benthamiana) ##ik MC4 & (12 Z ] 7 BSMV (12 4L, TR MC4 3 R el mifik Lal JE 1)
AN G AN RIS R A 55 . et A ERIBE SN, BSMV S vb S @I 5 MC4
BAEHH] MCA X) Lal fIPI%]. Z5 LRTA, Bt 7R 17 MC4-Lal DI FIBRIE L (it R-motif /3
(B AL R mMRINA [ BI R, AT IE R 4% M A o 2 G2 1 A B L .

The MC4-Lal Cleavage Module Restricts Plant Virus Infection by Integrating R-
Motif-Mediated Defense Mrna Translation

The plant cysteine proteases metacaspases are structural homologs of animal caspases and
play pivotal roles under biotic and abiotic stresses. However, whether metacaspases and purine-
rich elements (R-motif)-mediated defense mRNA translation are involved in plant antiviral immunity
remains elusive. Here, we report that barley stripe mosaic virus (BSMV) infection activates
metacaspase 4 (MC4) to cleave the RNA binding protein Lal. The cleaved Lalac version relocates
from the nucleus to cytoplasm and promotes the R-motif-mediated cap-independent defense

mRNA translation. Moreover, MC4 overexpression significantly restricts BSMV infection in

.143.



EYMESNEEERSLNE 2024 FERSG %y

Nicotiana benthamiana, whereas the knockout of MC4 and the knockdown of Lal are more
susceptible to diverse plant virus infection. To counteract plant defense, the BSMV yb protein
directly interacts with MC4 and inhibits Lal cleavage. Collectively, our findings unveil a hitherto
unknown defense mechanism whereby the MC4-Lal cleavage module inhibits virus infection by

coordinating R-motif-mediated defense mRNA translation.

\\ 4
V] A "
. Y / v/
Resting state Host antiviral defense I \\‘ Viral counter-defense /L‘ \\
’ ’/;EC“VE mc4 ’ rl:actlve Mc4 o‘\ﬁ ’ /;active M
active MC4 ﬁtive McC4 ﬁ‘tive Mc4

Nucleus

R-motif -

\/ Defense mRNA

AAAA,

i Lo

e
Defense proteins (TBF1 etc.) Defense proteins (TBF1 etc.)

Kl 1. MCA4-Lal #EBi{% R-motif £ T 51715 DX R PR 0005 2R 42 A v o s B 48 1 7 T A

Figure 1. A proposed model for illustrating MC4-Lal module-mediated antiviral defense and counter defense

strategy employed by BSMV.
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B3 PR R 1 LA B S S HE A R, U HRAE M SR BRI R, R AR G R il 2 T
SAR LI R LAY ThRe, B 5E A5 2R 1 2 75 1] LIRS i Sk 1 AR A DAAERR 0 35 (1 1
BEAZ AT AR H . BRATHOBF R R IL, MEAMIZ<E I (chloroplast-related gene 1, CRG1) 1E A 44k
FaAS I IE PR 7, FE M S A AL T A ST, a8 18 5 i 2k A IR B 1 72 3R A a3k T A1 G e i,
TR SRRV IE R TR R R, 2 — 0 3 80 SR pRim i U0 B W R A el . T 24 K 22 %k 8UAE
58 (BSMV) 24uhT, L yb AR B S CRGL HAE S HE M, Mg in T 4k
AN ERIRE M, JEIIH] T SR R A I B, R R R AL T AN RUE I E RIS, 4ERET
TR RF R G
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A Viral Protein Delays the Overoxidized Chloroplast Degradation to Finetune
Defense-Infection Trade-Offs

Chloroplast is the prototypic organelles that responsible for photosynthesis and environmental
sensing. Maintaining the redox homeostasis of chloroplast is vital for plant development and
adaptation. However, the structure and function of chloroplasts are usually compromised during
plant virus infection. The mechanisms by which viral factors regulate chloroplast homeostasis to
maintain infection remain obscure. Here, we identified that the chloroplast-related gene (CRG1)
functions as a new positive regulator of chloroplast stability in response to oxidative stress by
enhancing the ubiquitination and degradation of chloroplast outer membrane proteins (Toc
proteins). Subsequently, the outer membrane-destroyed chloroplasts were degraded by a
microautopahgy-like pathway that indispensable with the canonical autophagy pathway. During
barley stripe mosaic virus (BSMV) infection, the multifunctional protein yb, but not its mutant ybezaa,
directly interacts with CRG1, thus inhibits the degradation of chloroplast and Toc proteins to
sustaining viral infection. Our findings reveal a novel role for CRGL1 in regulating chloroplast protein
stability and homeostasis, as well as the strategy that plant RNA virus protects their replication site

to establish an effective infection.

Oxidative stress BSMV infection | .
cytosol (1) /
o O
Vacuole Pmtﬁme /y . Vacuole
S -. P L ° "
LEPAL e
@& 7 7 T
@ ‘ pro?:ins

-~ . _- chloroplast

Kl 2. CRG1 43 £k A AL B2 M {2k i S (A 200 ff 8 P A K 25 2R 9 407 CRGLL 45 2R RS e 1 AR
Figure 2. A proposed model for illustrating CRG1-mediated degradation of oxidized chloroplast and counter-
defense strategy employed by BSMV.
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1. SGT1-NSL1 iF# NLR E B S 5% K9 FHLE

SGT1 fEHEMAEM I mERY, REWIEELEKKENLREN, RN ERERN R 22
552 fh NLR(nucleotide-binding leucine-rich repeat)/r SR %% . 2R, KALLSK, SGT1
(153 7 IR I ESAEAR KRR FE AR AR, IF HAEMEY S fimid #2h SGTL Bk TR MBI R E A
(co-chaperone) K E1E i 2 A 50 H HAh A= ThEe NG # . SR Eed T — B T5%
B TurbolD 47432 Split-TurbolD f&FITARIC AR LR . FIHX—#HALHM, X SGT1 M
SGT1-HSP0 & &AL #H FUIRES (—p50) Fl S 2 WU IR A (+p50) IR 4TI 2 FHALREAT T R, UEY]
T SGT1 AR & AR R HOE AT 5 R BN SGT1 ARIL 2 H BER W SHEM A KR & FH R 2 5 G A
KB . TATIEFE NSLL S HFATIR A FL . 8457, AU A as R W], NSL1 LA
A NPRL BIA% R 702 U4 N BRI A S R0 TMV BIitE. felud /e NSLL EAR R =
BN, P AL SRR, SGTL nf LA S NSL1 EAEH{EdE NSL1 4 26S & A AT FEAR
JFH SIPK /-3 SGT1 MIBEERGTT LAY SGT1 5 NSLL M EAEIH{2iE NSLL Fefil. BEoh, @ik
NSL1 [FEIFEIE 7 HE LR NLR /3 ARS8 SRR R A, I HIZ JLRI NLR A5 10 2 S0 41
AL SGT1 MR 77 A2t NSLL RAEFEM . 25 BTk, B FMT 1 i SURES T, NSL1 i#
A4 NPRL #Z 5 ZE AR K e SA BB I B Sl 5, SGTL i (i G i 42 Kl
¥ NSL1 £ 26S [ EAE AT BEMRIOE S %, H SGT1-NSL1 BIRIEZ A NLR /it S G &
HEIIRE. STt T SGTL M T IEMZS, IR 1 — Fr R 6 R R 5 55 S
Ht SGT1-NSL1 (Zhang et al., Mol Plant, 2024). it 3C %3 )&, Molecular Plant 7% k% 18N “The
cartography of plant immunity: Proximity labeling puts a novel SGT1-NSL1 regulatory module on
the map” & F.

Proxitome Profiling Reveals a Conserved SGT1-NSL1 Signaling Module that

Activates Nlrmediated Immunity

Suppressor of G2 allele of skpl (SGT1) is a highly conserved eukaryotic protein that plays a
vital role in growth, development, and immunity in both animals and plants. Although some SGT1

interactors have been identified, the molecular regulatory network of SGT1 remains unclear. SGT1
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serves as a cochaperone to stabilize protein complexes such as the nucleotide-binding leucine-
rich repeat (NLR) class of immune receptors, thereby positively regulating plant immunity. SGT1
has also been found to be associated with the SKP1-Cullin-F-box (SCF) E3 ubiquitin ligase
complex. However, whether SGT1 targets immune repressors to coordinate plant immune
activation remains elusive. In this study, we constructed a toolbox for TurbolD- and split-TurbolD-
based proximity labeling (PL) assays in Nicotiana benthamiana and used the PL toolbox to explore
the SGT1 interactome during pre- and post-immune activation. The comprehensive SGT1
interactome network we identified highlights a dynamic shift from proteins associated with plant
development to those linked with plant immune responses. We found that SGT1 interacts with
Necrotic Spotted Lesion 1 (NSL1), which negatively regulates salicylic acid-mediated defense by
interfering with the nucleocytoplasmic trafficking of non-expressor of pathogenesis-related genes
1 (NPR1) during N NLR-mediated response to tobacco mosaic virus. SGT1 promotes the SCF-
dependent degradation of NSL1 to facilitate immune activation, while salicylate-induced protein
kinase-mediated phosphorylation of SGT1 further potentiates this process. Besides N NLR, NSL1
also functions in several other NLRmediated immunity. Collectively, our study unveils the regulatory
landscape of SGT1 and reveals a novel SGT1-NSL1 signaling module that orchestrates plant

innate immunity (Zhang et al., Mol Plant, 2024).
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Figure 1. A proposed model for illustrating the functional role of SGT1-NSL1 module in N-mediated resistance

against TMV.

2. RH20 j@i¥ 5 SGS3/RDR6 bodies HAEIEE#E RNAI /S KPLHR TSR K 2 FHLE

HEYINRY B & %2 Beh b B T 2R Pun b EIe R, w2 RNAI A S HHU%E
BHE . AW BSMV J 58 2 K4 RNAY Zmfid i) yb 5K C inf@t & 1 TurbolD &, FIF %3
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RETE TERTERYSFAE T v AR A, AEME B RN A =702 — M E H#F RNA 1L
REARAR SRS, T DEAD-box ZR 8 F IR i, #E— Pk 1 RH20 S HBET TIRAWETE . RNA
DUBRA 770 A A1/ RNA I FUERT 1 RH20 £ A /et RNAI 2, 2 RNA JUERIE K Y IE PR 1.
BE— AR AP 2R A S SRR W, RH20 @it fl SGS3 B HAEE (3] SGS3/RDR6 /M,
T I B SR B RYR /N T HE RNA P24k 5 % BSMV RS, tkAk, RH20 & gediil 58 & e nt
TATE(TUMV). 3 TAE I B (CMV) AT S 8 (A 2 (BBS V) A& 15 IR 4y, R B RH20 72 1E ik
RNAJR R e )2 K 35E1E ] .BSMV 2 Dife R B vb 1R Sl i ik W B A7 52 24 1) VSR 7L (Bragg
and Jackson, 2004), #RMic4 Nik, yb & KIE VSR THEERI 2 T-HLHIA R A . A5HT yb A
s o il i #a) RH20 8 ORI 25 3 RNA UUBR, 98 B S8 A2 AR b S U6 A 56 4 1 AR S50, HiE
3 yb & @ TP RH20 Al SGS3 [ EAEMKMIR RH20 MHTi#ThRe. 1% L% E T RNA il #%
I —MBERT 4170 —RH20, 1ZEH 5 SGS3 LAF MM IETE RNAI M FHIHURT %% 1 BSMV
Zatd F)UTEBR AN 7 yb FEF VAR RH20-SGS3 1 AR, M HE B 5 SCIL S Bt (Wen et al.,
Plant Biotechnol J, 2024).

DEAD-Box RNA Helicase RH20 Positively Regulates Rnai-Based Antiviral
Immunity in Plants by Associating with SGS3/RDR6 Bodies

RNA silencing plays a crucial role in defending against viral infections in diverse eukaryotic
hosts. Despite extensive studies on core components of the antiviral RNAi pathway such as DCLSs,
AGOs and RDRs proteins, host factors involved in antiviral RNAi remain incompletely understood.
In this study, we employed the proximity labelling approach to identify the host factors required for
antiviral RNAI in Nicotiana benthamiana. Using the barley stripe mosaic virus (BSMV)-encoded cb,
a viral suppressor of RNA silencing (VSR), as the bait protein, we identified the DEAD-box RNA
helicase RH20, a broadly conserved protein in plants and animals with a homologous human
protein known as DDX5. We demonstrated the interaction between RH20 and BSMV cb.
Knockdown or knockout of RH20 attenuates the accumulation of viral small interfering RNAs,
leading to increased susceptibility to BSMV, while overexpression of RH20 enhances resistance to
BSMV, a process requiring the cytoplasmic localization and RNA-binding activity of RH20. In
addition to BSMV, RH20 also negatively regulates the infection of several other positive-sense RNA
viruses, suggesting the broad-spectrum antiviral activity of RH20. Mechanistic analysis revealed
the colocalization and interaction of RH20 with SGS3/RDR6, and disruption of either SGS3 or
RDR6 undermines the antiviral function of RH20, suggesting RH20 as a new component of the
SGS3/RDR6 bodies. As a counter-defence, BSMV cb VSR subverts the RH20-mediated antiviral
defence by interfering with the RH20-SGS3 interaction. Our results uncover RH20 as a new
positive regulator of antiviral RNAi and provide new potential targets for controlling plant viral
disease (Wen et al., Plant Biotechnol J, 2024).
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Figure 2. A proposed model illustrating the mechanism of RH20 to interact with SGS3/RDR6 body (siRNA body) to
positively regulate RNAI to inhibit BSMV infection.

3. ZREFR B FEREERE R EEE (RBOHSs) ™4 ROS

H 1 E.4i 18 £ 8 1% 5 151 (Post-translational modifications, PTMs)Z: 512 RBOHs{ I E,
HrhafEsmRaem. ZROEW . SsSB4, XL RR A B T L4
RBOHSHBEIT « 8 [ K Ml I 41 A 5 57 25 T EFEROS =28, T 54 B X A= P fivae AR 2E 4
B I B o I HPTMs 2 (B AEAEAC HARF, KA RBOHSIH M T RIS, %458 ARG mes T
TEADAE RN A Ve A EEAE P ia iy, 2 M8 P% J5 121 (Post-translational modifications, PTMs) i
RBOHSII eI F WL B E5 Z M2 HAR A, S45 4 7 “Modification Activation—Brake 124 ;
RBOHSE g FEHE # 1 Ak TR ER AL A Ui H RS L AR FIROSSR4ERF ) IEH A KK F
— BN E A2, RBOHsH] LUK BRI IE . BB LSS S BEARIR (PA), BLAMIEA
5 B8 TR FE R IS 058 mT LAk — 2P {2 #ERBOHSHERR 1L, M43 M4 RE B8 Puidk 7™ AL ROS LA 37 41
FrIEE s RS RS S B A RS 5, RBOHSH] BE2x 52 232 22 A AL AiF R4 S35 1
iRE, MRS, LI RBOHS A ROSI“ R 4", B2, ZLIRTVEA 45 T RBOHs
B B ROS AL kg, N 8ERBOHSHI I 7 #2 6t T B 5% (Zhang et
al., New Phytol, 2024).
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Orchestrating ROS Regulation: Coordinated Post-Translational Modification
Switches in NADPH Oxidases

Reactive oxygen species (ROS) are among the most important signaling molecules, playing a
significant role in plant growth, development, and responses to various environmental stresses.
Respiratory burst oxidase homologs (RBOHSs) are key enzymes in ROS production. Plants tightly
regulate the activation and deactivation of RBOHs through various post-translational modifications
(PTMs), including phosphorylation, ubiquitination, S-nitrosylation, and persulfidation. These PTMs
fine-tune ROS production, ensuring normal plant growth and development while facilitating rapid
responses to abiotic and biotic stresses. This review discusses the effects of different PTMs on
RBOH function and their biological relevance. Additionally, we examine the evolutionary
conservation of PTM sites and emphasize the complex interplay between multiple PTMs regulating
RBOHSs (zZhang et al., New Phytol, 2024).

