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Figure 1-. Common events and responses associated with perception of MAMPs in plant cell. Plants are able to recognize wide category of
MAMPs via PRRs. Activation of these PRRs lead to cell responses such as ethylene biosynthesis, altered ion fluxes across the plasma membrane,
induction of MAP kinase cascades, ROS production, and transcriptional induction of pathogen-responsive genes.
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Figure 2. Structure of FLAGELLIN-SENSING 2 (FLS2) orthologs. In the scheme at the center, completely or partially conserved N-
glycosylation sites are indicated by filled or open triangles. In the alignments, the color code used is as follows: In the leucine-rich repeat domain
(LRR) region, the structural backbone containing the a-helix is shaded gray, with conserved amino acids in positions that are normally variable
highlighted in green; the B-sheets are shown with red brackets, with the pair of leucine residues shaded gray and the conserved amino acid
positions among the five solvent-exposed residues highlighted in light blue. In the LRR N-terminal domain (LRRNT) and C-terminal domain
(LRRCT) alignments, cysteine residues are highlighted in orange and conserved amino acid positions are highlighted in yellow. In the alignment
of the catalytic domain, universally conserved amino acids are highlighted in light blue and the cysteine characteristic of a nonRD kinase is
highlighted in yellow. In the alignment of the C terminus, conserved amino acid positions are highlighted in yellow. Sequences are taken from
GenBank. Vv, Vitis vinifera; Pt, Populus trichocarpa; Rc, Ricinus communis; Le, Lycopersicon esculentum; At, Arabidopsis thaliana; Os, Oryza
sativa; Zm, Zea mays (Boller and Felix, 2009).

\yasg um)gﬁb/" °)L“":‘/I°":"'::' e)go/‘s}‘.mg’} @“‘5‘—"-“)@““‘-&-‘ -


https://dor.isc.ac/dor/20.1001.1.25885073.1396.6.2.7.1
http://gebsj.ir/article-1-205-fa.html

[ Downloaded from gebs.ir on 2026-06-01 ]

[ DOR: 20.1001.1.25885073.1396.6.2.7.1]

0Ly S5 el

da«»ﬂ ol C)M

(et al. 1996; Thomas et al., 1997; Dixon et al., 1998
Chitin elicitor ) ;xS 4 ol foate o ;S 55
Ooladad a5 Cowl LySM-RLP S (binding protein-CEBIP
Affinity ) e OlASLE L 5 usS o plulis 1) oS
ltoetal, ) ol oo i alii & sk (labeling
i 33 slls Lie 4 adip s Jumte oS ol (1997
s A3 5 Cowl sy Jsbw |Fs sy s LysM
{(Kaku et al., 2006) <ol JL& s Wil gl Jshe |15
OLES e 3LS cpmass s1s CEBIP &S cii>
G b 3l Sl e s Gl Sl aS e
ol SIS 8005 (sl s 5 el bl LLis
(Co-receptor) ol ,an o’ .S Olse o (CERKL) \ S
oS s Slsply Sl 3L A b S A5 sl

LaRLK s laze CERKL .3)l5 Cmpot] s sl )T 3
S 13 55 5 e SUS mes3 GLo1s Oszr e
Cidge ¥ sl O Jslw 515 aess opl s osdle .o
> OsCERK1 ; CEBIiP .(Miya et al., 2007) <.l LysM
s e S5 S L e WS S8
.(Shimizu et al., 2010)
5055 3 e S o EIX) 26 500U
5 Ol s e S 053 b (S S S
Bailey et al., 1993; Ronetal., ) 555 o oUs szl
SWARLP oS 4S5 [LeEIX2 , LeEIX sl .(2000
ol gilulis (S pax S 5l ctizes LEEIX2 5 LeEIX1
O s Sy 4 S dites 3B Lty 55 e
JUsl 1 sly ol 536 LEEIX2 g5 Lol o5 Juats EIX

(Ron and Avni, 2004) s 35 HR 4 2w 45 das

LS sl o gl s 4S5 55 GLaRLP

Jehle et al.,, ) RLPL cul sl i Lok io s gl
5 4 &S .l (Zhang et al., 2013) RLP30 ; (2013a

35 odalive bB sl ff clmilse 53 (gl e
efr sLgubse (ol — o de (Fallahzadeh et al., 2015)
4 Cdv——o\m} gMEFR QM;J_;L?A_SM‘)J:J‘)T
= > Agrobacterium tumefaciens L 0 soulo jous 5
L «s Nicotiana benthamiana olalS |Slis 5.
O55L peed ade (6 2hy Caslis (Llodd o i 5 EFR

(Zipfel et al., 2006) Las . OLL

e S35 4 S 6 LRR (g5lS gleeds S
oS el <&ub 6}& J:.:J})ﬂ oJurs)CORE Sl 0l
Wang et al., ) s s Xa2l s EF-Tu 4o g3l cal s
2 LRR 5 &8 Gl LRRYY ()l o, S op! (2016
Coald 355 o o i 53 4 Al dowl 3 L3 g
o')wm‘):.;«« d)%ﬁ})w)b ‘:J‘djf-fud..‘
P S s sl | el glad ol 5 (s ys
Xa21l 5 EFR U oslyj calod (4wys W) LRR (555
das e LS5 15 0T e 25y S LRR 1 s bl osls
(o5 YY) 55l oS s calis

(RLPS) dile 05,8 (sla 5 5 0-Y

Al e CF9 oud asls GLaRLP oyl 51 S

Cladosporium ;| (¢, 5531 a5 AV 4 S 1s sl i
SLls aS K e S clalsd S gy, b s fulvum
Schottens-) 1S s slowl 55 S ke CF9 o slas O

Toma and de Wit 1998; van Kan et al. 1991; Van den
GLRR-RLP Cf9 .55, .(Ackerveken et al., 1993

Sl S Jsb ol ey SO L LGS 4 ekipd fuae
S I s el ol JSCESLRRYY 5 W sl 51 oS
Dl 31 S S 15 5 e oS sl 215 e
Jones etal., 1994; ) el ol LS5 o3 glaasnl
seslds S ke Lol Jl- s (Wulff et al., 2009
4S Sl ol 4l 9DCm 5 Cf5 Cf4 Cf-2 sl Cf
Jones et al., 1994; Dixon ) dcws e RLP o3l gl o

