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sive hyphal membrane, EIHM) & B, &1 EIHM 5 4% 3 i £ 20 i B T % 69 S S 1M 1 18] 3050 & & 43 ik
g sk 2B, WM, ERBRBRAREIETRHR—ABEAHIMGEH — FREAREADA
44k (biotrophic interfacial complex, BIC), '€ #645 R E d 2l L ikt WL R L&A . ZLLE
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i 2 18] #% ) 69 45 F AL
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Secretory Characteristics of the Pyricularia oryzae Effectors and Their

Intercellular Translocation in Rice Cells

Wu Min', Chen Feng?, Lin Fucheng', Liu Xiaohong'*

(‘State Key Laboratory for Rice Biology, Biotechnology Institute, Zhejiang University, Hangzhou, 310058 China;
*Taizhou Customs, Taizhou 318000, China)

Abstract In order to invade the plant effectively, many plant pathogens deliver various effector proteins into
host cells to regulate plant defenses and intracellular processes. The effectors of the rice blast fungus are divided into two
species according to the different localization features, cytoplasmic effectors and apoplastic effectors. In the infection pro-
cess, the invasive hyphaes (IH) are surrounded by a plant-derived extrainvasive hyphal membrane (EIHM). The apoplas-
tic compartment formed by EIHM and hyphal cell wall become to the necessary channel for effector to deliver. In addi-
tion, a highly localized structure, biotrophic interfacial complex (BIC) is formed in the infection process. The cytoplasmic
effectors delivered by IH could be accumulated in BIC. In this review, the functions of effectors and their translocation in
Pyricularia oryzae were illustrated. We introduced two important stages of the formation of BIC and illustrated the loca-
tion characteristics and dynamic process of different effectors translocation. These reveal the molecular mechanisms of
effectors secretion into BIC, translocation into rice cells, and cell-to-cell movement in rice.
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KFERMA FEENREEY . —, HT%E
9K LRI T (Pyricularia oryzae) 5| 2 8 6 7
(Rice blast)A — Pz KRG AL 72 (1) A BR PR 5, BR4F
SR KB H10%~30%, X tH FAR & 2 4G i T
FEEE ) M . E AT, FREE R O RO — PRI ST R
PSR 2 18] BAE B AR

RPN S T NRGIRE  E 7/ RS B g0
Je R G R G BT R S, AR DR R B 4 1 AR =
ANTF, HE W 5 R 9 9 53 NPTI(PAMP-triggered im-
munity) ¥ FIETI(effector-triggered immunity) /s !
(Bl1). PTIR & EMY R M5 — BB, W5
B L 25 R, o3 T 3 T DR 51 B AH G 73 T B 2
(PAMPs) % 2 = [ 52 4R 71, 52 B0 I B8 A Be B )
12 g ar 3. PAMPS'H i 75 48 i (1) 51 714 o 4k A
B, H AT 4e f5 %€ 20 YIPAMPs A 41 1 Hif B 2 1
(flagellin, fig22). Ak % ¥ (peptidoglycan, PGN). Jl
% #E(lipopolysaccharides, LPS). H. 14 4l g B £ #ik
(polysaccharide). JLT Jfi(chitin). 78 5 # (glucan)%%
W 5 5 T T R BT A A ) AN B S R AL, 0 R B
BEARAT T 1070 WA N B R T A AR 5
— 18 [ 26 1 68 71, B AETS(effector-triggred suscep-
tibility). 208 8 FE Y R B 5 % A BAFE
T e AR R B0 AH SC R R 72 ), A AR B A
ANBERE IR ) BRI 40 e 52346 3 1 32 4 i o DA

W_5 O\

S, SRR EAR, RIS EER . Sk, &
FHY e T 55 T8 Bl 28 ——ETl(effector-
triggered immunity), 33 ¥ BRI RN 2 P
AR = A2 1 G2 7 BB o 553 208 B i R A
TEMAE P FE [ (resistance genes) I FI1E L T
AOE S N, XAEFRNTCEEHERI(AVR) . H AT
TR o3 T Hh A R I O 1 A i i RS R e % i
ZIIRE, LUORRREOFIE IR A 7 A BB 1, V2 AVREL
I EE ) BRI E 25 0

H A, 53 B BB 28 B 1 A AL IS T —
(kR Vi 2 B 4E 5 AR N I B L A B 2
2 e I, H RN R E A% B R I T AT B R
W0 B B B/ o E R A D R R, e iR 3R
PS5 A B — I 0 A K RN R R R FF
B S B HL LAk B DR e & F B H .
B 0N B B 43 AR AE R T Ao 5L o 7 =T E AR )
SEFHRHIE S BAENEE R R H B . A SC ARG N
B, LR T AR B SN R IR 2 R e, ) A
S0 TR 0N B 1 4y W B BIC, %12 /KRG 41 i i LA
JAE /K ARG M 2 [ 3 1) 531 BL, 4867 308 8 5
)50 W 5 s AL

