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Functional analysis of plant immune regula-
tor OsPtila in rice

Hidenori Matsui
(Course of Applied Plant Science)

An understanding of plant immune systems is important
for crop breeding with enhanced disease resistance against
pathogen infection. Previous studies reveal that plant has
evolved two types of defense mechanisms, which are called
“basal resistance” and “R-gene mediated resistance”, for
protecting thewrselves from pathogen attack. Recent studies
suggest that both defense systems use a common pathway to
activate defense responses, however, the downstream
components in both pathways are still obscure.

OsPto-interacting protein la (OsPtila), which is a
functional ortholog of tomato Ptil, negatively regulates both
basal resistance and R-gene mediated resistance in rice.
osptila mutant shows lesion formation and accompanying
defense responses without pathogen infection. OsPtila is
phosphorylated by upstream kinase oxidative signal
induciblel (OsOxil) and the phosphorylation of OsPtila
has an important role in activating basal resistance against
pathogen infection. Additionally, OsOxil is phosphorylated
by upstream kinase 3-phosphoinotiside-dependent protein
kinase 1 (OsPdkl). OsPdkl has an important role for
activating basal resistance against compatible pathogen
infection. Therefore, OsPdk1-OsOxil-OsPtila phosphory-
lation cascade regulates proper activation of basal resistance
in rice

Interestingly, OsPtila localizes at plasma membrane, and
cellular localization of OsPtila has an important function
in suppvessing lesion formation. Especially, N-terminal
amino acid sequences of OsPtila have a post-translational
modification for binding to plasma membrane. Further,
OsPtila forms complexes with potentially plant immune
related proteins at plasma membrane, suggesting that
plasma membrane localized OsPtila probably regulates
plant immune complex through its phosphorylation during
pathogen infection.
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WAEMPGEELTRBY, B Th, EMIMETEX 2L 0IF
1 FEREFEET L EEZONTWD, BIZIE, 1 RI25
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TP BBH - ORERE I LT, L2 AL T b
EEZDLIENTEDL, INS, MWDK ET LM AN =
A 5O AFER 2 B, R 2 I 1 O B R,
Bt A 71 = X 2 OfEMEALZ BAY & L7z BEO RIS
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FEINDL. PAMP/MAMP OFEakZfE, G 1PEEE Sl
DER, BV LA F DA, MAP kinase D
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EHLIL, ETWVHETEMY TH 5 1 4 (Oryvza sativa)
ZHWTC, WW»E T BRI O ) LA T
72 APIHAOEEE LTRDPT I EDTERWE
WTHHIZFTHRL, &F 7 AEYVOFRE, 7 594
AO/NEE (F430 Mb), TEEEZIRT & 2 mfE DT
e h ifl;, ChETITHEDLNTELLLOHARLR
& WAL LTELoREEELTWEY. E51C
X, WER NI VAR Y Tosl7 # Wiz a—% 2 b
Y7IA4 QML) ERAOHUSHTTRETH 5.
KFETIEA FDMIFIERA 1 = XL DFNT S -2 TE 7
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BUREIZ B1% osptila D Eigf & HAEMET