Modification — Activation — Modification —» Activation —— Brake — Modification ----* Activation +++=
r'y ' ' '

Stresses

ROS levels

Time

K3, Il R R 21 TTRBOHA S ROS™ A B i SIS — R ZE" R Y
Figure 3. A proposed ‘Modification < Activation—Brake’ cycle model for regulating RBOH-mediated ROS production
through PTMs.
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PO fLE AR FEXT R, KIN PO Refg & AN & 20 M B, JFAEREBF BAN L0 h BAT #1818 1E
TP MEFAERUREEAHLE, FLERE PO BRI RAARA LR EEE M A K KB AR GG E, (HAEfE
REDR ARG RAPSEIRUER, BYSMV BRI 77E 200 mM #E 54T, A REA K
Fesi T mRNA; RN KL BYSMV 12 445 e 88 N2y EHaY) Kk-F, 2t DItz g, Ant
FeAE7 TR HR I 25 9w i (14 FLER 1 (viroporin T2 5 1) 38 38 7E 7 B B A/ S5 Hh R B I, R
BER R ST @SR G AL (B 1). RN, ABFFUEESL 7 AEY R B R S S A A
BT EFRNBCR, RIAHEEESL AR 9 2 D45 1 70 75285 -
The Plant Rhabdovirus Viroporin P9 Facilitates Insect-Mediated Virus

Transmission in Barley

Potassium (K*) plays crucial roles in both plant development and immunity. However, the
function of K* in plant-virus interactions remains largely unknown. Here, we utilized Barley yellow
striate mosaic virus (BYSMV), an insect-transmitted plant cytorhabdovirus, to investigate the
interplay between viral infection and plant K* homeostasis. The BYSMV accessory P9 protein
exhibits viroporin activity by enhancing membrane permeability in Escherichia coli. Additionally, P9
increases K* uptake in yeast (Saccharomyces cerevisiae) cells, which is disrupted by a point
mutation of glycine 14 to threonine (P9G14T). Furthermore, BYSMV P9 forms oligomers and
targets to both the viral envelope and the plant membrane. Based on the recombinant BYSMV-
GFP (BYGFP) virus, a P9-deleted mutant (BY GFPAP9) was rescued and demonstrated infectivity
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within individual plant cells of Nicotiana benthamiana and insect vectors. However, BYGFPAP9
failed to infect barley plants after transmission by insect vectors. Furthermore, infection of barley
plants was severely impaired for BYGFP-P9G14T lacking P9 K* channel activity. In vitro assays
demonstrate that K* facilitates virion disassembly and the release of genome RNA for viral mMRNA
transcription. Altogether, our results show that the K* channel activity of viroporins is conserved in

plant cytorhabdoviruses and plays crucial roles in insect-mediated virus transmission.
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Figure 1. A potential model of BYSMV P9 viroporin in insect-borne virus infection.
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Cofitness Network Connectivity Determines a Fuzzy Essential Zone in Open

Bacterial Pangenome

Most in silico evolutionary studies commonly assumed that core genes are essential for cellular
function, while accessory genes are dispensable, particularly in nutrient-rich environments.
However, this assumption is seldom tested genetically within the pangenome context. In this study,
we conducted a robust pangenomic Tn-seq analysis of fithess genes in a nutrient-rich medium for
Sinorhizobium strains with a canonical open pangenome. To evaluate the robustness of fithess
category as- signment, Tn-seq data for three independent mutant libraries per strain were analyzed

by three methods, which indicates that the Hidden Markov Model (HMM)-based method is most

robust to variations between mutant libraries and not sensitive to data size, outperforming the
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Bayesian and Monte Carlo simulation-based methods. Consequently, the HMM method was used

to classify the fitness category. Fitness genes, categorized as essential (ES), advantage (GA), and
disadvantage (GD) genes for growth, are enriched in core genes, while nonessential genes (NE)

are over-represented in accessory genes. Accessory ES/GA genes showed a lower fitness effect

than core ES/GA genes. Connectivity degrees in the cofitness network decrease in the order of ES,
GD, and GA/NE. In addition to accessory genes, 1599 out of 3284 core genes display differential

essentiality across test strains. Within the pangenome core, both shared quasi-essential (ES and

GA) and strain-dependent fithess genes are enriched in similar functional categories. Our analysis

demonstrates a considerable fuzzy essential zone determined by cofithess connectivity degrees in
Sinorhizobium pangenome and highlights the power of the cofitness network in under- standing the

genetic basis of ever-increasing prokaryotic pangenome data (Zhang et al., mLife, 2024).
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Figure 1. A considerable fuzzy essential zone of Sinorhizobium pangenome core.
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1. KIBHBFHiEHh HKTs fERMHE TREWRTR

R AR EEZ AR (HKTS) Al e #1235 Natel Nat/K*, E4ERFEY) Nat /K Fas i e s E il .
EIREANZ 5 EERE 2 #3E , (HKHE HKTs 19757 B AT S8 AE LASE 5 IX TR 72 1) W] T OsHKT1;
1 fl OsHKT2;1 14y, AR TP FEZNMKEE HKTs. —RIAHER) OsHKTs fE45 1 b rf 43
NVUASGER IR FE B8RS b, 58 = G5 R I - R e B e AR S ML R 1) ¢ S X PR . kAh, T
FePR 1 OsHKTL;5 fiRf # Al EL B AR I 454, X0 — N ST ER PR S0 i RS o MR oo T 32
A2 7 OsHKT1;5 KI5 Natigfae A RIG I R XL RN T 7KAE HKTs )4 12k
fitl, JFONEAIER ShVEFE RS 7 UL (Gao et al., J Integr Plant Biol, 2024).
Structural Insights into the Oryza Sativa Cation Transporters Hkts in Salt
Tolerance

The high-affinity potassium transporters (HKTS), selectively permeable to either Na* alone or
Na*/K*, play pivotal roles in maintaining plant Na*/K* homeostasis. Although their involvement in
salt tolerance is widely reported, the molecular underpinnings of Oryza sativa HKTs remain elusive.
In this study, we elucidate the structures of OsHKT1;1 and OsHKT2;1, representing two distinct
classes of rice HKTs. The dimeric assembled OsHKTs can be structurally divided into four domains.
At the dimer interface, a half-helix or a loop in the third domain is coordinated by the C-terminal
region of the opposite subunit. Additionally, we present the structures of OsHKT1;5 salt-tolerant
and salt-sensitive variants, a key quantitative trait locus associated with salt tolerance. The salt-
tolerant variant of OsHKTL1;5 exhibits enhanced Na* transport capability and displays a more
flexible conformation. These findings shed light on the molecular basis of rice HKTs and provide

insights into their role in salt tolerance (Gao et al., J Integr Plant Biol, 2024).
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Figure 1.Structural alignment of SKOR and SKDM.

Structural Changes in the Conversion of an Arabidopsis Outward-Rectifying K*
Channel into an Inward-Rectifying Channel

By using cryo-electron microscopy and electrophysiology, this study characterizes the
structural and functional dynamics of the K* outward-rectifying channel SKOR in Arabidopsis and
the structural changes associated with a double mutation that transforms SKOR into an inward-
rectifying K* channel, SKDM. These findings have implications for understanding and manipulating
crop K* nutrition. Potassium is an essential mineral nutrient for plant growth. Plants absorb K*
primarily from the soil or growth medium through the roots and redistribute it across various tissues.
To efficiently regulate K* uptake and distribution, plants possess a sophisticated network of K*
transporters and channels that facilitate the selective movement of K* across cellular membranes.
We performed an in-depth structural and functional analysis of SKOR, a fundamental K*,,: channel
in plants, and revealed the molecular changes associated with its conversion from a K*,,t channel

to a K*n channel. The interplay between the D312N and L271P mutations results in a change from
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outward to inward rectification. This mechanism may provide clues for controlling the distribution of
K* from roots to shoots. As the sequences of SKOR homologs are conserved in crops, we anticipate
that this study may provide guidance for development of crops with greater resistance to K*
deficiency (Gao et al., Plant Commun, 2024).
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Bt A BRI RN I8 0, Sk 51 RS R E CBCH IR EIR ED R KA = B R R = . &
T TR T R AT R0, AR R B Y . ORI T R
—ARTRFFEE LIFRIER NAC FIRFE %K T SINAC015, HiZEEE AN AT miR164
TETERLEER . 1 3 FACF R I sinac015 i R AR A A+ REURMI R, SKEFERLE
R TEA R, SINACO15 i RIAK TRKEAAEFEE ARG, PLFIEEE. #id RNA-seq KL
SINACO15 I RIAR T H LR & £ 2 K5 ROS KM@, HH S MR FIEAA S ROS ik
OB E LY (POD), RT-gPCR A #TiX S8 K 7E SINACO15 I RIAD 7 R FiRE,
7f sinac015 AR N KA, #E— LK SINAC015 #IE KA T ROS LRI, KT FAabH
J& SINACO15 i3 F A4 1t i DAB et B A= B, H202 #1l MDA &5 &A1, POD Bg& 14 41, sinac015
RAK DAB BL0EUR, Ha02 M MDA %35 = T8 48, POD B I#MK. 7£ 20% PEG 4+ 54t
HAK 7 R SINACO15 #H: AR TR SR AHIE A, K] SINACOLS5 il ma 1
ROS ikt HIETIES TP WA IHR T SINACO15 545 1T S il w2 (0 S EH L], NPt
L PR AT 5T R R

Sinac015 Regulates Drought Tolerance via Enhancing ROS Scavenging in

Foxtail Millet

With global warming and increasing population, drought stress has become a key factor
limiting crop growth and yield. Foxtail millet (Setaria italica) is an ideal model crop for studying
abiotic resistance due to its long-term cultivation in arid and semi-arid areas. In this study, we
identified that SINAC015 was significantly upregulated under 20% PEG treatment in foxtail millet
and was predicted to be a potential target gene of miR164. The sinac015 mutant was sensitive to
drought stress and showed markedly lower survival rates after rewatering than the wild type (WT),
in contrast to mSINACO015-overexpression lines, which exhibited enhanced drought tolerance. A

large number of ROS-related terms were enriched in mSiINACO015-overexpression lines by RNA-
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seq analysis, and most of these genes were predicted to encode peroxidases (POD) involved in
ROS scavenging. RT-qgPCR revealed that these genes were indeed upregulated in mSiNAC015-
overexpression lines, but downregulated in sinacO15 mutants compared to the WT. We further
detected that the sinac015 mutant exhibited increased ROS accumulation and decreased POD
activity after drought treatment compared to WT, while mSINACO015-overexpression lines showed
lower ROS content and higher POD activity, suggesting that SINACO15 positively regulates drought

tolerance by enhancing ROS scavenging.
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Figure 1. Functional analysis of SINACO015 in the regulation of drought tolerance in foxtail millet.
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Sihsfb2b, A Class B Heat Shock Factor, Is Involved in Drought Response

Heat shock factors (Hsfs) are key regulators involved in biotic and abiotic stress responses,
especially playing a central role in modulating heat tolerance. Based on their structure and function,
the plant Hsf family has been divided into three groups, HsfA, HsfB, and HsfC, and the function of
HsfA has been extensively studied. In this study, we identified a drought-induced upregulated gene,
SiHsfB2b, a class B Hsf transcription factor member with rhythmic expression. Subcellular
localization revealed that SiHsfB2b localized to the nucleus and displayed transcriptional
repressive activity. To clarify the function of SiHsfB2b in drought response, SiHsfB2b transgenic
plants grown in soil were subjected to drought treatment at the seedling stage. The sihsfb2b
mutants were sensitive to drought stress and exhibited significantly lower survival rates after
rewatering than the wild type (WT), whereas the SiHsfB2b-overexpression lines showed greater

drought tolerance, suggesting that SiHsfB2b positively regulates drought tolerance in foxtail millet.
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Figure 2. Functional analysis of SiHsfB2b in drought tolerance of foxtail millet.
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Pathogenic Mechanism of Southern Rust Fungus

Southern corn rust, caused by the fungus Puccinia polysora Underw, is a global fungal disease.
In recent years, there have been continuous outbreaks of southern rust in various regions of China,
leading to annual economic losses of billions of yuan and posing a threat to maize production and
food security. Because of the severity of this disease, the Ministry of Agriculture officially classified
southern rust as first-level disease from 2023. However, our understanding of the pathogenic
mechanisms of P. polysora is limited, severely hindering the prevention and control against maize
southern rust. Effector proteins play a crucial role in enabling pathogens to successfully infect crops,
and are important targets for studying pathogenic mechanisms. In collaboration with our partners,
our group has assembled the genome of P. polysora and analyzed transcriptome sequences during
the infection process. As a result, we have predicted 107 candidate effectors. Using the transient
expression system of Nicotiana benthamiana, we have identified 8 effectors that clearly suppress
plant immune responses. Based on these findings, our research team aims to identify the target

proteins of these effectors in maize and elucidate the molecular mechanisms by which effectors
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manipulate host targets to facilitate the infection of P. polysora.

SCMV-FPI1
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Figure 1. The effector protein FPI1 suppresses immune responses and promotes Puccinia polysora infection.
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Cloning Southern Corn Rust Resistant Genes

The identification of disease-resistant genes and the development of resistant varieties are
key strategies for the green control of plant diseases. Currently, only a few resistance genes against
maize southern rust are available. In this study, our team collected maize materials and identified
25 varieties exhibiting high resistance to southern rust. Multiple genetic populations were
constructed, and BSA sequencing was performed. Based on this, we localized the resistance genes
and used molecular biology and biochemical methods to analyze the mechanisms of resistance
proteins. The results of this study will provide valuable maize materials and genetic resources for

resistance to Puccinia polysora and accelerate the progress of maize disease resistance breeding.
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Figure 2. Resistance analysis of maize materials to southern corn rust.
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The OXI1 kinase regulates plant immunity by linking microbial pattern-induced ROS burst to MAPK
activation. Plant Cell 37(1): koae311.
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PIRA B R HEL . INFO 53 oy e P 1) BB ORI Jo i T BB R A, et 1 T 5 O 4 ke 22 20
B, DUEILAARERNE A N TG 40 [EAERRRE, INFO RIBEEIFAN R PR T LA [ AR e 1
R, MR T H AR RS b AT TCEAE S TS S AR Sk gk
T INFO 7E AM FL1R i B AR ThRE . Ak, BATEANRIUE EREE LA F S 7 NIN
A DA YR T A A ) INFO, S HA AF S SAE A v AR B ok 2 AP AL PRI E AL R B o FRATTHIE 72 R
RN T A SE R TG BLAR, ISR T TARRESE : 8 ) FH 38 AR 3L (5 5l i v ) S B
K, v AEZBMEY) AP B ZEE T T2 71329 (Qiao and Sun et al., in preparation).
Evolutionarily Conserved Formin Proteins Facilitate Intracellular Symbiotic
Microbe Infections in Legume and Non-Legume Plants

Plants deploy specific cell-surface-cytokinetic to counteract the invasion of intricate microbes.
Like legume root hair infections own specific morphological inventions that entrap the symbiont,
particularly an invaginated foci aided by cytoskeleton for rhizobia intracellular entry. How hosts
manipulate this cellular morpho-dynamics remains largely unknown. Our investigations uncovered
actin nucleating formin protein, termed INFO, as indispensable for the fragmented actin assembly,
which is also essential for the intracellular infection by rhizobia in the model legume species
Medicago truncatula. INFO condensates with the symbiotic-specific remorin nanodomains at the
plasma membrane, facilitating the actin assembly required for symbiont entry. Given that INFO is
evolutionarily not exclusive to the nodulating lineage but well confined among the more ancient
symbiosis Arbuscular Mycorrhiza-forming species, its parallel function in AM fungi intracellular

infection is then substantiated in both Medicago and non-legume crop tomato Solanum
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lycopersicum. Additionally, the core root nodule symbiosis transcription factor NIN, unexpectedly,
can activate the tomato-derived INFO, evidencing evolutionary retention of rhizobia-responsive
signature in non-legume. Our findings bolster understanding of the molecular dialogues
underpinning symbiotic associations and propose a framework in which non-legume nitrogen
fixation likely could be engineered by leveraging genes from the common symbiosis signaling toolkit,

more likely residing within their promoters (Qiao and Sun et al., in preparation).
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Figure 1. Molecular mechanism model of rhizobial intracellular infection mediated by INFO.
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Zinc Sensing in Nodules Regulates Symbiotic Nitrogen Fixation

Utilizing symbiotic microorganisms to provide nutrients to plants is an effective means of
achieving global carbon neutrality in crop production. However, relying entirely on microorganisms
is unrealistic, and the use of chemical fertilizers remains a necessary condition for sustainable high
yields. For a long time, it has been understood that the symbiotic relationship between leguminous
plants and nitrogen-fixing root nodule bacteria is subject to nitrogen inhibition. This is because this
symbiotic relationship is mutualistic and closely related to the plant's environmental responses, and
its molecular mechanisms are not yet fully understood. Plants constantly adjust their gene
expression and metabolism to thrive in diverse environments. In legume root nodules, the
surprising role of zinc as an intracellular messenger links environmental changes to transcriptional
control (Qiao et al., Nat Plants, 2024).
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Figure 2. Model of FUN-mediated zinc sensing in the regulation of nodule functionality.
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Microbiol, 2024),

Chitinase-Assistedwinner: Nematodesantagonize Symbioticmicrobes

The rhizosphere of plants harbors a diverse array of microorganisms, which can exist as
parasitic pathogens or form symbiotic relationships with their hosts. The soybean cyst nematode
(SCN) is a serious parasite that poses a significant threat to global soybean production. In the
United States alone, SCN causes an estimated average annual yield loss of about $1.5 billion.
Field investigations and greenhouse studies have shown that one of the detrimental effects of SCN
is its antagonistic action against the nodulation of nitrogen-fixing root nodule bacteria and the
colonization of mycorrhizal fungi, both of which are key microbial symbionts that meet the nutritional
needs of plants, particularly for nitrogen and phosphorus. However, the molecular mechanisms
underlying this antagonism remain unclear. Recently, a team led by Yang Qing at the Institute of
Plant Protection, Chinese Academy of Agricultural Sciences, discovered that chitinase released by
cyst nematodes is crucial for soybean root nodule symbiosis and arbuscular mycorrhizal symbiotic

capacity (Zhang et al., Trends Microbiol, 2024).
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Figure 3. Schematic illustration of the inhibition and activation of symbiosis mediated by nematode chitinase and its

structure-based inhibitor design.
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Substrate-Induced Condensation Activates Plant TIR Domain Proteins

Plant nucleotide-binding leucine-rich repeat (NLR) immune receptors with an N-terminal
Toll/interleukin-1 receptor (TIR) domain mediate recognition of strain- specific pathogen effectors,
typically via their C-terminal ligand-sensing domainsl. Effector binding enables TIR-encoded
enzymatic activities that are required for TIR NLR (TNL)-mediated immunity. Many truncated TNL
proteins lack effector-sensing domains but retain similar enzymatic and immune activities. The
mechanism underlying the activation of these TIR domain proteins remain unclear. Here we show
that binding of the TIR substrates NAD* and ATP induces phase separation of TIR domain proteins
in vitro. A similar condensation occurs with a TIR domain protein expressed via its native promoter

in response to pathogen inoculation in planta. The formation of TIR condensates is mediated by
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conserved self-association interfaces and a predicted intrinsically disordered loop region of TIRs.
Mutations that disrupt TIR condensates impair the cell death activity of TIR domain proteins. Our
data reveal phase separation as a mechanism for the activation of TIR domain proteins and provide
insight into substrate-induced autonomous activation of TIR signalling to confer plant immunity
(Song et al., Nature, 2024).

