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EUINLREESHAIRT . SERES B R

BE"? wkal Zak?
RO, B R T TSI, Kb 410128 BRI K S IR R R, Kb 410128

RWE S R R T A P S e S AR LU B A A5 5, SRAER R NAR . Sy, R R i (e R ) 32
R 7 5 S S A S B S N, A IR 45 A A e S0 2 IR T 2 B 1 (NLR s ) YU e et s JEr Al 2 7 e FAY 2002 2 i
RS RN, PRGBS RS ANMAET . %50 E B4R T NLRs X RN R (1 A3 R G s J R W A5 5 R % 6 e

W T REfE o

KR EW%IE, NLRs, ZHAER5E], 55

B&, &4, EAk (2022). HEYINLRGEEZRKN . SGEeBoh 515 5%, M9k 57, 12-23.

N X o9 SR AE W) 5 SR AR AR ) O R AR,
FEAE 52 25 S A4 Br ok B3 P OSB8I B, R kAL
MR R ARG . =55 Y40 M =R T A N A
KB PR B 958 52 A4 DU TR AR AR G A SR 1 & Pl S 5
(Kourelis and Van Der Hoorn, 2018; Van De Weyer
et al., 2019). 40} 1H Fu ik Z A BHEZ A E D
(receptor-like proteins, RLPs)UL % 52 {4 i i (recep-
tor-like kinases, RLKSs), i 5 #f #x A5 2R ) 52 44
(pattern-recognition receptors, PRR), AJ &%k
WyAe == 7 F X (microbe-associated molecular pat-
terns, MAMP). i J5 f4 4 5% 43 152 1 (pathogenas-
sociated molecular patterns, PAMP)u{# 15 32 7= 4
345 HH 5% 73 T8 K (damage-associated molecular
patterns, DAMP). B2 7T A5, PRRIUE HE Al
Yo% NPTl (pattern-triggered immunity), 45 %
P4 (reactive oxygen species, ROS)/IHLH 74
Ca®" Py ¥ A1 22 4 535 1k 28 19 8% (mitogen-activated
protein kinase, MAPK) % it [ [ ] J&i 51 %5 (Couto
and Zipfel et al., 2016; Jones et al., 2016; Van Der
Burgh and Joosten, 2019), A1 $11iillJ Ji 44 1T 386 5

I3 S A DU R FE 22 PR LA (Rt A s, Horbi =
B R W AN R A P EPRREE H I Th g f 3L
G B AR IR o A IR AR 2 1 5 AR T 40 5 FELLE R

Woke H #9: 2021-09-14; #2252 H #1: 2022-02-07

FRA, EWH AN ERE SN E A RES
¥ %1 % 44 (nucleotide-binding domain leucine-rich
repeat containing receptors, NLRs), L1775 F 1k
BN I TR B B S M S 9% )R BLETL (effector-
triggered immunity) (Dodds and Rathjen, 2010;
Jones et al., 2016). NLRs'5PRRA T 1) 4 &2 b F
A AL 73 FHREEAE SO BT AR, I B B U
Ji (hypersensitive response, HR)5 4l il 56 1 8 R
(Yuan et al., 2021; Ofir et al., 2021). T4k, HX
TS K%, A ENLRs A S WA Y G B i 70 L
197 — RHVE KRR . ASLUINLRsS T 1 %5 B
NEE R, ZRR T RS BRI S S
BB .