- \Yag ul-w.w)gj.ub Al o)l.n.& /M 099 /w) Go.u‘,&u;) (W0


https://dor.isc.ac/dor/20.1001.1.25885073.1396.6.2.7.1
http://gebsj.ir/article-1-205-fa.html

[ Downloaded from gebs.ir on 2026-06-01 ]

[ DOR: 20.1001.1.25885073.1396.6.2.7.1]

du.«.c ebb’ C)U

nn0lE s 15 sl

wli s el O sl 5 ol ok abl-I LRR

.(Nadeau and Sack, 2002) il » 50

Systemic Acquired ) olasS| Saimupw Cmaylin 1

(Resistance-SAR

L ETE s MTH sy 55 o 55 s o Lil &5 5 shailes

Solesr BB sl sl b Soles 51 ol ST5e plalis
DU 3 gdome dr e 45 Liad o OLES oo j2iSTy dbuolibly
Cmd e J2STy ol ETE 5550 53 5355 0 Solew
edle sy et (ST Gl phe S e e Tlg
Al Sl Omman QIS ooy 53 8 55
(AZA) del Y51 (MESA) sl Sl Lze «(SA)
Jestal sodens b gy 25 0l 5 (G3P) Dliend=¥=J 5 S
- A5 LBy Ses ahem 5550 Joee 03 55 (DA)
iy oS gl o ple 4 W15 e WS ) 652
4S Lk olS 53 Cuslis 51 (6505 £ sl 4 e 5 el
= SAR L ol oS Saomes usslis O @ sl 4
b slgs Gl Ol A mie IS ) iy S
sl L 55 s (pathogenesis-related) PR 5 e
G o OF S IUT 5 sl Sl o3 050550
J=m ool Jaslnlis e 5 (INA) Ul S 55515 8
- oS 53 SAR sl Esb 55 olS (g5, » (BTH)
Csslis slw! Eel SAR L(Durrant and Dong 2004) s ;.
(7B sl Solew 5l aws il 4 c i oLS s
ETI s MTI GMs 58 o obSU 5 g s ¢ sl
Laaia e & ol (S OLLS 55 SAR 51 L3U ol
Stenvik et ) sl 8Ll s, fad 2T6 o b s baole
S 4l p S o 4 e SAR ETI G+, .(al., 2008
A a3 |y sk sl S s 5y b
LS 53 (gls p asend s Sl Lelan SAR g5 0
NPRL (6,15 s e 555U 5,8 ey ol a5 ool

b of asls 515 5 (nonexpresser of PR genes 1)

s Xanthomonas . sla SL sleMax gluli s
A ,ls i Sclerotinia sclerotiorum o SCFE1
o ds LMAMP il 55 8 ol Gl ply s
oS oS A s GLaslS an aily Lol S
Zhang et ) x..» (SUPPRESSOR OF BIRI- SOBIR1)

.(al., 2013; Jehle et al., 2013b

sl sl 55 (eMax o0 .8) ReMAX «s RLP1

3l K a8 I EIX2 o0 S 4 ool calls ol
e3> Remax — Eix2 — .(Ron and Avni, 2004)
LRRYY 5 7Y (sls oo oS Lls (S5 Jsbo ool

e

53 A0l Gled S s 18 58 oS sl 55 LRLP
astles RLP suis us 05 01 A thaliana > ,sl= Jl-
A. 5| oLaRLP .(Fritz-Laylin et al., 2005) <.l oui
Aol 5 i o s Oy s—o 4y 4 S thaliana
- s~ (TMM) Too Many Mouth 4 (CLV2) CALVATA2
5L cidse ol gl e yoi (51 CLV2 sy
STysl 5l das CLV2 S el o slge iy ol
NS S LRR-RLK CALVATAL L CALVATA3S
Jeong et al., 1999; Rojo et ) das o |5 ol o 0,8
o Ulas § L 3 CLV2 gl oS )kl (al., 2002
L aS ol Asilo 6 3 cpnss S LLRRYY &) 50
A S Sl e B 4B S 3 e S 5
S KV v .V P P R R P PNV S
.(Jeong et al., 1999) 5,15 S 58 oo gt i 5
slas Shee s Cilies S, 55 TMM o, S
Lo,y orb 500 ¢l TMM (Jle gl ol dlisee
65 et 0018 O Clge LS A3l 0 S0
LRR- & TMM 05,8 .a,ls slsl ladiss, TMM

Laopas b oS sl Johoo 515 g3 ;s LRR Y LRLP

\yasg um)g).ub/* o)Ln.&/M 0)50/‘5‘.‘..@‘)' Gw‘g&».u)gm.\.a.e‘.o -



https://dor.isc.ac/dor/20.1001.1.25885073.1396.6.2.7.1
http://gebsj.ir/article-1-205-fa.html

[ Downloaded from gebs.ir on 2026-06-01 ]

[ DOR: 20.1001.1.25885073.1396.6.2.7.1]

0Ly S5 el

da«»ﬂ ol C)M

Pieterse et al., 1996; Van Wees et al., 1997; ) xoca
L) Gl gl 4 ISR eusy s (Pieterse et al., 2000
al._:.f ng:l g:»_:l.:l-ﬁ cu\..:_,w‘ &f}a_,wb E) JL'::‘ (_SLAQJA)}A
oS Mol i 5 b o Sl D sas o8 ol 4 o
(Priming) >33 ool Lo S lay 4 lom (gl —
¢~ (Fallahzadeh et al., 2016; Pieterse et al., 2014)
3 eSS plwbis 3L SAR wiles 53 ISR ey
sl e OF sdaS Ll sla S 515 Son 5| LMAMP
4S 2WLMAMP - cage akox 3l .(Pieterse et al., 2014)
S3U el ol s Caglie § W s el
el g3 8 Y Sy =l (Maziane et al., 2005)
Loy s, 5 (Weller et al,, 2012) Jg o S5, 4
- s I, (Maziane et al., 2005; Fallahzadeh et al., 2009)
g 4 e Il 55 OLLS s s 8Ly 5 5 SLMAMP
L=y JJ‘JA BE Ll "\’}—";'Lj—‘ eLS)J LSQDJ dLﬁLJLS\}
}osjju:o)ﬁu b LQ&SU w‘dswjbw uJSb}ﬁ)
Zamioudis ) 4uS o508 |y olS slaaly; @5 gs g0 w