Abiotic stress
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Figure 1. The molecular mechanism of TIR-triggerd immunity in Arabidopsis.
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Molecular Mechanisms Underlying Coordinated Responses of Plants to Shade
and Environmental Stresses

Shade avoidance syndrome (SAS) is triggered by a low ratio of red (R) to far-red (FR) light

(R/FR ratio), which is caused by neighbor detection and/or canopy shade. In order to compete for
the limited light, plants elongate hypocotyls and petioles by deactivating phytochrome B (phyB), a
major R light photoreceptor, thus releasing its inhibition of the growth-promoting transcription
factors PHYTOCHROME-INTERACTING FACTORSs. Under natural conditions, plants must cope
with abiotic stresses such as drought, soil salinity, and extreme temperatures, and biotic stresses
such as pathogens and pests. Plants have evolved sophisticated mechanisms to simultaneously
deal with multiple environmental stresses. In this review, we will summarize recent major advances
in our understanding of how plants coordinately respond to shade and environmental stresses, and
will also discuss the important questions for future research. A deep understanding of how plants
synergistically respond to shade together with abiotic and biotic stresses will facilitate the design
and breeding of new crop varieties with enhanced tolerance to high-density planting and
environmental stresses (Han and Ma et al., Plant J, 2024).
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AARIE, AT S d AR, (EHER IR I M ANE R . AT R 7 NO @it
B BT MYB30, (3454 ABA Rt CYP707A2 Ja 8 TS HL e, M BRI IRHRFH T
PR (ABA) B E AR, ARG T I K KEHLE] (Zhao et al., Plant Cell., 2024).
S-Nitrosylation of the Transcription Factor MYB30 Facilitates Nitric Oxide—
Promoted Seed Germination in Arabidopsis

The gaseous signaling molecule nitric oxide (NO) plays an important role in breaking seed
dormancy. NO induces a decrease in abscisic acid (ABA) content by transcriptionally activating its
catabolic enzyme, the ABA 8-hydroxylase CYP707A2. However, the underlying mechanism of this
process remains unclear. Here, we report that the transcription factor MYB30 plays a critical role in
NO-induced seed germination in Arabidopsis. NO induces S-nitrosylation at Cys-49 of MYB30 and
enhances its transcriptional activity. Conversely, the ABA receptors PYRABACTIN RESISTANCEL1
(PYR1)/PYR1-LIKE (PYL)/REGULATORY COMPONENTS OF ABARECEPTORS (RCAR) interact
with MYB30 and repress its transcriptional activity. ABA promotes the interaction between PYL4
and MYB30, whereas S-nitrosylation releases the PYL4-mediated inhibition of MYB30 by
interfering with the PYL4-MYB30 interaction. Our findings reveal that S-nitrosylation of MYB30
precisely regulates the balance of seed dormancy and germination, providing insights into the
underlying mechanism of NO-promoted seed germination (Zhao et al., Plant Cell., 2024).
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SER/N RS, PR — NP &, BUA o s A JCHR R i o s IR
PRI, el £ DR B AN LA 2 Al = BT RTAR N, 15 & SRR A 7 i ot R 25 [ B R X %5 J03E 5K K H A
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CDPK26, i 5 K4y L0, vl 2 i SR S pl & B N ik 30%,  HLANRZ Wi B R S M B R
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(Zhang et al., Nature, 2024).
Releasing A Sugar Brake Generates Sweeter Tomato Without Yield Penalty

In tomato, sugar content is highly correlated with consumer preferences, with most consumers
preferring sweeter fruit. However, the sugar content of commercial varieties is generally low, as it
is inversely correlated with fruit size, and growers prioritize yield over favour quality. Here we
identified two genes, calcium-dependent protein kinase 27 (SICDPK27; also known as SICPK27)
and its paralogue SICDPK26, that control fruit sugar content. They act as sugar brakes by
phosphorylating a sucrose synthase, which promotes degradation of the sucrose synthase. Gene-
edited SICDPK27 and SICDPK26 knockouts increased glucose and fructose contents by up to 30%,
enhancing perceived sweetness without fruit weight or yield penalty. Although there are fewer,

lighter seeds in the mutants, they exhibit normal germination. Together, these findings provide
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insight into the regulatory mechanisms controlling fruit sugar accumulation in tomato and offer
opportunities to increase sugar content in large-fruited cultivars without sacrificing size and yield
(Zhang, et al., Nature, 2024).

(=) AR

RFEWIL: (*Corresponding author; #“These authors contributed equally)

1. HanR* Ma L*TerzaghiW, GuoY, and LiJ(2024) Molecular mechanisms underlying
coordinated responses of plants to shade and environmental stresses. Plant J 117: 1893-
1913.

1. Zhao H, Ma L, Shen J, Zhou H*, Zheng Y* (2024) S-nitrosylation of the transcription factor
MYB30 facilitates nitric oxide—promoted seed germination in Arabidopsis. Plant Cell 36: 367-
382.

2. Zhang J¥, Lyu H#, Chen, J¥, Cao X, Du R, Ma L, Wang N, Zhu Z, Rao J, Wang J, Zhong K, Lyu
Y, Wang Y, Lin T, Zhou Y, Zhou Y, Zhu G,Fei Z, Klee H, Huang S (2024) Releasing a sugar

brake generates sweeter tomato without yield penalty. Nature 635: 647-656.

(=) BEAUEME
ERAR: o (MELK).
BoE: WL,

A77.



S EE AR E 2024 FRHRE Y

EE, k. HEPEKXKAA TS
B (2009), ERALBTENFELHES
 (2006) .

wHzrmE:
YN B E 5F 5 B 53 T TR AL

(—) BEAHER

1. EYEBE TR ERESHSH DTS

R F MM I LIREEY M R ER R —, HRRUIFESEERRB N EE TR ]
ERYPURE R AT 7B, SRR AT SN 45 55 1 1E 1T 3 B BT R SREX AN AR AR 1 i) i —
BB R BRATBTEE RIEIE T IEA . BATIIR G 1) — AN X 45 8 U 1) 28 52 A Il 28 A% 1k
aluminum resistance 1-1 (alrl-1), JFRSHEW TALRLZE —MEE 7324k, FRATRIALRLAT L&
T I RN IR AR AL, 5 T A & AT MR EALR LA 3535 2 A BAK L, #E T {2 #EALR1XFNADPH
AL EFRbohD Ser39f7 & IRk, MM
BRI R EROS ™ 4. ROSKE/EE
AABIHF-box & [IRAEL, il 5 & X%

arl Wt ALRL @

o <o Al receptor & signaling

Cytosol

LSRR STOPLKZ Z AL AR, AT ) o
3ESTOPL [y 2 19 B, 310 WI% F s . | Lg( /
ALMT1. MATESESCHEPUAREE IR 1R, : : ‘:/\ &ﬂ
(R R A HLIRI M, S 253 R i EJ : n

U TE(EIL) . ATHIBE TN T R T
TN B T T AR SN R B0 1 8 B A S
e, (ERPDER AT T U A AR

‘
.
ILVWTINTY
AN ]
o
>
X
[

o< [-o
2 Al ions
=) Yy N . ] §
RS IR ST I A R AR I B TR AL o Alions g — g
FISRAE T Wi AR, A4 R BB E Organic
aclid anion

R N B S o R R g [
(Ding et al., Cell Res, 2024).
Molecular Mechanism of Aluminum lon Sensing and Signaling in Plant

Aluminum (Al) toxicity is one of the main factor limiting crop production on acidic soils, and

also the important factor of forest degradation caused by acid deposition. Although the research of

plant Al resistance has been carried out for decades, the fundamental question of how plants sense
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Al ions and in turn initiate Al resistance responses remains unknown. Our study has provided the
answer to this question. Here we found an Arabidopsis mutant hypersensitive to Al. The gene
encoding a leucine-rich-repeat receptor-like kinase, was named Aluminum Resistancel (ALR1).
We demonstrated that ALR1 is an Al ion receptor that senses its varying concentration. Al ions
binding to ALR1 cytoplasmic domain recruits BAK1 co-receptor kinase and promotes ALR1-
dependent phosphorylation of the NADPH oxidase RbohD, thereby enhancing reactive oxygen
species (ROS) generation. ROS in turn oxidatively modify the RAE1 F-box protein to inhibit RAE1-
dependent proteolysis of the central regulator STOP1, thus activating organic acid anion secretion
to detoxify Al (Figure 1). Our discovery of the entire pathway linking Al sensing to organic acid
secretion is a major milestone in Al research, providing novel insights into ion-sensing mechanisms
in living organisms, and enabling future molecular breeding of acid-soil-tolerant crops and trees,
with huge potential for enhancing both global food security and forest restoration (Ding et al., Cell
Res, 2023).
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Molecular Mechanism of LRH-RSL4 Feedback Regulatory Loop in Control of the
Determinant Growth of Root Hairs

Root hairs are tubular-shaped outgrowths of epidermal cells essential for plants acquiring
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water and nutrients from the soil. Despite their importance, the growth of root hairs is finite. How
this determinate growth is precisely regulated remains largely unknown. Here we identify LONG
ROOT HAIR (LRH), a GYF domain-containing protein, as a unique repressor of root hair growth.
LRH is preferentially expressed in the root hair cells in the root elongation zone, with its protein
levels decreased gradiently during root hair development, and is negatively correlated with the
protein accumulation of ROOT HAIR DEFECTIVEG-LIKE4 (RSL4), the master transcription factor
of root hair elongation. We show that LRH inhibits the association of eukaryotic translation initiation
factor 4Es (elF4Es) with the 5’ cap of RSL4 mRNAs, repressing RSL4 translation and thus root hair
elongation. RSL4 in turn directly transactivates LRH expression to maintain a proper LRH gradient
in the trichoblasts (Figure 2). Our findings reveal a previously uncharacterized LRH-RSL4 feedback
regulatory loop that limits root hair growth, shedding new light on the mechanism underlying the

determinate growth of root hairs (Cui et al., Curr Biol, 2024).
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AEAN T T HRIIEE S M A BERRSE RS, RAFIIR R T X A MBS 57 3L
%1 (Xu et al., Nat Commun, 2024).
Aclade of Receptor-Like Cytoplasmic Kinases and 14-3-3 Proteins Coordinate

Inositol Hexaphosphate Accumulation

Inositol hexaphosphate (InsP6) is the major storage form of phosphorus in seeds. Reducing
seed InsP6 content is a breeding objective in agriculture, as InsP6 negatively impacts animal
nutrition and the environment. Nevertheless, how InsP6 accumulation is regulated remains largely
unknown. Here, we identify a clade of receptor-like cytoplasmic kinases (RLCKs), named Inositol
Polyphosphate-related Cytoplasmic Kinases 1-6 (IPCK1-IPCK6), deeply involved in InsP6
accumulation. The InsP6 concentration is dramatically reduced in seeds of ipck quadruple (T-4m/C-
4m) and quintuple (C-5m) mutants, accompanied with the obviously increase of phosphate (Pi)
concentration. The plasma membrane-localized IPCKs recruit IPK1 involved in InsP6 synthesis,
and facilitate its binding and activity via phosphorylation of GRF 14-3-3 proteins. IPCKs also
recruitiPK2s and PI-PLCs required for InsP4/InsP5 and InsP3 biosynthesis respectively, to form a
potential IPCK-GRF-PLC-IPK2-IPK1 complex. Our findings therefore uncover a regulatory
mechanism of InsP6 accumulation governed by IPCKs, shedding light on the mechanisms of InsP

biosynthesis in eukaryotes (Xu et al., Nat Commun, 2024).
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BE/1. ZiE, HWAKLA-NRAMPLAL 15 5 P TR T 1 AP0 25 B % — M PR il i CdiR e
FRRIIAETT, JAEPICpaE mi NI 78 SR B 1 9 i) W, RISt o5 B IRCAE i A SR it 1B
(PHTSE DR YR ANEL IR /K38 (Yuan et al., Nat Commun, 2024).

The Arabidopsis Receptor-Like Kinase WAKL4 Limits Cadmium Uptake via
Phosphorylation and Degradation of NRAMP1 Transporter

Cadmium (Cd) is a detrimental heavy metal propagated from soil to the food chain via plants,
posing a great risk to human health upon consumption. Despite theunderstanding of Cd tolerance
mechanisms in plants, whether and how plants actively respond to Cd and in turn restrict its uptake
and accumulation remain elusive. Here, we identify a cell wall-associated receptor-like kinase 4
(WAKL4) involved in specific tolerance to Cd stress. We show that Cd rapidly and exclusively
induces WAKL4 accumulation by promoting WAKL4 transcription and blocking its vacuole-
dependent proteolysis in roots. The accumulated WAKL4 next interacts with and phosphorylates
the Cd transporter NRAMP1 at Tyr488, leading to the enhanced ubiquitination and vacuole-
dependent degradation of NRAMP1, and consequently reducing Cd uptake. Our findings therefore
uncover a mechanism conferred by the WAKL4-NRAMP1 module that enables plants to actively
respond to Cd and limit its uptake, informing the future molecular breeding of low Cd accumulated

crops or vegetables (Yuan et al., Nat Commun, 2024).
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FIFREL. KA IBrowse WA, G55 1B AR D REVE R SEIE . 2B FERCR T 2024 4F 11 F4E
( Genomics, Proteomics & Bioinformatics ) I & 3, #H & H B W 3k O A A TF K
https://bis.zju.edu.cn/soyod.
SoyOD: An Integrated Soybean Multi-omics Database for Mining Genes and
Biological Research

Soybean is a globally important crop for food, feed, oil, and nitrogen fixation. A variety of multi-
omics studies has been carried out, generating datasets ranging from genotype to phenotype. In
order to efficiently utilize these data for basic and applied research, a soybean multi-omics
database with extensive data coverage and comprehensive data analysis tools was established.
The Soybean Omics Database (SoyOD) integrates important new datasets with existing public
datasets to form the most comprehensive collection of soybean multi-omics information. Compared
to existing soybean databases, SoyOD incorporates an extensive collection of novel data derived

from the deep-sequencing of 984 germplasms, 162 novel transcriptome datasets from seeds at

different developmental stages, 53 phenotypic datasets, and more than 2500 phenotypic images.
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In addition, SoyOD integrates existing data resources, including 59 assembled genomes, genetic
variation data from 3904 soybean accessions, 225 sets of phenotypic data, and 1097 transcriptomic
sequences covering 507 different tissues and treatment conditions. Moreover, SoyOD can be used
to mine candidate genes for important agronomic traits, as shown in a case study on plant height.
Additionally, powerful analytical and easy-to-use toolkits enable users to easily access the available
multi-omics datasets, and to rapidly search genotypic and phenotypic data in a particular
germplasm. The novelty, comprehensiveness, and userfriendly features of SoyOD make it a
valuable resource for soybean molecular breeding and biological research. SoyOD is publicly
accessible at https://bis.zju.edu.cn/soyod.
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HR PRI T3S 2 Font 43 P PR A7 TG AR A K 28 R B B KRB E R B B R, oA AR & .
B FEAR 2R A B R PR T AL 0 AT BT o FRAT DI I T 1m) 8 4% 2 3 M AT I B P 4 5 T R KRB AR T 25
AR E L] SYNTAXIN 132(0sSYP132), %K 98748 7k srml [l SR AN e iR FIIAR o AJF 72
KIL srml Hh OsSYP132 KA [ RiRA P ESRAT L% T, 38 OsSYP132 2k T BB A [X 1K
(PTM). J: TR IP-LC-MS/MS. fR&ME AR Rl G 5258 . 85 45 7 TR 735 30 77 AR S5 5056
A% e T UhREME SNARE H 4% OsSYP132-OsNPSN13-OsSYP71-OsVAMP721/722, 1K
OsSYP132 [1) PTM XI5 f) 5¢ %Mt 3+ OsSYP132 ) SNARE E &)/ T i 5 U Ml & &
REE, W AERKRE FRERR 0 SR AL R L 565E, AR srml 1 OsPIN1b Ffi N #5iz K
FEAN & AR (AR S 40 i o B B e A R A T e EAREL, SUBLAE R ERWIER 2040, AR R
IR EEA R ATy fie KA, T AN 7 AR S MR S5 A TR R B A5 1 AR A (I8 1) i T B W 177K
a1 3L T OsSYP132 ) SNARE E&WIFEE KR ARG IR AR A F HIER, IR 17 HATH 28
R M ERRBIRIEAS K AR R RIIAH . A T4 R KR AE New Phytologist | (Zhu et al.
2024).

Revealed SNARE Protein Mediating Intracellular Transport of Auxin Transporters
and Root Morphogenesis in Rice.

Root morphogenesis is essential for seedling survival and plant growth. As a major grain crop,
rice has a typical fibrous root system. However, the molecular mechanism of root formation is still
unclear. We identified SYNTAXIN 132 (OsSYP132), an important gene regulating rice root
morphogenesis, through forward genetic analysis and map based cloning. The mutant of this gene
srml is lost both adventitious and lateral roots. We found that OsSYP132 in srm1 has a point
mutation to produce an early mature stop codon, resulting in OsSYP132 losing the post-
transmembrane region (PTM). Based on in vivo IP-LC-MS/MS, in vitro liposome fusion experiments,

protein structure prediction and molecular dynamics simulation, we identified the functional SNARE
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complex OsSYP132-OsNPSN13-OsSYP71-OsVAMP721/722. The integrity of the PTM region of
0OsSYP132 was found to be critical for the fusion of OsSYP132 SNARE complex mediated vesicles
with plasma membranes. Through auxin signaling marker line and in situ immunostaining, we found
that the intracellular transport of OsPIN1b in srml and its plasma membrane localization in
adventitious root and lateral root primordial cells were seriously disturbed, disrupting the normal
distribution of auxin and failing to establish auxin concentration gradient and apex auxin maximum.
The adventitious roots and lateral root primordia then stop growing before breaking out the
epidermis (Figure 1). This study elucidates the role of OsSYP132-based SNARE complex in auxin
distribution and postembryonic root development in rice, and expands our understanding of vesicle
fusion and its relationship with rice root morphogenesis. The related results were published in the
New Phytologist (Zhu et al. 2024).

~@-l- 4 0sSYP132 ~—l- - OsNPSN13 = - OsSYPT1 s Auxin gradient
~0N-E- - 0sSYP1324FTH o~ - OsVAMP722, OsVAMPT21 . OsPIN1b ' Other OsPINs

.

Kl 1. OsSYP132 7EVH#EM &K & T E I LAERA
Figure 1. Working model of OsSYP132 in regulating root development.

