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NIGLERT SR EAE  LysM R Z AR L R A 2%

REEIR BEBETE ; LysMSSZ RS ; HURILA: s ARILA: 5 el
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RICE B BE A RS YR FE
BIUE IR BR AR AE K AR = 1 F TR
J& T FaFaCuRo (& H Fabales ,5¢ 3} H Fagales . # /%
H Cucurbitales . #% 7% H Rosales) [ &8 0 ¥ 3515 T
5 M AR g8 3 A (root nodule symbiosis,
RNS)MRES) BB TE A R = 1y 1t BAE K, %2
H 15 (Medicago truncatula) T R P 41388 /N (£ 450
Mb) | e 0 fA 41 8 f] B (2n=2x=16) . tH{X J& 101 J&i
(29341, It HRe % 5 AR R BRI AR TRTAR L B 7
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L) 3k — 2R 1) 20 A7 A TR S A R ) 7 5 o
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W ) 25 A7 VA U AR A0 AN ] ) L A/ S 5 4 R 3 o
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Z 2 (lectins) M B R ILF I (LysMs) 251 IR %
FF 2% 3% K 3% B (LysM-receptor like kinase, LysM-
RLK) JEAH )¢ MR 32 R B 1 505, Wl 3 e
VI sy R e R e fn A o LysM 32 IR 515 il
TECEAE AR R T A BRI 22 5 fEARTE
HEAT AR IR P e A R B AR L A2 LR T oA
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Table I LysM-RLKs in M. truncatula
e P 1D HH % HORIEAE AR E R GuyE 2% Wk
Classification Gene ID Gene name RNS AMS Immunity References
Medtr5g086540 LYKI — — — —
Medtr5g086120 LYK4 [ | - - [4]
Medtr5g086090 LYKS5 — — —
Medtr5g086040 LYK6 — — —
Medtr5g086030 LYK7 — — — —
LYK
Medtr5g086310/330 LYK2 | - - [5]
Mt5g0040300 (R108) LYK2bis | - - [6]
Medtr5g086130 LYK3 | [ ] - [4]
Medtr3g080050 LYK9 o * [7]
Medtr2g024290 LYKS - o — [8]
LYKII Medtr5g033490 LYKIO | — — [9]
LYKII Medtr8g014500 LYKII — — — —
Medtr5g019040 NFP [ | o * [10]
LYRI Medtr8g078300 LYRI | [ J - [11]
Medtr5g042440 LYRS — — — —
Medtr7g029650 LYRIO — — — —
LYRI
Medtrdg058570 LYR9 — — -
Medtr5g019050 LYR3 [ ] () — [12]
Medtr1g021845 LYR2 - — — —
LYRII
Medtr5g085790 LYR4 — — * [13]
Medtr3g080170 LYR7 — — — —
Medtr7g079350 LYRS — — — —
LYRIV
Medtr7g079320 LYRG — — — —
LYMI Medtr3g072410 LYMI - - L 2 Unpublished data
LYMII Medtrdg094730 LYM?2 — — — —

1 Note : B : 5 2598 M & A9 8 A BT Proteins associated with nodulation ; @ : 5 & R J% B AH 5 1) 2 F BT Proteins associated with mycorrhizal
formation ; @ : 5 B fil {5 5 41 5% A9 2 141 5T Proteins associated with defense signaling ; — : #7558 7 % 52 8 A H A7 1 3 i€ Unidentified function or

unavailable function.
BRER AL IS PR . 5 2 R 2B RUON LYR, 47 1 Ff
RUPABGLE A, il /D — S G B B B MR RRAE , A
HERR I loop, TEARSMZEG X FhE G G R A
B R Tl S AR AL TG P AR R R LYK 3
EAMLYREEAYRRIEMA R CETF 2R
EREY B L ZFEVE R ) Rl b HEAT AL AE B AR )
(IR T BERE A A DKAR AR 50 LR i AR )
ORFE KZZ )5 3R LYM, A E & A
fifg ok, 36 255 4 S R Ik LI (glycosylphosphatidylino-
sitol, GPT) Jy 2l F A s 111

LysM 28 32 1A 8l 52 1 3 5 FLAT B0 05 TR 25 4
BB AR PN DX, A L 34 LysM 4
Fa 3 (CREAS S5 4 3k 24 40 R FR ALK ) , B TR
Xt HE 7€ ZE 4 (lipochitooligosaccharide , 1.CO) | 5¢ 5 ##
(chitooligosaccharide, CO) Fl ik & ¥ (peptidoglycan,
PGN) %% 3 # & GleNAc B ECAR(E 5 B9 . LysM

2 B2 A IS 1 R A0 = G A R S R 1 = RDIR
Horr 34N BB ) BaaB R LysM 45 M4 el 1 3 M ST 1Y)
TR IR IR AR EAA T LA A BES 1
LysM Z5F 3 rpr . 3088 LysM 25z ki =LA ALY
SREER R T e BRI LR AR IR,
Jf AR BN BCAR 5 L P ASEE AN TR] A AE A R, DA
117 B A Sy O SR AR R BT S . AL T NR
U ey TSI 20> LysM S5 2 I ) > D/ PR 7
(cys-xaa-cys) % T G B (1 18 ) ATaf £ 25 1 BT e 40
JEREE PR B AT S MR R R e R LYK
37 PR YA P9 DX Sl 1A B G AR B, T A
B 9 B R AL A T M A TG P X — i PR32 B R ¢
FUHE AL AT RS A b S 1Y
BRI B A B H AR Y GxGxxG
BIF 5 ATP 43 h (4 B 2 MO B S0 BE M TTi AR e
ATP; AxK(BERRFE ¥ ) )7, AB1E 5 ATP B o~ 1 -
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Fig. 1 The perception of symbiotic factors and related MAMPs by LYK, LYR and LYM in M. truncatula