A 32D Tos17 I 2—% ¥ F2S3OVIE, EEAY) &R
e CHAR SN NFENE N 5V AR VI K BZERIES
A THHOW FlEL LT, WEED LT VAR
¥ Tosl7 B8R L o TIMAL & ¥ 5 2 L THeth
B EANOHHRIFAZRL, ZRARME HHEL T35
CEHDL. WIED P T Y AR VIZE o TS5
BEFRETHLZ D0, #ETFHMEZATIERC,
ENTORE b ReE 20, KHBEZA ) —= 7 b
fE& LT\ aY. WWAH T 2 KPR O BfF 12 )
T, Tosl7 3 2—4 2 FSANWVEY A7) —= 2 7 )T
bizfEg, BOGNBERZE 2y, SIFEO 1 2 b b
SR U IR 2 7R § ttm1 (Tos 17 triggered muta-
tion 1) ZERARDSHEES N/ wm] ZEEARL, BALC
IX30H Al fA, (RZE N TIE40 H ATk CHRAMAEEE 2 TERE L,
BHYORBEI PR, — OIS A ANE AL 5. H
HEETE, M~ by o878 VLS Pto O
HAEHNT- Pto-interacting protein 1 (Pti 1) E{5T-FRE
07 CTHY), OsPtila &S, SIPto (3B
\Z Pseudomonas syringae O avr BIn¥ avrPto (2% 3 %
REEEFELTHMONTELYY, SIPH] b % 37 E
) VLB R 32— KL, SlPto 25 YEREE 2T 5.
S 512, SIPH] & BRIZEB S SRR S N a TR
HR D ER L7722 &5, HR DIEDOHIHIHFT- £ E 2 51
TWBY —J5, osptila 725 BARITH IR B2 PRV —
OB IS EDENEALT 5 2 &, osptila ZERAK~D
SIPt1 BT OO R, SIPH] BETI2LD,
osptila B RARTRO SN L RBHPE LI S
7 oF ), MY MEA XTI PUIY v HOERE
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PUEAMET L7z 2 &5 5, OsPtila O 53 13 A AY
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osptila 22 FfE D FIRBETE A AE D WPk 0 iG 1AL
7%, R-gene mediated resistance (ZAKfES 2 DMFNT 5
729, R & X7 EOHIENIEE S OsRARI (required
for Mla-12 resistance) "D A L v ¥ ¥ ZFhfrbii:.
osptila ZERKIZBNWT OsRARI # ALY v 7§ 5
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OsPtila (ZEBEAYIES T & R-gene mediated resistance
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OsPtila 73l A 77 = X 25 OFFFICWIT T, FHEAE
FHEF OFE %R M 7AER, OsPtila OFHEAEHE T &
LT, AGCHFF—¥77 31 —d0sOxil (oxidative
signal induciblel) 2SHEEi SN/, YO X F X F 2B
T AtOxil \ZIHERRFE > 7V CHERIZTFRIADSFE SN
HigfaT- b U CHEES Y, Atoxi] 28 BARIT B A AL &
eE L ¢, H,O, WLEEEF Mitogen activation protein
kinase3, 6 (MPK3, 6) oiEMibsRI s nwz b
R, MRFERCTH DO A XF AT R EJFHH O EYLED
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TIEY O A X F XFREFFRIINT 2 D AT &
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FXFIZBWTH, AtOxil #°Ptil AET 7 AtPtil-2 &
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R RBPFEEND. £72, O0sOxily, - - GUS
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HIRE O HR RE R C GUS Jetehiilo sz, 4
A BIRE O RGLEBALE 8 TIE IR E OB b iR
ENFzZEDBD, SR ORGP D G R A AT
OsOxi] BInFHBAZFEL b EEZ LN T2,
0sOxil ¥ ¥ 737 H 1% H0, LELfZ 1055 T— iy 221) >
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5 X F LS 5 TH Y VAR S Y. £ 2
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BERAHE ISR LTl AR & e L IR E R L
7220 2% ), OsOxil (ZFEBEIKPUEO I F ST 5
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W2, 0sOxil 12 & A OsPtila @) ¥ ERALERAL % AT L
7z. OsOxil 1% OsPtila 233K EHD AL+ = %) VB
L L7722, Z#id, SlPto 12 X 5 SIPtil @Y »ER{LER &
Ll L Cw7e?. 22T, OsPtila® V) v b =M
L NPICT L7290, OsPtilaoETY v BILICLE %
WHED) D VFEEEAE T ANT F B L 7 A
K, OsPtila ®233FHDO AL F = V&L T I =V I2iE
e L 7o AR AR 70 & NI 3 &2 B3R L 7oA i 2V
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Fig. 1

Phylogenetic tree of Pto-interacting protein in several species.