2. BERWCREE RBEREAR AR 2T

solbE T IR K ARG RSOR Y G TRES PP5, IR IL RIS BRI 2 T AR B AL (Wang et
al., Environ Exp Bot, 2024), #i/~ T iEMHE S5 R¥EKREE NARBER 2 FHLH . FEALRER T /KFER
IRGSIBZ: 417G &y A R e VA ) G ol =19 s e I ) e (7 Y G Sl N V= /B G U E s VR L )
B B AR AT AR B BB, I8 T /KRR TR 70 i RO A L3 A% 5 R A S B SRR R SR M T A 5 Y
W7 J71A (Lu et al.; Mol Plant, 2024; Lu et al.; Plant Physiol, 2024).
Molecular Regulation Mechanisms of Phosphorus Absorption and Root
Architecture

We cloned and functionally identified protein phosphatase PP5 which regulates phosphorus

uptake and utilization in rice (Wang et al., Environ Exp Bot, 2024), and revealed the molecular

mechanism of reactive oxygen species (ROS) in rice adaptation to low phosphorus environment.
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We reviewed the molecular mechanisms of rice root sensing and root architecture response to
environmental phosphorus levels, the mechanism of strigolactone mediated plant root and
aboveground development under low phosphorus conditions. Practical strategies for genetic
improvement of nutrient-efficient root architecture in rice were discussed and future research
directions were proposed (Lu et al.; Mol Plant, 2024; Lu et al.; Plant Physiol, 2024).
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OsGRP3/0sGRP162 3k HA BRI EA IS G, HRIKIKVAER 18]I B WA HALIRA
SRENZ i 5 . BPEXT OsGRP3/OsGRP162 1E T B M SAR KR AR T EC 45
Z— OSELF3-2. it 5 R 4m i+ R3S T grp3 grpl62 XFAL R . 76 IEH iR E % AF T, grp3 grp162
WRAARIEE LK, TFAME T, grp3 grpl62 X RAL K i A7 i 3 A AR TE JH A5 S F 1 W0 T B A
R(ZH1) X . SN THT7E OsGRP3 Al OsGRP162 #& 752 5 /KR B At # ik iR £, 40 HI7E [ KA1
T BT AERUAT grp3 grpl62 WURASAAGEAT FIAE RS A P e Ab B . 45 R K,  OsGRP3 Al
OsGRP162 Tfgik K J5, grp3 grpl62 XU T AL i AL 58 1 il A Ak FRJ EE 19 R AL B i 445 S 4 = i
FREENIHR . SHRPNE T ZHIL 1 grp3 grpl62 MURARMEAT T AT, RIEARMNA T
grp3 grp162 AR AL A 73 Hh #A S )37 B R 175 3 A /KPR [, O BLRAAR 7 BEER N 1) mRNA
HEPEVEBT RN . 33D SLIE ] OsGRP3/OSGRP62 A fif B H:45 A FEFREE A () mRNA, 539
TR0 Ul A U2 SnRNPs KAEMBAR TS Sk FEE T2 . & LATid, OsGRP3 Al
OsGRP162 1L [ i 2 /KA A« i ] EC JuHs2 ELF3-2 £ L% OsGRP3 fl OsGRP162
[RARR T E IR SRR IK, 1] OSGRP3 Il OsGRP162 E 45 & Niir#lbs RNA JE 587 #0441
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Diurnal Regulation of Alternative Splicing Associated Withthermotolerance in
Rice by Two Glycine-Rich RNA-Binding Proteins

Rice (Oryza sativa L.) production is threatened by global warming associated with extreme
high temperatures, and rice heat sensitivity is differed when stress occurs between daytime and
nighttime. However, the underlying molecular mechanism are largely unknown. We show here that
two glycine-rich RNA binding proteins, OsGRP3 and OsGRP162, are required for thermotolerance
in rice, especially at nighttime. The rhythmic expression of OsGRP3/0OsGRP162 peaks at midnight,

and at these coincident times, is increased by heat stress. This is largely dependent on the evening

complex component OsSELF3-2. We next found that the double mutant of OsGRP3/OsGRP162 is
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strikingly more sensitive to heat stress in terms of survival rate and seed setting rate when
comparing to the wild-type plants. Interestingly, the defect in thermotolerance is more evident when
heat stress occurred in nighttime than that in daytime. Upon heat stress, the double mutant of
OsGRP3/0sGRP162 displays globally reduced expression of heat-stress responsive genes, and
increases of mMRNA alternative splicing dominated by exon-skipping. This study thus reveals the
important role of OsGRP3/0OsGRP162 in thermotolerance in rice, and unravels the mechanism on

how OsGRP3/0sGRP162 regulate thermotolerance in a diurnal manner.

(@) (c)
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Tk FERPZI AR T, OsGRP3/OsSGRPL62(H4) IF AL T4k EC ], K OSELF3-2(ZLL)EIXANRS
() R B R E o TEIRBR M 261, Pt 22 R i OSELF3-2 [f13RIE, 757 # 5 OsGRP3/OsGRP162 {1 ik K
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A b Y A7 AR R

Figure 1. Working models for the function of OsGRP3 and OsGRP162 in diurnal thermotolerance. (a) Diurnal
expression of OsGRP3/OsGRP162 regulated by OsSELF3-2. Under warm day conditions, the expression of
OsGRP3/0sGRP162 (blue line) is largely suppressed by EC at midnight because OsSELF3-2 (red line) is highly
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expressed at this timepoint. Under warm night conditions, the expression of OSELF3-2 is down-regulated by heat
stress, lifting the expression level of OsGRP3/0OsGRP162 at midnight. (b) Promoting exon inclusion by
OsGRP3/0sGRP162 under heat stress conditions. Serine-rich (SR) proteins bind to exonic splicing enhancers
(ESEs) and interact with U1/U2 components to stimulate RNA splicing and joining two adjacent exons, in contrast,
glycine-rich (GR) proteins OsGRP3/OsGRP162 bind to ESEs and interact with U1/U2 components to promote exon
inclusion (prevent exon skipping) in rice under heat stress conditions. (c) Diurnal regulation of thermotolerance by
OsGRP3/0sGRP162. Heat stress rhythmically down-regulates the expression of OsELF3, one of the EC
components, to release the inhibitory effect of EC on the expression of OsGRP3/0OsGRP162, leading to rhythmical
expression peak of OsGRP3/0OsGRP162 at midnight (ZT 18 h) and diurnal thermotolerance in rice.

2. 20GDHBZ IR I OXE: (H S A H K Rg e T 1

YR ALK R E KL PUid 5 & 15 = 245 ] . 2-oxoglutarate-dependent dioxygenase (20GD)
R AR A SRS A EEEH . AR SR FHEY e RS E . 34T
MHADE BT BRARAGEE T MHE20GDK RN 12611 7, KI60M i 2 5 S i & 5
R [, FATBEEE T e, FRIAMEIE AR .

FATKIN, 20GDFK M HIIOXIL. 73 3 2 AN R AE+ e h s 7 3808 - MM BHE = T B, 3K
ATTFE IR BRI K R v PR JOX ZOR Al b, R Lt Bk AR e W8 I s AL O i 52 1k o FEVK ARG b, SRR
OsJOX3MOsIOXAfEHe m /K FE H i k. gt — P AR, mFROsIOX3MOsIOXAHEE | 7K F#E
KIJAKF, PODAN FAH R AL B AR br4 i, /KAGMT 7 AH 5 K OsbHLL148 FIOSIAUP L K ik 42 i
(K2). Xt i mKREm SRR AL T34 % (Zhang et al., Int J Biol Macromol., 2024).
Genome-Wide Identification of Hormone Biosynthetic and Metabolism Genes in
the 20GD Family of Tobacco and JOX Genes Silencing Enhances Drought
Tolerance in Plants

Phytohormones play crucial roles in regulation of plant growth and tolerance to abiotic stresses.
The 2-oxoglutarate-dependent dioxygenase (20GD) superfamily responds to hormone
biosynthesis and metabolism in plants. However, the Nt2OGD family in tobacco has not been fully
explored. In this study, we identify 126 members of the Nt20GD family, and 60 of them are involved
in hormone biosynthesis and metabolism process (Nt20GD-HSs), including 1-aminocyclopropane-
1-carboxylic acid oxidases (ACO), dioxygenases for auxin oxidation (DAO), gibberellin (GA) 20-
oxidases and 3-oxidases (GA20ox and GA30x), carbon-19 and carbon-20 GA 2-oxidases (C19-
GA20x and C20-GA20x), lateral branching oxidoreductases (LBO), jasmonate-induced
oxygenases (JOX), downy mildew resistant 6, and DMR6-like oxygenases (DMR6/DLO). Gene
duplication analysis suggests the segmental duplication and whole genome duplication (WGD)
might be a potential mechanism for the expansion of this family. Expression analysis reveals that
most of Nt2OGD-Hs show tissue-specific expression patterns, and some of them respond to
environmental conditions. Of Nt20OGD-Hs, the expression of NtJOX3 and NtJOX5, which are

involved in JA metabolism, exhibits remarkable changes during drought treatments. Silencing of
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NtJOX3 or NtJOX5 increases tobacco tolerance to drought stress. Furthermore, knocking out
0sJOX3 and OsJOX4, respectively in rice, result in high tolerance to drought. Taken together, our
work comprehensively identifies the Nt20OGD family in tobacco and provides new insights into roles

of the JA pathway in drought tolerance in plants.
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Figure 2. Knocking out OsJOX3 and OsJOX4 improves the drought tolerance in rice seedlings.

3. FEFSGSPI0AFKFERLE

W R R R T FRL A B, A& B DR R AN AP B MR o SRR 2R R RN DA S E
(ECRL B 5 A AR 2 18] B T 4% WL 58 0 22 B /D o FRATT T B IR S e T — AN IR B s S A
SGSP10(SMALL GRAIN AND SHORT PANICLE 10). #tSGSP102 SHUKRIRI KA . i viAs
%o SGSPLOwA%—/MEmSMY P IR~F . ThReRAE . @I AT B, JATFIES—1SGSP10
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AR, XS KRR A i R 2t T B R (Liu et al., J Genet Genomics, 2024).
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The SGSP10-Osmyb108 Module Controls Grain Size via Regulating the Lignin
Accumulation in Rice

Grain size, which encompasses length, width and thickness, is a key agricultural trait
determining both grain yield and appearance quality in rice. While many grain size regulators have
been identified, the molecular mechanisms underlying grain size and the lignin content remain
elusive. Here, we clone and characterize SGSP10 (SMALL GRAIN AND SHORT PANICLE 10), a
novel regulator controlling grain size in rice. Loss of function of SGSP10 results in smaller grain
size and shorter panicle length. SGSP10 encodes an evolutionarily conserved protein with
functions uncharacterized in higher plants. Biochemical assays reveal that SGSP10 interacts with
transcription factor OsMYB108, which acts as a negative regulator of the lignin biosynthesis.
Knockout of OsMYB108 results in longer and slender grain size, and higher lignin content,
demonstrating that OsMYB108 negatively regulates both grain size and the lignin content. The
sgspl10,0smyb108 double mutant partially rescues the sgsp10 phenotype, indicating SGSP10 may
negatively regulate OsMYB108 function to control grain size. Analysis of natural variations and
haplotypes in SGSP10 reveals that this locus is associated with grain size, suggesting an artificial
selection on SGSP10 during rice domestication. Together, our findings reveal a novel mechanism

in the regulation of grain size and lignin metabolism, thus providing crucial insights for improving
crop yields.
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Figure 3. SGSP10 regulates rice grain size via modulating the secondary metabolism.

.193.



EPREE S EE RS E 2024 FERE Y

(2) BHFER

RFEWIL: (*Corresponding author; *These authors contributed equally)

1.

10.

11.

-194-

Yang C, Luo A, Lu H, Davis S, Liu J* (2024) Diurnal regulation of alternative splicing associated

with thermotolerance in rice by two glycine-rich RNA-binding proteins. Sci Bull 69: 59-71.

Zhang L, Zhu Q, Sun J, Yao Z, Qing, T, Ma H, Liu J* (2024) XBAT31 regulates reproductive
thermotolerance through controlling the accumulation of HSFB2a/B2b under heat stress
conditions. Cell Rep 43(6): 114349.

Wang J, Gao J, Li W, Liu J* (2024) CCaP1/CCaP2/CCaP3 interact with plasma membrane
H*-ATPases and promote thermo-responsive growth by regulating cell wall modification in
Arabidopsis. Plant Commun 5(7): 100880.

Zhang L, Liu J* (2024) 3D chromatin reorganization during stress responses in plants. Sci Bull
69: 847-849.

Qing T, Xie T, Zhu Q, Lu H, Liu J* (2024) Regulation of metal homoeostasis by two F-group
bZIP transcription factors bZIP48 and bZIP50 in rice. Plant Cell Environ 47: 1852-1864.

Zhu Q, Zhang L, Liu J* (2024) NFXL1 functions as a transcriptional activator required for

thermotolerance at reproductive stage in Arabidopsis. J Integr Plant Biol 66: 54-65.

Zhang R, Chen X, Wang Y, Hu X, Zhu Q, Yang L*, Zhou M* (2024) Genome-wide identification
of hormone biosynthetic and metabolism genes in the 20GD family of tobacco and JOX genes

silencing enhances drought tolerance in plants. Int J Biol Macromol 280: 135731.

Zhang R, Xi X, Chen X, Wang Y, Zhou M* (2024) Comparing time-series transcriptomes
between chilling-resistant and -susceptible rice reveals potential transcription factors
responding to chilling stress. Front Plant Sci 15: 1451403.

Liu H, Ni J, Zhang Y, Chen Y, Luo Y, Wang Y, Shang F, Yang Y, Xu R, Cao L, Hong L, Xu J,
Yang Y, Zhou M* (2024) The SGSP10-OsMYB108 module controls grain size via regulating

the lignin accumulation in rice. J Genet Genomics revised.

Xu S, He X, Trinh D, Zhang X, Wu X, Qiu D, Zhou M, Xiang D, Roeder A, Hamant O*, Hong
L* (2024) A 3-component module maintains sepal flatness 1 in Arabidopsis. Cur Biol 34: 4007-
4020.

Felgines L, Rymen B, Martin L, Xu G, Matteoli C, Himber C, Zhou M, Eis J, Coruh C, Bohrer
M, Kuhn L, Chicher J. Pandey V, Hammann P, Wohlschlegel J, Waltz F, Law J*, Blevins T*
(2024) CLSY docking to Pol IV requires a conserved domain critical for small RNA biogenesis

and transposon silencing. Nat Commun accepted.



@ State Key Laboratory of Plant Environmental Resilience (SKLPER)

12. Yan J, Feng Z, Xiao Y, Zhou M, Zhao X, Lin X, Shi W, Busch W, Li B* (2024) ANAC044
orchestrates mitochondrial stress signaling to trigger iron-induced stem cell death in root

meristems. Proc Natl Acad Sci USA accepted.

(=) BEABME

BEANR: X GREAK), FH, HiT.

BEE: KR, BE, M.

WA W, miE, D, WERE, RN, TR, BRI, R, AR, RN T
Gy, WKES, XIEEAK, SKFHR, BRIR, dkiEE BRIA, XK, T, ETES

.195.



EYMESNEEERSLNE 2024 FERSG ~§j

e, Bi®R. HEBEXKATIEFTSE
% 18 F3E(2019), ERMNFEETENFEESHESE
(2019) .
PRiEAZH
s E: EPEKEERSETEEN Y
FESEE.

(—) Bt

1. % MPK4 FEREYAK K B A SR 72 i 2 e 4R B 37 WL

N T HRARDS B A A TR, R BRI S R G ST, I RE I S RN A A LA
AR AR . B E KR E 5 Jos 2 (B P N6 — B A 0 T B . 22
245 1% 4k 2R 1 B (Mitogen-Activated Protein Kinase, MAPK)ZH R 2756 2 Bk AE W rb i B AR5 1
BEEK, AR CBEMEKRRESRE, ANAEY E SRR REEZIRE. MET
MPK3/MPK6 kLK MPK4 RIBGEHE Y0 I8 e 32 RIE I M %% MAPK {5 5l . i MPK4
SRR R iR S RAZ AR [F] i I H 7™ B R AR K R B SR A AR SRR 1 B B e SR . 2R Y
TRIRAE—HS, (G454l A S0 mpkd RAFAEEAE N £ 2 TR 8T MPK4 7E4E B A KK B 5
A G2 i R P Th B S AL A0 IR A . BRATTERESE T — N AR RLRIE mpkd SRR TR R, X
MPK4 TER) AR B A Sz i R i D RESR T 8T LA

W E p R OB ATP-binding pocket F73 (M5 MG, BTG AT 3 ATP Z5H 2544
NA-PP1 #5540, M-S BOZ BB ICIEL: & ATP T2k 2351, MRy TRE 2 TBL WA
N R INEEST T 4408 MPK4 i PE R 2 2845 /K MPKASR (SR: Sensitized-variant Rescued; &[5 %4
Pupka:MPK4YC mpk4, & 1), it — RF0AEL LAY R SE5, BF 5N B3 UEB NA-PPL i 5
A LURE 59 A MPKAYC AR (variant) (3 M o B T DAZEAT B BUGR R IEH AR KR B 1
MPK4SR &4, i NA-PP1 BIFTJCH MPK4 RIS 5, AT AR N IR ST, XN
YR MPKA FEAN [R5 i 2 AN ThRESR At T W RE . BFFCRIL, TERTHAIES KR & MY b
JAHIH] MPK4 {5 S8 B AN mAE ot (HBEE N MPKA W EIIRIM K % 3 KA, YR
L AR AT, RO S B e B B . e T R, MPK4 FE R 2 PR ali AR dy
AR 2203 e R 3 AIREE R 70170 i) h A48 oS S E I » BBk, ARHIE 7T R I MPK4
FRELSHRUE ) MPKACA e BE TR AR DL H SR AT FF AR AN 2 1R . MPKACA R0 J5 B 4G
PRSI AT 2 R BB YA G, X e itk —25 M i T MPK4 TER A KR & s A el
ECERIME, RN H] MPK4 FEREY) A K5 G i 0 2 8] FR A b~ i o R A SR B E o ASHIE e
MPK4SR & 5 407t MPK4 fERYA KR H 5 R M Thae st 17408 LA . 0 7o v LURI R AL %

-196-



@ State Key Laboratory of Plant Environmental Resilience (SKLPER)

PR A 25 R 5 H B B 0 ) MPK4A S TE P, 8 5 T 4% 40 988 b R K 2k MPK4 357 5801
FeE AR B BB ECE B S SR R R R AR T . PRI VE A% 4t T-DNA 4di A mpk4 RAZ
HFFAR R EZEXN TS (Zhang et al., Plant Physiol).