WERR FE P i U5 s HRD e Fy | 32 258 B E L FIESE
PR T RIME AR o LYK 2852 PR M B9 i 26 5L 77 )
ATP (7K fiff 220G T, SRR TG P R HE A S

2 EFEHETELysMEZEHEBERNS
IR R

2001 4F , TEBE FE B A v i o 07 25 AN B 458 1 22
AR PR %5 B 1S 24 AR B B il (hair curling,
HCL) WP 2 R T M8 5 S AR B S ih A0
RYEERTE D hel RAARF AR B 52 00
R P2k B I BRI B B SZ B 36 e 25983 A7 (nod fac-
tors, NFs) Wi 7 15 5 L iz )2 20 i 5 S8 0k 55 45 e
TESE L 45 LYK3(LysM receptor like kinase 3) #
WEWI A HCL, By 1 5T R P AIB 2 Ah i 5L e
FERIREE . EUR Y A AR T LYK3 (1)
HARFEILN L LINFRI, %3 H 578 J5 ¥ 2 2 43
X HR R TR Bl 498 TR - NFs (1 7, H 2 e 32 15 1
o IyR3 AT AEAE 20 5096 e Az ma i 2 L W58 N B 4R o
TR A T NFs R0 I X2 (R RY . B LY K3 fE
Fy it A Z K (entry receptor) 415 1 X 45 98 K 4%
S0 AR B TR A 5 T E A 7 TR B 1 T RE AT (AR R
{55 32 & (signaling receptor) f T RE , XF NFs Il 5 3
WA R 5872, EE g R IR F S, R
SR TR R AR AR A I, L YK IR NF s I 55 25
a1 7 Az il 42 G 2k (infection treads, I'Ts) BYJE A,
X SRR T AR LYKS3AE Ak A 2 1K & 5AE
FHY S S gE WY 7B S TR NFs (L
ZARRAIA] RRAAAE G, I R FE B R E G T LYKS3 #7
P2 AR SE N LYK2  LYK2bis, %3 E 5 lyk2/
Lyk3/Lyk2bis =5 AR MASE Ak T A, O Had

TR P TR E = 2 R S5 R RE 1
X U8 W A LysM A7 K 5t A 47 4 56 4% 2L A4 g .
LYK2bis J&=p5 3 1 45 R108 A= SR A 1 — A itk Ak
B, 17 575 5 5 AR B 45 T AR 1R (Sinorhi-
zobia meliloti 2011 ,n0dF/nodL ) ,i X 1E—ERE LY
J T HEREE M 1E VLR R . RS DT
P2 IR BKAR 1) 45988 I 152 /& NFR1 (nod factor recep-
tor 1)/NFR5(nod factor receptor 5) 1] DL 5 22 5 75
55 DR AR R B S 2 O 7 AR A IE R AR L R
W 285980 T2 R 5 13 o0 1 B R S 2
E— L ST K B, 4598 IR 32 MK LYK3 Al
NERI P EAMEES 14 LysM 37 1938 70 057 17 51 17
AR N F BB R E . LYKS3 X Sm2011 7= A= Y
9 (SmLCO) By - F S 5 R W], LYK3 w5 26 F
J145 4 HUL LAY NFs[ K= (27.4+0.4) pmol/L], 5
ASVE T B9 A kAR w12 A AR IR B (Mesorhizobium loti)
FEAE R NFs 45 48 1 [ K,=(173.240.9) pmol/L1H
FEFAEA 6432010 LYK2 F1 LY K2bis g #Msk 7 1) Fo xot
SR o, B S ENALE, R REET (.
IV IX B 58 AL 2540 o BE T A A 52 3 W% IX 8
B NFs R 5008 5%, K578 LYK2 5 LYK2bis A
AEELA M LA R 3 NFs i RE 7, T8 Zalk— 2 19 iR 50
KAEIA o BEFEE E AR LYKS 7E N 24 LysM
ZIRE S S S YR b, LYK R AR Z
[i) F14 25 1 S ARARUPE R B AT ] e AH BT AR Y, X
B8 LysM ZARSEF AT RELL T T 2R B RE R & il =h 1,
[] Bt — 26 LysM 52 (7 76 56 X 8 21 - 20
g B 7 A (AN R108 A S B ) LY K5 bis ) LA KRR
SEI LYK2bis 7= 415200 3l U W7 98 38 1 7
2 5 NFs BN LysM 32 44 (1) 3 PR 41 i 78 G £6 4 X
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NFP (nod factor perception) & J& F LYR S
5 NFs U5l 1 52 14, 5878 I 4% 56 4 3k 20 X AR 8 TR
NFEs Fm 87107 ok H 28 057 5 [ nafp-2 28 78 (AT 5 36
B, NFP 25 500 P 5 190 5 4 ol EL AT SRR, 9874
F I R s . NFPIES S RRLN LT
TR 2 SRR R A i R . NFP A
1) 34> LysM &5 4 38 75 2 5 15 NFs h HA7 5 24
o S5 R 3R ac #5255 3R W, 55 21> LysM2 25 44 3 %)
FAR IR R DR Ye AR 2, o — 2B WF o R B v
L154 % T 4= Yo F 45 90 #1020 AN 1] /0 127250 NFP
JL AN 25 K S TT LA B B2 A NFs, A Ak 2y B 6 1, 4lifk
A NFP L147D/1.154D 228 (A ffd Mk 5 Sm2011 774
() NF's i fire 25 % %0oh [ K= (166.7+4.2) mmol/L],
PP A= B [ K= (12.740.1) mmol/L & 134% . 3 H
PR RINFP A L, L147D/1154D R A (A 454 NFs
()RR A5 A%, A B R AE In 59 4%, VLR NFP Hh iy
L147D/1.154D BT 7E 5 7K X 32 — R P 55 19 45 44 4y
fiE, X T2 5 NFs B (5 516 G 2 e o