1 NLRsEHESHNEHRIHS!

1.1 NLRsKIZH 5 E

AR A, NLRS X7 J5 A% 2508 47 18 51 R 6 88 % BE
Ja 5 E K E % (Jones et al., 2016; Zhou and Zhang,
2020). RENLRsHAFTE T ELFEIH L2 I TE N 1) 2 Ff
P, B IR R, 3. YRR E A
5] () 7 =0k 4k 4 24U %% 4 (Urbach and  Ausubel,
2017). T FIZhPINLRs#REL & 1AM Hp ] (A%
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fi% 45 4+ (nucleotide-binding, NB)H F114NCiifi & & 5=
R & 7 5 ¥ ¥ (leucine-rich repeats, LRR)[X 15, H 7,
NB &S K 3 5248 55 JR AV J5 T B e e B A ) (e &
LA A R0 93 /N A4 RIS L 30 4 v %) 98 9 /AR ) LAA% 36
FSL®, METANLRRX BT S5 5 &M
il & E -5 A BAE ARSI  (Saur et
al., 2021).

RPENAK u A E], ST IR INLRs 7 N 2F 3
B TIRBACCH! ., TIREINLR (TIR-type NLRs,
TNL) IR 2 H N B A Tolll 4 21 52 44 (Toll/inter-
leukin-1 receptor, TIR)Z5#4%, MCCHINLR (CC-
type NLRs, CNL)H A % it 15 i€ (coiled-coil, CC)4it4
I (Tamborski and Krasileva, 2020; Saur et al.,
2021) (K1A). KZHEhPHhNLRsE H b, 15
TP NLRsE H ATk BB AN, B A7 5700 J5 A4 808 2
F1 iR 51 1 %% %2 4 (sensor NLRs, sNLR)#k, i fE7E
X U S A T S e T 1) RE I R B 5 9% 32 44 (helper
NLRs, hNLR), WINRG1 LA & ADR1 & M 5K ik H 1
hNLR, /EHFTNL# T iif(Peart et al., 2005; Bonar-
di et al., 2011; Dong et al., 2016). HTADR1LLK
NRG1 (] N iiii #% 4 RPW8 (Resistance to Powdery
Mildew 8)2:CClk, 1A & HL A ) CClik(Jubic et al.,

B Y NLR S 2R MRS S ies 555 HE 13
2019), HthFkJIRNLs (RPWS-type NLRs).

NLRs/ vz 7> A T4HM 5 . 40fEi% . i (plasma
membrane, PM). &7 5% FT Py Joid 9 S5 S0 40 P 25 44
(Chiang and Coaker, 2014), f1-k# (Hordeum vul-
gare) CNLMLA10 14l 7 7+ (Arabidopsis thaliana)
TNLRPSA {7 T~ 41 g &% M40 g o7 v, HX 24 37 48 Y
SEA I RS AT 7 (Shen et al., 2007; Bai et
al., 2012). Tl 7FCNL (RPM1)ZH Bt 3t 55 Ji i 45
A FF Rl R A v f AR S B TR 2808 2 I (Nimchuk et
al., 2000; Gao et al., 2011). BHHFTEY, FELXE
(Glycine max)H £ 7£ —F 41 ffl B% 7€ A7 [F)NLR Rsc4,
G RES IR EE I PLE(Yin et al., 2021). A,
NLRsAMY & A7 FAS 7] ) 0 4 o 45 4, i HL7E 995 Ji A
SRONE B R ML b R AR

1.2 NLRsIRSIMNEA/Z FHhER

121 EHERMIER

NLRs B 12500 2 e fif 5 H. B ELUE AL e B 45
HIRABA(EMB). BRI — > S8 1] 1 2 T JFR
(Linum usitatissimum) L7 & 2@ TNL L5, L6FIL7
X IV R B (Melampsora. lini) &% S 25 [ AvrL567 4
[ AR 44 (1) J& 41 (Dodds et al., 2006). #R1, B4 H

A B s
Ay <INJ—{TN8 ) '
LRR i
™. <{TIR ne =000~
AR LRR BRI L)
ESTEN
one <{cc H Ne (NI~ LRR s
LRR wEEn
woagX =N =—{_ NB | —
A4
RNL =RPwa={_ NB ([T HRR .
LRR

%ﬁﬁﬁW\—vT\——-ﬂ

LRR s 42588

B1  NLRsHIE5 M4 R -5 808 8 BRI (2 E Duxbury et al., 2021)