1 ZREREWNNEHIIRE
S B I SR 5 AL A R R
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Fig.1 The diagrammatic sketch of effectors secreted from invasive hyphae of P. oryzae in rice cells
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T EENMEO. — 5, BN E AR R R
DRIl i PR T MNE 2 K -4 = BT DOk I}
TEYIPTIH) DI RE; 55— 77 1H, RN 8 E 2 A %
F G B AR R AR . AR, X R
W FHEYE M. B E B DR & HAE AL T
WEFE, AOHE B T AT AR 595 4 T AL 7
fift o TR 2 BRI 22 I, 52 Y TR 22 3 Wb 1) 235 B
I AE AR 0 B P R D b A T V5 A TR AR B B A )
PUNSE R A Bl B R . LT A
I — PR 112 Je 4544 W 25 2 72 NAEY 2
J, R s A 3T TR (1) A A2 4 S —— I I 4 B
W, I8 I A3 WA RIS B N B A 5| ok AR A
DhRERI AR K22 K0 T 2= Kl AVRal ORI AVRKI
WA TCEEFE R, J2 22 MR8 5 ST 70 A 1) 28 B
HRk = 2 WAE T K BB IR ], T RE 2SS B I 4
ARG LAWY SLEGIE B, 4 REIE E R RR T
e 2 B N 5T A4 B 20 b 1) 3 VR 5 2 T (lu-
menal heat shock protein) )& [A i}, 75 145 7% 1= YL
DL R R DR A 5 1) o 50 I 2 4 7 B A IR, i A,
FLPE AR TS R FR A2 GRS b U TR Y 2 DR R R A,
Bl FH oK 2 B % 44 8 77 AH % 1 43 WA 2 1 (biotrophic-
associated secreted protein, Bas), = H, Bas17E g &
B R R A DR R A AL K&
FUwEHP.

TR B AR oK Fa e — MR AR ) 72, s
THIR . MERER. &G N2 LA G B 22 1)
PR, FE e R Rl — e = )
e Z A AN R, 018 EREY B8 s v 151
LR TR A G B A G BE R ) A s . F A b e
BRI T BB TS BEL O 8 A A 3] 52 AR R A %
S g A, M ORE HGURAZ Qe mE . RN
AvrPiz-GE 1 E AR T, B KRS
ST 2 - 18 I 2R I OsAKT 1 AR, [R] B 45 S 4 b
HHIOsAKT1/1 5 B B 7 ML, DA R 4 1) 5
KA, RN A AE N ERRIE A B I A & Rt
— B W B AN R DI RE A, SRR S K
TERLRIYI . REE A i i E B2 —

2 RAHEELEAINEE

TR0 PR 0 8 77 ) 2 EERRE A, 4H A 1
1R YL B 22 5 U5 T R A0 1) 28 5 T TR 22 i (extrainvasive
hyphal membrane, ETHM) 2 [, 31-7E /K Fg 40 i A HH 81

SR PGS R TR 22, TR ML BITHM2 5 R 07 1 XX
L EE 3 WA AH DG () B A5 M . AEAR G, LB
Yl BRI L2 R 22, a0 DUTE B IR B AR G 41 i
IR B 22, DL AE B JE N AR I 4 I H ) 220012
YeTh 22 TESRMEAET, R 223 B A N ERIR
fRYLTE 22, LI, 3712 G BP0 HAT SR TR 5 e B
V%) 240 i S5 JE R R4 P DT B ) B e ) o AE TR 3 B
16 EYIM B A 5IR G 2290 B8, 1R G 2 IR 24
B4 /N AR R AR SRR L . ST AR B 1R G B
22 57 32 40 M 5 PR A8 ST AR P T T T A A S
N AT R O ). IR, AW
Fh ZR N I UE 38 SCRFAR G b 22 42 43k BH 5 1) 5 R i 1]
W, 5 IR TR 2 5 AME 4 BT, X AN HETHM
5452 e B 22 BT RS 1R JoR 71 A I T 2 2050 2 1 0
JE B A IE” . Hort — N UEE N I A 1B R G A,
FM4-64— 72 75 2% 20 54 BEIG B R BoAE 8 N B bw
it, FM4-64RE15 % (EIHM AN HL At AE Y A= Wi, (B7E
TEASEAMR LA R R G 22 IR Ah . X AT R T
EIHMJE % | —AN %5 B Rg A, BHAE T 4eRk 2k iz 4
W22 b Ah, B2 tARIC Basd(— Rl S
EIHMZE 5 25 ), 7E 2 36 5 45 S AUBe W 5% 1 4 1
Hh AL LE AR Y B 22 A, VA R I B R 4 BT Y
FEVF 2 AR G i vh, 18 B I8 BN 251 5] ) Bas4 6
FEILEAR YL b 22 AM R (1) o I 6 A2 S it — 25 1) 45
MWL 5L, 75152 YL B8 22 I3 R B0 7 — b A 0 1 2546
“Tj P 45 R, B AR e S A ) A
TEH 7 REE T 2SR RIERS .