1A AR B (Nicotiana benthamiana) H 3 7] i
ik LYK3 #l NFP 23175 5 805  (hypersensitive
response, HR) , 240 A0 T, {H& BARMLH] 4 AT
A0 LYK HINF P #5 iE W 52 007 76 240 B i =1
TEB R H fE T S 9O A (GFP)FRIC LYKS, &
P AE 4 ML A B A SOIR S A1, 5 5 R s R A O 2
WE N — 3. 76 5% vp WAk B0 6 BRAR v, LYKS3-
GFP 23S S 040 B3 F Sm2011 J&5 , LYK3-
GFP B s A Fa e o WLah & A (actin) AR FE R H
(flotillin 4, FLOT4) #¥4 B T — A4 2 4 oK Bl 11 32 22
Bl o 32 BN WA T )5, 24 remorin 28 H
(symbiotic remorin 1, SYMREM1) E A — 4~ K 9
B OHEEFLOTA B EH B AR, A BEHR 55 LYKS I
Hofa e Hu A E Rk s rp 08 LYK3-GFP (4
P 1 SRS T AR R P B LR S R S5 H Y NFs, fff
LYKSINSh BB SReRE., I8
Sm2011 nodF/nodL 7= A= 1) Ak i Ji iy & i 5 5 19
NFEs {5l 34 LYK3-GFP e M, 3 NFs 85 # 1
N- 2 TEATHE e 5 42 LA S iR A A i X T LYK3-GFP
R P R T 1Y . Sm2011 nodF/nodL 978 &
A A7 S ALRES AR B & ih L AR e s B 1, JL
P ASREIE BARIR 2 o X 2 W A AR T R A% i 2
TS LYKS (952 1 iz shik il ek s | {E X 4598 X
T 000 % AT 04 4 A 5 SR BT R 9 T i Y R

I EBERE T A AR P8, NFP A LYKS & fo F
R R T35 24 2 A 41 M2 B4 B 7 DX 3 ) 4 i AR T . 3
Ffr B il A R R LS Bl TG R B mRNA LR B X
R AS JF HAT A B T B 1k B AR SN 3 S/
g B S AR IR T R A W ) 40 B2

TR R AR IE S5 5 R 1 A A N S A
SEANGE A E R LYR3 W] LI NFs 54 8 H &
NEAEANAE R R -, ELG NFs 280 H 3 36 1 (K,=25
nmol/L)"? . 5@ %, LYKS3VE Hy B B 1 9 NFs
AR SN TC I I R 4 NF P B2 1L 1 BB i — Bk
G LA o LYRS A A JC eI M 1 32 1A 7 1
T} 22 58 XU A8 S v mT ARSI 3 5 LY K3 9 LA
TS ) A7 38 S92 6 s LYKS ELAT IS 49 ik i AL
J1, T LI RR L LYR3. LYR3 5 LYK3HINFP fy4t
Iri) 3ok % 35t B VR 59 5 7 0o 363K T S A A D HR
KN o %F LYR3 X} NFs A AR B 7 (Myc factors,
MFs) A MY Z 45 G Fe 50, MILYR3 W gES:
55 55 5 AV AR Tk 1 72 ML YK3 B NF's 45 i 1 774
W AR 25 X R A S AR AR HEA T 5Ok
LR TIE s 8% aua

P 3 5 b LYKIL0 J2& 1 kAR g 4 £ 4 52 1k
(exopolysaccharide receptor 3, EPR3) [ B 5 [ I 5&
I H 2 LYKI0 Jf AN B3 2 5 0 Sm1021 77 A= 1)
Mush L BRI R A EE P LYKIO RS
55 HAth it A 22 5 83 IR D B 1) B A 22 i A T A
SRR IS A Y . LYKIORA G4k
LjEPR3 587 MRS ALY FLIH A nfe 4 14 d J5
B AR I R 96 Jir i B AR R 5 F s/ 2 i s 4 0
FOHER T Lyk10 F875 P Az 1 BLARIRE K /N
FERTHF AR B LYK 10 f 8 555 20 1 15 M0
A /N