(A) HEYINLRsHSE Rk 4> 9328, A4 b a) 3B A7 A% R 45 A 3 (NBD) I Ci i) & & e & R EE 2 5 51| (LRR) S5 H4 L NS O TIR
CCHZERPWSHICCHEft; (B) MMINLRsIRAIN 8 H AR — S YNLRE S S5H N RN E AL S, Sild Rk PEA
BB VE R A SRR R R T Ak, — SR YINLRs B 555 (03 & 25 Mk (ID), /v S 2%008 8 A iR

Figure 1 Structural composition of NLRs and its recognition pattern to effector proteins (modified from Duxbury et al., 2021)
(A) The domains of plant NLRs are divided into three categories, including a central nucleotide-binding (NB) domain, a C-terminal
leucine-rich repeats (LRR) region and N-terminal TIR, CC, or RPW8-like CC domain; (B) Different patterns of effector recognition
by plant NLRs: Some plant NLRs directly bind to the corresponding effector proteins or indirectly detect the pathogen effector
through the guardee or decoy proteins; Some plant NLRs have special integrated domains (ID) to mediate effector recognition.
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8 F AR 530 AT RE 5 1 AvrL567 % [ £ FEAL AT AR,
M F= A2 124N AR A4, A 54N AR 44 2 A7 8 18ENLRs 45
A FIBHASNLRs R 5 16 71(Dodds et al., 2006) ., iX Fif
R “ & 503” WHES) 7 E BRLEER pe 1) 2
FEAL, 2 S A 13N SRR, H a3 R
BN RN B AR R INLR o[RS, L2 (I LRRES F
10 5 B 22 25 PRI T L 2 A AvrL 567 A8 48 (1 R
IEL6 LRRA AN G R ) 5 e o 3 B ARE 7 10 31
BN A BN Z AN > 214 (Dodds et al., 2006;
Rayamajhi et al., 2013).

JKFENLR PikE K 5 i B4 & 1 77 UGN
eI B P 2 AN AVR-PIKRN B e i, PikmA] iR
HI3AAVR-Pik R & H, 1M Pikp A AR il
7y HrPik 5 AVR-Pik & H 8] KA HAE I, BF5E N SRAA)
FH 45 1) S 7] T 8% (structure-guided engineering)fillif
TANERIPIKEE A B, AR R 455 T LART AR R
HJAVR-Pik (De La Concepcion et al., 2019). &5
HRE, KEZECNLILE A 2 K A (mildew resis-
tance locus a, Mla)C b B S 2L R, %5 ]
A EL 3 R I LA AR 5 R A 5% 81 I SR R £
FH(sequence-unrelated effectors) (Saur et al., 2019).
AN, HrIT 204 U LU 45 o i o, B (Nico-
tiana benthamiana) TNL ROQ1 (Recognition of
Xanthomonas outer protein Q1) H: M & F XopQ,
LA ESFFTNL RPP1 (Recognition of Peronosporapa-
rasitica 1) 5N HEAATR, 57201 LRRK B #

&4,
1.2.2 [BIFIRFHER

VI Z FEYINLRs R 5 15 O I AN 5 20N 8 1 B4R 45 S
(E1B), Mg bA—Fh a8 iR g s, ] 70
2fh e H— R R PR, &R A AR -52 44
H AR B %N 2 1 (Dangl and Jones, 2001). NLRs
o I8N 2 (B R AP AR B ) e B, IR AE IR
VISRV ke S ey A Wil da o X C AN SR AN
Mo FAETTH, 2NN E EFE M RING (RPM1-inte-
racting protein 4), 1MRPS2 (Resistance to P. syrin-
gae 2)FIRPM1 (Resistance to P. syringae pv. macu-
licola 1) i 2 (1 ELAE HEMIRINA, AT E 32808 2
H. T 75 % iU # (Pseudomonas syringae) nl il i
— M5k R G (type |1l secretion system, T3SS)3 i