3 EHERTEESRIIIGE

TR bR Ie B T R S TR AR E IR
T3 DR B 2 W g D) AR A AT B i SR AR
YUTR 22 E KRB b 0 AR K DL R 58 B bR )
AV N F I E AL, Rt —20 7RSI ok
HAERE . oM EAET, BNEA
LW I RAEAE — DMF IR S5 by b —— 351408 7
R & A 44K (biotrophic interfacial complex, BIC)™,
BICHE % 75 A4 515 A1 S N 5 3o 8 977 100 J5 N ) ) i 2
BB RN R . BICHIAE K REWE K 22 R A2 QL B
22 FRA CERCIRR GY T 22, XN T FE & B i
I J& . Pwi2AIBas 145 41 i 5T ¢ B 8 1 SR AR AE
BIC |, BUHE %3z S 40 M o7 v, 38 0 B [a] i 22 AR G
F1%) 24 52 4% A% ) I 0 18 A 52 G 7K R 4 i B (T 1) o
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X TR 7RG I A S 77132 G I B B4 T,
HNENLER A e F5i2. Ml shiLse gt T8
JISCHfo
3.1 BICHRRHIA N ER

T N T Rl B AT LA TR RO B 1 4y
W5z, R 44 €65 & (1 (EGFP) S FL 43 1
21 €8 5% 6 85 I (mRFP) 4S5 £ 76 RS JEL 9 B R0 25 1 1
C-3iit, 5120, Avr-Pita 1. PwlIAIPWI2EEIY . 55Ehrid
(1] Avr-Pita 1RIPwIRUS. B 145 W 42 21 43 W FI 42 SR AE
— BRI 5, BIBIC. &AM & A S 5 ik
H FAve-Pita i 57 51 4 R AEBICH Ji R R 4. 1[5
5K P 51 5 2808 B 1A R 0T A R s AT 38 400 A P s
X A 2, H AR 2 80N 8 A 1 & B A 5 5k
Iy UAE A, B B G IR S W R G G T
W ok, 20K Avr-Pita 1. PwllATPwI2 T (45 5 Ik 253,
BT S 37 W TE AR G B 22 40 M 53 Hp e A= 35 5D i
B .

BICTE Sl 56— AN B, 7557 BI4H 4= e, 2%
I B TE W B 22 1 A K SR EFEBICT 0, AT
S ENR G tE EAM . TEMYERRENIG, Z4R9)
A 22 4y WA RN B 1 BB IR T . BICTA 28 P B
N AR 2 AL RERIR A 22, R ERETE AT IR WX
TE R AR G 1R 22 PRI M P SR B, B 22 5%
A AR R 22, T 22 T (R BIC 2 4 B3 76—, B B
AN Y B 22 A M ()RR R 5 AL

PWI2E 5 1F B 22 7 b 2 J5 F 4L AEBICH L &,
B J5 T B AR Y TR 22 20 i H 43 W Bas4, {HIX Y Bt 2
W& M E AR e 2 e i . Rk,
7E TEBICHI 1R Y i 42, Bas4 )93 WK SR 5 2 BT —
#, HPwI2I K Z 7EBICH R4, /D HTE I SE 5 22 40
Jorp B, 2N R A EBICHI REAETL AL T o5 FbE %
8 IR BAERHIE, R FEAvr-Pital /15 1R HE S5 AT
PEEAE SRR SNE B 212 Y B 22 Hp 3 R IR
2R [ TEAE M BICLE 4

L RF AR AE KRR 20 M AR, MR G
T FE 40 B o (4] 2% ¢ S BICHK [ 5 7 T i AN AL T
FR AR G B 22 20 ) — ), B AR TH 70 v R N 4
RO 5 ehrie, FIZBICHT LA T HAE &
AN G4 m B AR R RO (LA 1BROK) AR B o B
(L R () 4 0% 1 2 3 1 A il A, W 2% 13 G 4 L 1) i
)RR, HLIRG I BIC I 1= % B 22 41 f & 6 2 KR
1.