Full length of predicted amino acid sequences of Ptil protein in these species was calculated by Clustal W program.
Phylogenetic tree was visualized by TreeView program and number on each node indicates the bootstrap value, Gene anno-
tation number was used from Phytozome version 10.3. Pti1 family protein was classfied into three types by N-terminal amino
acid sequences. N-terminal amino acid sequences of each subgroup were visualized by WebLogo version 3.0.
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Fig. 2 OsPtila-mediated phosphorylation pathway in rice.

OsPtila & [\ U < subgroupll IZJ& 3 4. HHEREW T &
12, AtPtil-4 3 MPK6 %% —47 v b & LTV VERILT
L2 THRL, MPK6IZE»>CTY VB LS NS L5 &
n7z?. A R 2BV T OsMPK6 134l e o1& kIS
EELBAILEETH 5 0%% | OsPtila 28 MPK cascade
X o THIEZZT 203450 E 2HRYITHY, 4tk
DFFAEIoND, TOXHIZ, vaf XFXFI2i
Ptil REQ ZDI0EFAE L TB Y, TOBENITEN
o, BEAKZ H NI ICHEETH 5 (Fig.1).
— T, £ A121L OsPtila ®F&EFT 7 & LT OsPtilb 28
FHEL TV 5D, OsPlb BT OFEIITITE A
TELWI ENSY, osptila ZERAR TR HBEAEAL L
LR IND, O L) nEaNIUESEE RIEEL,
LT OB & VY BLEPH A AT VD 2 LITHER)
LFETHLEEZOND. T2, BEWITEME BT,
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77 3 —ICPl AEQFDP—BIZTF LAFEL W
VR AV YN AT BTN D D 2 <‘: ?l)
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D572, %ﬂ%@f@l@?d‘f)‘%ﬁ&)%z%@
WdHbHIEHD .

Pdk1-Oxi1-Pti1 U > E{EV L —IC K 2 EBERRMED
)

AGC ¥ F—¥T77 IV =% U L, Loy 23
78) ViRt 3-phosphoinositide-dependent protein
kinase 1 (Pdkl) (2 & o CTHIf S 227529 By <
1%, phosphoinositide 3-kinase (PI3K) % 4 L 7z phospha-
tidylinositol (PtdIns)lipids @V Y ER{LIZFEVEAE S LD

Ptdlns (3,4,5) P52 & o T Pdkl 2350EMAL L, T
WY oEEERE T2 EPMOENTWDEY il
Ptdlns (3,4,5) P;idEAE SN Wiz, AtPdk1 1
Phosphatidic acid (PA) % Ptdlns (4,5) P,&#E& L,
HHALT A SN TWE2Y Z Tz, AtOxil
OMEAFEHK T & LT AtPdkl 28 % S, AtPdkl 28
AtOxil # V) Y IEfbd 5 Z &, AtPdkl V) » FRALIGHEAS
L) ¥ —Tdh b MPaEE S R Xylanase X° PA T
AL L 722 s, RO 7 F IRZEIZEH5T %
EHIEENZY, L RI2BWTH OsPdkl & 0sOxil 1
MEMEA L, OsPdkl A% OsOxil ®283FHD+ ) » % 1)
UERIETH 2L, OsPdkl 28 % —ThHLFF R
PAMLEETY VELENA Z L WA LY, 50
(&, MFLEE 1 ICfEE S A OsCEBIP® & OsCERK1™ 5%
BRI E o TR S, TiRICY T IV ERmET S, F

72, AFRTIEFFUUEIZEL) PAPERT LI EHH
ENTWE®H . X5 BH#kt4 D OsPdkl @) > FRILHE

REICB L Cld, FFMIERHTH A8, F7 2 @GkI2PE
PA B PA 7 F D~ & Ho T EHER S L
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