3 EEHEBLSMEZHHEE
AMS TR

Fiti b1 A7 47 1 AR TR AR EL T (arbuscular mycorrhi-
zal fungi, AMF) H 44ZAEFT R C 23t Rl 4k, AR
HREHfES5 K2 70%~90 % it A= M 57 WL 4 1)
A B AR B 464 (arbuscular mycorrhizal fungi sym-
biosis, AMS) , 75543 A FRAYAE 0 T AR HE P T %=
OIS A AR SRR A A 4 4 T T LA AR
bR AMF 7 A= MFs M\ M4t 32 6 Wi & TR 22 53 32 o
MF's ) £ 2R A4S LCO, Hofb 2 25 0 408
PR A2 19 NFs, DL R — 2RI Y LCO R f47¢ SE 4% Y
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R (CO4) ) ] LysM 237 (R i Bk ik 2 5
RNS, X figZ 5 AMS,

PERE 15 X MFs 1R 51356 /-8 T NFPHY, 4%
111 NF P £ 52 B 7 14 AR e f el A rh A B S 9 4
FH o BE3EE T vh a8 i ik Ak 05 4 BE PR 4 52 o
PEMIE  ZFEBAERE T LysM S22 R G &2 1, 7=
AT — S YA O 55 R LR L, 4n NEFP Al
LYRI. NFP 7858 v 6 0 ] 3% 35 o 34, i
LYRITEEMZ Y i S 2351 . X R W LYRI W]
RETE RS S i R D)6, JF X Fh o) g 7.1
RNS B H I, # F 5 MFs fb2: 45 0 i 8258 19 LCO-
V(C18:1,NMe, *S) #1756 52 50, 45 7w
LYRI B A 5 MFs 454 R 1, (HR X F s &8 )
XFF AMS A2 . NFP FILYRI Mg4Msk ) 34
LysM 45 #4380 52 40 52 56 LA K LY R i &0k 1) 5 2 748
SCmy KB, LYRL 5 MFs 45 & 0 55 7 T 465 2 4
LysM, 1fif NFP 7E1Z v 5, 14 43 A6 A F1) F 25 988 8 1 1)
K 4 i 45, (E sl 55 T 5 MFs (945 & g 11
LYR1Xf LCO-V(C18:1,NMe,*S)zEH1 11 b K=
6.5 nmol/L, X5 LYR3 X} F NFs 3% Fl J1 7 [/] — 5.
Pt g%, o NFP Xt NFs 836/ 7 34 3ok ge Y,
JEH LYRL X MFs B35 AL Hexd NFs (56 #1) 270
1= 801 o

TE [ RIS v LA I ], g 2 A kA 24>
A 25 MU LCO 45 & & A (4 n LYR F
LYR3) . X2 LysM 2832 (R B g X A [R) (1) e A= A5 5
HLAT R0 25 AU P, T BB JZ A 17 B g b X 43 R
VETC A AR TRV AMEF 303 HoAth ™ A2 LCO By A= 90
nfp FEAS KRB A B K AMS A0 AT g
T LYRL FINFP Z & fFAE B TUAR o (HIE Lyrl-1/
nfp-2 SUGEAFR | BGEARAAR ) e 5 1 R (5 3 1 7
Tt AMF J [A) #3570 2% 31 25 57, ik R B 45 7E
AMS Wi LYR1 &2 255 %5, (H LYRL X T AMS
AT ETHEREEEDEATEZ LYRIIGE
R FRAE, X 0] GE T 20 2 2 H 58 AR RO R 5T
25 AMF $eAE U FHLH

PR E T T LYK9 JE U RS I+ AtCERK 1 FK
OsCERKI W E R RN SE N, 78 A8 b e o i oAy
KT D04 3 s A (5] B ] 25, 2k 987 bk 2 A B
HRRBIFAGZE R R, R R W R R Y S B
FARTEFAEA . X R LYK 76 AM L M 3= e
e b RS B R Lk A AT
{5 aE A ) AM B LA i LYKGLYK7 . LYKS

FLYKIO 287485 AMF 558 FE O B AR YL % A
SN, 3% A] fE X 4 LysM Z A 5 L YK9 X T
AMS HATURIIRE.

U1 Pl AR TR E A6 7 1F, LykS-1/ Lyk9-1 57 1A Y
R 2% IR HE DAASE | A4 i T TR 22 R 3 1Y) o A e Ok T
LykG/ lyk9 Lyk7/ Lyk9 1 lyk10/ lyk9 ZE 75 A vt H B 1415
YR 5 B (k9 SR TP I A SRR B 2 R
LykS/ lyk9 G751 CO FIl AMF 75 Sy Hh A 3 (K 6 35
PLIAS B TR 5 S m T w ah b, JLT B Ss &
SE s LYK HAT IR H 55 M 4E & L T At e
JL,BARLYKS A UB 5 CON S ERFSE S,
A2 LYK8 A EHES 5 CO Irif F: 1 J s KN .
Jf H LYKS 7] LA 5 LYK9, LYR4 F 3t 4= 52 4 34 iy
(symbiosis receptor-like kinase, SYMRK) LA & #i
CO4F1 CO8 (17 XIE B AW, i s AM FLIE
g 5 5 Bl B LYK9-LYKS-SYMRK-
LYR4 Z 45 G W)l BEAE AT CO filt & i A {5 5
1 S ¥R E ] . LysM 32 1A i 52 i o W 5%
P T IRATTRE AMS 43T HIL ] A B , R )R e 30
RIA LYKS 5 LYKO B UrRIVE T, S Aa g andef 1551
AMF 2 5 A 330 — 8 22 [ Pt T o 2 0 SE Al
X BT A A FH AMS DU HE A b T 5852 K e 28 ¢
I,