.(and Pieterse, 2012

dds g S op G0y S S5 pel o Jols A
P
oS e 535 OLalS i oyl S hilas
Lo Joal e abom 5l s S ol e plad SLMAMP
ol pde g byl 53 oS Iy S Lk 1y LS
lacs Sor a5 S slalid il sy 5 Ly oS ol
sl o LS oLS 0l G o sl b (AL ey sen
0S4 s S ul 4 Lleols 0L 318 Sl e,
Soso 4L MAMP O 5l i L oS Wil JolsS o
Sl lad SN g s 5l cnilen 3 b Sl s 8
e ey Jslw ol oS5 e L L5 MAMP
Felix et al., ) X550 olS slros 1S lav g5 5 lulis

Dong 2004, Pieterse and Van Loon ) 4l . LaTGA
5 L3 SAR s gl esus i@ PR glaq sy, (2004
U JlS Sy o Tl i s S Ao el
PR- 5 3L 48V F L e Jlas PR-2 Jlie (gl ol ol
odslasl bz sl 4 cd 5 Asls (g5laS i PR4 53

.(\Van loon and Van Strein 1999) .o.»

Induced Systemic ) _ol& Ko s ylin V

(Resistance-1SR

Slrolen 8 le il LolS sls winy Oppnl y0lS

St sl 3 (5 505 ¢35 sl 4 e bn SUy 5
Sl 05,8 e o g Caslie 65 onl 50 o 2
(Van Peer i = ;25 Y44) Jle 5o Olejen 5k 4 i
o= etal. 1991; Wei et al. 1991; Alstrom et al., 1991)
L St Caslie POl @ 1 olidy ol pudlis
&l Ll sl e 53120 ISR 5 SAR .aiab (ISR)
S22 ,28 Lo a4 eliee (pl ooy 53 ol g SSE
Al 3 A58 slet sl ) s (UL ol
LAl 5o La Sy kB DU ke 4 &S pla e
m o e oS gl S 4 La s SL e il 4 ISR
L s alsp Sise 5 S o5ulS | 5T aiy; Lais &S s
Fallahzadeh et al., 2009, 2017; ) 4 o Jiabe S les
Van Peer et al. 1991; Wei et al. 1991; Alstrom et al.,
eele 55 ol 55 anle e 0350 i 525 L (1991
e o 2l A Seplie 1 Sl s SUs
35,8 3l ol caslie oS Ll 51l o s S sles
Fo LSk Sl s il 4 S ISR 5 SAR sy
Lol 653 o 31 p30lSe oS A3 5 pod 1l 53 has o
Sl caslin s S sls OLES by i a3l 0L
- s b St (S sl 3 PR (sla035 ISR g5
ooty ool 5 el Sl a5 iz 5 Ls

u;LLT.a a.l.;.lgtjb U'l‘ JL"") f\'ﬁﬁ“‘ui‘fbjéj“bd&

- \Yag ul-w.w)gj.ub Al o)l.n.& /M 099 /w) Go.u‘,&u;) (W0


https://dor.isc.ac/dor/20.1001.1.25885073.1396.6.2.7.1
http://gebsj.ir/article-1-205-fa.html

[ Downloaded from gebs.ir on 2026-06-01 ]

[ DOR: 20.1001.1.25885073.1396.6.2.7.1]

du.«.c ebb’ C)U

nn0lE s 15 sl

Gla, st Ly 5 sl e nS (ol S OIS sy
SLASE ol Al e 0,8 sdins 025 L Shy s
SOy S s 3L s s D50 4 s S
sl LysM (gsl> sl e gy (sl J gl Cla.w sla
@l Gl alerdgn Jeilly 8 255 0 pad Aigd o0
o iiSen 53 el S 58 o N (g5l sl
@3l st = I LSl G 5 850l S o
o oslw AL S s B Of s oS el anl oSS
oLl 5 50 MTH S o5 512 S35 5 el (55501 O 5
aS couleds 5,058 (Gust et al., 2012) &b S o 5l 3
Gosb 4 ls glasl s 5 Shas i 3 CERK 0,8
S g el 7l 4 s ol ol Cnslis > o oS
Miyata et ) 3, 4 Soo ai S o |l 55 o 530
L VL 65 05mn g 53 CERKL o5, S (al., 2014
NFRI/LYKS oS 55 Lo 550 53 NFRULYKS o .S
~J 50 5e INFREINFP oy (5,55 (o o5 ol yon
(lipo-chitooligosaccharide) (s ,ISL . 8 J1 58 5 sla
Sl el fod o e s 00 S el agns s
ol 5l .(Radutoiu et al., 2007) 1 55 o ado s o o
il sl (NFRS/NFP & 5) NFRULYK3 oS oS
m i A Bl L b e b b ST S
S0 S e 53 oS ke 3 by Sl slulls aS a
Clable ASls Soden b goslss bl &S alS sl
Lo sS3 55 0 S 1t s p 55 &8 Jl 2 il e e
IOl 1 e 3 ol e sen slaply Lol

.(Miyata et al., 2014; Zhang et al., 2015) .l =L

.(1999; Pfeilmeier et al., 2016; Wawra et al., 2016
S s 51 1E a5 pl (55 S 4 oS e
S ALS pms S sliasl ) pan ol (S MTI
Sl S Jlad | olS ool s Y ol Sl o
A oLS slagmal a8 s jas de ) SO s Jle
R O gl 508" 6 i (615 prases CJM > thaliana
GALL axlse )3 a8 (gosb 4 p Oslite (S jen
La'cwbq ») Methylobacterium extorquens PA1 (M.PA1)
Sphingomonas melonis Frl s S 5,50 55 bl 55 S5
ol Sl i a8 U SO e e 0 £0 0 350> Oy
Vogel et ) L35 = Ol 55 P.osyringae b axlse 55 L5
S. AL L oL Jlad iy ool esdle (al, 2016
el 3115 Posyringae 4 s oLS s slie amelonis Fri
33 Cnglin & o= .(Innerebner et al., 2011) A as -
Bl e Ol rals a4 bakl/bkkl asl i OLLS
Pl oS oSS iy BS54l e ol 53
oL Cu o2l (Rouxetal, 2011) ol o fisee JSla,
LogolS jlas o el sdaliin Conslie 45 das e
Vogel etal., ) J_ib o MTI 31 30 sl o )Lil Cons jan
Ao e 53 e 3> Dose 4l ! J 0l L (2016
ool 0l ooy AR LST Lol 5 3 oS (555 2 5
S Sl sam s anb Ll o s el (S