TE AR G TR 2258 4 78T B IR G 10 3R B 41 I
1R YL B L2 AE AR FE R GE T 2 MR ) 40 i B, 72 37 AR
VA i b A2 AR YT 22, SUIRAE A4 Y
IR b 22— R TOEFRIC RN E AR, 1R
GL T 22 22 AH B4 I, 58 U BICIE i 4E 15 MR
QA i k. EBTHIR AL AR, ZOehRid AL
I3 B BEAE AR G B 22 100 HA) 8 o L Ao i 28], 50k
R I i A Wi 3T AR 2% 20 i Ak 1 9 BIC /A . BICHE B
Je A2 G 4 e ) RBICH 5 /N, I RE I i %
JeFRCA BRI X I B BIC A K 72
WA IR 5 15 D NAR 7K R 4 M T 22 T A4 77 224K
T L2 AL I BRARAR e 1T 2245 K

FEBICHY, 20 Jf Jo (A B 3R 2 e A A2 - 37 E 2
AR Geis, BICIX 3 H 5 5 SR AR AE I A MR S (oL i 1)
DT BEE . T A AR B, 1 T BT 22K
145 A 22 8 o (X 45 55 B o AR e ORI, 06
BICTE# 5)) 47 YL 1 22 40 i i1 E 1, B sh 254840 1)
KRR B 5 . 3 Avf 401 5T 25 MABIC X 35 3] B o5
AR e or i B AN A S5 T 2%, I 40 i o 1)
BN FERE Y AN M bR &, B B L A
2 YL tE E 40,

3.2 HNEAEBICHAIRE

S RN B A R B R AEBICH, 5H K2 L
3 2 1 SR ARAE 5 BICAHH 5% 14 T 22 48 0 (4 2% 1] 22 M4
A2 LA ) AN FEL, DB A J5 SR AR G ) TR 22 400
Hh DL A BICAH % 240 it 1) A [ . 38 20 H BRAEBIC TG 2K
12 Y T 22 240 W A 0 (AR B IR AR G T 22
S B R, BICH5E A7 i B A BICAH S 41 i 1)
i L BICHH g AR e iy T

ot Bt B 2 O K 2 £ R (fluorescence recovery
after photobleaching, FRAP)SZI6 45 R, 1IESE T BIC
R SR AR T RN B SR 7 WA BT B . Khang 25! i
AL FEHOE I T 42K 22 TR BICHIPwl2: EGFP
PN, FE I DK ST I TR], R BT B 1 9%
FE2.5A /NI BT 58 R . ESREGE AR, T g
BICH A MmBIC, i 7E 117 4 7 22 NBICAH X 4 i
i . FEBICTRE B B, JOUAERX LE 5 R A H 1R
Ge 2 b AT . 25 R, 1R GL B 2205 BR
A, G RUN B A R SR I S FBICH . 5%
6N R AEBICH () SR A 2 0 i bl D) 1R Gy 2
bR, ZEA RS~ KB T o R bR &
gk fjexocyst 2 & WIAIt-SNAREsH %, exocystH & 14
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HSECSFIEXO70/ ik 2 58 A% 44 e 11 T 250 4H A 7 2%
IS B 4 A 52 -5 S0 M B B, BN R AMAR RN R
2 WA T EEM . T-SNAREs 1 fISSO 15 14 f1) ik
REEWS S BICHITE S AU

4 FMNEBENMST = REEKE
il e

RN EE T M J TR PR AR e 1 22 b s, R
215 B E HETHM 5 {2 Y 18 22 15 T Fs 40 Joid &1 A< 58 [1]
L, 38 B (A A5 5% AR T e A A A
T A e 2 3k N 52 VAR 4 11 4 e o B A T
F, IR I R I8 g N1 2 00 AT AR S TR 22 1) AH AT
15 AU . RN A I — RBE LS ZE 5
PR T 555087 2R 1 43 i o A S ) 2 AR
4.1 AR EE—PWL2HIHMFRE X
19 & E pf(a)dk s

4 R 5 808 B 1 AR G B 22 3 ik I R A O
HRTIEBICH, Jfil g — Be R Bk i 42 E N1
YR, — B RASK, R 9 B Ave s B R 2
Ji PN 0N S 1, Sweigard 55 o A7 v [ MRS 9 0
PR B 1 B MR Guy 11 se B T Pwi2e 741 23 BT R,
PWRIL EE SR HE SRR GKER, BT
M 3R 2N B A, T Pwi2 () IAFE ¥ ELAVR-Pital
v, R I 32 3 D VR Pwil 2SI B 25N £ 1 PR 35
Pwl12: mRFP% ) e 48 1 15 W A 1= G B 22 1 AH 4R
21 L ) A 5T DA S B A T S B . AH DG SRR R
W, 7£ B M28 h)m, mREFPH G AE S 7E 12 YL 4m it J&
[112~4 2 F 4 Hp g WL 52 21150, 3 A] R T Pwi2:
mRFPAE [ 75 734 B 7K FE 41 B i Ji5 3@ ik — oK FE 40
JH T %) R A —— g 1] 32 22 3 N AR AR 17 20
Ji(El2).

