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Mechanism of the RXLR Effector Pc13306 of Phytophthora capsici
Regulating Plant Immunity
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Abstract: Phytophthora capsici is a damaging pathogen with a wide host range, causing devastating diseases such as root rot,
stem rot, leaf and fruit rot in plants from diverse families like Solanaceae, Cucurbitaceae, and Legumes. The diseases pose a
significant threat to the sustainability of related agricultural industries. In this study, we identified a key RXLR effector,
Pc13306, from the RXLR effector repertoire of P. capsici. The coding region of Pc13306 comprised 888 nucleotides, encod-
ing 295 amino acids, with a conserved RXLR motif residing at positions 34-37 in the N-terminal region. Utilizing a yeast se-
cretion system, we confirmed that the signal peptide of Pc13306 exhibited robust secretory activity. Quantitative real-time
PCR (qRT-PCR) analysis revealed that Pc13306 was specifically upregulated during the late stages of P. capsici infection.
Through agrobacterium-mediated transient transformation of Nicotiana benthamiana Pc13306 was demonstrated to signifi-
cantly enhance lesion expansion and pathogen biomass accumulation, thereby improving infection efficiency. Moreover,
Pc13306 induced reactive oxygen species (ROS) bursts and hypersensitive response (HR). Further exploration into the regu-
latory mechanism of Pc13306 in plant immunity revealed that it activated the salicylic acid (SA) signaling pathway and auto-
phagy processes. Notably, Pc13306 markedly upregulated the expression of core genes involved in pattern-triggered immunity
(PTI), indicating its role in modulating plant immune responses. The findings would provide insights into the interaction
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mechanisms between P. capsici and its host, and facilitate the development of targeted disease control strategies focusing on

effectors.
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B FS I ( Phytophthora.capsici ) W77 1)
Z, BRfaFEARMWIN, XPaE . SR #AREEE
W5 A AU o R SR AR Y SR L R
A, C A RS AR P A ik A v iy S8 KCME
BBl R, R ARG BRHURE B T B0 L N
I TIRE S AHCHLE], S By 42 R0 i 4 OGS Y
I FHLEL .

A EAE Y 50 R R AR P R A R
AL — 2 = B 2 H B SR I 2 2 IR e B
AR, EMEYERRIERS . R RFENZOHL
il A0, & Bk % 2% ( PAMP-triggered immunity,
PTIL ) FHRL N 43 F fiik A& %9 ( Effector-triggered
immunity, ETI ), 38 1< 4% v TR )50 B B AH 5 2 T8
7 ( Pathogen-associated molecular patterns,
PAMPs ) B H 7 W RY0 73+ ( Effectors ), i
R A Wasla ki o) A VA TN b5 s
Refe HE A\ ZF EAEY A M S A AR Rl B, S5 AF EAEY
0 N R AR e TAHEAE T, AT T B g Ay
FEAE W ) G g S AN AE FR A AR, DA R D T
P MBI —2K/Nr TY R EEARY, Hd,
RXLR 2R 43 P N s 51 1) RXLR( Arg-X-
Leu-Arg )-dEER ( Asp-Glu-Glu-Arg ) #%iz 35 (18
WALTE ST ) IS MN Sz, EmfER
5 E B IR A B N I 4% 52 561, H C
Ui 507 S8 D) B AT 3 ) 2 S S OE MR B REE
B5WEERREAE. e R RB0EL ETI JfE
f1h S X 4R

HHT, A XHRE R RXLR RN 4> T A7
e FE b iy BAR D fe SO BTSS0S i i A
Ao I, TR BRARUE R BN 4T 1 D Re
MU S G EEAREAR , X T e B R 25 TR
WML R CEZ . RS AETT TAE Fi 2k
— A~ N i 77 A5 B RXLR P 5F 3 e Ao A5 58 R0 43
T Pcl13306. 7EMLILAN b, ABFFITIE TiZE0M
53 10 R R RN R 2 S e AL AE T TR A, 4
TR RN AT BRBURE R 5 1 £ BAENLE T &
B B R[] R0 43 O 7 4R SR s 4 AR 1 4K
P, B EE S S ORI AN E .