L sl JS ol il
Dl s MTE O Jlad 4S5 cul old s b
OLalS wiyy 55 035,20 oS Sl pms iy (o yob
ol 4 il y I ST 555,50 Sz B L 5 0 S
Lol slie o8 L3l o sl SIS LanbN (55l sla0ISIS



https://dor.isc.ac/dor/20.1001.1.25885073.1396.6.2.7.1
http://gebsj.ir/article-1-205-fa.html

[ Downloaded from gebgj.ir on 2026-06-01 ]

[ DOR: 20.1001.1.25885073.1396.6.2.7.1 ]

s ek anlllas

&l

Albert M, Jehle AK, Mueller K, Eisele C, Lipschis M., Felix G.
2010. The Arabidopsis thaliana pattern recognition receptors
for bacterial EF-Tu and flagellin can be combined to form
functional chimeric receptors. Journal of Biological Chemistry
285:19035-19042.

Alberts B, Johnson A, Lewis J, Raff M, Roberts K, Walters P.
2002. Molecular Biology of the Cell; Fourth Edition. New
York and London: Garland Science.

Alstrom S. 1991. Induction of disease resistance in common bean
susceptible to halo blight bacterial”
pathogen after seed bacterization with rhizosphere
pseudomonads. The Journal of General and Applied
Microbiology. 37:495-501

Anderson KV, Nusslein-Volhard C. 1984. Information for the
dorsal-ventral pattern of the Drosophila embryo is stored as
maternal MRNA. Nature 311:223-227.

Apel K, Hirt H. 2004. Reactive oxygen species: metabolism,
oxidative stress, and signal transduction. Annual Reviews of
Plant Biology 55:373-399.

Asai T, Tena G, Plotnikova J, Willmann MR, Chiu WL,
Gomez-Gomez L, Boller T, Ausubel FM, Sheen J. 2002.
MAP kinase signalling cascade in Arabidopsis innate
immunity. Nature 415:977-983.

Ayers AR, Ebel J, Finelli F, Berger N, Albersheim P. 1976a.
Host-Pathogen Interactions: 1X. Quantitative assays of elicitor
activity and characterization of the elicitor present in the
extracellular medium of cultures of Phytophthora
megasperma var. sojael. Plant Physiology 57: 751-761.

Ayers AR, Ebel J, Valent B, Albersheim P. 1976b. Host-
pathogen interactions: fractionation and biological activity of
an elicitor isolated from the mycelial walls of Phytophthora
megasperma var. sojae. Plant Physiology 57: 760-769.

Bailey BA, Dean JFD, Anderson JD. 1990. An ethylene
biosynthesis-inducing endoxylanase elicits electrolyte leakage
and necrosis in Nicotiana tabacum cv Xanthi leaves. Plant
Physiology 94:1849-1852.

Bailey BA, Korcak RF, nderson JD. 1993. Sensitivity to an
ethylene biosynthesis-inducing endoxylanase in Nicotiana
tabacum L. cv Xanthi is controlled by a single dominant gene.
Plant Physiology 101:1081-1088.

Boller T, Felix G. 2009. A renaissance of elicitors: perception of
microbe-associated molecular patterns and danger signals by
pattern-recognition receptors. Annual Reveiws of Plant
Biology 60: 379-406.

Braun SG, Meyer A, Holst O., Pihler A., Niehaus K. 2005.
Characterization of the Xanthomonas campestris pv.
campestris lipopolysaccharide substructures essential for
elicitation of an oxidative burst in tobacco cells. Molecular
Plant-Microbe Interactions 18: 674-681.

Caplan J., Padmanabhan M., and Dinesh-Kumar S. P. 2008.
Plant NB-LRR immune receptors: from recognition to
transcriptional reprogramming. Cell Host & Microbe 3:126—
135.

Chinchilla D, Zipfel C, Robatzek S, Kemmerling B,
Nurnberger T, Jones JD, Felix G, Boller T. 2007. A
flagellin-induced complex of the receptor FLS2 and BAK1
initiates plant defence. Nature 448: 497-457.

Chisholm ST, Coaker G, Day B, and Staskawicz B.J. 2006.
Host-microbe interactions: shaping the evolution of the plant
immune response. Cell 124: 803-814.

Dangl JL, Holub E. 1997. La dolce vita: A molecular feast in
plant-pathogen interactions. Cell 91: 17-24

Desaki Y, Miya A, Venkatesh B, Tsuyumu S, Yamane H, Kaku
H, Minami E, Shibuya N. 2006. Bacterial
lipopolysaccharides induce defense responses associated with
programmed cell death in rice cells. Plant and cell physiology
47:1530-1541.

Dixon MS, Hatzixanthis K, Jones DA, Harrison K, Jones JDG.
1998. The tomato Cf-5 disease resistance gene and six
homologs show pronounced allelic variation in leucine-rich
repeat copy number. The Plant Cell Online 10: 1915-1926.

Dixon MS, Jones, DA, Keddie JS, Thomas CM, Harrison K,
Jones, JDG. 1996. The Tomato Cf-2 disease resistance locus
comprises two functional genes encoding leucine-rich repeat
proteins. Cell 84: 451-459.

Dong X. 2004. NPR1, all things considered. Current Opinion in
Plant Biology 7: 547-52

Durrant WE, Dong X. 2004. Systemic acquired resistance.
Annual Review of Phytopathology 42:185-209

Enkerli J, Felix G, and Boller T. 1999. The enzymatic activity of
fungal xylanase is not necessary for its elicitor activity. Plant
Physiology 121: 391-398.