AR, fEPWI2: mRFPH, JU-F B & i BE 43 55 1Y
12 YK R 4 M 76 40 B i A mRFP G, X Rl et
2 W EDLAEAH AT B 48 6 %) 248 e o rh Y. #EPwi2: EGFP
w5 ) RN B ' S BICAE B 1S,
N T A L7 B AG N B, i 7 Rl A o
N ENIAR 5 7 Fll(nuclear localization signal, NLS),
454 TNLSHIPWI2. AvrPiz-t. BaslZ5 & & 41
R % 7 15 G 1 5 41 A B 40 A% ob B3 HS B A %
I, HAE AR YL B BLIm o] L. A B A% A A
D25 A SE 7 2 AT 4518, Pwl2: FPREMEE N5 7K
4B B £ e J o

42 BUOMEHNER
R E L X5

JE 2 A A B 2510 R R R Dy e Al R IR, T
MA RN, B IR 23 WA LI A 2 (1) N Jo X — 1 7Rk B A
I3 UL, IX — 1 B RES B BFA S, [F] I AN T
BIC. WLzh& EAE &5 B SMAAE B8 25 WA AH
K FR LA DR, HAh, F2 5N R
R 7K R 3 00 38 T R S %) i R R 8 3 S A
Al S H WA A 9%, Bas4se — Bl B AMA RN 5K A,
B E 7K R 2 5 &0 A v e R 8% B, — b fE K R A
R L5 455 2 1) Do AR oA 2 TR) PR 3 T), SRR AR AT R 3R
[ E 77 & A 4k 3 i (extrainvasive hyphal membrane
matrix, EIHMx)(K3). X Bas4%¢ 64 145 & NLSH,
PN REAE AR B TR 22 M 43 WL 3, T AS e AE K F5
R g 2. HA 212 G R IERETHMA 2L
IKABAE Mo A 2 LR () Basd. 188 H %
FENL 25 B o BE 4y B o M i 25 SR — 3,

TERZAR YA R, Basd B A G — 2 WA
TERIZR R 22 F AL, RALETHMIA 22 30 H ) 28 B
Ho TPwWI2OK 2 H ILAE K RS 4 B 5T v, 7 5T A4 o
MR BE S22 . A7 T 1 32 40 B o3 SMA b, T A A7
FET- A 57 /2 Bas4 ) 3 2HFE . HH T BasdREik I
A=W AL N AL /et 3 LT IS 2 A A
N Tt 5 08 i, B2 7 40 i N AR QL B 22 3 — M oy
I 7 38 % 0 RN B 1 s B Ak S5 Pwiz Y
Bas14H L, Basd 15 A R E IR, 1X 25 FMe
RN E R A

Bas4 ) 53 bR 12 K BToh

5 MNEEMESKEBERFSIEIEBIC
R&

N T AEBICTE 25 L 8 A %38 Hh BT #5194
BE T 0 R 4% 1 4 BIC 5 4R i 1 1) 2k 1 1 0010 2 &
REBEN) PGS EA RS T S
EGFPE A BIBIC |, 15 % kw5 )7 41 v 4> H G
W F) & n] 28 W . B, 7EBas4)a 81, Bas4(s
SIKGRAL I 7 51 5 A FAE R YL 22 4 FEIEGFP 43 Wk
(AN B A gt 3 40 ml B, it — B HABICH)
SRR A U 5 4 WA B R BT DL RS 5 KT B 2
51, Zambryskil" i) B 58 R A BEAR ER P27 )5 8) T
P N RIAEGFP, H5 £ 7 B N -0 26 2 2 R il &
(CUT1). fEfR4PentfEd, CUTUE SN S TILT
J AR B . 5 Pwl2: mRFPAEBICH () S SEm U AH I,
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Appressorium

Cell wall Plasma membrane

¢ PwlI2: mRFP

ZLE TR ARG HIPWI2BENS HE AN KA, FHE ARS8 B 4H i -
Pwl2: mRFP with red fluorescence translocated into rice cells and moved to neighbor cells.

El2 Pw2EY AR E HE
Fig.2 The cytoplastic characteristics of Pwl2

Appressorium

Plasmodesma

@Nucleus

Cell wall

Plasma membrane

{ Bas4: EGFP
TR, SO AP L N Basd: EGFPYY A 52 316 Bl 76 12 Y B 22 [ SR
Green fluorescent protein labeled Bas4: EGFP was observed surrounding around the invasive hyphae under fluorescence microscope.