4 EFEHBELsMEAZHHEBESR
B RAPEIERAR

FEYIE S 1814 AR R A2 ), A R v R HE I 5
BT I F AR AP 2R R AR B . X SRR IR
KRR 2 P AT LA 2 Y WA — BB i
AW AT S LysM A2 A BB 4 25 1 R DL AR
#H 5% 43 F 1 2L (pathogen-associated molecular pat-
terns, PAMP) (1% 52 44 , W] fish 5 A 49 37 4860 B 1oz LA BH. 1k
SR A F AR X — i BEFR A “PAMP fill &
g7 (PAMP-triggered immunity , PTT)M 4 7E K
& A LR IF A, OsCEBIP #1 LysM 3% & %
OsCERK1 AtCERK1 Al AtLYK5 2 5 B 41 i B =
L 0 S I 5. | K 1 5 O 1V 2
LYM1 I LYMS3 8 UEW] AT LAZE & I 2 5 %0 J5t i 7
4 PGN BIHL 1, 5 AtCERK1 — i 78 J8% 41 41 T4 Jik 28
W Z ARG S0 RIS 3 ETE P LYMI
A LYM2 Dy Rk A 15 5T, (H A A R & R W
/R LYMI TE 2 5 96 22 A S i i By v le 3 o 22
YER.
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X BB A A5 AT AR R A 1) LysM 232 (&
IR RS KT 53R, LYK9 5 AtCERKI ,
OsCERKI1 LjLYS6 J& T B & R W, 7 00 v i
FiK LYK MU IF CERKI #1415 S H 4k HR 2
B2 lyR9 SEASR LT FRE S 0 S I T
A AR 1922 375 5 1 S8 B 5 B A AL 1 2 N AH
XU LYKI R R 2 5 LT i 0 S
FEET BERE S L YR LN 2 B A 7E SRS I P K
HULT A AL YKS B TR N LT B b 2 nT
DI v LYR4 B3R5 . Jf H, Hl CO8 4b 3 J5 w]
PATE Lyrd 58785 1A v SLE 3 A0 X6 1 B A= 280 1) MAPK3/
6 BT R AL I A8 L Lyrd F Lyke9 5% A8 VK5 b IR 259
A5 77 A T B0 R /DN ik 3 R B A R A R B R
ANGX VLA LYR4 M LYK9#R S5 T 93 1 T B
BN

WFSE B, nfp AR RTE 5 Z 0 JEL R 1) #H B4
o 2B AR RRAE . 542 Yo i B Verri-
cillium alboatrum J5i ,nfp F&75 VRAH L BT A= 7Y 2% B 7™
A BTG e, 2 I s R G B IR Y
A NFP 825 T X8 75 I B (Colletotrichum tri-
Jolii) F G B B AR B 55 (Aphanomyces euteiches) 55
TR JEAR A G E MR I, o 5 SR AL A0 M SR, mfp 9878 1A 5
A R 95 FE A AE X Aphanomyces euteiches 17 G
IHAFFEZY 70 %6 (3L R AL [R) iR 26k | R 155 sk 4l
255 FEW KA B) T2 B E T . NFP R T 78
RNS & FEAEHISL 078 AMS R AR G 2
JOE H & FEAE L DRI 3 NFP /] RE 2 5 R [ 8 (1
AW B, TS EOR [ A S s = 2,
NFP A 223 T2 I3 S A fioh G 2 )2 N, 345 A
D S 45 5 2 T X D A 1 2 SRk e i )
B EAE R AR R BLRE ST

5 FHiESRE

T A AR LysM 2852 (AR 52 R BT 9T 3%
W, e 5L fE A A B WU . i
PO A AT P E AR 245 5201, i LCO/
COEF A, R X7 A AW R IR . LysM 26
SR AR X — i B P R 5 R BB AT, R e
45a RS REAL & P B RE 1 AN DU IR X 36 A4
WAV A B2 5 TR RERGE NI, SR
HIHH LysM-RLK ZERACR 95K ™ . Tk sz 44
T8 IO R A v A o B AR ) RE TR S A O AR
PR W AR B B0 55 v TEORS B b IX Gy e S AR AR R S

i

fo e 5 AR 2 R ) L Sl S B R A A AR G
Foo A A W A 2 e R G A I .
fan, F SmLCO Hikb B5 , #2321 15 LUK L YKO
A LYR4 B J7 2008055 8 LT B 7= A8 10 e 8 I
W, HL[E I i SmLCO LT 5 AE % L 2k it
A SmLCO & 2 $2& & 4 A= A0 ¢ B8 I MHA \MitVa-
pyrin IR L R G R B AR A
JR PR F LT 0, 4 0859 X 1g22 7% 19 e 8 R
RE L TR TR RE R G RGBT A AR AR S,
— AR T S AR Z MR IR B AR

AR A FE AT LA OGS R A vh LysM 26
2 VAR S G i A A R AR S g AR A Y
Uife ek el ey e b M4 o FE0E , LysM
ZARAEPUN 345 A A /Ny T B AR DL R 32 iR A 2
G5 BAn e A i — PR R . TRABESR
LysM 2832 PRI 5 5 1 52 22 TAEMLL, X T8 7~ il
WZ R E AR AL R AL 2 G 2 i 7R AR
AR A AR LA T TR AIF S, FRATT AT LU 4 i T
fiff LysM 2852 VRl (1) D) RE FNHILTHI , A A RAH ) G %8
A A W5 B8 I S A

2%k References

[1] NGOUBP M,WYLER M,SCHMID M W, et al. Evolution-
ary trajectory of pattern recognition receptors in plants[J/OL .
Nature communications, 2024, 15 (1) : 308 [2024-05-07].
https://doi.org/10.1038/s41467-023-44408-3.