MPK4WT MPK4YG DMSO NA-PP1
COID MPK4SR Col-0 MPK4SR mpkd

te0 314
& 90
B0 o MPK4WT
i 30 ©MPK4Y6
0
1 10 100 1000
NA-PP1 (nM)

MPK4WT

---------- RP’MBP
LMPK4

—————————————— -MBP

-
o
(=1

MPK4YG + NA-PP1

B _wPkaw  wPKavs E Col-0 MPK4SR
Mkkz - S B E -5 8¢ &0 NA-PP1 (UM) O NA-PP1 (uM)
MPK4 + + + + + % + + o S mpk4

- | - |PMBP
= - MPK4

kinase

staining  activity

CBB

—— e e | | e . e e |- [|BP

Bl 1. 58 MPK4 15 M2k 5845k MPKASR IR 2 S5 I64IE

Figure 1. Generation and validation of chemical-sensitized MPK4 variant-rescued mpk4 system.
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REMRR. 0l HEHEENER K G IR Ik RIA B3 7 LTP12 Al LAT52 3KXZ) RGA [Hl4hZ]
35S:ANAC106 {62 m] LU 3 K B RIA AR A TR A, DL RS EAIEYE K W] GA-DELLA {55
W2 50T NACL06 WM A H . A, WATIERBIE I+ 14 DELLA EEH P ER T RGLL
HARVIA AT LLAT ANAC106 HAF, T B4 23 DR B2 AR % 0 5 | ANAC106 F#e S5t
TG, MBI CRIE T IEH R BT THENE GA 4ERFE A @K, BRIk 1 1E
WRE. AFARKENPEALN PN GA JK-FBFEAIL I R0 TR IE R A KK F 2 RE
B, AR TS B — A I Th R ARV R NAC B % [+ ANACL06 il it 4% GA & S 5 1)
DAL K E . %O RR C T H# A2 Nature Plants 24
A DELLA-ANAC106 Feedback Circuit Regulates Pollen Development by
Modulating Gibberellin Metabolism and Signaling Homeostasis

Gibberellin (GA), one of the five classical plant hormones, plays a crucial role in pollen
development. In this study, we identified a previously unknown NAC transcription factor, designated
as ANAC106 (AT3G12910), which regulates pollen development through the GA-DELLA signaling
pathway. Overexpression of ANAC106, as well as a dominant-negative variant ANAC106-EAR,
resulted in severe pollen developmental defects and male sterility. Semi-thin section analysis
revealed that the degradation of the tapetum layer occurred earlier in ANAC106-overexpressing
(ANAC106-OE) plants and later in ANAC106-EAR plants compared to the wild-type Col-0.
Integrative analysis of DAP-Seq and RNA-Seq data indicated that ANAC106 directly activates the
expression of genes in GA biosynthesis pathway, including GA3ox2 and GA3ox4. Associated with
this, levels of bioactive GAs were elevated in ANAC106-OE plants and slightly reduced in
ANAC106-EAR plants. As a result, the protein levels of RGA and GAI, two core DELLA proteins,
were found to be decreased in ANAC106-OE plants and increased in ANAC106-EAR plants.
Expressing the RGA protein under the control of the tapetum-specific promoter LTP12 or the late
pollen development-specific promoter LAT52 greatly improved pollen viability in ANAC106-OE
plants, providing genetic evidence that ANAC106 regulates pollen development via the GA-DELLA
pathway. Meanwhile, we found that DELLA proteins inhibit the transcriptional activity of ANAC106
through physical interaction. Taken together, our findings establish DELLA-ANAC106 feedback
loop as a critical determinant in modulating GA metabolism and signaling homeostasis, thereby

coordinating tapetum and pollen development.

-198-



State Key Laboratory of Plant Environmental Resilience (SKLPER)

(N

DELLA
I:' Iﬂ'"'E@E_’mm

GA metabolism-related gene GA metabolism-related gene

AN
W

(1]
a e

Normal levels bioactive GAs High levels bicactive GAs

BE R L
DELLAY —— — 5 .‘ 4T
268 Proteasome r:

Normal Infertility

Kl 2. DELLA-ANAC106 7 T GA & A 5 TS AER K & 1 TAERAL.
Figure 2. A working model illustrating the function of DELLA-ANAC106 feedback circuit in regulating pollen

development by modulating the GA biosynthesis and signaling homeostasis.
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The MKK4/MKK5-MPK3/MPK6 Cascade Targets WRKY10 to Regulate Seed
Endosperm Cellularization Downstream of IKU2 and RLK7

Seed size is a critical factor in determining crop yield. Recent studies highlighted the
importance of MPK3/MPKG6 cascade in regulating seed size in both Arabidopsis and rice. However,
the underlying mechanism is not fully elucidated. Here, we report a novel function for the
MKK4/MKK5-MPK3/MPK6 module in controlling the timing of endosperm cellularization, thereby
regulating the seed size. Loss of function of MKK4/MKK5 or MPK3/MPK®6 results in precocious
endosperm cellularization and smaller seeds. WRKY transcription factor WRKY10/MINI3 is
identified as a substrate of MPK3/MPKG6 in this process. WRKY10 is expressed and phosphorylated
by MPK3/MPK®6 during the early stages of silique development, and it is degraded just before the
initiation of endosperm cellularization. The phospho-deficient WRKY10sA variant loses the function
of wild-type WRKY10 in vivo. Furthermore, we found that IKU2 and RLK7, two closely related
receptor-like kinases, function upstream of MKK4/MKK5-MPK3/MPK6-WRKY10 pathway to
regulate seed size. The phosphorylation of WRKY10 mediated by MPK3/MPK6 enhances its
transcriptional activity towards target genes, including IKU2, RLK7, and WRKY10 itself, thereby
forming a positive regulatory loop within this signaling pathway. Our study elucidates a signaling
pathway composed of IKU2/RLK7-MAPKKK(s)-MKK4/MKK5-MPK3/MPK6-WRKY10 that

regulates endosperm cellularization and seed size, providing a theoretical basis for crop breeding.
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Increasing planting density is a key strategy for enhancing maize yields' . Anideotype
for dense planting requires a ‘smart canopy’ with leaf angles at different canopy layers
differentially optimized to maximize light interception and photosynthesis* ¢, among

other features. Here we identified leaf angle architecture of smart canopy 1 (lacl),
anatural mutant with upright upper leaves, less erect middle leaves and relatively
flatlower leaves. lacI hasimproved photosynthetic capacity and attenuated responses
to shade under dense planting. lacl encodes a brassinosteroid C-22 hydroxylase
that predominantly regulates upper leaf angle. Phytochrome A photoreceptors
accumulatein shade and interact with the transcription factor RAVL1 to promote

its degradation via the 26S proteasome, thereby inhibiting activation of laci by RAVL1
and decreasing brassinosteroid levels. This ultimately decreases upper leaf angle in
dense fields. Large-scale field trials demonstrate that lacI boosts maize yields under
high planting densities. To quickly introduce lacl into breeding germplasm, we
transformed a haploid inducer and recovered homozygous laci edits from 20 diverse
inbred lines. The tested doubled haploids uniformly acquired smart-canopy-like plant
architecture. We provide animportant target and an accelerated strategy for
developing high-density-tolerant cultivars, with lacl serving as a genetic chassis for
further engineering of a smart canopy in maize.

Global climate change, reductionsin arableland and the growing world
population pose grand challenges for food security and sustainable
agriculture. To meet the increasing demands for food, global agricul-
tural production needs to be doubled by 205074, Maize (Zea mays) is
the most produced crop in the world, and serves as a major source of
humanfood, livestock feed and industrial materials. Over the past few
decades, continuous increasesin planting densities have had akey role
inyield gains in the USA—from around 30,000 plants per hectare in
the1930s to more than 80,000 plants per hectare currently' . Similar
trends were also observed in other countries, including China®. This suc-
cessislargely attributed to the development of high-density-tolerant
maize cultivars.

Optimal plant architecture is a prerequisite for adapting maize
to dense planting. Leaf angle is a major trait that determines plant
architecture. Upright leafangles reduce mutual shading and increase
solar-irradiation penetration, thus improving photosynthetic effi-
ciency atthe populationlevel to ultimately enhance grainyield under

dense planting®*'°. More upright leaves are selected in contemporary
maize breeding>". Within dense canopies typical of the maize field,
leaves at different canopy layers receive distinct qualities and quanti-
ties of sunlight, which requires differential leaf orientation to maximize
light interception and photosynthesis. Therefore, plant architecture
ideal for dense planting does not simply require uniform upright leaf
angles across the entire canopy, butinstead needs an optimized distri-
bution of leafangles at different canopy layers. Ort etal.’ proposed an
ideotype called asmart canopy, whichincludes optimized plant archi-
tecture together with improved biochemical features in leaves such
as differential Rubisco catalytic capacities and photosystems across
the plant®. In terms of architecture, a smart canopy features upright
leavesinthe upper canopy, less erect leaves in the middle canopy and
relatively flat leaves in the lower canopy* . Such canopy architecture
would enable light to spread more evenly within a dense canopy, mini-
mizing light saturation of the upper leaves and light starvation of the
lower leaves* .
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Plant nucleotide-bindingleucine-rich repeat (NLR) immune receptors with an
N-terminal Toll/interleukin-1receptor (TIR) domain mediate recognition of strain-
specific pathogen effectors, typically via their C-terminal ligand-sensing domains’.

Effector binding enables TIR-encoded enzymatic activities that are required for TIR-
NLR (TNL)-mediated immunity**. Many truncated TNL proteins lack effector-sensing
domains but retain similar enzymatic and immune activities**. The mechanism
underlying the activation of these TIR domain proteins remain unclear. Here we show
that binding of the TIR substrates NAD" and ATP induces phase separation of TIR
domain proteinsin vitro. A similar condensation occurs witha TIR domain protein
expressed viaits native promoter in response to pathogeninoculationin planta. The
formation of TIR condensates is mediated by conserved self-association interfaces
and a predicted intrinsically disordered loop region of TIRs. Mutations that disrupt
TIR condensates impair the cell death activity of TIR domain proteins. Our datareveal
phase separation as a mechanism for the activation of TIR domain proteins and
provide insight into substrate-induced autonomous activation of TIR signalling to
confer plantimmunity.

The perception of non-self molecules by the innate immune system
of plants is mediated largely by two types of immune receptors’. One
typeis cellmembrane-localized pattern recognitionreceptors (PRRs).
PRRs perceive features of microorganisms that are often conserved
among widely related taxa in the extracellular space to elicit basal
immunity, also referred to as pattern-triggered immunity® (PTI). The
second typeisintracellular NLR receptors, which detect microorganism
effectorsinside plant cells to confer effector-triggered and pathogen
strain-specificimmunity” (ETI). Activation of ETI results in termination
of pathogen growth and often alocalized, hypersensitive host cell death
response at sites of attempted pathogen invasion’. Mounting evidence
inArabidopsisthalianasupports a crosstalkbetween PTIand ETI, which
potentiates the immune response® ™. Pathogen-detecting NLRs are
divided into two main classes according to their N-terminal domains:
coiled-coil NLRs (CNLs) and TNLs™. Upon recognition of pathogen
effectors, CNLs formresistosomes (pathogen-activated NLR oligomers)
that can function as Ca*"-permeable channels™". By contrast, effector
binding to the C-terminal domains of TNLs induces the formation of
tetrameric TNL resistosomes, enabling their TIR-encoded NADase
activity?>. TNL resistosomes have an additional ADP-ribosylation activ-
ity". The NADase and ribosyl-transferase activities of TIRs catalyse the
production of small molecules which bind to and allosterically activate

dimers of the lipase-like protein ENHANCED DISEASE SUSCEPTIBILITY
1(EDS1) and its direct partners PHYTOALEXIN DEFICIENT 4 (PAD4) or
SENESCENCE-ASSOCIATED GENE 101 (SAG101)">'¢, Once activated,
EDS1-PAD4 and EDS1-SAG101dimersinteract directly withdownstream
CNL-type helper NLRs, ACTIVATED DISEASE RESISTANCE 1 (ADR1) and
NREQUIREMENT GENE1 (NRG]1), respectively, which presumably acti-
vates their Ca*"-permeable channel activity to mediate disease resist-
ance and cell death®*® (Extended Data Fig. 1a).

In addition to canonical TNLs, plant genomes encode many trun-
cated TNLs that lack the C-terminal effector-sensing domains®?. In
particular, monocotyledonous plants have TIR-only proteins but not
TNLs?. Transient gene expression of such TIR domain proteins in Nico-
tiana benthamiana can be sufficient to trigger NADase-dependent cell
death*?*?* suggesting that TNLsand TIRs share conserved signalling
pathways. For example, the TIR-only protein RBAlin A. thaliana acces-
sionAg-0Orespondsto thebacterial pathogen effector HopBAlto trigger
EDS1-dependent ETI?, Self-association mediated by conserved inter-
facesis important for the NADase and immune activities of TIRs?**,
As well as ETI, TIR signalling also has arole in PTl and abiotic stress
responses'®® PTlelicitorsinduce activation of TIR signalling, which
inturnboosts the PTIresponse'®", whereas pathogen effector binding
is required to stimulate the enzymatic activities of TNLs>*. TIR domain
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Gray leaf spot (GLS), caused by the fungal pathogens Cercospora

zeae-maydis and Cercospora zeina, is amajor foliar disease of maize
worldwide (Zeamays.). Here we demonstrate that ZmWAKL encoding
cell-wall-associated receptor kinase-like protein is the causative gene at

the major quantitative disease resistance locus against GLS. The ZmWAKL"
protein, encoded by the resistance allele, can self-associate and interact
withaleucine-richrepeatimmune-related kinase ZmWIK on the plasma
membrane. The ZmWAKLY/ZmWIK receptor complex interacts with and
phosphorylates the receptor-like cytoplasmic kinase (RLCK) ZmBLK1,
whichinturn phosphorylates its downstream NADPH oxidase ZmRBOH4.
Upon pathogen infection,ZmWAKL" phosphorylation activity is transiently
increased, initiating immune signaling from ZmWAKL", ZmWIK, ZmBLK1 to
ZmRBOH4, ultimately triggering a reactive oxygen species burst. Qur study
thus uncovers the role of the maize ZmWAKL-ZmWIK-ZmBLK1-ZmRBOH4
receptor/signaling/executor module in perceiving the pathogen invasion,
transducing immune signals, activating defense responses and conferring
increased resistance to GLS.

Plants have evolved multiple, varied signal reception/transduction
mechanisms to control cellular functions and coordinate defense
responses at the cellular, tissue and organismal levels. The initial
perception of pathogen infection is mediated by pattern-recognition
receptors (PRRs) at the plasma membrane, whichinclude receptor-like
kinases (RLKs) and receptor-like proteins'?. The detection of
pathogen-associated molecular patterns and damage-associated
molecular patterns by cognate PRRs leads to pattern-triggered
immunity (PTI), which includes rapid reactive oxygen species (ROS)

production, calcium (Ca*) influx, activation of calcium-dependent and
mitogen-activated kinases, changes ofimmune-related gene expression
and, in some cases, localized cell death®®. PTlis vital for preventing
infection of most nonadapted microbes and restricting the growth of
adapted microbes, termed basal resistance®.

Cell-wall-associated kinases (WAKs) and WAK-like kinases (WAKLSs)
represent a unique class of RLKs that are major regulators of fungal
disease resistance in plant species. In Arabidopsis, WAKL22/RFO1
confers resistance to abroad spectrum of Fusarium races’. The maize
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Gray leaf spot, northern leaf blight and southernleaf blight are three of

the most destructive foliar diseases affecting maize (Zea maysL.). Here we
identified a gene, ZmCPK39, that encodes a calcium-dependent protein
kinase and negatively regulates quantitative resistance to these three
diseases. The ZmCPK39 allele in the resistant line displayed significantly
lower pathogen-induced gene expression than that in the susceptibleline.
A marked decrease in ZmCPK39 abundance mitigated the phosphorylation
and degradation of the transcription factor ZmDi19. This led to elevated
expression of ZmPRI10, a gene known to encode an antimicrobial protein,
thereby enhancing maize resistance to foliar diseases. Moreover, the F,
hybrid with reduced ZmCPK39 expression favored disease resistance,
thereby increasing yield. Hence, the discovery of the ZmCPK39-
ZmDi19-ZmPR10 immune module provides insight into the mechanisms
underlying broad-spectrum quantitative disease resistance and also offers a
new avenue for the genetic control of maize foliar diseases.

Gray leaf spot (GLS), northern leaf blight (NLB) and southern leaf
blight (SLB) caused by the necrotrophic fungal pathogens Cercospora
zeae-maydis and Cercospora zeina', Exserohilum turcicum* and Coch-
liobolus heterostrophus’, respectively, are among the most destructive
foliar diseasesin maize (Zea maysL.). Documented yield losses of maize
due to GLS ranged from 10% to 60% (refs. 4-6). GLS and NLB were the
foliar diseases causing the greatest estimated yield losses in the United
States and Ontario, Canada, from 2012 to 2019 (refs. 7,8). SLB caused
a hugely damaging epidemic in the United States in 1970 and is still a
consistently damaging disease worldwide’ ™.

Resistance to NLBis controlled by both race-specific major effect
(qualitative) genes and by nonrace-specific quantitative traitloci (QTL)

with minor effects'>". All known maize resistance to GLS and SLB is
controlled by QTL, most with small or moderate additive effects'*. The
existence of QTL controlling broad-spectrum resistance to GLS, NLB
and SLB has long been indicated, as significant correlations between
resistances to all three foliar diseases were observed'. Some genes
have been identified, mediating resistance to GLS (ZmWAKO2 and
ZmWAKL)"'S, NLB (Ht1, Ht2/Ht3 and Htnl)"*, SLB (ZmAPX1, ChSK1
and ZmAGO18b)**** and to multiple foliar diseases (ZmCCoAOMT?2,
ZmMM1 and ZmNANMT)>™7,

The calcium ion (Ca?) is a ubiquitous intracellular second mes-
senger and haslongbeenrecognized as an essential mediator in plant
immunity. In plants, Ca*-dependent protein kinases (CPKs) harbor
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The LRR receptor-like kinase ALRT is a plant aluminum
ion sensor
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Plant survival requires an ability to adapt to differing concentrations of nutrient and toxic soil ions, yet ion sensors and associated
signaling pathways are mostly unknown. Aluminum (Al) ions are highly phytotoxic, and cause severe crop yield loss and forest
decline on acidic soils which represent ~30% of land areas worldwide. Here we found an Arabidopsis mutant hypersensitive to Al.
The gene encoding a leucine-rich-repeat receptor-like kinase, was named Al Resistancel (ALR1). Al ions binding to ALR1
cytoplasmic domain recruits BAK1 co-receptor kinase and promotes ALR1-dependent phosphorylation of the NADPH oxidase
RbohD, thereby enhancing reactive oxygen species (ROS) generation. ROS in turn oxidatively modify the RAE1 F-box protein to
inhibit RAE1-dependent proteolysis of the central regulator STOP1, thus activating organic acid anion secretion to detoxify Al. These
findings establish ALR1 as an Al ion receptor that confers resistance through an integrated Al-triggered signaling pathway,
providing novel insights into ion-sensing mechanisms in living organisms, and enabling future molecular breeding of acid-soil-
tolerant crops and trees, with huge potential for enhancing both global food security and forest restoration.