% [ M AvrRpt2, Fifi J5 AvrRpt2 22 it RINA M 11 fiilt %
RPS24f #i 7! 9% J )i (Axtell and Staskawicz, 2003;
Mackey et al., 2003). Ah, T 75 5 B RS R 1
AvrRpm1i% S RIN4 i # — ik B2 (ADP) ¥ ¥ £ 4k,
1M1 EUTE 3 X RING BB 1L, fili &k RPM1 A 3 1)
Y [ v (Chung et al., 2011; Liu et al., 2011; Red-
ditt et al., 2019). U BARIAT 70245 R 0H, s S 2508 2
FIHopZ5 1 AvrBstfE Xt RIN4 T166 7 5 {7 5 . B4k,
AT fih 2 RPMA 6 20 G e S B o 7 248 2, HE
W Y 2 B EE SOBER AE i X RIN4 T166 %
STEAL, AT A ) S8 S SRR R AR o IX AT RE A AN
SIS R PR A 4 T 4%, 3 e 9% 0 FE (Choi et
al., 2021).

HRFIEBR AR 2R IR TR )
fiTHE, 8 ZNLRsTR I S 1H & A bR AN A
WEME AL, 15 %% R A B &G H e kg (Zhou and
Chai, 2008; Van Der Hoorn and Kamoun, 2008). £
SR A ) 5 TE R B B PBL2, i CNL
ZAR1 (HopZ-activated resistance 1)1 b7 . ZAR1H]
B4 1500 22 PRSI, B4 BT ik 5 15 5 1 (Xantho-
monas campestris pv. campestris) ] 2 M #% & [
AVrACTHH T {5 5 o 11 ¥ 280 2 T HopZ 1a (Lewis et
al., 2013; Wang et al., 2015; Seto et al., 2017;
Schultink et al., 2019; Laflamme et al., 2020). ¥ i
B A AR, Ji I 43 WA RN R AVIAC R B R AL
BIK1, miHopZ1aZ BttMKK?, #5401 PTI Jv
L3 5% 2 300 J1(Feng et al., 2012; Wang et al.,
2015; Rufian et al., 2021); mfEYdt b iFHE A
PBL2, AvrACHPBL2JR H EEL (7 4 PBL2"™"), Fi#%
TEZARTA T B (HPBL2JR T WAL AS 2 1 5%
AVrACH F I B 71, Rk, X LefE EE AN Z
BHEA, MALZHETILEA(Lewis et al., 2013;
Wang et al., 2015).

SR, RIDIRRTUAR, A IR ME X 4317515 & A AR
BHEA. Fln, RPSS N F#EEPBS L5 K 111
JRZS(Shao et al., 2003; Ade et al., 2007), PBS1
EHEPTIN B A &5 Thae, aPBSAHE 5t ik & fir 1
BN F AvrPphB /K fig i, RPS5IE i 1R 51 U 47 A
T 0 5o 0% [ . (Zhang et al., 2010), #£HIPBS1
Y TR TEARAG. (HAVPphBREE A I /K 2
/D8FIPBLEE [, U1AvrPphBIK f#BIK1, M i 0 1l 48



YIRIPTIR .. A8 FEHEN, K S BIK1H B & [FEY
A e A& AVIPPhB I s P . SR, LR IFPBS17E
PTIH X B A 1% 59 Th BE (Zhang et al., 2010), % ¥
PBS1th Al fE B EE A . Bk, B el b T4
(10 )8 s A 2 R K R AR N A2