1 MB5HEE
1.1 Rt
1.1.1 A B ( Capsicum annuum ) T
fm AP CB226 FIA [RAHE ( Nicotiana benthamiana )
B P v R e A B AR AL
1.12 HHEAEA  HHUERRE (P capsici) taifE
Wik LT1534 FIBEN i ik 2k pCAMBIA1300-
GFP HiifFpg K2 m Epriefit . WA E
( Agrobacterium tumefaciens ) H ik GV3101 J&3Z
AW A L E R R BR AR, W
( Saccharomyces cerevisiae )[Ffk YTK12 322 |
pSUC2 R AR I B 1 X B Tk pSUC2-Avr1b®® 20
H b R R A RA A
1.1.3  £%4X# TIANprep Mini Plasmid Kit Jit
RN & . Universal DNA Purification Kit if
FH#Y DNA gl [mfScial ) & 3 R AR A= bR
7 ) HFRAT] . All-in-one RT SuperMix Perfect for
qPCR S f#% 54858 & . CloneExpress 11 One Step
Cloning Kit JC4% va X7 & . Phanta Max Su-
per-Fidelity DNA Polymerase = f#EH DNA £ & i
A& [ AR R AR A E . TB
Green Premix Ex Taq IT SERY 28652 18 A B ek =
B (qPCR) iRAF & F H A% TaKaRa AH], %5
Wy s i s e 0 Y4 K . Omni-Easy — 20k
PAGE & fie e il 510500 & 0 [ 1 v o il A= ) =
iRl AR /AFl . HiPure Universal RNA Mini Kit
A RNA fhag il /) N S22 A YR
AR ] o AT BT FBR 1 N D0 H 36
BioLabs 7% w] , 3,3- 7 4 J Bt 4 i DU 3 1R
( 3,3-Diaminobenzidine tetrahydrochloride ,
DAB ).2,3, 5-5{ b = K 5L U Z(me( 2,3,5-triphenylt-
etrazolium chloride, TTC ) g {4 TAEY) T ( I
) AT, CMD-W #5250 [ b 5
AR A RA R, HAbRR B0 B ™ 44l
LB #5554 7 AL BC 7 il & o
1.2 A&
1.2.1  Pcl3306 o s A Bk 5%
LAMOUR %51Vt Jy 1 , 2 O 25 741 14 & RNA
It 5% 5k cDNA #R 4% FungiDB ( https://fungidb.



5511 34 T ESE: BRMURER B RXLR RN 43T Pe13306 1A #54  fe 58 AL AT 5T 2561

org/fungidb/app/record/dataset/NCBITAXON 7639
24 ) B PR E A U RS T LT1534 194
FENAFS), FIH DNAMAN /it DVHO5
013306 [ CDS X HYJF4 5149 Pcl13306-F i
Pcl13306-R (% 1), ¥ CDS /%41, pPCAMBIA1300-

GFP Ik i 3 38 B AR 4 M A 5 i FH JC 4% e e ik 57
SRR LA B W R Bl T i, Y
4k DHSo KMEEZ A H51 9% pl300GFP-
13306-F il p1300GFP-13306-R (& 1) #EA7HI7%
PCR B5HiF, i P v B J5 a4 700 304

®1 AHREASY

Tab. 1 Primers used in this study

5|¥)4 ¢ Primer name 517451 (5'-3") Primer sequence (5'-3') J# Usage
Pc13306-F ATGCGTCTCTCCTTCTTCCTCA P
Pc13306-R CTAGGCCGCAGCAGTGGAT