Cell Research (2024) 0:1-14; https://doi.org/10.1038/s41422-023-00915-y

INTRODUCTION

Aluminum (Al) is the most abundant metal in the Earth’s crust (~8%
by weight). However, the Al ion is highly toxic to plants. When soils
become acidic, part of Al is solubilized from insoluble aluminosi-
licates or oxides to form soluble ions.' The resultant phytotoxic Al
ions can rapidly enter root cells, and cause a series of cellular
damages,? thus inhibiting root growth and function of most plants
at very low micromolar concentrations.? These effects substantially
reduce crop yields, particularly when combined with other stresses,
such as drought and nutrient deficiency. Al toxicity is therefore
recognized as the major factor limiting agricultural productivity on
acid soils which occupy ~30% of territorial land area and up to 50%
of the potential arable lands worldwide, and is exceeded only by
drought among abiotic limitations to crop production.*> Moreover,
Al toxicity is an important contributor to forest decline,® posing a
real threat to the global ecological environment.

Decades of research have established the central role of the
secretion of organic acid anions (including malate, citrate and
oxalate) in Al resistance in the main crops.>’® These anions
chelate and restrict Al ions from entering the root apex, the
primary site of Al toxicity.? Genetically enhancing their biosynth-
esis or extrusion significantly increases crop Al resistance and
growth on acid soils.>'® In Arabidopsis, AI-FACTIVATED MALATE

TRANSPORTER 1 (AtALMT1, the major contributor of Al resistance in
Arabidopsis) and MULTI-DRUG and TOXIC COMPOUND EXTRUSION
(MATE) respectively encode malate and citrate efflux channels/
transporters conferring its resistance to Al toxicity.'""'* The Al-
induced expression of both genes is exclusively controlled by the
zinc finger transcription factor SENSITIVE TO PROTON TOXICITY 1
(STOP1), the central regulator of Al resistance.'>'® STOP1 has
widespread conservation of function in Al resistance in different
plant species.'*’> Whilst STOPT mRNA abundance is largely
unresponsive to Al,'> Al promotes STOP1 protein accumulation
in root cell nuclei, and its accumulation is regulated by the F-box
protein REGULATION OF ATALMT1 EXPRESSION 1 (RAE1), which
targets STOP1 degradation via the ubiquitin-26S proteasome
pathway.'® Additionally, STOP1 is also regulated by SUMOylation
and phosphorylation.'”'® Nevertheless, how Al ions are perceived
and then connected to the accumulation of the STOP1 central
regulator remains unknown.

Plant receptor-like kinases (RLKs), function as cell surface
receptors for steroid hormone, chemical or peptide signals.'?>
We hence wondered whether RLKs might similarly serve in Al
perception and/or signaling. A typical RLK consists of a ligand-
binding extracellular domain, a single transmembrane domain, and
a cytoplasmic serine/threonine kinase domain.?* The Arabidopsis
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New mechanistic insights into phosphate-
starvation-regulated plant architecture change

and nutrient uptake

Phosphorus (P) is an indispensable macro-nutrient for plant
growth that is absorbed by plants in the form of inorganic phos-
phate (Pi). Pi deficiency is a major challenge limiting crop pro-
ductivity worldwide. To combat Pi scarcity and maintain Pi
homeostasis, plants have evolved different strategies for effi-
cient Pi acquisition (Paz-Ares et al., 2022). Plants reduce
overall growth and enhance the root system to optimize
nutrients foraging in Pi-limited soils. Strigolactones (SLs),
renowned for their roles as rhizosphere signals and phytohor-
mones in plant development, play a significant role in integrating
nitrate and Pi signals to regulate shoot and root development.
Nevertheless, the molecular mechanisms underlying the integra-
tion of SL signaling in Pi starvation regulated shoot or root archi-
tecture, and the balance between P and nitrogen (N) uptake
remain largely unexplored.

Recently, Yuan et al. (2023) found that NSP1 and NSP2, which
are induced at the transcription level by PHR2 under low-Pi
conditions, form a complex to directly bind the promoter of
SL biosynthesis genes, thereby markedly enhancing SL
biosynthesis in rice. In this spotlight, we highlight and discuss
the research progress regarding the molecular mechanisms by
which SL mediates shoot and root development and N-P inter-
action under Pi-starvation conditions (Figure 1).

THE PHR2-NSP1/2 MODULE MEDIATES
SHOOT AND ROOT GROWTH RESPONSE
TO LOW PI

In their recent study, Yuan et al. (2023) investigated the
molecular mechanism underlying rice tiller development
regulated by NSP1 and NSP2 under Pi deficiency. The nsp1,
nsp2, and nsp1 nsp2 mutants showed relatively more tiller
numbers compared to wild type (WT) under Pi-sufficient soils.
Furthermore, the inhibitory effects of low Pi on tiller number
were less pronounced in nsp1, nsp2, and nsp1 nsp2 (Yuan
et al., 2023). This suggests that NSP1 and NSP2 are involved
in regulating tiller number in response to Pi deficiency.
Consistently, the tiller number response to low Pi in the SL
receptor mutant d74 was significantly reduced. In addition,
previous results indicated that the effect of Pi deficiency on
tiller bud outgrowth was considerably weakened in SL
biosynthesis mutant d70 and SL signaling mutant d3
(Umehara et al., 2010). These results suggest that SL
signaling is involved in tiller repression under Pi deficiency. In
the absence of Pi, with the increase of SL biosynthesis, the
SL signaling suppressor DWARF53 (D53) proteins are rapidly
degraded, thereby promoting the expression of TEOSINTE

Hong Lu’, Rongbin Lin’, Meiju Deng’,
Kangming Jin" and (Chuanzao Mao’->*

BRANCHED 1 to reduce rice tiller numbers (Jiang et al.,
2013; Zhou et al., 2013). Similarly, D53 protein levels
decreased much more slowly in nsp7 nsp2 mutants than in
WT under Pi-deficient conditions. Compared to Pi-sufficient
conditions, the SL levels (e.g., 4-deoxyorobanchol) in WT
root were greatly increased (up to 600-fold) under Pi defi-
ciency; however, the SL levels were not obviously induced in
roots of nsp1, nsp2, or nsp1 nsp2 mutants under Pi-deficient
conditions (Yuan et al., 2023). These findings indicate that
NSP1 and NSP2 play important roles in tiller number
repression under Pi deficiency by promoting SL synthesis.
SL synthesis or signaling mutants still show tiller repression
under Pi deficiency, suggesting that other signaling pathways
participate in the regulation of tiller development under low-
Pi conditions. Yuan et al. (2023) revealed that NSP1 and
NSP2 form heteromeric complexes and bind directly to the
promoters of SL synthesis genes D27, D17, D10, Os900, and
Os1400 to regulate the transcript levels of these genes under
Pi deficiency. Consistently, it has been reported in Medicago
truncatula that MINSP1 and MtNSP2 are required for SL accu-
mulation by regulating the expression of D27 in response to
Pi deficiency (Liu et al., 2011), suggesting that the functions
of NSP transcription factors in SL synthesis are conserved
among different plant species.

Furthermore, the authors demonstrated that NSP7 and NSP2 act
as direct downstream genes of OsPHR2, which can also activate
the expression of D27 and Os900 as previous studies have shown
(Das et al., 2022; Song et al., 2022). These results indicate that
NSP1/2 and OsPHR2 work synergistically to regulate the SL
biosynthesis under Pi-limited conditions. Although both
OsPHR2 and NSP1-NSP2 directly regulate the transcription of
SL-biosynthesis-related genes, the presence of the NSP1-
NSP2 module may amplify Pi-deficient signaling and enhance
the expression of SL biosynthesis genes.

SL affects lateral root (LR) formation and root hair density un-
der low-Pi conditions. Sun et al. (2014) reported that low Pi
increases primary root length and decreases LR density in
an SL-dependent manner by downregulating most of
the PIN-family auxin transporter genes (Sun et al., 2014).
Yuan et al. (2023) indicated that auxin transporter genes
were enriched in the downregulated genes under active
SL treatment, demonstrating an interaction between SL
and auxin in root system architecture formation. The
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Genetic variation in a heat shock transcription
factor modulates cold tolerance in maize
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ABSTRACT

Understanding how maize (Zea mays) responds to cold stress is crucial for facilitating breeding programs
of cold-tolerant varieties. Despite extensive utilization of the genome-wide association study (GWAS)
approach for exploring favorable natural alleles associated with maize cold tolerance, few studies have
successfully identified candidate genes that contribute to maize cold tolerance. In this study, we used a
diverse panel of inbred maize lines collected from different germplasm sources to perform a GWAS on var-
iations in the relative injured area of maize true leaves during cold stress—a trait very closely correlated
with maize cold tolerance. We identified HSF21, which encodes a B-class heat shock transcription factor
(HSF) that positively regulates cold tolerance at both the seedling and germination stages. Natural varia-
tions in the promoter of the cold-tolerant HSF21"2P! allele led to increased HSF21 expression under cold
stress by inhibiting binding of the basic leucine zipper bZIP68 transcription factor, a negative regulator
of cold tolerance. By integrating transcriptome deep sequencing, DNA affinity purification sequencing,
and targeted lipidomic analysis, we revealed the function of HSF21 in regulating lipid metabolism homeo-
stasis to modulate cold tolerance in maize. In addition, we found that HSF21 confers maize cold tolerance
without incurring yield penalties. Collectively, this study establishes HSF21 as a key regulator that en-
hances cold tolerance in maize, providing valuable genetic resources for breeding of cold-tolerant maize
varieties.

Key words: heat shock factor HSF21, cold tolerance, natural variation, bZIP68, lipid metabolism, maize

GaolL.,PanL.ShiY.,ZengR., LiM., LiZ,h Zhang X., Zhao X., Gong X., Huang W., Yang X., Lai J., Zuo J., Gong
Z.,Wang X., Jin W,, Dong Z., and Yang S. (2024). Genetic variation in a heat shock transcription factor modulates
cold tolerance in maize. Mol. Plant. 17, 1423-1438.

INTRODUCTION

Maize (Zea mays) is inherently vulnerable to low temperatures
owing to its tropical origin (Matsuoka et al., 2002). Low
temperatures have a significant impact on the growth and
development of maize, affecting its planting range, sowing
period, and growth duration (Allen and Ort, 2001). There is
therefore an urgent demand for maize varieties with
robust cold tolerance. Over the past two decades,
considerable efforts have been devoted to identifying genes
that influence cold-related traits through quantitative trait
locus analysis and genome-wide association study (GWAS)

(Jompuk et al., 2005; Presterl et al., 2007; Leipner et al.,
2008; Strigens et al.,, 2013; Yi et al.,, 2021; Zhang et al.,
2021). However, many proposed candidate genes or their
causal variants have not yet been clearly validated and
clarified.

Lipid remodeling is one strategy employed by plants to endure
cold stress (Miquel et al., 1993; Okuley et al., 1994; Moellering
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Proxitome profiling reveals a conserved SGT1-
NSL1 signaling module that activates NLR-

mediated immunity
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ABSTRACT

Suppressor of G2 allele of skp1 (SGT1) is a highly conserved eukaryotic protein that plays a vital role in
growth, development, and immunity in both animals and plants. Although some SGT1 interactors have
been identified, the molecular regulatory network of SGT1 remains unclear. SGT1 serves as a co-
chaperone to stabilize protein complexes such as the nucleotide-binding leucine-rich repeat (NLR) class
of immune receptors, thereby positively regulating plant immunity. SGT1 has also been found to be asso-
ciated with the SKP1-Cullin-F-box (SCF) E3 ubiquitin ligase complex. However, whether SGT1 targets im-
mune repressors to coordinate plant immune activation remains elusive. In this study, we constructed a
toolbox for TurbolD- and split-TurbolD-based proximity labeling (PL) assays in Nicotiana benthamiana
and used the PL toolbox to explore the SGT1 interactome during pre- and post-immune activation. The
comprehensive SGT1 interactome network we identified highlights a dynamic shift from proteins associ-
ated with plant development to those linked with plant immune responses. We found that SGT1 interacts
with Necrotic Spotted Lesion 1 (NSL1), which negatively regulates salicylic acid-mediated defense by inter-
fering with the nucleocytoplasmic trafficking of non-expressor of pathogenesis-related genes 1 (NPR1)
during N NLR-mediated response to tobacco mosaic virus. SGT1 promotes the SCF-dependent degrada-
tion of NSL1 to facilitate immune activation, while salicylate-induced protein kinase-mediated phosphory-
lation of SGT1 further potentiates this process. Besides N NLR, NSL1 also functions in several other NLR-
mediated immunity. Collectively, our study unveils the regulatory landscape of SGT1 and reveals a novel
SGT1-NSL1 signaling module that orchestrates plant innate immunity.

Key words: suppressor of G2 allele of skp1, SGT1, proximity labeling, N NLR immune receptor, Necrotic Spotted
Lesion 1, NSL1, salicylic acid, ubiquitination

Zhang D., Yang X., Wen Z., Li Z., Zhang X., Zhong C., She J., Zhang Q., Zhang H., Li W., Zhao X., Xu M., Su Z.,
Li D., Dinesh-Kumar S.P., and Zhang Y. (2024). Proxitome profiling reveals a conserved SGT1-NSL1 signaling
module that activates NLR-mediated immunity. Mol. Plant. 17, 1369-1391.

INTRODUCTION resistance to pathogens. However, to establish an infection,

pathogens secrete effectors to perturb PTI, leading to effector-
Plants often confront various environmental stresses because of triggered susceptibility (ETS). Plants have evolved with the intra-
their sessile lifestyle. To cope with pathogen attacks, plantshave  cejiylar nucleotide-binding leucine-rich repeat (NLR) class of
evolved cell surface-localized pattern recognition receptors

(PRRs) that enable them to detect pathogen invasions and initiate

pathogen-associated ~molecular  patterns  (PAMPs)  and Published by the Molecular Plant Shanghai Editorial Office in association with
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A maize WAK-SnRK142-WRKY module regulates
nutrient availability to defend against head smut
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ABSTRACT

Obligate biotrophs depend on living hosts for nutrient acquisition to complete their life cycle, yet the mech-
anisms by which hosts restrict nutrient availability to pathogens remain largely unknown. The fungal path-
ogen Sporisorium reilianum infects maize seedlings and causes head smut disease in inflorescences at
maturity, while a cell wall-associated kinase, ZmWAK, provides quantitative resistance against it. In this
study, we demonstrate that S. reilianum can rapidly activate ZmWAK kinase activity, which is sustained
by the 407th threonine residue in the juxtamembrane domain, enabling it to interact with and phosphorylate
ZmSnRK142, a conserved sucrose non-fermenting-related kinase « subunit. The activated ZmSnRK1«2
translocates from the cytoplasm to the nucleus, where it phosphorylates and destabilizes the transcription
factor ZmMWRKY53. The reduced ZmWRKY53 abundance leads to the downregulation of genes involved in
transmembrane transport and carbohydrate metabolism, resulting in nutrient starvation for S. reilianum in
the apoplast. Collectively, our study uncovers a WAK-SnRK1«2-WRKY53 signaling module in maize that
conveys phosphorylation cascades from the plasma membrane to the nucleus to confer plant resistance
against head smut in maize, offering new insights and potential targets for crop disease management.

Key words: head smut disease, Sporisorium reilianum, ZmWAK, SnRK142, phosphorylation, nutrient

Zhang Q., Xu Q., Zhang N., Zhong T., Xing Y., Fan Z., Yan M., and Xu M. (2024). A maize WAK-SnRK1a2-WRKY
module regulates nutrient availability to defend against head smut disease. Mol. Plant. 17, 1654-1671.

INTRODUCTION

Biotrophic pathogens compete with their host plants for nutrients
during long-term endophytic growth (Kretschmer et al., 2022; Zhu
et al., 2023). While pathogens secrete apoplastic effectors to
induce nutrient susceptibility, little is known regarding how the
hosts establish immunity strategies to counteract pathogen

Maize head smut, caused by the biotrophic fungal pathogen
Sporisorium reilianum, is a soil-borne disease that results in sig-
nificant losses in maize production worldwide. This pathogen in-
vades maize seedlings by penetrating the roots or coleoptile, and
then grows through the mesocotyl to reach the above-ground tis-
sues. Once S. reilianum enters male or female inflorescences, it
shifts from a vegetative to a reproductive growth mode, forming

invasions. The rich-nutrient extracellular apoplast of the host is
a competitive battlefield where microbial pathogens race to up-
take required metabolites (Toruno et al.,, 2016). Bacterial
pathogens target the transporters via type Il secretion systems
to promote sugar efflux for bacterial nutrition (Chen et al.,
2010). Pattern recognition receptors (PRRs) also activate sugar
transporters to enhance monosaccharide uptake, reducing
sugar availability for bacterial growth (Yamada et al., 2016).
However, it is still poorly understood whether host plants
proactively regulate apoplastic metabolites levels upon
infection to combat pathogenic fungi.

massive fungal sori. These fungal spores, capable of surviving
in the soil for years, germinate under favorable conditions and
initiate a new infection cycle in maize during the subsequent
growing season (Sabbagh et al., 2009).

Located on the plasma membrane, PRRs detect pathogen-
associated signatures, triggering immune responses against
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Liquid-liquid phase separation of TZP
promotes PPK-mediated phosphorylation of
the phytochrome A photoreceptor
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Phytochrome A (phyA) is the plant far-red (FR) light photoreceptor and
plays an essential role in regulating photomorphogenic development

in FR-rich conditions, such as canopy shade. It has long been observed
that phyAisaphosphoproteininvivo; however, the protein kinases

that could phosphorylate phyA remain largely unknown. Here we

show that a small protein kinase family, consisting of four members
named PHOTOREGULATORY PROTEIN KINASES (PPKs) (also known as
MUTO9-LIKE KINASES), directly phosphorylate phyAinvitroandinvivo. In
addition, TANDEM ZINC-FINGER/PLUS3 (TZP), arecently characterized
phyA-interacting protein required for in vivo phosphorylation of phyA,
isalso directly phosphorylated by PPKs. We reveal that TZP contains two

intrinsically disordered regions inits amino-terminal domain that undergo
liquid-liquid phase separation (LLPS) upon light exposure. The LLPS of
TZP promotes colocalization and interaction between PPKs and phyA, thus
facilitating PPK-mediated phosphorylation of phyA in FR light. Our study
identifies PPKs as a class of protein kinases mediating the phosphorylation
of phyA and demonstrates that the LLPS of TZP contributes significantly to

more production of the phosphorylated phyA formin FR light.