Erbs G, Silipo AS, Aslam C De Castro, Liparoti VA, Flagiello
P, Pucci R, Lanzetta M, Parrilli A. Molinaro, et al. 2008.
Peptidoglycan ~ and  muropeptides ~ from  pathogens
Agrobacterium and Xanthomonas elicit plant innate immunity:
structure and activity. Chemistry and Biology 15:438-448

Fallahzadeh-Mamaghani V, Ahmadzadeh M, Behboudi K.
2015. Increased disease resistance in Arabidopsis thaliana
through perception of well-known pathogen-associated
molecular patterns. Biological control of pests and plant
diseases; 4(1):13-22. (In Farsi with English abstract)

Fallahzadeh-Mamaghani V, Ahmadzadeh M, Sharifi R. 2009.
Screening  systemic  resistance  inducing  fluorescent
pseudomonads for control of bacterial blight of cotton caused
by Xanthomonas campestris pv. malvacearum. Journal of
Plant Pathology 91: 663-670.

Fallahzadeh-Mamaghani V, Alizadeh AA. Shirzad A. 2017.
Screening of fluorescent pseudomonads based on production
of siderophore and induction of plant ethylene production for
induction of systemic resistance against wheat bacterial leaf
streak. Iranian Juornal of Plant Protection Science, 47(2):
277-292. (In Farsi with english abstract)

Felix G, Duran JD, Volko S, Boller T. 1999. Plants have a
sensitive perception system for the most conserved domain of
bacterial flagellin. Plant Journal 18: 265-76

Felix G, Duran JD, Volko S, Boller T. 1999. Plants have a



http://www.ncbi.nlm.nih.gov/pubmed/19400727
http://www.ncbi.nlm.nih.gov/pubmed/19400727
https://dor.isc.ac/dor/20.1001.1.25885073.1396.6.2.7.1
http://gebsj.ir/article-1-205-fa.html

[ Downloaded from gebgj.ir on 2026-06-01 ]

[ DOR: 20.1001.1.25885073.1396.6.2.7.1 ]

L;;\iw o3l C}M

e OLLE s 15 el

sensitive perception system for the most conserved domain of
bacterial flagellin. Plant Journal 18: 265-276.

Felix G, Grosskopf DG, Regenass M, Basse CW, Boller T.
1991. Elicitor-induced ethylene biosynthesis in tomato cells:
characterization and use as a bioassay for elicitor action. Plant
Physiology 97: 19-25.

Felix G, Regenass M, Boller, T. 1993. Specific perception of
subnanomolar concentrations of chitin fragments by tomato
cells: induction of extracellular alkalinization, changes in
protein phosphorylation, and establishment of a refractory
state. The Plant Journal 4: 307-316.

Felix G., Boller T. 2003. Molecular sensing of bacteria in plants—
the highly conserved RNA-binding motif RNP-1 of bacterial
cold shock proteins is recognized as an elicitor signal in
tobacco. Journal of Biological Chemistry 278: 6201-8

Fritz-Laylin LK, Krishnamurthy, N, Tér, M, Sjélander, KV,
Jones, JDG. 2005. Phylogenomic analysis of the receptor-like
proteins of rice and Arabidopsis. Plant Physiology 138:611—
623.

Gay NJ, Gangloff M. 2007. Structure and function of toll
receptors and their ligands.
Annual Review of Biochemistry 76:141-165.

Gerber |, Zeidler D, Durner J, Dubery 1. 2004. Early perception
responses of Nicotiana tabacum cells in response to
lipopolysaccharides from Burkholderia cepacia. Planta 218:
647-657.

GoOmez-Gomez L, Boller T. 2000. FLS2: An LRR Receptor-like
kinase involved in the perception of the bacterial elicitor
flagellin in Arabidopsis. Molecular cell 5: 1003-1011.

Granado J, Felix G, Boller T. 1995. Perception of fungal sterols
in plants (subnanomolar concentrations of ergosterol elicit
extracellular alkalinization in tomato cells). Plant Physiology
107: 485-494.

Gust AA, Biswas R, Lenz H.D, Rauhut T, Ranf S, Kemmerling
B, Gotz F, Glawischnig E, Lee J, Felix G, Nurnberger, T.
2007. Bacteria-derived peptidoglycans constitute pathogen-
associated molecular patterns triggering innate immunity in
Arabidopsis. Journal of Biological Chemistry 282: 32338-
32348.

Gust AA, Willmann R, Desaki Y, Grabherr HM, Nurnberger
T. 2012. Plant LysM proteins: modules mediating symbiosis
and immunity. Trends In Plant Sciences. 17: 495-502

Heese A, Hann DR, Gimenez-lbanez S, Jones AME, He K, Li J,
Schroeder JI, Peck SC, Rathjen JP. 2007. The receptor-like
kinase SERK3/BAKTU is a central regulator of innate immunity
in plants. Proceedings of the National Academy of Sciences
104:12217-12222.

Huffaker A, Pearce G, Ryan CA. 2006. An endogenous peptide
signal in Arabidopsis activates components of the innate
immune response. Proceedings of the National Academy of
Sciences 103:10098-10103.

Innerebner G, Knief C, Vorholt JA. 2011. Protection of
Arabidopsis thaliana against leaf-pathogenic Pseudomonas
syringae by Sphingomonas strains in a controlled model
system. Applied and Environmental Microbiology. 77: 3202—
10

Ito Y, Kaku H, Shibuya N. 1997. Identification of a high-affinity
binding protein for N-acetylchitooligosaccharide elicitor in the

plasma membrane of suspension-cultured rice cells by affinity
labeling. The Plant Journal 12: 347-356.

Jehle AK, First U Lipschis M, Albert M, Felix G. 2013b.
Perception of the novel MAMP eMax from different
Xanthomonas species requires the Arabidopsis receptor-like
protein ReMAX and the receptor kinase SOBIR. Plant
signaling and behavior 8(12): 27408

Jehle AK, Lipschis M, Albert M, Fallahzadeh-Mamaghani V,
First U, Mueller K, Felix G. 2013a. The receptor-like
protein ReMAX of Arabidopsis thaliana detects the novel
MAMP emax from Xanthomonas. Plant Cell 25: 2330-2340.