[2] RUMAN H,KAWAHARADA Y.A new classification of ly-
sin motif receptor-like kinases in Lotus japonicus[J].Plant &.
cell physiology, 2023,64(2) :176-190.

[3] BUENDIA L, GIRARDIN A, WANG T M, et al. LysM re-
ceptor-like kinase and LysM receptor-like protein families: an
update on phylogeny and functional characterization [J/OL ].
Frontiers in plant science, 2018, 9: 1531 [2024-05-07].
https: //doi.org/10.3389/fpls.2018.01531.

[4] LIMPENS E,FRANKEN C,SMIT P, et al.LLysM domain re-
ceptor kinases regulating rhizobial nod factor-induced infection
[J].Science,2003,302(5645) : 630-633.

[5] LIYH,ZHAOY W, YANZ, etal. Nodulation trio in Medica-
go truncatula: unveiling the overlapping roles of ML YKZ2, Mt-
LYK3,and MtL YK2bis[J/OL].Journal of integrative plant biol-
0gy,2024[2024-05-07].https://doi.org/10.1111/jipb.13718.

[6] LUU T B,OURTH A, POUZET C, et al. A newly evolved
chimeric lysin motif receptor-like kinase in Medicago truncatu-
la spp.tricycla R108 extends its Rhizobia symbiotic partnership
[7].New phytologist, 2022, 235(5) : 1995-2007.



o541

AEMRAE S EREETE LysM B2 IR s ot ik e 9

[7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

GIBELIN-VIALA C, AMBLARD E, PUECH-PAGES V,
et al. The Medicago truncatula 1.ysM receptor-like kinase
LYKY plays a dual role in immunity and the arbuscular mycor-
rhizal symbiosis [J]. New phytologist, 2019, 223 (3) : 1516-
1529.

ZHANG C X,LI R J,BAUDE L, et al. CRISPR/Cas9-medi-
ated generation of mutant lines in Medicago truncatula indi-
cates a symbiotic role of MtI.YK10 during nodule formation[J/
OL ].Biology, 2024 ,13(1) : 53[2024-05-07 ].https: //doi.org/
10.3390/biology13010053

MAILLET F,FOURNIER J,MENDIS H C, et al.Sinorhizo-
bium meliloti succinylated high-molecular-weight succinogly-
can and the Medicago truncatula 1.ysM receptor-like kinase
MtLYKIO0 participate independently in symbiotic infection[J].
The plant journal , 2020,102(2) : 311-326.

BEN AMOR B, SHAW S L, OLDROYD G E D, et al. The
NFP locus of Medicago truncatula controls an early step of
Nod factor signal transduction upstream of a rapid calcium flux
and root hair deformation[J]. The plant journal, 2003, 34 (4) :
495-506.

CULLIMORE J, FLIEGMANN J, GASCIOLLI V, et al.
Evolution of lipochitooligosaccharide binding to a LysM-RLK
for nodulation in Medicago truncatula[J].Plant &. cell physiol-
ogy,2023,64(7) : 746-757

FLIEGMANN J, CANOVA S, LACHAUD C, et al. Lipo-
chitooligosaccharidic  symbiotic signals are recognized by
LysM receptor-like kinase LYRS3 in the legume Medicago
truncatulal J].ACS chemical biology,2013,8(9) : 1900-1906.
BOZSOKI Z, CHENG J, FENG F, et al. Receptor-mediated
chitin perception in legume roots is functionally separable from
Nod factor perception [J]. PNAS, 2017, 114 (38) : E8118-
E8127.

MADSEN E B, ANTOLIN-LLOVERA M, GROSSMANN
C, et al. Autophosphorylation is essential for the in vivo func-
tion of the Lotus japonicus Nod factor receptor 1 and receptor-
mediated signalling in cooperation with Nod factor receptor 5
[J]. The plant journal, 2011, 65(3) :404-417.

ARRIGHI J F, BARRE A, BEN AMOR B, et al. The Medi-
cago truncatula lysin [ corrected ] motif-receptor-like kinase
gene family includes NFP and new nodule-expressed genes
[J].Plant physiology, 2006, 142(1) : 265-279.

WILLMANN R, LAJUNEN H M, ERBS G, et al. Arabidop-
sis lysin-motif proteins LYM1 LYM3 CERK1 mediate bacteri-
al peptidoglycan sensing and immunity to bacterial infection
[J].PNAS,2011,108(49):19824-19829.

GYSEL K, LAURSEN M, THYGESEN M B, et al.Kinetic
proofreading of lipochitooligosaccharides determines signal ac-
tivation of symbiotic plant receptors[ J/OL ].PNAS, 2021, 118
(44) : e2111031118 [ 2024-05-07]. https://doi. org/10.1073/
pnas.2111031118.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

LEFEBVRE B, KLAUS-HEISEN D, PIETRASZEWSKA-
BOGIEL A, et al.Role of N-glycosylation sites and CXC mo-
tifs in trafficking of Medicago truncatula Nod factor perception
protein to plasma membrane [ J]. Journal of biological chemis-
try,2012,287(14) :10812-10823.