[E3 Bas4BIFRIMAEC4HIE
Fig.3 The apoplastic characteristics of Pwl2

P27: CUT1SP: EGFPZE K =W (1) 43 W 1 5 47 5 Bas4: I 4k, Basdfs 5 K AU AZ B4k 2 P27 3 1/
FPHAEL, 7547 YL b6 22 & B SR 4R, i D BTEBIC R & . CUTHE 5 Ik il 4 S AEBICH 5212 YL 1 22 Th /b 3 i
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BICK &, PRI, — R ik AR08 5 1 7 il i FE g
fiff FEBIC I8 £& 1) i 1 2 £ - BICAHH < 240 i v i 9 Fr)
RN A BRI R 5 R I R, sk )y
(%5 JU Oy B 2, X LA Py i i AR A B A
SR RS TE — LRV E B EC,

6 HMEE)3%IE SKTEMAEE R FIg &0
YNEARRSTHX
6.1 JKFEMPRAYAE SHaEIEEE X

FERF JKAH G AR B, 4 K A ISR e 4l i
8 o H YRS A S AR Y, PwiRl & B R
W29t RA BRI 6# 3 A4, EA
(1) 5 Ak BR 1) T 12 a4 B, BRI I, Pwi2fh &
IR 9 T I BKORE S 4 L Hh A B R SR B 4t
s, & BN 2 RARLE — R A HEIAH AR
I o b, A AH SR F0 I i G5 13 79 b 40 it
o & % 52 AL [FJPwI2: mCherry: NLSFIPwI2: hH1:
mCherry £ il [ #2 ) U F & 30 0F 1 %45 8. 71X
PARREE R T, FE92% MR e ri B, ROGAER AR YL
- FKRH DG 4 i sz B BR 1), 8% AR e i v H 3L AR
[ 1, (ELAN A 0% 76 R0 41 41 it ARSI 1) 434 55 7 2 0 o
T AE H AR G 1) 36 B2 Al B, 87%~100% A il [7] 7
IR BAR, PwI2I G RA 1 A A0 240 i 1)
RS AT 4Hfa ) 2 AL
6.2 BhERFHIMRIE H (effector: FP)RIR 52
Mo pE[B) 4% 1= 7K

Jia 18] () #% Bl B e TRl G B B R R . BB
&, FE B B 2 #td Tomato B A mRFP 5 PwI2 () C-
st i Ay, 7 R T W EZEP w1212 L 20 i 1 400 PR I o ) A
iz, SR, 7ESEFrae d, Pwl2: mRFP(39.3 kDa)ft
R W %% 1) E 4 Jf 8] A0S A2 B, 1T B K [ Pw2: tdTo-
mato(68.3 kDa) A 1R /71 AH 4R 1 A A7 J& 1) 7K 7 40 A o
PeMEER) . SRR G B I RST  —AN s2a BRR,
A HHOCSEIR IR TR E O MR, LR T
T M A% 2 A7 FIPwIR R & 8 1 B B I ™. 8%
/INEPwI2: mCherry: NLS(44.5 kDa)fE 4= 5532 1) & F1
R YLaH R 3 B T BRI 2 B, TE93% 112 Jefir A1
HmCherry %% 5t A G 40 M 1) 47 8L T 22 TP = 4
Hilo T % K FIPwI2: hHI1: mCherry(66.1 kDa)fE # ki
12 YL IR B2 40 M o ) A RS S A2 21 1 PRI, R
TE87 %% AR G A7 i HH (1) B2 AH 418 41 it o 00 252 11 1 55
(158, T 1 13% 142 Ger s AW I 21 fil &

FAMRMNZS) . Eitk#Pwl2: mRFP(39.3 kDa).
Pwli2: EGFP(40.9 kDa). PwI2: mCherry: NLS(44.5
kDa) 5 Pwl2: hH1: mCherry(66.1 kDa). PwlI2: tdTo-
mato(68.3 kDa) ) W IX 4k, iEH T H A —w R~
LG A REAETE AR B, (BAE Gl &
FIYE N, RS0 H 32 2015 40 b o2 .

7 RE

H i, & 207 & TP TE 40 A= K F b
PRER LB 0 WA RN B 1 B L2538 40 Je A, 308 B
1 CLRONTE AR A G R A i ) 5 2 ) f 9
ML B R E R B A K 2 AR B I R IEVE A .
UNFEIELI B 7 SEAE 2R 120> /INIE R 30 A AR G P 4
F e, EA% 3h S AH AR I T 32 40 X 7 B2 AN /NP,
M E AR S — MR YK FEAm I i AR KR, s
1CPwI2FBas 1 ¢ % 75 A5 418 11 DY AN 16 = 21 i ol w2
B, R RINR G KRR AN AE A LA LA B
SXof 25500 2R (A R PR R T R R B T R R AR AR,
BRVF & RIB X BUB AL IR K RS R, axX i, 2
YL 22 AEHE NAHAR 8 A2 71, sRVEFERT AR Gt
FiL R Sl 326 A 5 S I P ) 2 2 AR AT AN, DB ) 1)
R YLfifitg I HIIBE FUR BN, 22 245 50 R I
(Pmk 1) B % 38 i I 5 B B A )L IR ) e
AR R8O £ RIS, KT 1 i [A]3E 22 Fhod 1t 4R
(107 5 I ISR R U AR, AN T sk R 0 1 12 A 40
R, H ST E0U% B 1R 2RAE 545 T LI B K
FRORHIIE RIS R RIA Gt — 2D 7T