Jeong S, Trotochaud AE, Clark SE. 1999. The Arabidopsis
CLAVATAZ2 gene encodes a receptor-like protein required for
the stability of the CLAVATAL receptor-like kinase. The
Plant Cell Online 11:1925-1934.

Jones D, Thomas C, Hammond-Kosack K, Balint-Kurti P,
Jones J. 1994. Isolation of the tomato Cf-9 gene for resistance
to Cladosporium fulvum by transposon tagging. Science 266:
789-793.

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

Kaku H, Nishizawa Y, Ishii-Minami N, Akimoto-Tomiyama C,
Dohmae N, Takio K, Minami E, Shibuya N. 2006. Plant
cells recognize chitin fragments for defense signaling through
a plasma membrane receptor. Proceedings of the National
Academy of Sciences 103: 11086-11091.

Klarzynski O, Plesse B, Joubert J-M, Yvin, J-C, Kopp M,
Kloareg B, Fritig B. 2000. Linear -1,3 glucans are elicitors
of defense responses in tobacco. Plant Physiology 124:1027—
1038.

Kobe B, Kajava AV. 2001. The leucine-rich repeat as a protein
recognition motif. Current Opinion in Structural Biology 11:
725-732.

Kuc J. 1987. Translocated signals for plant immunization.
Annals of the New York Academy of Sciences 94: 221-23.

Kunze G, Zipfel C, Robatzek S, Niehaus K, Boller T, Felix G.
2004. The N terminus of bacterial elongation factor Tu elicits
innate immunity in Arabidopsis plants. Plant Cell 16: 3496—
3507.

Lee S, Han S, Sririyanum M, Park C, Seo Y. Ronald P. 2009. A
type l-secreted, sulfated peptide triggers XA21-mediated
innate immunity. Science 326: 850-859.

Liu L, Botos I, Wang Y, Leonard JN, Shiloach J. et al. 2008.
Structural basis of Toll-like receptor signaling with double-
stranded RNA. Science 320:379-81

Lotze MT, Zeh HJ, Rubartelli A, Sparvero LJ, Amoscato AA,
Washburn NR, DeVera ME, Liang X, Tér M, Billiar, T.
2007. The grateful dead: damage associated molecular pattern
molecules and reduction/oxidation regulate immunity.
Immunological reviews 220: 60-81.

Manavalan B, Basith S, Choi S. 2011. Similar structures but
different roles—an updated perspective on TLR structures.
Frontiers in Physiology 2(41): 1-13.

Medzhitov R, Janeway CA. 2002. Decoding the patterns of self
and nonself by the innate immune system. Science 296: 298—
300.

Meyer A, Pihler A, Niehaus K. 2001. The lipopolysaccharides of

\yYas ul*w.o)g)-db 1Y o lous /M 099 /w) W‘g&wj (S -



https://dor.isc.ac/dor/20.1001.1.25885073.1396.6.2.7.1
http://gebsj.ir/article-1-205-fa.html

[ Downloaded from gebgj.ir on 2026-06-01 ]

[ DOR: 20.1001.1.25885073.1396.6.2.7.1 ]

~OLLE s S5 e

g;;\:l.o.a a.>|J' C)&é

the phytopathogen Xanthomonas campestris pv. campestris
induce an oxidative burst reaction in cell cultures of Nicotiana
tabacum. PLANTA 213: 214-222.

Meziane H, Van der Sluis I, Van Loon LC, Hofte M, Bakker
PAHM. 2005. Determinants of Pseudomonas putida WCS358
involved in inducing systemic resistance in plants. Molecular
Plant Pathology 6: 177-185.

Miya A, Albert P, Shinya T, Desaki Y, Ichimura K, Shirasu K,
Narusaka Y, Kawakami, N., Kaku, H., and Shibuya, N.
2007. CERK1, a LysM receptor kinase, is essential for chitin
elicitor signaling in Arabidopsis. Proceedings of the National
Academy of Sciences 104: 19613-19618.

Miyata K, Kozaki T, Kouzai Y, Ozawa K, Ishii K. 2014. The
bifunctional plant receptor, OsCERKY, regulates both chitin-
triggered immunity and arbuscular mycorrhizal symbiosis in
rice. Plant Cell Physiology. 55:1864-72

Nadeau JA, Sack FD. 2002. Control of stomatal distribution on
the Arabidopsis leaf surface. Science 296: 1697-1700.

Newman MA, Daniels MJ, Dow JM. 1995. Lipopolysaccharide
from Xanthomonas campestris induces defense-related gene
expression in Brassica campestris. Molecular Plant Microbe
Interactions 8: 778-780.

Niernberger T, Lipka V. 2005. Non-host resistance in plants:
new insights into an old phenomenon. Molecular plant
pathology 6: 335-345.

Nlrnberger T, Brunner F, Kemmerling B, Piater L. 2004.
Innate immunity in plants and animals: striking similarities
and obvious differences. Immunological reviews 198: 249-
266.

Pfeilmeier S, Saur IM, Rathjen JP, Zipfel C, Malone JG. 2016.
High levels of cyclic-di-GMP in plantassociated Pseudomonas
correlate with evasion of plant immunity. Molecular Plant
Pathology. 17: 521-31

Pieterse CM, Van Loon LC. 2004. NPR1: the spider in the web of
induced resistance signaling pathways. Current Opinion in
Plant Biology 7: 456-64

Pieterse CMJ, Van Pelt JA, Ton J, Parchmann S, Mueller MJ,

Buchala Al, Métraux J
P, Van Loon LC. 2000. Rhizobacteria-mediated induced
systemic resistance (ISR) in

Arabidopsis requires sensitivity to jasmonate and ethylene but
is not accompanied by an increase in
their production. Physiology and Molecular Plant Pathology
57:123-134.

Pieterse CMJ, Van Pelt JA, Ton J, Parchmann S, Mueller MJ,
et al. 2000. Rhizobacteria-mediated
induced systemic resistance (ISR) in Arabidopsis requires
sensitivity to jasmonate and ethylene but is not accompanied
by an increase in their production. Physiological
and Molecular Plant Pathology57: 123-34

Pieterse CMJ, Van Wees SCM, Hoffland E, Van Pelt JA, Van
Loon LC. 1996. Systemic resistance in
Arabidopsis induced by biocontrol bacteria is independent of
salicylic acid accumulation and pathogenesisrelated gene
expression. Plant Cell 8:1225-37

Pieterse CMJ, ZamioudisC, Berendsen RL, Weller DM, Van
Wees CM™M, Bakker PA
HM. 2014. Induced systemic resistance by beneficial
microbes. Annual Review of Phytopathology,

52: 347-375.