1.2.3 EBEEHIRHNER

—LENLRs £, 25T 2400 2 B8 1) 1 8 R 1 S5 R 3,
W FR N B4 S5 Ky 48 (integrated domains, ID), A iR 5
AB L) SRR RN, & 1 (E11B). Ak, —LIDE#ES
HLUUEC ) 20 R 2 1 BLAE, L2 4 308 B R BT B 1
X5 PR AL, IDFINLRZ [F) gt (% 52 4 T &
H5SNLRIAELS . 52 b, IDENLREVS J5 T 218t
R T 2 ab. B, ERKEEE R,
2 AR T 5 X RENLR (1) 98745 B8 55 A0 56 [R] B izt
M Z R R T E R EMEN, MAERESR
NLR-IDH, AR REEE/MR 2 . i WINLRATID )
A ] Re Il I S s e A Bl R A6 L 4H Jk A (Bailey et al.,
2018). HiT, A JLAIE I NLR-IDAE 2R 808
LS B R R o B 745 O E A S 2 — 2
RRS1 (Resistance to Ralstonia solanacearum 1)}
FHEMBE DM, HLCK I I WRKY 25 14 351 41D
(Le Roux et al., 2015; Sarris et al., 2015). HHiH 7
WA RN R H PopP22& —Fl LI Fe o g, RESS BT &
MEALWRKY# e 3[H 7, R H 5 DNAR 455 DL = B
J% /1(Le Roux et al., 2015; Sarris et al., 2015). 4R,
fE i F A RRSLAE Pk, RRSTWRKY 45 14 f5f 4
PopP2 Z. fif 4k, 1 WRKY 45 # 45 2. B Ak /& LAk 3%
RPS1 X% RPS4 (Resistance to P. syringae 4)/1 51
Yk N % (Le Roux et al., 2015; Sarris et al., 2015).
[FT, RRSTICHA R E R E A Dhfe. i,
4N 2R I AvrRps4th RE % 45 4 RRS1 I WRKY & #4) 45
(Sarris et al., 2015). 1t4h, AFE/KFENLRs RGASA!
Pik-1113 & QA YINLR-ID, #R% 1 5 48 A 5% (he-
avy metal-associated, HMA)[#%5 & 45 F3, M iR
S FE TR0 1 RS B FAAVR-PIikD (Césari et al., 2014),

2 GEHMESHEIMERIRZ R

2.1 CNLS#HF MK
FEYINLRs# BUS R TE B R E &Y, %452l

FLERAE MY NLR A2 R0 . Bl 515 5% 15

Wy A ) 9 /MR (Davis et al., 2011; Wang et al.,
2019; Ma et al., 2020; Martin et al., 2020). i,
CNLE G/ MEZARTEL S T ZARA 244 i 53 e
(RLCKs) RKS1 VL PBL2. 3K [ BT i 37 B ¥ A 3 43 b
1) 2508 4 1 AvrAC T ik R 1 19 7 % I 1) e K PBL2
4k JyPBL2YYP, ZAR1 5 RKS1TE i & A 4 If 17 %
PBL2"MPJE i 4 i 1 1 PBLYMP-ZAR1-RKS1 & & 1,
T 58 BT AV AC T R e R Rl 1B S 3 i
RER, FAEH P EIE A H 54> CCI N i o- 1 i
FI R IR SR S5 K9 (Wang et al., 2019), FHfE@EFL
TEE R EIB 2 171(BI2A) (Wang et al., 2019; &
FkAZENT, 2019). 2R1M, RIAZARIGER A5
K R AR B IR AE R P A0 B s b T R LG, X Fh
FLGE R Q{3 4 R () 32 PE RN I B, DA A
by P G AT ik R A MO AT T RN B g S N H R AN A