p1300GFP-13306-F GAGAACACGGGGGACTCTAGAATGCGTCTCTCCTTCTTCCTCA FEREARA P 1

p1300GFP-13306-R

GCCCTTGCTCACCATGGATCCGGCCGCAGCAGTGGAT

p1300GFP-F TGGAGAGAACACGGGGGAC pCAMBIA1300-GFP il /3
p1300GFP-R GCTGAACTTGTGGCCGTTTAC

13306-SP-F AGCTCGGAATTTTAATTAAGATGCGTCTCTCCTTCTTC Pc13306 {55 Ik 1%
13306-SP-R GACTCACTATAGGGAGAACCTGCGTTTGAGAGGCTGATG

pSUC2-F GGTGTGAAGTGGACCAAAGGTCTA pSUC2 il)F
pSUC2-R CCTCGTCATTGTTCTCGTTCCCTT

qPCR13306-F CTTACGACGAGTTCGGGCAA qPCR
qPCR13306-R GGGCGATTTCGTCATCACTG

qPCEF1la-F GGTCAGATCGGCAACGGTTACTC

qPCEF1la-R GCAGGCATCACCCGACTTCAC

qNbPR1a-F CCGCCTTCCCTCAACTCAAC

qNbPR1a-R GCACAACCAAGACGTACTGAG

qNbPR2-F AGGTGTTTGCTATGGAATGC

qNbPR2-R TCTGTACCCACCATCTTGC

qNbATG8a-F CACCCACTTGAAAGGCGACAGGC

qNbATG8a-R GCCTTCTCAGCACTAAGCTTTATTCTC

qNbHMGR2-F GTGGCGTGAGAAAATCAGGAA

qNbHMGR2-R CTGGAAACGAACGACTGGACA

qNbSERK3/BAKI-F
qNbSERK3/BAK1-R

CTGGGTCTTTCTATGCTTAATTCGG
AGCATCACCTTCAGCGTTACC

qNbWRKY8-F TCTTTAGCCGTCCAGCCTTACA
qNbWRKY8-R CACTTTCGCTTTCTCTTTTCCA
qNbRXEGI1-F ACTTGACGTTGATGATGATTTTCCA
qNbRXEGI-R TTCCCCAGAATGCAACAAAGA
qNbGAPDH-F AGGACAAGGCTGCTGCTCAC
qNbGAPDH-R TGGCTTGTATTCCTTCTCGTTGAC

1.2.2 Pcl3306 R kBEX o4 S iskapagl]
1) 7 S U B A (W A T R s A 7, 42
B RNA I 5085 57 57 cDNA K U 55 4 LT1534
FERR TR F kAL, A TR A ) 0540 B A
DS HUU H, $RE RNA JE 554 cDNA.,
PISHUE R PcEF1-0 NS IEA, LI LT1534
i) cDNA A% RE K3 TB Green o a4 A7 &

UL BRECH] qPCR itk RIFBEE AN FEY, &
HIYPHIER 1, BORNIE 3 AER, R
f 27AAC LSBT Pe13306 15 4 it B v T 1 4K Y
FIAE YIS AT Fe ik o 2T AP Oy
2:, R qRT-PCR 485 7 i H AR R I Gl ask 7
BAR Fr 4N Pe13306 B94% L%, Lh5& Pcl3306
Fr BERY T4 ORI RS RERR R (10°~10" #5 D1/l ) F 2k
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1.2.3 Pcl3306 #9125 ko akbiEHibie S
YIN S5O0 053 SR FH AR I & 08 e 5 750 R
REE#E YTK12 B30E Pcl13306 15 5 JIK A0 20 Wi e
% SignalP 5.0 Tl Pc13306 15 5 k¥4, HHEE
HARMA pSUC2-Pc13306%°, FIFHEEIRER AL E
YTKI12 FEBRARM, S8 YIN 6008 ik 417
B AT TTC (8 s W 30 e (5 55 IR 73 M T g o
1.2.4  Pcl3306 f£ A KA E b 42 sk g 5 6 42
Feoy e i R ARAT A 300 B RIS
RIS 43 F Pcl13306 FEBUHUE R i 2 Yt #
M ThRESEAT A9 . S IREMSE "I ik, ¥
pCAMBIA1300-GFP %5 #{&Fl Pc13306-GFP H 4]
JERLIT N EEAL EARFTE GV3101, fifi vk H BH 5%
fEFJ5, H 100 pmol/L ZBE T A& E il £ ODgoo N
1.0 BB, 5 RNA UUBRIIHIHF P19 FA R
LRBURA ST, 48 h R EEFMBAEREE, 25 C
WEOEHEFE 72 h, FIJH Image T HAFGHHEBE TR
[ LA [CAA B NbGAPDH RN S5, LIS
JERE W PcEF1-a NHESEH, R A qRT-PCR 4 A K
WU AT (R AR O AR P