Radutoiu S, Madsen LH, Madsen EB, Jurkiewicz A, Fukai E,
et al. 2007. LysM domains mediate lipochitin-oligosaccharide
recognition and Nfr genes extend the symbiotic host range.
EMBO Journal. 26: 3923-35

Ridley B.O, Neill M.A, Mohnen D. 2001. Pectins: structure,
biosynthesis, and oligogalacturonide-related  signaling.
Phytochemistry 57: 929-967.

Rojo E, Sharma VK, Kovaleva V, Raikhel NV, Fletcher JC.
2002. CLV3 is localized to the extracellular space, where it
activates the Arabidopsis CLAVATA stem cell signaling
pathway. The Plant Cell Online 14: 969-977.

Ron M, Avni A. 2004. The receptor for the fungal elicitor
ethylene-inducing xylanase is a member of a resistance-like
gene family in tomato. The Plant Cell Online 16:1604-1615.

Ron M, Kantety R, Martin GB, Avidan N, Eshed Y, Zamir D,
Avni A. 2000. High-resolution linkage analysis and physical
characterization of the EIX-responding locus in tomato. TAG
Theoretical and Applied Genetics 100: 184-189.

Rotblat B, Enshell-Seijffers D, Gershoni JM, Schuster S, Avni
A. 2002. Identification of an essential component of the
elicitation active site of the EIX protein elicitor. The Plant
Journal 32: 1049-1055.

Roux M, Schwessinger B, Albrecht C, Chinchilla D, Jones A.
2011. The Arabidopsis leucine-rich repeat receptor-like
kinases BAK1/SERK3 and BKK1/SERK4 are required for
innate immunity to hemibiotrophic and biotrophic pathogens.
Plant Cell 23: 2440-55

Schottens-Toma IMJ, de Wit PJGM. 1988. Purification and
primary structure of a necrosis-inducing peptide from the
apoplastic fluids of tomato infected with Cladosporium fulvum
(syn. Fulvia fulva). Physiological and Molecular Plant
Pathology 33: 59-67.

Schulze B, Mentzel T, Jehle AK, Mueller K, Beeler S, Boller T,
Felix G, Chinchilla D. 2010. Rapid Heteromerization and
Phosphorylation of Ligand-activated Plant Transmembrane
Receptors and Their Associated Kinase BAK1. Journal of
Biological Chemistry 285: 9444-9451.

Shibuya N, Minami E. 2001. Oligosaccharide signalling for
defence responses in plant. Physiological and Molecular Plant
Pathology 59: 223-233.

Shimizu T, Nakano T, Takamizawa D, Desaki Y, Ishii-Minami
N, Nishizawa Y, Minami E, Okada K, Yamane H, Kaku H.
2010. Two LysM receptor molecules, CEBIP and OsCERK1,
cooperatively regulate chitin elicitor signaling in rice. The
Plant Journal 64: 204-214.

Shiu S.H. Bleecker A.B. 2003. Expansion of the receptor-like
kinase/Pelle gene family and receptor-like proteins in
Arabidopsis. Plant Physiology 132: 530-543.

Shiu S-H, Karlowski WM, Pan R, Tzeng, Y-H, Mayer KFX, Li
W-H. 2004. Comparative analysis of the receptor-like kinase
family in Arabidopsis and Rice. The Plant Cell Online
16:1220-1234.

Silipo A, Erbs G, Shinya T, Dow J.M, Parrilli M, Lanzetta R,
Shibuya N, Newman MA, Molinaro A. 2010.
Glycoconjugates as elicitors or suppressors of plant innate
immunity. Glycobiology 20: 406-419.

- VWA lawno) 9 3l /T 0 yloudd [l 0590 | (s § (o] § Sl (oo


https://dor.isc.ac/dor/20.1001.1.25885073.1396.6.2.7.1
http://gebsj.ir/article-1-205-fa.html

[ Downloaded from gebgj.ir on 2026-06-01 ]

[ DOR: 20.1001.1.25885073.1396.6.2.7.1 ]

L;;\iw o3l C}M

e OLLE s 15 el

Stenvik G-E, Tandstad NM, Guo Y, Shi C-L, Kristiansen W,
Holmgren A, Clark SE, Aalen RB, Butenko MA. 2008. The
EPIP Peptide of INFLORESCENCE DEFICIENT IN
ABSCISSION is sufficient to induce abscission in arabidopsis
through the receptor-like kinases HAESA and HAESA-
LIKE2. The Plant Cell Online 20:1805-1817.

Thomas CM, Jones DA, Parniske M, Harrison K, Balint-Kurti
PJ, Hatzixanthis K, Jones J. 1997. Characterization of the
tomato Cf-4 gene for resistance to Cladosporium fulvum
identifies sequences that determine recognitional specificity in
Cf-4 and Cf-9. The Plant Cell Online 9: 2209-2224.

Tor M, Lotze MT, Holton N. 2009. Receptor-mediated signalling
in plants: molecular patterns and programmes. Journal of
Experimental Botany 60: 3645-3654.

Van den Ackerveken G, Vossen P, De Wit J. 1993. The AVR9
race-specific elicitor of Cladosporium fulvum is processed by
endogenous and plant proteases. Plant Physiology 103: 91-96.

Van Der Hoorn RAL, Wulff BBH, Rivas S, Durrant MC, Van
Der Ploeg A. 2005. Structure function analysis of Cf-9, a
receptor-like protein with extracytoplasmic leucine-rich
repeats. Plant Cell 17: 1000-15

van Kan JAL, Van den Ackerveken G., De Wit P. 1991.
Cloning and characterization of cDNA of avirulence gene avr9
of the fungal pathogen Cladosporium fulvum, causal agent of
tomato leaf mold. Mol Plant-Microbe Interact 4: 52-509.

van Loon LC, van Strein EA, 1999. The families of pathogenesis-
related proteins, their activities, and comparative analysis of
PR-1 type proteins. Physiological and Molecular Plant
Pathology 55: 85-97

Van Peer R, Niemann GJ, B. Schippers 1991. Induced resistance
and phytoalexin accumulation in biological control of
Fusarium wilt of carnation by Pseudomonas sp. strain
WCS417r. Phytopathology 81: 728—734.