T 200 Rk YR SR B, ZAR1. NRG1af!l
ADRA 0] 75 Jofi B T¥ f T (45 95 525 1) FH 25 - 8 1 0l
JE(Bi et al., 2021; Jacob et al., 2021). 4Ef4E R
ZAR15AVrAC. RKS1HIPBL27E JE P T 57 K} 21 g
FEILIT, 75X F AR LR R SR 23 A SI2 e w1 e
MR R R, X R PEIENZARTE G A
FIETENE M . BB TE LRSI — PR, TR R L
PomERAIENaT . K Cs?*. Mg* flCa® 7E 4 (1 FH
S HABEM, HiZmE sk 400 FmiE £l
R ST R PR FEET1 (Bi et al., 2021). EZAR1¥HL
/MRS S RSB T AR R, R AR B AE AR R R
[PIES [8] N 28 7 1 PMAR A AR 2, SR AL T FLh 0 1
G AR TR IR ZEME U T (RS B LR @ E) (Bi et
al., 2021). %R, sh#IMLKL (mixed lineage kinase
domain-like )l & 1-iEiE (Xia et al., 2016) 5| & KA HE
PEVE T2 A8 AR SE K, T EZAR A S AR
VA P BE T A R A D F K BUPM R H (Bi et al,
2021). Ft, HZARPUR/IMAETE S RIET: 540
AR TR SRV T AN e A [

2.2 TNLEHm®m/ME

CLRTE [ 22 B P TNLAE 40 B A% 5 A 3R FE 1
TIRKK D W] 8K -5 CC 45 ¥4 3l AR [ (1 AL 1 475 5 40
FET. BT s S TIRE K1 SARM (sterile
alpha and TIR motif-containing 1)i#4T#F %, &I
SARM1 I TIREZ #4380 A A 52 Z M ai M NADase & 1k .
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BN EH
RPP1 %*%%& %

RPP1 Hipf/MEk

A PBLUMP B

ZAR1-RKS1

ZAR1-RKS1-PBL2UM? ZAR1 Hijw/MA
B2  PIENLRsHHIE T (22 H Duxbury et al., 2021)

(A) CNL (ZAR ) FU AMA T B 7 Pl 345 26 B4 487 28 FIAVPAC R EF BRALH B 7R MAEPBL2., R (K HIPBL2 (PBL2UMP) b5 ff py T2k
e HIZART-RKST Rk S 5, S HZARVIM R A2, FFEZART NBDAL T IR 45 A A7 i DL = B 2l Bt 4 =Tl I g 7
((A)ATP)# #e — BEBR IR ¥ (ADP). 2%, 5PMZAR1-RKS1-PBL2™MP B ATE B 1 T B HIRZAR TR M. (B) TNL (RPP 1) /M
o . A LA TIR-type NLRIE I & 7 2082 F 52 /7 71| (LRR) AR F oK i 45 ¥y 180 (C-J 1D ) EL 2R 95 JEAR IO 0 T R0 2%, TR
B IS e IR EE A — A% T K ARG (NADase )i 14 1 10 2R 44 25 4

Figure 2 Activation modes of two NLRs (modified from Duxbury et al., 2021)

(A) Schematic diagram of CNL (ZAR1) resistosome formation. The Xanthomonas effector AvrAC uridylates the Arabidopsis
thaliana kinase PBL2. Uridylated PBL2 (PBL2"™F) associates with the intracellular pre-formed ZAR1-RKS1 dimer. This leads to a
conformational change of ZAR1 and replacement of adenosine diphosphate (ADP) by adenosine triphosphate or de-
oxyadenosine triphosphate ((d)ATP) in the nucleotide-binding site of the NBD of ZAR1. Ultimately, this results in the formation of
a pentameric wheel-like ZAR1 resistosome, which is composed of five ZAR1-RKS1-PBL2"™ protomers. (B) Schematic diagram
of TNL (RPP1) resistosome formation. Direct recognition of a pathogen avirulence effector by the leucine-rich repeat (LRR) and
carboxy-terminal domains (C-JID) of a canonical Toll/interleukin-1 receptor (TIR) domain-containing intracellular nucleotide-
binding domain (NBD)-like receptor (TIR-type NLR) leads to the formation of a tetrameric structure with nicotinamide adenine

dinucleotide glycohydrolase (NADase) activity.