BEAk, S6F -3 HAE 77 1 B0 B a0 A 518 32
RBE, LA HE W AE S RE 28 15 s {00 aft) DA 3% 1A 42 e
B B AL B BEAR AT G B, 3 8 JiR PRATY SR AN 15 1 60
FEIELI0 B 7E AR e s O BB K Rg b, X — &
FIEAATE FRBY B2 B — A B 5 0 428 o 40 R A8 T A
AT B T 5 B 4% . WangZ5C R B T — Fh g 9e
T B SONE £ AvePiz-thE 5 bZIP-type s sk K - APIPS
FEGH AR AT AR, 43 AR AR Ge i B 1) % 5%
TEEN AR AR B ME]. B, APIPSTE S
Pit-z 1) FLAE e A2 2F IR e 2k, T 400 i) 41 2R
BE, 1KLL LE R 1 B, KE A R — PR L IR ST A
12 GL B B8 2 E N F B4 AR S .

M SEBR B9 5 B 4% A B R O, 7 326 50 T 2
I8 H T ELAR RS R 4 04 N K T, RE T 4 48
fRps 45 SR BL B U Bk 2k . el R RN R AR



296

LU
H 2

57 BE 85 5 KR 1A JE DR 2L 1) e s a0 g 126 R0 B

K, I ST E 1 RE M AR A 1

AVR-RIE DRI XSO, TR 1, 8 57 vy 3 B 744 28 A0

itk

56 MBI B2 WA R 1 Zh RE, TR N T Th RE

RONL R 11 B 93 WL R ELAR R 11 5 KRS TLAE ML

fHE

TR W KRG AR AR AR K i

THRE IR B 75 5 A 5 6 5 /K R P o R S s 28
IR o

SE Tk (References)
HH Z5, bR, T, BRRAR, T4 i BN B Uk .
/3 TAEY) & Fh(Zheng Yuegin, Lin Yan, He Yanhua, Chen Songbiao,
Wang Feng. Recent advances in researches on rice blast effector pro-
teins. Molecular Plant Breeding) 2013; 11(3): 451-9.
Hahn M, Mendgen K. Signal and nutrient exchange at biotrophic
plant-fungus interfaces. Curr Opin Plant Biol 2001; 4: 322-7.
Ridout CJ, Skamnioti P, Porritt O, Sacristan S, Jones JD, Brown JK.
Multiple avirulence paralogues in cereal powdery mildew fungi may
contribute to parasite fitness and defeat of plant resistance. Plant Cell
2006; 18: 2402-14.
Yi M, Chi MH, Khang CH, Park SY, Kang S, Valent B, Lee YH.
The ER chaperone LHSI1 is involved in asexual development and
rice infection by the blast fungus Magnaporthe oryzae. Plant Cell
2009; 21(2): 681-95.
Yang J, Liu L, Wang Y, Wang C, Yan J, Liu Y, et al. Overexpres-
sion of BAS] in rice blast fungus can promote blast fungus growth,
sporulation and virulence in planta. Saudi J Biol Sci 2017; 24(8):
1884-93.
Shi X, Long Y, He F, Zhang C, Wang R, Zhang T, et al. The fungal
pathogen Magnaporthe oryzae suppresses innate immunity by
modulating a host potassium channel. PLoS Pathogens 2018; 14(1):
¢1006878.
Hogenhout SA, Van Der HRA, Kamoun TR. Emerging concepts in
effector biology of plant-associated organisms, Mol Plant Mi-
crobe Interact 2009; 22(2): 115-22.
Giraldo MC, Dagdas YF, Gupta YK, Mentlak TA, Ana LiliaMarti-
nez-Rocha MY, et al. Two distinct secretionsystemsfacilitate tis-
sue invasion by the rice blast fungus Magnaporthe oryzae. Nature
Comm 2013; 4: 156-60.
Shoji JY, Arioka M, Kitamoto K. Dissecting cellular components of
the secretory pathway in filamentous fungi: Insights into their appli-
cation for protein production. Biotechnol Letters 2008; 30(7): 7-14.
Giraldo MC, Barbara Valent B. Filamentous plant pathogen effectors
in action. Nat Rev Microbiol 2013; 11(11): 800-14.
Ai HW, Shaner NC, Cheng Z, Tsien RY, Campbell RE. Exploration
of new chromophore structures leads to the identification of im-
proved blue fluorescent proteins. Biochemistry 2007; 46(20): 5904-
10.
Catanzariti AM, Dodds PN, Ve T, Kobe B, Ellis JG, Staskawicz BJ.
The AvrM effector from flax rust has a structured C-terminal domain
and interacts directly with the M resistance protein. Mol Plant-Mic
Int 2010; 23(1): 49-57.
Bhattacharjee S, van Ooij C, Balu B, Adams JH, Haldar K. Maurer’s