Van Wees SCM, Pieterse CMJ, Trijssenaar A, Van ’t
Westende YAM, Hartog F, Van Loon LC. 1997.
Differential induction of systemic resistance in Arabidopsis by
biocontrol bacteria. Molecular Plant-Microbe Interactions 10:
716-24.

Wang L, Albert M, Einig E, First U, Krust D, Felix G.
2016. The pattern-recognition receptor CORE of Solanaceae
detects bacterial cold-shock protein. Nature Plants 2: 6185.

Wang L, Einig E, Almeida-Trapp M, Albert M,
Fliegmann J, Mithofer A, Kalbacher H, Felix G.
2018. The systemin receptor SYR1 enhances resistance
of tomato against herbivorous insects. Nature Plants 4:
152-156.

Watt SA, Tellstrom V, Patschkowski T, Niehaus K. 2006.
Identification of the bacterial superoxide dismutase (SodM) as
plant-inducible elicitor of an oxidative burst reaction in
tobacco cell suspension cultures. Journal of Biotechnology
126: 78-86.

Wei G, Kloepper JW, Tuzun S. 1991. Induction of systemic
resistance of cucumber to Colletrotichum orbiculare by select
strains  of  plant-growth ~ promoting  rhizobacteria.
Phytopathology 81:1508-1512.

Weller, D. M., Mavrodi, D. V., van Pelt, J. A., Pieterse, C. M.
J., van Loon, L. C., and Bakker, P. A. H. M. 2012. Induced
systemic resistance in  Arabidopsis thaliana against
Pseudomonas syringae pv. tomato by 2,4-
diacetylphloroglucinol-producing Pseudomonas fluorescens.
Phytopathology 102: 403-412.

Willmann R, Lajunen H.M, Erbs G, Newman MA, Kolb D,
Tsuda K, Katagiri F, Fliegmann J., Bono J.J, and
Cullimore, J.V. 2011. Arabidopsis lysin-motif proteins
LYM1 LYM3 CERK1 mediate bacterial peptidoglycan
sensing and immunity to bacterial infection. Proceedings of
the National Academy of Sciences 108(49):19824-19829.

Wulff BBH, Heese A, Tomlinson-Buhot L, Jones DA, de la
Pefia M., Jones JDG. 2009. The major specificity-
determining amino acids of the tomato Cf-9 disease resistance
protein are at hypervariable solvent-exposed positions in the
central leucine-rich repeats. Molecular Plant-Microbe
Interactions 22:1203-1213.

Yano A, Suzuki K, Uchimiya H, Shinshi H. 1998. Induction of
hypersensitive cell death by a fungal protein in cultures of
tobacco cells. Molecular Plant-Microbe Interactions 11:115—
123.

Zamioudis, Pieterse CMJ. 2012. Modulation of host immunity by
beneficial microbes. Molecular Plant-Microbe Interactions
25(2):139-150.

Zeidler D, Zahringer, U, Gerber |, Dubery I, Hartung T, Bors
W, Hutzler P, Durner J. 2004. Innate immunity in
Arabidopsis thaliana: Lipopolysaccharides activate nitric
oxide synthase (NOS) and induce defense genes. Proceedings
of the National Academy of Sciences 101: 15811-15816.

Zhang W, Fraiture M, Kolb D, Loéffelhardt B, Desaki Y,
Boutrot FF, Tor M, Zipfel C, Gust AA., Brunner F.
2013. Arabidopsis receptor-like protein30 and receptor-like
kinase suppressor of BIR1-1/EVERSHED mediate innate
immunity to necrotrophic fungi. Plant Cell 25(10):4227—4241.

Zhang X, Dong W, Sun J, Feng F, Deng Y. 2015. The receptor
kinase CERK1 has dual functions in symbiosis and immunity
signalling. Plant Journal. 81: 258-67

Zipfel C, Kunze G, Chinchilla D, Caniard A, Jones JDG, et al.
2006. Perception of the bacterial PAMP EF-Tu by the receptor
EFR restricts Agrobacterium-mediated transformation. Cell
125:749-60

Zipfel C, Robatzek S, Navarro L, Oakeley E.J, Jones J.D.,
Felix, G., and Boller, T. 2004. Bacterial disease resistance in
Arabidopsis through flagellin perception. Nature 428:764—
767.

\yYas ul*w.o)g)-db 1Y o lous /W 099 /w) W‘g&uaj (S -



https://dor.isc.ac/dor/20.1001.1.25885073.1396.6.2.7.1
http://gebsj.ir/article-1-205-fa.html

QL&L; BE J‘S g;."“l‘ JL:‘.«A ol CW

[ Downloaded from gebs.ir on 2026-06-01 ]

[ DOR: 20.1001.1.25885073.1396.6.2.7.1]

Innate immunity in plants

Vahid Fallahzadeh Mamaghani

Department of Plant Protection, Azarbaijan Shahid Madani University, Tabriz
Corresponding author: fallahzadeh@azaruniv.edu

Abstract

Innate immunity considered as the first defense line in insects and vertebrates against
microbial invasion. Vast researches in recent years have shown that there are considerable
similarities between the molecular organization of animal and plant systems for non-self-
recognition and anti-microbial defense. Like animals, plants are able to recognize microbe
associated molecular patterns (MAMPs) which are specific to microbes and are not found
in plants. Such structures, also called general elicitors of plant defense, are often inevitable
for microbial vita and their perception via specific receptors, aware the plant from
microbial invasion. The immunity triggered in plant after perception of MAMPs is called
MAMP Triggered Immunity (MTI). On the other hand, existence of such surveillance
system in plants has resulted in coevolution of microorganisms with plants to develop
effectors to disrupt and pass the MTI defense line. In the continuance of this competition,
plants have developed other mechanisms to recognize these effectors and created another
immunity called effector triggered immunity (ETI). The goal in this paper is to review the
last findings about different mechanisms of immunity in plant.
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