ANVEAL S HT R, 44K SARMA TIRZ: #i(SARM-
1TIR)¥:NAD" V) 1l 5l — B 2 B 17 1% B (ADPR). ¥Rtk
TR R AZ M (CADPR) R AR B i (NAM) (Essuman
etal., 2017), A TNLIF 7345 1 8 Z LA . i1,
— TR P A 7 2 ) AR 15 R IA R Ge o B A
Ji A R IE TNLE G 2 I RPPA K 56 97 1 R0 £
HATRA, 446 8 i ¥ vk BT S 0k B A R,
Uit 7 RPPAHUR /IME I 451, K ILRPP1-ATR1
TR T DU SR (Ma et al., 2020) (KI2B). [Fif, 5% —HF
FLALMEMT T ROQ1-XopQZEALL 11 VU 5K 4 45 #4 (Martin
etal., 2020), K HITNLA] BEAF1EIL [F B HLEH] . X
SO /N IR S5 K AT 8 s RPP1RTROQT L #1H
5ol FE R RN B 1 Y SR A LA SR imiNADase b P, M
T T Ui S SSE IR BN 1) B8 5 T R Ailt o A 5T
# W, 1ERPP1FIROQ1 R H R Ui A7 7E 1N R I 45
3%, ¥ ANC-JID (C-terminal jelly-roll and Ig-like
domain) (Ma et al., 2020; Martin et al., 2020). %%
i S LRRIBFEIN 5 5408 8 A MR R e g &, Hok
B TEAR NI 5 N B 1 ) AR A5 X, ek
ETIN S0 FAHMIET- IR . XF T RPP1AIROQ1TM
=, N7 5 LRRAIC-JID /) H 2 45 & AT fig 2 Bl

=1

NBD, NBD# R R AL IF 5 SR NN T Ak . DY SR A4
IR TIRSE #3055 5 e fik, T2 i 5 NADase 4= i 75
PERITNLIUIR /MA

HESR R, SZARIZRPUR/MAE L 44
ATP/dATP %2 #: ADP i A [F], RPP1EHTT /)M A
it 454 ADPEZ #:ATPI G . /ERPP1FIROQ LY /)N
b, NBDIYRALHEANTIRS Kyl g, 243k
FEMIER AR, ARAFRTIR — F AR 5 AN 0 (1)
NAD 45 &47 i, T RTIR-Z BRI E B,
IG5, 1EBB-loopfAHiBh R, 24 = S AA LSk R AHE )
AL, HAE A ERINADaseE/LNAD K E, 7=
AAE S YIRS 8 EAAE T, BFRREL, X
BB-loop P ) 24 3 R 5% A8 1] U E RPP1AIROQ1 NA-
Daseifi i L HAE Gzt iE R - BRIk, TNLIITIRSS
a3 DY S A0 T B4 il T RE AR 3R L R AE PINLR I L
BOEHLE] . RPP1RIROQ 45 My (i M4k 7 —Fh 5
CNL ZARAA[E] (133 BUTNL U /NM&, R F R A 4
TNLAEGE PRI HE T B g SR, H AT AE#ETIR
NADase i V£ T Ui G % (1) B AR LT . Jubicetss
(2019) W\ NTNLINADase i P 75 i ik 7 < Bk 4 53
FAHBITIANLR (B F5ADRAFINRG )%, FFLL—Fh



Har AR a7 T B E 5% S . ik, 5ZART
ANF], RPP1FIROQ1 Hu i /M4 B A, 2 B4R ) H 2%
NLEE R SE M3 (R, BB A [RIPE 5 o AN Rl
S A S8R BT 5 A b B A v S A INLR AN [
BoEHL .