1.2.5 Pcl3306 % & &k K-FHiE NIKIE
Pc13306 7EAS FMH & () Bt ik 1 e, Bk A
HAHEA T B PR, FEA A S 3 IR (wir)
ARG MR UK 53R, T 4°C 14 000 r/min
B0 15 min, Y4B BWEW, BUE & BIEROMA
4xLoading buffer, #/K{FZEPE 10 min JF UK. &
SDS-PAGE 45 & 8 [ J¢ UL LGRS, FIIH GFP —
Y. —Hiidk4T Western blot #:0, HHE 554007 K/NH]
Wr Pc13306 fltA 85 2R TH O, RIS HE1 725 T
SEWE YL DL IE A ViGHE AR B AR — S0k
12.6 DAB #&tmEREMAE Tk I 5
IS T PAMP )flg22 755 i35 14 48 ROS )
Bk, R 33-THEEN RN (DAB) A4k
Je e kUG ROS. FAS M EE M FE 4 ODgoo
N0 WA BLRAFEEW 48 h 5, BTN
1 umol/L flg22 Z IKIE WIS FRIER N, #CHFF
5~10 min J5MABEEBCHIH) DAB Qe , kot
PR YLt 4~8 ho B/, HEAW (JTTKOEE - UK
BtEds - Hh=3 : 1 : 1, v/v/v) & 4(15+5)min
FIERRSE A LBR, AR IR R i 30 min.
At R, THAEDE T WEI L sk G PR
TR,

1.2.7 SHERTE BT T Pcl3306

BRI MIET RN, & A Pel3306 HH ALK
TR %) B8 S A LR B o B X R (CKO)
RTCARFFRE AW, FHYEXTIE (INF1) R 3oRe
B W R R, AT SR AN IRIE
73 GFP 2 R W AR IE S I R A 5O
YRR, A 3~5 d WLESAR PR E A
128 AREKMBELZEAAXAREFKFSH L
A MRS IL ] NbGAPDH N %, pCAMBIA1300-
GFP Jy %t B, SR qRT-PCR 46 i 7 [G 40 2 4 28 4
KL R IKKE, FERAE 274 Bt ae %

BLy g8

2 HR5H5H
2.1 Pcl3306 MF 3D ARG A ERBEE

JET NCBI U & H BRAURE 85 1 LT 1534 BBk
H LA P9 M B, Pc13306 FERIASE &
T, H4tsX (CDS) MBS E T, KE
888 nt, WHEIRIT I MR, Pcl13306 Gttt
295 SR (aa), WS4 30.8 kDa, H:
A5 5k (SP; 45 1~24 fi aa ). RXLR %4
Fa 3 (55 34~37 i aa ) F dEER #£/57 (58 106~111
¥ aa ), £ 4 L7 RXLR B0 43T A9 45 A HRAE (1
1A ). RELEB MR IR, Pcl3306 E IR T
H) (BFES KAG1710580.1 ) 5 [EFER [ BARE
AR R PR LT1534 (1) DVHOS5_013315( % 5%
KAG1710591.1 ) EA 5 fmi (07 F AR U 85.19% )
(K 1B ),
2.2 Pcl3306 RixER 547

BRI RN BT 5, FRER( <24 h)
FEFRMOK B BEMEAR SR, H ] (24~48 h) RI Ny
AFRNK B R A8 AR, ] (48 h) il
PR ARG AR SR AEEE | R i 3 PR Aor oh B (5
R CREALL ), At F s . B g i)
fER (72 h) BRI UK RS A a5 2
( & 2A ), K qRT-PCR 4 Pc13306 1 HHIE
HE AL BB RLE, K Pcl3306 7EiiF
YT BILFARS, MERTENBEERD
EEFRE (K 2B ), 2GR Pc13306 759
JE TR A PN 11 2R 2R /KT 34 i I X IR (CKO),
IFTER Y 36 h AR (& 2C), i Pe13306
TEBA b i Rk KO B3 TXF R4, Hiz
Yef5 24 h BJFGR = ik (B 2D ). R4 e &
qPCR Xf Pc13306 7EAE 440 M N 145 DUEGHAT 7
M, KREZ I Pc13306 DL EAR, f24% 12 h
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A SP RXLR dEER motif
1 24 3437 106111 295
B Phytophthora palmivora (POM65730.1)