14

15

17

18

19

20

21

22

23

24

25

26

27

28

clefts of Plasmodium falciparum are secretory organelles that con-
centrate virulence protein reporters for delivery to the host erythro-
cyte. Blood 2008; 111: 2418-26.

Khang CH, Berruyer R, Giraldo MC, Kankanala P, Park SY, Czym-
mek K, et al. Translocation of Magnaporthe oryzae effectors into
rice cells and their subsequent cell-to-cell covement. Plant Cell
2010; 22: 1388-403.

Giraldo MC, Dagdas YF, Gupta YK, Mentlak TA, Yi M, Saitoh H,
et al. Two distinct secretion systems facilitate tissue invasion by the
rice blast fungus Magnaporthe oryzae. Nat Commun 2013; 4: 1996.
de Jonge R, Bolton MD, Thomma BP. How filamentous pathogens
co-opt plants: the ins and outs of fungal effectors. Curr Opin Plant
Biol 2011; 14(4): 400-6.

Caillaud MC, Piquerez SIM, Fabro G, Steinbrenner J, Ishaque N,
Beynon J, et al. Subcellular localization of the Hpa RXLR effector
repertoire identifies a tonoplast-associated protein HaRxL17 that
confers enhanced plant susceptibility. Plant J 2012; 69(2): 252-65.
Liu WD, Liu JL, NingYS, Ding B, Wang XL, Wang ZL, et al.
Recent progress in understanding PAMP-and effector-triggered im-
munity against the rice blast fungus Magnaporthe oryzae. Mol Plant
2013; 6(3): 605-20.

Zambryski P. Cell-to-cell transport of proteins and fluorescent trac-
ers via plasmodesmata during plant development. J Cell Biol 2004;
162(2): 165-8.

Kamoun S. A catalogue of the effector secretome of plant pathogenic
oomycetes. Annu Rev Phytopathol 2006; 44(10): 41-60.

Miki S, Matsui K, Kito H, Otsuka K, Ashizawa T, Yasuda N, et al.
Molecular cloning and characterization of the AVR-Pia locus from
a Japanese field isolate of Magnaporthe oryzae. Mol Plant Pathol
2009; 10(3): 361-74.

Raffaele S, Farrer RA, Cano LM, Studholme DJ, MacLean D,
Thines M, et al. Genome evolution following host jumps in the Irish
potato famine pathogen lineage. Science 2010; 330(6010): 1540-3.
Hacquard S, Kracher B, Mackawa T, Vernaldi S, Schulze-Lefert P,
Ver Loren van Themaat E. Mosaic genome structure of the barley
powdery mildew pathogen and conservation of transcriptional pro-
grams in divergent hosts. Pro Nat Acade Sci USA 2013; 110(24):
2219-28.

Mosquera G, Giraldo MC, Khang CH, Coughlan S, Valent B. Inter-
action transcriptome analysis identifies Magnaporthe oryzae BAS1-
4 as biotrophy-associated secreted proteins in rice blast disease.
Plant Cell 2009; 21: 1273-90.

Kankanala P, Czymmek K, Valent B. Roles for ricemembrane dy-
namics and plasmodesmata during biotrophic invasionby the blast
fungus. Plant Cell 2007; 19(2): 706-24.

Wang RY, Ning YS, Shi XT, He F, Zhang CY, Fan JB, et al. Immu-
nity to rice blast disease by suppression of effector-triggered necro-
sis. Curr Biol 2016; 26: 2399-11.

Chen S, Songkumarn P, Venu RC, Gowda M, Bellizzi M, Hu J, et al.
Identification and characterization of in expressed secreted effector
proteins from that induce cell death in rice. Mol Plant-Mic Int 2003;
26(2): 191-202.

Vleeshouwers VG, Raffaele S, Vossen JH, Champouret N, Oliva R,
Segretin ME, et al. Understanding and exploiting late blight resis-
tance in the age of effectors. Annu Rev Phytopathol 2011; 49: 507-
31.