3 REBITRERESIAE

31 RERIT
CNLEINLRs R A RN & F 5, 555K M ZARIHUHE /)
4G BIPM | I T 5T 4752575 1) BH B -1k ¢ i
8, FEEE T N IR — DR RS R S, A
FEYHAET %% (Bi et al., 2021). K, ZAR1FUIG Mk
BOF 2 95 JE A R 8 P A I B, 2 T ThE Al M AT T RIS
SECFPAT R . EERENE, ZARTVUR/MES ST
ROS™ 4. PM7g BV AR MIHRIY TR AR AEEN, &
7 H ZARTIEE JE PETE 5 3040 B A TR G R i S
PATH B (B et al., 2021). SR1, &5 A
CNL¥J AT 9 Ca Pt i 7 it — i 7t . Aok it
o LA A [ N A 35 F 3 B CNIL 47 45 44 R0 T BE 43 4T,
A 7R CNLA 75 7770 B AL o

TIRZEYNLRs /™ T 1 4% I S MK 2 S TIRE &
Y1 NADasei% P, LA XEDS1 (enhanced disease
susceptibility 1) % 1125 g i B & B A& HeLo ke 45
P A B hNLRs . 5 ZAR1 E112818l, NRG1.1
E14F1ADR1 D115 F 085 55 -3l 1 1) T2 A T 5
SH SIS ECEE, JacobZ(2021) i i bf
NRG1a B W 7L, 45548501 [ R A R KA
NG TR (DA85V) I 2 A s BRI &R, HAE
PM & 49 2 B Ak, AT fith 2 Ca™" A T 4 51 724 440 Jif
T NRG1a (D485V) (551124 )X £k sl i 25 14
5ZAR1HFIMLKL [N 4 4 42 iE 5 (4-helical bundles,
AHBs) )= FE ALl (Jacob et al., 2021), % B HN A i
FUR T AT B 5 ZAR L. B — M2, BAR
MELFINRG1a (D485V)IH [HYEH 4k, {22 HhNLR
TV R R SR S5 SR A4 B 5 5 2 5 2K g i iy B FTEDSA-
PAD4 (phytoalexin deficient 4)#1 EDS1-SAG101
(senescence-associated gene 101)#H H.1F i (Sun et
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Figure 3 Working models of activation of NLRs-mediated immunity in higher plants (modified from Liu et al., 2021)

Upon an infection of a plant cell by a pathogen, some pathogens can secrete effectors to break through the immune defense line
of plants. In the process of long-term evolution, plants have evolved many intracellular receptors to recognize these effectors, so
as to promote resistance to pathogens. CNLs triggers pentamerization and resistosome formation on the plasma membrane
(PM) through sensing effector (The example here depicts a ZAR1 resistosome which indirect recognition effector assembly). The
pore formed by the N-terminal CC a1 helices serves as a Ca®" influx channel, mediating increase of cytosolic Ca?* concentration
and turning on cell death and defense responses. TNLs, upon perception of effectors (the model here depicts an example of
direct effector-receptor recognition as with RPP1), formation of the TNL resistosome leads to activation of TIR NADase activity,
triggering assembly of oligomeric complexes presumably containing EDS1-PAD4-ADR1s or EDS1-SAG101-NRG1s. The oli-
gomerization of the helper NLRs enables a similar pore formation as CNLs, serving as Ca?* influx channels to mediate down-
stream immunity and cell death.The red arrows indicate CNL signal, and the blue arrows indicate TNL and RNL signals.
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Recognition, Immune Activation and Signal Regulation of Plant
NLR Immune Receptor
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Abstract A large area of membrane surface and intracellular immune receptors have been evolved in higher plants to
sense various pathogen signals and prevent pathogen invasion. Among them, pattern recognition receptors on the cell
surface activate basic immune response after sensing pattern molecules, while nucleotide-bounding leucine-rich repeat
proteins (NLRs) activate specific immune response by sensing effector proteins secreted by pathogenic microorganisms,
resulting in hypersensitivity and cell death. In this review, the latest research progress of plant immunity is mainly re-
viewed from the aspects of NLRs on the recognition of effector proteins, plant immune activation and downstream signal
regulation.
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