Phytophthora palmivora (POM59883.1)
Phytophthora pseudosyringae PHYPSEUDO 012850 (KAG7376724.1)

9 Phytophthora cinnamomi ON010 g11828 (KAJ8544439.1)

Phytophthora fragariaefolia (GMF28630.1)

Phytophthora citrophthora P3T76 003319 (KAK1944786.1)

Phytophthora oleae V7543 003249 (KAL3671319.1)

Phytophthora capsici DVHO5 013367 (KAG1710643.1)
Phytophthora citrophthora P3T76 003323 (KAK1944790.1)
Phytophthora citrophthora P3T76 003274 (KAK1944741.1)

DVHO05 013306

Tree scale 0.08 Phytophthora capsici DVHO05 013315(KAG1710591.1)

A: Pcl13306 EILMKCHEIfEI; B: Pc13306 -5 HFFRE AN RS HR
A: The pivotal functional domain of the Pc13306 amino acid sequence; B: Phylogenetic analysis of Pc13306 protein and homologous protein.

Bl 1 Pcl3306 FAloHiRSELZEREE

Fig. 1 Sequence analysis of Pc13306 and construction of phylogenetic tree
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ns indicates no significant (P>0.05), * indicates significant difference (P<0.05).
B 2 Pcl3306 EHMEBEEEMEHRAERT

Fig. 2 Detection of Pc13306 expression at infection stage of P. capsici
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J& , B DUVBOT IR B T (B 2B ). DU E25 SRR,
Pc13306 F=ZEAE BB R W 1R Y5 R FEVE R
2.3 Pcl3306 M= SIKEF N INEE

SignalP 5.0 #AFHIN 7w , Pc13306 1) N I s
1~24 7 B MR 15 5 IKF 51 8% pSUC2-Pc13306°"
Al G 2R T b 2 R T B R TR B B R YTK12
H, ZILE pSUC2 Eik i k778 CMD-W }i 5%
B EEFAK, RUBTRRIIEA YTK12
FRBR P TR 4 6 RE R B B TR (SUC2 ) Bl i ASBE
I AR THE , Bore AR T B0 ME— IR Y YPRAA
B3 b, pSUC2-Avr1bS® ( FH M xR ) 5
pSUC2-Pc13306°" #1k Tl id 5 5 ik 51 % SuC2
O3 ZE AN K AR THE, UL RERSAE R R 3 -
IEH AR, i pSUC2 28 #RAR UK 15 515 T S
PRI AR (K 3 ), i — 2 TTC 6
Kl & 3, pSUC2-Pc133065F 4L T i 41 43
(1) SUC2 7K fift I A LR 5 b, 38 Ji TTC JE 4L
@ (TPF), H 5B 5 HM X R —2, 1k
5% Pel3306 M {55 BREA 4 s E (& 3 ),
2.4 R4 F Pcl3306 iE 18 ) 5 5 B I8 F
2.4.1 Pcl3306 A4 38 R AL E B A KK IR
MR A NIERIE Pcl3306 TEHMUE T H i
Yo B R TIRE , A AR KT B A T BB 238 R
45 5 Pel3306-GFP fil & 8 B A FT 7 B 77
W5 RNA PLERINEIH F P19 AT B8 B 77 T LA
ERBHAIRA S, IR A 7812 24 h
J& 1 B s BN B T PR D, AR HEFD 48 h
JE N R AR e 1E Ol o S5 R WoR , BT Rk

Pc13306
-GFP

ﬁ%m 17\

Lesion area/cm?
N

GFP Pc13306-GFP

B FR Strain

M: ZETESE S FabrfE WI103; CBB: % H e if Yo @78 M E it

FENF Y

Pc13306-GFP I Jy v (1) 5 B 1 AR (i 3 K T 25 48
AXTBRZ (GFP) (B 4A), £ Pc13306 Hy#E
K e 8 A1 2F AR B TR 7E A IR 7L AR e
J& . JE—Ed qQRT-PCR M7 iE A Hb g T 18 1)
FIXHEY R, 450 BN, Pcl3306-GFP ik i
H IR DR AR ) o R T S AR IR (A
4B ), %45 B 5k R R AU EL — 2L, [F B, Western
blot K MI3IE 52 Pc13306-GEP §ill & 25 1 78 S 56 i
kIR (B 4C ), DL B4 REW, Btk
Pc13306 535 1Y 580 1 BRAUE B I 0 A (G B 1 1=
Peheds .