Phytochromes are the plant photoreceptors that perceive the envi-
ronmentalred (R) (600-700 nm) and far-red (FR) (700-750 nm) light
signals to modulate plant growth and development throughout the
plantlife cycle' . Recent studies have indicated that phytochromes also
functionas thermosensors at ambient temperatures*”. Phytochromes

existintwo interconvertible forms: the Prform and the Pfr form, which
have absorption peaksinR and FR light, repectively**, The Pfr form of
phytochromes has long been believed to be the biologically active form;
however, the nuclear-localized Pr form was recently suggested to have
biologicalactivity’. In darkness, phytochromes are synthesized in the Pr
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Inositol hexaphosphate (InsPy) is the major storage form of phosphorus in
seeds. Reducing seed InsP¢ content is a breeding objective in agriculture, as
InsP¢ negatively impacts animal nutrition and the environment. Nevertheless,
how InsP¢ accumulation is regulated remains largely unknown. Here, we
identify a clade of receptor-like cytoplasmic kinases (RLCKs), named Inositol
Polyphosphate-related Cytoplasmic Kinases 1-6 (IPCK1-IPCK6), deeply
involved in InsP¢ accumulation. The InsP¢ concentration is dramatically
reduced in seeds of ipck quadruple (7-4m/C-4m) and quintuple (C-5m)
mutants, accompanied with the obviously increase of phosphate (Pi) con-
centration. The plasma membrane-localized IPCKs recruit IPK1 involved in
InsP¢ synthesis, and facilitate its binding and activity via phosphorylation of
GRF 14-3-3 proteins. IPCKs also recruit IPK2s and PI-PLCs required for InsP,/
InsP5 and InsP5 biosynthesis respectively, to form a potential IPCK-GRF-PLC-
IPK2-IPK1 complex. Our findings therefore uncover a regulatory mechanism of
InsP¢ accumulation governed by IPCKs, shedding light on the mechanisms of

InsP biosynthesis in eukaryotes.

Inositol hexaphosphate (InsPg), also known as phytic acid, is ubiqui-
tous in eukaryotes and regulates a plenty of cellular functions,
including stress responses', development’ and phosphate (Pi)
homeostasis’. As the overall high amount of P in plant seeds (e.g. cereal
and legume seeds), InsP¢ nevertheless cannot be efficiently digested
by humans and nonruminants*. The undigested InsP¢ not only reduces
the bioavailability of essential mineral elements (e.g. Fe, Zn, and Ca)
and amino acids in the digestive tract, but also is considered a leading
source of phosphorus pollution from agriculture when excreted in
animal waste>. Therefore, reducing InsP4 content in seeds is one of the
important breeding objectives in agriculture. Although efforts have

been made in some species, such as maize and rice**, the very limited
understanding on the regulatory mechanisms of InsPs biosynthetic
pathway has hampered this breeding activity.

In the mature seeds, InsPy is stored and organized in globoids’.
During the seed germination stage, InsP¢ is hydrolyzed to release Pi
and mineral elements, which provide nutrients and energy for the early
growth of seedlings*®. InsPg also plays an important role in the trig-
gering of Ca®* signals, the auxin storage and transport, phosphatidyl-
inositol signaling, cell wall synthesis and the production of secondary
metabolites"**%, InsP¢ can be formed by two different pathways: a
lipid-dependent pathway, where phospholipase C (PI-PLC) catalyzes
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Maize rough dwarf disease (MRDD) threatens maize production globally. The
P7-1 effector of the rice black-streaked dwarf virus (RBSDV) targets maize Rab
GDP dissociation inhibitor alpha (ZmGDIa) to cause MRDD. However, P7-1 has
difficulty recruiting a ZmGDIla variant with an alternative helitron-derived exon
10 (ZmGDla-hel), resulting in recessive resistance. Here, we demonstrate that
P7-1 can recruit another maize protein, gibberellin 2-oxidase 13 (ZmGA20x7.3),
which also exhibits tighter binding affinity for ZmGDIa than ZmGDlo-hel.
The oligomerization of ZmGA20x7.3 is vital for its function in converting
bioactive gibberellins into inactive forms. Moreover, the enzymatic activity of
ZmGA20x7.3 oligomers increases when forming hetero-oligomers with P7-1/
ZmGDla, but decreases when ZmGDla-hel replaces ZmGDla. Viral infection
significantly promotes ZmGA20x7.3 expression and oligomerization in
ZmGDla-containing susceptible maize, resulting in reduced bioactive GA;/GA,
levels. This causes an auxin/cytokinin imbalance and ultimately manifests as
MRDD syndrome. Conversely, in resistant maize, ZmGDla-hel counters these
virus-induced changes, thereby mitigating MRDD severity.

Plant viruses, primarily transmitted by biotic vectors, pose a significant
threat to global food security by inflicting substantial damage to
crops'. To combat viral infections, plants have evolved multiple layers
of defense responses, which are collectively referred to as active
resistance’. In addition, plants have developed passive resistance
strategies, enabling them to evade viral recognition or exploitation by
modifying or eliminating susceptibility factors, also referred to as
recessive resistance’. Most of the naturally-occurring recessive resis-
tance genes are related to the translation initiation factors elF4E and
elF4G or their homologs®. Other loss-of-susceptibility genes include
ZmGDla-hel, cPGK2, HuPDIL5-1, and among others>”’.

Maize rough dwarf disease (MRDD) is a devastating viral disease,
often referred to as the “cancer” of maize. It was first reported in the
late 1940s in northern Italy and subsequently spread to countries such

as Greece, France, and Israel®. MRDD is caused by various Fijivirus
pathogens in the family Reoviridae, among which the maize rough
dwarf virus was detected in Europe, Mal de Rio Cuarto virus was
reported in South America, and the major pathogen responsible in East
Asia is the rice black-streaked dwarf virus (RBSDV)*'°. RBSDV is
transmitted to maize in a persistent manner by the small brown
planthopper (Laodelphax striatellus)". The typical symptoms of MRDD
are characterized by severe growth abnormalities, including dwarfism,
shortened internodes, abnormal ears/tassels, dark-green leaves, and
white waxy enations on the backs of leaf veins'>. RBSDV has a genome
of 10 double-stranded RNAs (S1-S10), with sizes ranging from 1.8 to
4.5kb™", Each segment encodes one or, in the case of S5, S7, and
S9, two proteins®. Notably, the P7-1 effector, encoded by S7-1,
forms tubular structures in RBSDV-infected plants and localizes to

'State Key Laboratory of Plant Environmental Resilience/College of Agronomy and Biotechnology/National Maize Improvement Center/Center for Crop
Functional Genomics and Molecular Breeding, China Agricultural University, Beijing 100193, PR China. 2College of Agronomy/State Key Laboratory of Crop
Biology, Shandong Agricultural University, Taian 271018, PR China. *College of Agronomy and Biotechnology, China Agricultural University, Beijing 100193, PR

China. ' e-mail: mxu@cau.edu.cn

Nature Communications | (2024)15:7576


http://orcid.org/0009-0005-5635-8698
http://orcid.org/0009-0005-5635-8698
http://orcid.org/0009-0005-5635-8698
http://orcid.org/0009-0005-5635-8698
http://orcid.org/0009-0005-5635-8698
http://orcid.org/0000-0001-6596-4132
http://orcid.org/0000-0001-6596-4132
http://orcid.org/0000-0001-6596-4132
http://orcid.org/0000-0001-6596-4132
http://orcid.org/0000-0001-6596-4132
http://orcid.org/0009-0009-6717-8771
http://orcid.org/0009-0009-6717-8771
http://orcid.org/0009-0009-6717-8771
http://orcid.org/0009-0009-6717-8771
http://orcid.org/0009-0009-6717-8771
http://orcid.org/0000-0003-2328-474X
http://orcid.org/0000-0003-2328-474X
http://orcid.org/0000-0003-2328-474X
http://orcid.org/0000-0003-2328-474X
http://orcid.org/0000-0003-2328-474X
http://crossmark.crossref.org/dialog/?doi=10.1038/s41467-024-51726-7&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41467-024-51726-7&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41467-024-51726-7&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41467-024-51726-7&domain=pdf
mailto:mxu@cau.edu.cn
www.nature.com/naturecommunications
Administrator
高亮


nature communications

Article

https://doi.org/10.1038/s41467-024-52338-x

Endomembrane trafficking driven by
microtubule growth regulates stomatal
movement in Arabidopsis
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Microtubule-based vesicle trafficking usually relies upon kinesin and dynein
motors and few reports describe microtubule polymerisation driving direc-
tional vesicle trafficking. Here we show that Arabidopsis END BINDING1b
(EB1b), a microtubule plus-end binding protein, directly interacts with SYP121,
a SNARE protein that mediates the trafficking of the K* channel KAT1 and its
distribution to the plasma membrane (PM) in Arabidopsis guard cells.
Knockout of AtEB1b and its homologous proteins results in a modest but
significant change in the distribution of KAT1 and SYP121 in guard cells and
consequently delays light-induced stomatal opening. Live-cell imaging reveals
that a portion of SYP121-associated endomembrane compartments co-localise
with AtEBIb at the growing ends of microtubules, trafficking along with the
growth of microtubules for targeting to the PM. Our study reveals a mechan-
ism of vesicle trafficking driven by microtubule growth, which is involved in

the redistribution of PM proteins to modulate guard cell movement.

Spatial positioning and motility of endomembrane compartments and
organelles are fundamental to cellular functions in all eukaryotic cells
and are primarily governed by the cytoskeleton. Microtubule-based
vesicle trafficking and organelle positioning are commonplace in ani-
mal cells and are known to depend on kinesin and dynein motor
proteins'>. In plant cells, it has long been accepted that directional
vesicle motility is predominantly dependent on actin-based myosin
motors*’. Later on, however, researchers reveal a critical role for
microtubules in endoplasmic reticulum (ER) motility and
morphology®, in insertion and tethering of cellulose synthase com-
plexes to the plasma membrane (PM)”® and in endocytic recycling of
the auxin efflux carrier PIN2 to the PM in plants’. It has been proposed
that microtubules and their motors might anchor or slow down
organelles/vesicles for their targeting to appropriate destinations. In
addition, the plus-end binding protein, CLASP (CLIP-170 ASSOCIATED
PROTEIN), was shown to mediate the association of sorting endo-
somes with microtubules'. Interestingly, intracellular small cellulose
synthases-containing compartments were reported to tether with

microtubules, and track with the depolymerising ends of
microtubules®, which suggests a role for microtubule dynamics in
organelle motility. Yet reports of microtubule growth-based direc-
tional vesicle trafficking in plant cells are lacking.

Stomata are surrounded by a pair of guard cells and are present on
the epidermis of all aerial parts of almost all angiosperm. In response
to various hormonal and environmental stimuli, such as abscisic acid,
light and atmospheric CO, levels, as well as abiotic and biotic stresses,
guard cells precisely regulate photosynthetic gas exchange and water
transpiration, and restrict pathogen invasion by regulating stomatal
opening and closing . During stomatal movement, the volume of
each guard cell changes rapidly, driven by the transport of K*, Cl' and
other solutes across the PM and guard cell tonoplast, with consequent
effects on the osmotic content of the cell and its turgor™’. In this
process, vesicle trafficking of ion channels in guard cells contributes to
stomatal movement'?°. It has been demonstrated that the regulation
of the recycling of the K* channel KATI to the PM is important for
stomatal movement. Furthermore, delivery and positional anchoring
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Rice (Oryza sativa L.) production is threatened by global warming associated with extreme high temper-
atures, and rice heat sensitivity is differed when stress occurs between daytime and nighttime. However,
the underlying molecular mechanism are largely unknown. We show here that two glycine-rich RNA
binding proteins, OsGRP3 and OsGRP162, are required for thermotolerance in rice, especially at night-
time. The rhythmic expression of OsGRP3/OsGRP162 peaks at midnight, and at these coincident times,
is increased by heat stress. This is largely dependent on the evening complex component OSELF3-2.
We next found that the double mutant of OsGRP3/OsGRP162 is strikingly more sensitive to heat stress
in terms of survival rate and seed setting rate when comparing to the wild-type plants. Interestingly,
the defect in thermotolerance is more evident when heat stress occurred in nighttime than that in day-
time. Upon heat stress, the double mutant of OsGRP3/0sGRP162 displays globally reduced expression of
heat-stress responsive genes, and increases of mRNA alternative splicing dominated by exon-skipping.
This study thus reveals the important role of OsGRP3/0OsGRP162 in thermotolerance in rice, and unravels

Keywords:
Alternative splicing
Diurnal regulation
Glycine-rich protein
Oryza sativa L.
Thermotolerance

the mechanism on how OsGRP3/0OsGRP162 regulate thermotolerance in a diurnal manner.
© 2023 Science China Press. Published by Elsevier B.V. and Science China Press. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Rice (Oryza sativa L.) is the staple food for more than half of the
world’s population. An increasing human population demands
more rice productivity, which is challenged by a more adverse cli-
mate associated with extreme weather conditions [1]. Based on
mathematical modeling, world-wide cereal production is esti-
mated to have a loss of 6%-7% yield per 1 °C increase in seasonal
mean temperature associated with extreme heat disasters [2]. In
the past century, daily minimum temperature in nighttime
increased more than daily maximum temperature in daytime [3].
Crops, such as rice, have different sensitivity to heat stress between
day and night and among different varieties [4-6]. However, how
this diurnal difference in thermotolerance is acquired in plants
remains elusive.

The circadian clock is a ubiquitous controlling system that
allows plants to coordinate their growth and development with
day and night signals. It maintains a roughly 24-h rhythm of inter-
nal biological process [7]. This circadian oscillation is generated by
a number of repressors and activators that are integrated into mul-
tiple interconnected feedback loops [8,9]. Many circadian clock

* Corresponding author.
E-mail address: jianxiangliu@zju.edu.cn (J.-X. Liu).
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regulators are involved in plant responses to warm temperatures
[10]. For example, early flowering 3 (ELF3), one of the evening
complex (EC) components that are night-time repressors in the cir-
cadian circuit, inhibits hypocotyl growth in Arabidopsis at ambient
temperature, and it is subjected to liquid-liquid separation and
proteasome-mediated protein degradation under warm tempera-
ture conditions [10-12]. In contrast, the expression of ELF4,
another important component of EC, is also tightly regulated by
reveille 5 (RVE5), RVE7, circadian clock associated 1 (CCA1) and
late elongation hypocotyl (LHY), either positively or negatively
under warm temperature conditions in Arabidopsis [13]. Interest-
ingly, RVE4 and RVES8 regulate the first wave of heat stress
responses in the day, but confers thermotolerance in the evening
in Arabidopsis [14]. These results suggest that plant growth and
survival under high temperature conditions are dependent on the
time of day when high temperature occurs, however, factors that
provide temporal resistance in a diurnal manner await discovery.

In the current study, we show that OsGRP3/OsGRP162 convey
diurnal signals downstream of EC, and regulate diurnal thermotol-
erance in rice. Furthermore, we show that OsGRP3/0OsGRP162 bind
to various mRNAs and interact with spliceosomal components to
regulate alternative splicing. Collectively, these results demon-
strate that OsGRP3/OsGRP162 are required for rice plants to main-
tain high yielding in response to nighttime heat stress.

2095-9273/© 2023 Science China Press. Published by Elsevier B.V. and Science China Press.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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3D chromatin reorganization during stress responses in plants

Lin-Lin Zhang, Jian-Xiang Liu *

State Key Laboratory of Plant Environmental Resilience, College of Life Sciences, Zhejiang University, Hangzhou 310027, China

Being sessile, plants evolve different acclimation strategies at
both the transcriptional and post-translational levels to cope with
adverse environmental conditions [1]. Several recent studies [2-9]
have shown that gene expression at transcriptional level under
abiotic stress conditions is associated with highly dynamic three-
dimensional (3D) chromatin reorganization, opening up a new
research direction on the role of epigenetic modification and nucle-
oskeleton maintenance in impacting 3D chromatin architecture
and stress-responsive gene expression in plants.

Chromatin is mainly composed of basic structural unites called
nucleosomes, in which naked DNA is wrapped with histone octa-
mers (two copies of H3, H4, H2A, H2B) in eukaryotes [10]. Chro-
matin is further packaged into 3D structures including loops,
topologically associating domains (TADs), compartments, and ter-
ritory. Chromatin interactions play a crucial role in gene regulation
by bringing distal regulatory elements, such as enhancers and pro-
moters, into close proximity, facilitating the formation of transcrip-
tional complexes and the regulation of gene expression in response
to unfavorable environments in plants. As demonstrated by high-
throughput chromosome conformation capture (Hi-C) and 3D-
fluorescence in situ hybridization (3D-FISH), the chromatin accu-
mulated in the specific area of nucleus is called chromatin terri-
tory; and the internal region of chromatin preferentially interacts
to form TAD structures; TADs are modified by active and repressive
histone marks, which constitute A compartments with high tran-
scriptional rate and B compartments with low transcriptional rate,
respectively, in plants [11]. TAD structures play a major role in
chromatin packing of wide genome in animals, however, the model
of TAD structures is under debate in plants. Due to the low number
of defined TAD structures in plants relative to that in animals [12],
TADs may not represent the whole chromatin state in plants. Fur-
ther, in animals, cohesin complexes extrude chromatin via their
ring-like shape until the chromatin joins at specific CCCTC-binding
factor (CTCF) binding sites by two convergent CTCF zinc finger pro-
teins, which forms TADs to shape loop conformation and induce
gene expression [13]. In plants such as maize (Zea mays) and
tomato (Solanum lycopersicum), chromatin loops are often formed
in local A compartments between gene islands segmented by local
B compartments [11]. Plants have conserved cohesin proteins but
lack the CTCF homologues compared with animals [2]. Deletion
of the core cohesin gene RCE8 shows meiotic defects in chromatin
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compaction, while deletion of either switch defective/sucrose non-
fermentable (SWI/SNF), imitation switch (ISWI), inositol requiring
80 (INO80), or chromodomain helicase DNA-binding (CHD) chro-
matin remodeling complex protein affects nucleosome distribution
pattern as well as nucleosome density in Arabidopsis (Arabidopsis
thaliana) [2]. Further observations in rice (Oryza sativa) suggest
that thousands of distinct TAD boundaries are associated with
euchromatic epigenetic marks and active gene expression, and
enriched with a consensus sequence recognized by plant-specific
TCP proteins [12]. Therefore, plant TADs may have different struc-
tural features compared to those in animals.