7ENG L R, VELASQUEZ A C,MUNKVOLD K R, et al. A
tomato LysM receptor-like kinase promotes immunity and its
kinase activity is inhibited by AvrPtoB[J]. The plant journal,
2012,69(1):92-103.

CATOIRA R, TIMMERS A C, MAILLET F, et al. The
HCL gene of Medicago truncatula controls Rhizobium-in-
duced root hair curling[J].Development, 2001, 128(9) : 1507-
1518.

MITRA R M, SHAW S L, LONG S R. Six nonnodulating
plant mutants defective for Nod factor-induced transcriptional
changes associated with the legume-rhizobia symbiosis [J].
PNAS,2004,101(27) :10217-10222.

ARDOUREL M,DEMONT N,DEBELLE F, et al. Rhizobi-
um meliloti lipooligosaccharide nodulation factors: different
structural requirements for bacterial entry into target root hair
cells and induction of plant symbiotic developmental responses
[J].The plant cell, 1994,6(10) : 1357-1374.

SMIT P, LIMPENS E, GEURTS R, et al.Medicago 1.YK3,
an entry receptor in rhizobial nodulation factor signaling [J].
Plant physiology,2007,145(1) : 183-191.

RADUTOIU S,MADSEN L H,MADSEN E B, et al.LysM
domains mediate lipochitin-oligosaccharide recognition and
Nfr genes extend the symbiotic host range [J]. The EMBO
journal, 2007,26(17) :3923-3935.

BOZSOKI Z,GYSEL K,HANSEN S B, et al.Ligand-recog-
nizing motifs in plant LysM receptors are major determinants
of specificity[ J].Science, 2020, 369(6504) : 663-670.

LUU T B,CARLES N,BOUZOU L,et al. Analysis of the struc-
ture and function of the LYK cluster of Medicago truncatula
A17 and R108[J/OL]. Plant science, 2023, 332: 111696 [2024-
05-07].https://doi.org/10.1016/].plantsci.2023.111696
BENSMIHEN S, DE BILLY F, GOUGH C.Contribution of
NFP LysM domains to the recognition of nod factors during
the Medicago truncatula/Sinorhizobium meliloti symbiosis[J/
OL].PLoS One,2011,6(11) : 26114 [ 2024-05-07 ]. https://
doi.org/10.1371/journal.pone.0026114.

RIVAL P,DE BILLY F,BONO J J, et al. Epidermal and cor-
tical roles of NFP and DMI3 in coordinating early steps of nod-
ulation in Medicago truncatula [J]. Development, 2012, 139
(18):3383-3391

PIETRASZEWSKA-BOGIEL A, LEFEBVRE B, KOINI
M A, et al. Interaction of Medicago truncatula lysin motif re-
ceptor-like kinases, NFP and LLYK3, produced in Nicotiana
benthamiana induces defence-like responses [J/OL]. PLoS
One, 2013, 8 (6) : e65055 [ 2024-05-07]. https://doi. org/



10

LS N AN S o ¢

943 %

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

10.1371/journal.pone.0065055.

LEFEBVRE B, TIMMERS T ,MBENGUE M, et al.A remo-
rin protein interacts with symbiotic receptors and regulates bac-
terial infection[ J].PNAS, 2010,107(5) : 2343-2348.

LIANG P B,STRATIL T F, POPP C, et al. Symbiotic root
infections in Medicago truncatula require remorin-mediated re-
ceptor stabilization in membrane nanodomains [J]. PNAS,
2018,115(20) : 5289-5294.

HANEY C H,RIELY B K, TRICOLI D M, et al. Symbiotic
rhizobia bacteria trigger a change in localization and dynamics
of the Medicago truncatula receptor kinase LYK3 [J]. The
plant cell, 2011,23(7) : 2774-2787.

MOLING S, PIETRASZEWSKA-BOGIEL A, POSTMA
M, et al.Nod factor receptors form heteromeric complexes and
are essential for intracellular infection in medicago nodules[J].
The plant cell, 2014,26(10) :4188-4199.

FLIEGMANN 1J, JAUNEAU A, PICHEREAUX C, et al.
LYR3, a high-affinity LCO-binding protein of Medicago trun-
catula, interacts with 1.YK3, a key symbiotic receptor [J].
FEBS letters, 2016,590(10) : 1477-1487.

ZHANG J Y,SUN J,CHIU C H,et al. A receptor required for
chitin perception facilitates arbuscular mycorrhizal associations
and distinguishes root symbiosis from immunity[ J].Current bi-
ology,2024,34(8):1705-1717.

MAILLET F,POINSOT V,ANDRE O, et al.Fungal lipochi-
tooligosaccharide symbiotic signals in arbuscular mycorrhiza
[J].Nature,2011,469(7328) : 58-63.

OLDROYD G E D. Speak, friend, and enter: signalling sys-
tems that promote beneficial symbiotic associations in plants
[J].Nature reviews,2013,11(4) : 252-263.

GENRE A, CHABAUD M, BALZERGUE C, et al. Short-
chain chitin oligomers from arbuscular mycorrhizal fungi trig-
ger nuclear Ca®" spiking in Medicago truncatula roots and
their production is enhanced by strigolactone [J].New phytolo-
gist,2013,198(1) : 190-202.