pSUC2-
Avrlb®

pSUC2-

YTK12 Pc13306%°

pSUC2

CMD-W

YPRAA

TTC

CMD-W: B MRET 973, YPRRA : BEFEIR (R T 3
TTC: W ; YTKI2 Al pSUC2: Bi:xtiE;
pSUC2-Avr1b%": PHPEXT A,

CMD-W: Tryptophan-deficient medium; YPRRA: Yeast peptone

raffinosine medium; TTC: Chromogenic solution; YTK12 and
pSUC2: Negative control; pSUC2-Avr1b®’: Positive control.

B 3 Pcl3306 {55 Bk 5 ik Th REBEIE
Fig. 3 Verification of secretory function of Pc13306 signal

peptide
68
-
C S N>
. s > & <
20 —
70 | -
g 15 -—
g 35 | -
.9 e
fia)
I 25 | D=
'g 10
B -—
cE|
-
s -
GFP Pc13306-GFP
Btk Strain

*RoNZEF B (P<0.05),

M: Multicolor prestained protein marker WJ103; CBB: Coomassie brilliant blue staining for protein quantification; *indicates significant
difference (P<0.05).

B 4 Pcl3306 BEBIR EHEMBEERE X AR EENE L

Fig. 4

Infection promotion of N. benthamiana leaves by P. capsici Pc13306
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242 Pcl3306 s Rt iERAMBE  KIKMT
WA FIEFEA [ & iR BB 38 Pe13306-
GFP B A, JHfEHRIE 48 h J5 UM E 4
PAMPs H B 2R AT AE IR f1g22 #1715 S AR HE
K 3,3- & ILBR M ( DAB) Yok K AR 1)
P4 (ROS ) A K- S5 En, BEef

35 Pc13306-GFP [yt J b ROS 1 4 T AR ik 25 3
Jm (K sA, K SB). Al Pc13306 it Fikxt
ROS 1 & AH 53 I 3B 152, X ROS ARk SE
NbRbohA F1 NbRbohB fFHXT Rk w1 TRzl , &
MoHA R E FIRHRE (K 5C), LiRg5 R FE
Pc13306 A fig 16 11 S % o

A flg22 ddH,0 BC
Pc13306- GFP Pc13306- GFP
GFP GFP
6! L
Ky 4 i ¥ | i A
» - 1 ;
B c NbRboh4 NbRbohB
251 . 6 .

— —
4 % 20 %
&( — —

=35 wWs | W5 4
ng Q% 15 X
H g ® & ® &
i E3 78
ﬁ : E ) 10 E Py

¥ o & 2 2
~ 3 =
g 05F &

0 0—————III
8 8 8 3
<3 & & &
& &
> W)
N >
QO Q(J
HEIAAE R Test plants HEIAAERR Test plants AEIAAE R Test plants

A: f1g22 RiFEFAE, ddH,0 AEFIXTIR, BC A AX I, B: HHABRAEFIMT; C: &M A bR R M FE B B A X 223k el 5
*RARERBE (P<0.05),

A: Flg22 is induction treatment, ddH,O is solvent control, BC is blank control; B: ROS burst area statistics;

* indicates significant difference (P<0.05).

B 5

iE S A

Fig. 5 Reactive oxygen species detection

243 Pcl3306 FlALAKIAE et N3/ NI
Pc13306 5 FAYIAMMBLT-EE ST, TEA [RAHF T
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BC: Suspension without Agrobacterium; INF1: Positive control group inducing plant cell necrosis; PC13306-GFP: Treatment group with
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transient overexpression of Pc13306; GFP: Green fluorescent protein that cannot induce necrosis.
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Fig. 6 Death of N. benthamiana cells caused by Pc13306
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Fig. 7 Expression levels of defence-related genes in N. benthamiana
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