Chromatin loop recruits distal locus together to elicit co-expres-
sion networks. In mammals, two classes of“gained”and “stable”
enhancer-promoter contacts are observed in terminal differentia-
tion through genome-wide promoter capture Hi-C (CHi-C) [14].
Later research also reveals that long-range interactions between
distal cis-regulatory elements (CREs) and promoters play major
roles in maize [15]. For example, it is common that silencer-like
regulatory elements with clusters of H3K27me3 form long-range
chromatin interactions with distal genes to silence gene transcrip-
tion [3]. Recent studies show that long-range H3K27me3-marked
chromatin loops are dependent on Polycomb group (PcG) proteins
associated with the coregulation of specific gene clusters in Ara-
bidopsis, which is also conserved in rice and soybean (Glycine
max) [4]. However, how the chromatin loop regulates gene tran-
scription awaits further investigation.

The overall structure of chromatin architecture is dynamic
depending on different cell types, different developmental stages,
and different environmental conditions (Fig. 1). The relationship
between chromatin reorganization and transcriptional reprogram-
ming under stress conditions is very attractive and has received
much attention in recent years. For example, heat stress disrupts
the silence state of heterochromatin-associated transposable ele-
ments (TEs) due to the rearrangement of chromatin interaction
regions. Further analysis in Arabidopsis reveals that activation of
TEs is highly associated with chromatin decondensation between
pericentromeres and distal intra-chromosomal regions [5]. Fur-
thermore, heat activation of TEs exhibits a high correlation with
the reduction of chromosomal interactions [12]. In contrast, cold
stress increases A-B compartment interaction, reducing the spatial
constraints on chromosomal compartments and decreasing long-
range interactions on the same chromosome over 1 Mb distance
in rice [12]. By comparing the chromatin structure changes (i.e.,
A/B compartments transition, TAD size, long-range interactions)

2095-9273/© 2024 Science China Press. Published by Elsevier B.V. and Science China Press. All rights reserved.
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calcium-mediated freezing tolerance in Arabidopsis

Yue Peng, () Yuhang Ming,»"(®) Bochen Jiang,»*{[2) Xiuyue Zhang,'$() Diyi Fu,’(®) Qihong Lin,' Xiaoyan Zhang,*(®) Yi Wang,"
Yiting Shi,*(®) Zhizhong Gong,*{l2) Yanglin Ding,'(®) and Shuhua Yang"*

'State Key Laboratory of Plant Environmental Resilience, Frontiers Science Center for Molecular Design Breeding, College of Biological Sciences, China Agricultural
University, Beijing 100193, China

?School of Life Science, Institute of Life Science and Green Development, Hebei University, Baoding, Hebei 071002, China

*Author for correspondence: yangshuhua@cau.edu.cn

"These authors contributed equally to this study.

Present address: Department of Chemistry, The University of Chicago, Chicago, IL 60637, USA.

SPresent address: State Key Laboratory of Microbial Resources, Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China.

The author responsible for distribution of materials integral to the findings presented in this article in accordance with the policy described in the Instructions for
Authors (https:/academic.oup.com/plcell/pages/General-Instructions) is: Shuhua Yang (yangshuhua@cau.edu.cn).

Abstract

Plants respond to cold stress at multiple levels, including increasing cytosolic calcium (Ca”*) influx and triggering the expression of cold-
responsive genes. In this study, we show that the Ca**-permeable channel CYCLIC NUCLEOTIDE-GATED CHANNEL20 (CNGC20)
positively regulates freezing tolerance in Arabidopsis (Arabidopsis thaliana) by mediating cold-induced Ca®* influx. Moreover, we
demonstrate that the leucine-rich repeat receptor-like kinase PLANT PEPTIDE CONTAINING SULFATED TYROSINE1 RECEPTOR
(PSY1R) is activated by cold, phosphorylating and enhancing the activity of CNGC20. The psylr mutant exhibits decreased cold-evoked
Ca”* influx and freezing tolerance. Conversely, COLD-RESPONSIVE PROTEIN KINASE1 (CRPK1), a protein kinase that negatively
regulates cold signaling, phosphorylates and facilitates the degradation of CNGC20 under prolonged periods of cold treatment,
thereby attenuating freezing tolerance. This study thus identifies PSYIR and CRPK1 kinases that regulate CNGC20 activity and
stability, respectively, thereby antagonistically modulating freezing tolerance in plants.

IN A NUTSHELL

Background: Cold stress is a major environmental factor that adversely affects plant growth and development. Plants have devel-
oped a series of complex mechanisms at multiple levels to acclimate to cold stress, including increasing cytosolic calcium (Ca**)
influx and triggering the expression of cold-responsive genes. Several Ca?*-permeable channels, such as plasma membrane-localized
CYCLIC NUCLEOTIDE -GATED CHANNELSs (CNGCs), have been shown to play critical roles in cold-induced Ca?* signaling in plants.
However, how CNGC is fine-tuned in response to cold stress remains unclear.

Question: How do plants finely tune calcium signaling in response to cold stress?

Findings: In this study, we revealed that CNGC20 plays an important role in regulating plant freezing tolerance and cold-induced
Ca®" influx in Arabidopsis (Arabidopsis thaliana). At the early stages of cold response, the receptor-like kinase, PLANT PEPTIDE
CONTAINING SULFATED TYROSINE 1 RECEPTOR (PSY1R), is rapidly activated and phosphorylates CNGC20, which enhances its
channel activity, leading to the increase in cold-induced Ca?* influx, thus positively regulates CBFs expression and freezing tolerance.
In addition, Cold-responsive protein kinase 1 (CRPK1), a negative regulator of plant freezing tolerance, phosphorylates CNGC20 to
facilitate its degradation during the prolonged cold stress, thereby attenuating freezing tolerance of plants. This study reveals
that PSY1R and CRPK1 target distinct sites of CNGC20 for phosphorylation to regulate CNGC20 activity and stability, respectively,
thereby fine-tuning plant freezing tolerance.

Next steps: How PSY1R and CRPK1 are activated in response to cold stress is an important question. Moreover, the dynamics of
CNGC-mediated cold-induced calcium signature await further investigation.
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Abstract

Potassium (K*) plays crucial roles in both plant development and immunity. However, the function of K* in plant-virus interactions
remains largely unknown. Here, we utilized Barley yellow striate mosaic virus (BYSMV), an insect-transmitted plant cytorhabdovirus, to
investigate the interplay between viral infection and plant K* homeostasis. The BYSMV accessory P9 protein exhibits viroporin activity
by enhancing membrane permeability in Escherichia coli. Additionally, P9 increases K* uptake in yeast (Saccharomyces cerevisiae) cells,
which is disrupted by a point mutation of glycine 14 to threonine (P9°**T). Furthermore, BYSMV P9 forms oligomers and targets to
both the viral envelope and the plant membrane. Based on the recombinant BYSMV-GFP (BYGFP) virus, a P9-deleted mutant
(BYGFP**) was rescued and demonstrated infectivity within individual plant cells of Nicotiana benthamiana and insect vectors.
However, BYGFP* failed to infect barley plants after transmission by insect vectors. Furthermore, infection of barley plants was
severely impaired for BYGFP-P9°*T lacking P9 K* channel activity. In vitro assays demonstrate that K* facilitates virion disassembly
and the release of genome RNA for viral mRNA transcription. Altogether, our results show that the K* channel activity of viroporins is

conserved in plant cytorhabdoviruses and plays crucial roles in insect-mediated virus transmission.

Introduction

Potassium (K*) is an essential and abundant macronutrient in
plant cells and plays fundamental roles in enzyme activation,
membrane transport, osmoregulation, and cellular homeostasis
(Wang and Wu 2017). Since available K* concentration in soils is
very low, plants can sense low K* (LK) stress and enhance K" up-
take from environment (Wang et al. 2021). Intracellular K* homeo-
stasis is important for plant adaptive responses to abiotic and
biotic stresses (Wang et al. 2021). Thus, application of K* fertilizer
improves crop health and decreases incidence of fungal and bac-
terial diseases in most cases (Amtmann et al. 2008; Wang et al.
2013; Wang and Wu 2017). Nonetheless, it remains elusive
whether the K* status plays positive or negative roles in control-
ling viral diseases (Amtmann et al. 2008). Moreover, whether
and how plant viruses modulate plant K™ homeostasis and im-
munity are also largely unknown.

Most animal viruses encode small hydrophobic viroporins that
can enhance membrane permeability through ion channel
activity. Viroporins are commonly composed of 60 to 120 amino
acids with a highly hydrophobic transmembrane domain (TMD).
Viroporins usually form hydrophilic pores within host cell
membranes for influx of ions and small molecules (Gonzalez
and Carrasco 2003; Nieva et al. 2012; Scott and Griffin 2015).
Viroporins participate in virus entry, replication, assembly, re-
lease, and disruption of host physiological processes (Gonzalez
and Carrasco 2003; Nieva et al. 2012; Scott and Griffin 2015). The
influenza A virus (IAV) M2 protein was first reported to exhibit vi-
roporin activity (Pinto et al. 1992), which has been used as an

antiviral target for chemical compounds (Scott and Griffin 2015).
In addition, viroporin-defective virus mutants have been gener-
ated as attenuated vaccines (Watanabe et al. 2009). Therefore,
characterization of viroporins has received substantial attention
over the past decades. However, analogous functions of viroporins
in plant viruses and their interplay with plant ion homeostasis re-
main to be uncovered.

The Rhabdoviridae is a family of negative-stranded RNA vi-
ruses with a wide range of hosts including plants, vertebrates,
and invertebrates (Walker et al. 2022). All rhabdoviruses share
similar genome organization, encoding 5 conserved structural
proteins, 3'-N (nucleocapsid protein)-P (phosphoprotein)-M (ma-
trix protein)-G (glycoprotein)-L (large polymerase)-5'in a negative
polarity. The G-L gene junction commonly contains an accessory
gene encoding a putative viroporin in animal rhabdoviruses
(Walker et al. 2011; Walker et al. 2022). The a1l protein of Bovine
ephemeral fever virus (BEFV), a typic rhabdovirus of the genus
Ephemerovirus, has been identified as a viroporin (Joubert et al.
2014), but its functions in viral infection remain unexplored.

Plant rhabdoviruses severely affect crop productivity world-
wide by infecting economically important monocot and dicot
plants (Bejerman et al. 2021). Plant rhabdoviruses usually encode
4to 5 accessory proteins interspersed between the gene junctions
of N-P, P-M, and G-L (Walker et al. 2011). However, functions of
these genes are predicted but not experimentally validated in
the context of virus infections due to lack of virus reverse genetics
systems (Zang et al. 2020; Li and Zhao 2021). Despite technical
challenges, the past decade has witnessed progress in reverse
genetics systems of plant rhabdoviruses. Sonchus yellow net
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The adaptor protein ECAP, the corepressor LEUNIG,
and the transcription factor BEH3 interact and regulate
microsporocyte generation in Arabidopsis
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Abstract

Histospecification and morphogenesis of anthers during development in Arabidopsis (Arabidopsis thaliana) are well under-
stood. However, the regulatory mechanism of microsporocyte generation at the pre-meiotic stage remains unclear, especially
how archesporial cells are specified and differentiate into 2 cell lineages with distinct developmental fates. SPOROCYTELESS
(SPL) is a key reproductive gene that is activated during early anther development and remains active. In this study, we demon-
strated that the EAR motif-containing adaptor protein (ECAP) interacts with the Gro/Tup1 family corepressor LEUNIG (LUG)
and the BES1/BZR1 HOMOLOG3 (BEH3) transcription factor to form a transcription activator complex, epigenetically regu-
lating SPL transcription. SPL participates in microsporocyte generation by modulating the specification of archesporial cells and
the archesporial cell-derived differentiation of somatic and reproductive cell layers. This study illustrates the regulation of SPL
expression by the ECAP-LUG-BEH3 complex, which is essential for the generation of microsporocytes. Moreover, our findings
identified ECAP as a key transcription regulator that can combine with different partners to regulate gene expression in distinct
ways, thereby facilitating diverse processes in various aspects of plant development.

Introduction et al. 2010). Stages 1 to 5 denote the pre-meiotic period of
anther development, during which the cells of the L2 layer

The stamen is the male reproductive organ in flowering ) L A
undergo a complex series of divisions and give rise to most

plants that contains a. 4-lobed anther on top of a ﬁIamenF. of the cell types of the anther to form the 4 radially symmet-
Ptnthe.r development is a compl'ex process that can be di- eyl Jocules/microsporangia (1 for each lobe). Archesporial
vided into 14 stages based on histological features. Stage 1 ce||s are the founder cells of the microsporangia, which arise

is marked by the emergence of the rounded stamen primor- i the 4 corners of the L2 layer during Stage 2. Next, periclinal
dia with 3 layers (L1, L2, and L3), and the anther dehiscing to  division of archesporial cells generates the primary parietal
liberate mature pollen grains denotes the final stage (Stage layer (which then divides and differentiates into the en-

14; Sanders et al. 1999; Scott et al. 2004; Alvarez-Buylla ~ dothecium, middle layer, and tapetum) and the primary
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EXECUTER1 and singlet oxygen signaling:
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Abstract

Chloroplasts are recognized as environmental sensors, capable of translating environmental fluctuations into diverse signals to
communicate with the nucleus. Among the reactive oxygen species produced in chloroplasts, singlet oxygen (*O,) has been
extensively studied due to its dual roles, encompassing both damage and signaling activities, and the availability of conditional
mutants overproducing ‘O, in chloroplasts. In particular, investigating the Arabidopsis (Arabidopsis thaliana) mutant known as
fluorescent (flu) has led to the discovery of EXECUTER1 (EX1), a plastid 'O, sensor residing in the grana margin of the thylakoid
membrane. '0,-triggered EX1 degradation is critical for the induction of '0,-responsive nuclear genes (SOrNGs). However, a recent
study showed that EX1 relocates from chloroplasts to the nucleus upon 'O, release, where it interacts with WRKY18 and WRKY40
(WRKY18/40) transcription factors to regulate SOrNG expression. In this study, we challenge this assertion. Our confocal microscopy
analysis and subcellular fractionation assays demonstrate that EX1 does not accumulate in the nucleus. While EX1 appears in
nuclear fractions, subsequent thermolysin treatment assays indicate that it adheres to the outer nuclear region rather than localizing
inside the nucleus. Furthermore, luciferase complementation imaging and yeast 2-hybrid assays reveal that EX1 does not interact
with nuclear WRKY18/40. Consequently, our study refines the current model of 'O, signaling by ruling out the nuclear relocation of

intact EX1 as a means of communication between the chloroplast and nucleus.

Introduction

Singlet oxygen (*0,) is a nonradical reactive oxygen species (ROS)
produced either through photosensitizers such as free tetrapyr-
role molecules including chlorophyll and its precursors or via lipid
peroxidation-derived lipid radicals, i.e. light-dependent or light-
independent 'O,, respectively (op den Camp et al. 2003; Apel
and Hirt 2004; Wagner et al. 2004; Kim et al. 2012; Dogra et al.
2018, 2022; Tano et al. 2023). Light-dependent 'O, is generated
within chloroplasts and exhibits a dual role. On the one hand, it
poses a potential threat due to its high reactivity with macromo-
lecules, and on the other, it serves as a signaling molecule that
contributes to various biological processes, including growth in-
hibition and cell death.

The investigation of 2 Arabidopsis (Arabidopsis thaliana) mu-
tants, chlorina 1 (chl) and fluorescent (flu), has proven instrumental
in unraveling the complexities of 'O,-signaling pathways
(Meskauskiene et al. 2001; Ramel et al. 2013a, 2013b). In chl, the
absence of CHLOROPHYLLIDE A OXYGENASE (CAO) intensifies
photoinhibition in Photosystem II (PSII) due to the lack of chloro-
phyll b synthesis, leading to the light-intensity-dependent over-
production of '0,. This heightened sensitivity to light-induced
damage is a hallmark of the chl mutant. Conversely, the flu mu-
tant exhibits a unique behavior, conditionally generating 'O,
within chloroplasts when transitioning from darkness to light.
This intriguing phenomenon is attributed to the FLU protein’s
role as a negative feedback regulator of protochlorophyllide

(Pchlide) in dark conditions (Kauss et al. 2012; Wang et al. 2022).
Consequently, the loss of FLU results in the excessive accumula-
tion of free Pchlide, a potent photosensitizer, within chloroplasts.
Upon exposure to light, free Pchlide efficiently transfers the ab-
sorbed light energy to ground-state oxygen molecules, thereby
generating *O,.

Through extensive investigation of these 'O,-overproducing
mutants, researchers have identified 2 putative 10, sensors:
B-carotene and the EXECUTER1 (EX1) protein. These sensors are
localized in distinct regions of thylakoid membranes. B-Carotene
operatesin the grana core (appressed areas of grana), where active
and inactive PSII complexes generate 'O, (Dogra et al. 2018).
Excessive light is shown to trigger the oxidation of B-carotene,
leading to the production of volatile retrograde signaling mole-
cules, including B-cyclocitral (B-CC). B-CC, in turn, induces the ex-
pression of nuclear genes encoding detoxification proteins,
mitigating oxidative stress (D’Alessandro et al. 2020).

In contrast, the majority of EX1 proteins accumulate in the
grana margin (nonappressed regions of grana), where they inter-
act with certain chlorophyll synthesis enzymes, especially
Pchlide oxidoreductases and the machinery responsible for PSII
repair, including filamentous temperature-sensitive H (FtsH) pro-
teases (Wang et al. 2016; Dogra et al. 2019b, 2022). Notably, FtsH2
protease promotes EX1 degradation following 'O, release.
FtsH2-dependent EX1 turnover is integral to initiating 'O, signal-
ing, as genetic inactivation of FtsH2 disrupts EX1-mediated 'O,
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