YOUNG N D, DEBELLE F, OLDROYD G E D, et al. The
Medicago genome provides insight into the evolution of rhizo-
bial symbioses[ J].Nature, 2011,480(7378) : 520-524.
ZHANG X W,DONG W T,SUN J, et al. The receptor kinase
CERKI has dual functions in symbiosis and immunity signal-
ling[ J]. The plant journal,2015,81(2) : 258-267.
CAROTENUTO G,CHABAUD M,MIYATA K,et al. The
rice LysM receptor-like kinase OsCERKI is required for the
perception of short-chain chitin oligomers in arbuscular mycor-
rhizal signaling[ J].New phytologist, 2017, 214(4) : 1440-1446.
HARMAN G, KHADKA R, DONI F, et al. Benefits to plant

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

health and productivity from enhancing plant microbial symbi-
onts [J/OL]. Frontiers in plant science, 2021, 11: 610065
[2024-05-07]. https: //doi.org/10.3389/1pls.2020.610065.
JONES J D G,DANGL J L. The plant immune system[ J].Na-
ture, 2006,444(7117) : 323-329.

JONES J D G, STASKAWICZ B J, DANGL J L. The plant
immune system: from discovery to deployment[ J].Cell, 2024,
187(9) :2095-2116.

SHIMIZU T, NAKANO T, TAKAMIZAWA D, et al. Two
LysM receptor molecules, CEBiP and OsCERK1, cooperative-
ly regulate chitin elicitor signaling in rice[J]. The plant journal,,
2010,64(2):204-214.

WANJ R,ZHANG X C,NEECE D, et al. A LysM receptor-
like kinase plays a critical role in chitin signaling and fungal re-
sistance in Arabidopsis [J]. The plant cell, 2008, 20 (2) :
471-481.

CAOY R,LIANG Y, TANAKA K,et al. The kinase LYK5 is a
major chitin receptor in Arabidopsis and forms a chitin-induced
complex with related kinase CERK1 [J/OL]. eL.ife, 2014, 3:
€03766[2024-05-07].https://doi.org/10.7554/eLife.03766
RUTTEN L, MIYATA K,ROSWANJAYA Y P, et al. Du-
plication of symbiotic lysin motif receptors predates the evolu-
tion of nitrogen-fixing nodule symbiosis [ J].Plant physiology,
2020,184(2) :1004-1023.

REY T,NARS A,BONHOMME M, et al.NFP,a LysM pro-
tein controlling Nod factor perception, also intervenes in Medi-
cago truncatula resistance to pathogens[J]. New phytologist,
2013,198(3) :875-886.

BEN C, TOUENI M, MONTANARI S, et al.Natural diversi-
ty in the model legume Medicago truncatula allows identifying
distinct genetic mechanisms conferring partial resistance to
Verticillium wilt[J].Journal of experimental botany, 2013, 64
(1):317-332.

GOUGH C,JACQUET C.Nod factor perception protein car-
ries weight in biotic interactions [J]. Trends in plant science,
2013,18(10) :566-574.

FENG F,SUN J,RADHAKRISHNAN G Vet al. A combina-
tion of chitooligosaccharide and lipochitooligosaccharide recog-
nition promotes arbuscular mycorrhizal associations in Medica-
go truncatula [J/OL]. Nature communications, 2019, 10 (1) :
5047 [2024-05-07]. https://doi. org/10.1038/s41467-019-
12999-5.

LIANG Y, CAO Y R, TANAKA K, et al. Nonlegumes re-
spond to rhizobial Nod factors by suppressing the innate im-

mune response[ J].Science, 2013, 341(6152) : 1384-1387.



55 4 3] AEMRAE S EREETE LysM B2 IR s ot ik e 11

Progress on studying LysM receptor-like kinases
in Medicago truncatula

LI Yaohua,ZHANG Rui, LIU Li,ZHU Hui, CAO Yangrong

National Key Laboratory of Agricultural Microbiology/
Hubei Hongshan Laboratory/College of Life Science and Technology,
Huazhong Agricultural University, Wuhan 430070, China

Abstract LysM receptor-like kinases (LysM-RLKs) belong to the multi-gene family whose extracel-
lular domains are directly involved in the perception of glycosyl compounds including chitin, peptidogly-
cans, and lipochitooligosaccharides, thereby activating pathways of plant immunity or symbiotic signal
transduction. The function of the first LysM receptor gene, LYKS3, in the model legume Medicago trunca-
ta was characterized in 2003. Subsequently, the function of more and more LysM receptor kinases was
identified. This article provided a detailed enumeration and functional characterization of the LysM-RLK
family in M. truncatula. The progress on studying LysM receptor kinase family in nodulation symbiosis,
mycorrhizal symbiosis, and immune perception of Medicago truncata was summarized. It is indicated that
the expansion of the number of LysM-RLKs genes within the M. truncatula has led to functional differentia-
tion, but there is a phenomenon of functional redundancy among some genes as well. In addition, a close
cross-linking between immune and symbiotic signals at the level of receptor perception mediated by LysM-
RLKs was revealed. It will provide effective references for further studying LysM-RILKs genes in M. trun-
catula.

Keywords Medicago truncatula; 1.ysM receptor-like kinases ; root nodule symbiosis ; arbuscular my-

corrhizal symbiosis ; immune perception
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