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Abstract: To further investigate the relationship between citrus canker disease resistance and

programmed cell death (PCD) , the dynamics of PCD related signals, antioxidant enzyme activities and
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gene expression upon Xanthomonas citri subsp. citri (Xcc) infection were studied in susceptible variety
Wanjincheng orange( Citrus sinensis Osbeck )and resistant variety Jindan( Fortunella crassifolia Swingle).
Typical canker symptoms of pustule were observed in Wanjincheng orange, while hypersensitive necrosis

(blown region) occurred in Jindan after inoculation with Xcc. The base level of hydrogen peroxide

(H,0,) in Jindan was higher than that of in Wanjincheng orange before inoculation. After inoculation, the
content of H,O, increased in the two varieties, but the content in Jindan was always higher than that in
Wanjincheng orange. Following the increase of H,O, level, the content of malondialdehyde (MDA) ,
which indicates the degree of membrane lipid peroxidation also increased in two varieties, but much higher
in Jindan. The activity of superoxide dismutase (SOD) , which is involved in scavenging reactive oxygen
species decreased in the leaves of two varieties. The activity of catalase (CAT) increased in the two
varieties, but no significant difference between them. Moreover, the activity of peroxidase( POD increased
in both varieties, but more rapidly in Wanjincheng orange, and the increase was lower than that of the
water treatment control. The expression of CsCEPI-1, CsCEPI-2 and CsMCAI which positively regulate
the PCD were up-regulated by Xcc in two varieties, while much higher in Jindan. The transcription levels
of CsDADI-1, CsDADI-2, CsMLO2 and CsMLO3, which negatively regulate the PCD did not
significantly change in Wanjincheng orange, but gradually decreased in Jindan. The results showed that
both susceptible and resistant varieties initiated the hypersensitive reaction in response to the Xcc infection.
However, the reaction was more drastic in the resistant variety, which may lead to the induction of PCD
and resulted to the resistance of Jindan to Xcc.

Keywords: citrus; canker disease; programmed cell death; reactive oxygen species; malondialdehyde;

antioxidant enzyme; gene expression
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i, 2017), (B Ha 35 00 2 BRIl R ) B 2 DR 3K o G by b e g JH AT A A 80 2 Ao

(Xanthomonas citri subsp. citri, Xcc) Fi5lEMFH#EIZH (Citrus bacterial canker) & AHigAa 2 Pk

JiiTE 2 — (Brunings & Gabriel, 2003; BkiEil 25, 2015), HAME A Ko #hs 5 Fi 8 T35
g A (ZRELH, 201D MG B R A A E NG R T B RIAE Tk, HEASBERG
(Brown, 2001; Schubert etal., 2001; He & Yuan, 2007). & EHEMMPURMESES Z 5K RE K,
P anse RAFAE IR G5, BFESILRD R (k. 55, 2005). FRLUEZMMARZEE QL
JiJ5, 2008) KAMMEEMIMEUEE (ZRgDE 5, 2002) %5 SLAMNEEFER F M ARG 7 R =4 —
FYNBT A SR, AT A O Ik DR PR I8 7 10 il 7% 1 XD % A6 P 977 40 2 1 PR RH B2 45 (Koohler et al., 2002
Glazebrook, 2005; JL/Ji7%, 2008; Boutrot & Zipfel, 2017; Maetal., 2017; Liuetal., 2018).
I, RN FEARE R DT OO PLERFIZAE m B HT GO R, FHRIURIETITE, 2l
BRI, X b A RS e R AT R .

TP Y. (Hypersensitive response) FHIE AL 7 HEFET. (Programmed cell death) JE1E
)20 B g R A SR B AR A I — A PR AE T, R PURE I — M WL N (Greenberg & Yao, 2004:
FE A5, 2008). 5 AR 445 B EB AL 2 H I PR SR BT, TS SR R AR A R A
FET:, IXFh UETEERAR” BERRAE R A KT Ay AR AR G R R R 2 —, o A
WE (H,0,) AMUEEERFEMEEZ —, 1 HAEF A LA (Hammond & Jones, 1997;
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Heath, 2000; Greenberg & Yao, 2004). it g A GRS 51 R AR S EAGMER . TR
250 5 DhRE. TN % (Malondialdehyde, MDA) 2R IS AMIEH MR A= —, HEER
PN R I AR S BB AR (FRADHE, 19915 E#E] 5%, 2001). A g a2 2
XA AT, Y ARE L T I ETE PR RGOR AT BRI (Wojtaszek, 1997). Hor 404
AL (Super oxide dismutase, SOD) & —FFBE#E M A0 E AL Y@ 1T AL I B34k O, T H,0, 11
By, EREMEEIERRETE - NRIEERNE CROEMSER, 2003). SEMAER (Catalase,
CAT) AWM (Peroxidase, POD) MIfEM/&K SOD BALA Haber-Weiss S ZE]-OH Al
H,0, 73 %9 HyO Fll O, AT E S5 4™ 4475  (Chat & Duke, 1987; Alvarez et al., 2000; %}
A S, 2005). WFFLEN, SOD. CAT Fil POD iV SHEVPURIEEHEHKR (A% %5, 1997
RN L, 1997; FEMY 55, 2013). SbAk, CAEIA MR T KR40 BRE AR T AR S 2R A,
Wt MR 5 1B CEP1 (Cysteine protease 1)+ Midl - HAMNEEE I MCA1 (Midl-complementing
activity 1) P4l - F DADI1 (Defender against cell death 1) 1 MLO (Mildew resistance locus O)
B H 2 K% (Mitsuhara et al., 1999; Hoeberichts et al., 2003; Wang et al., 2011, 2012; Kim & Hwang,
2012; A %5, 2014; Zhang et al., 2014). HATAERE A FE I+ /KRG I PURBE 78 Fh o5 T-H8
B N AR 4l B R 7 HEAE T I #RIE 3 2 (Rustérucci et al., 2001; Wituszynska et al., 2013; Tian et al.,
2014; Tsunezukaetal., 2015), {HIEMFEHHRIER D,

FEATG AN ] s o it i B U AS —, A @itRESE (Citrus sinensis Osbeck) #¢ 2 /&i, M S
(Fortunella crassifolia Swingle) HiME5 5% (Brown, 2001; REEIE 55, 2002). HFERIEZMHAL
ISR (R R s T AT SN R A IR SEREAR , HAE G R (3 ~ 5 d) I B i 4
FUAEFFPESETIRM. (Khalaf et al., 2011; Fu etal., 2012), W< ye i #7253 40 Mo fe 5 M A0 T R
M N AEM R R b E AR, (BRI A RN L. ARkl H0, WREE LA
Wl 1 5 S MR R DI R R, (B2 PR — AP A 78 E (Naveen Kumar et al., 2011a,
2011b, 2011c), BRAMEL T30 45 K ) 52 i ARG S B I (2 I LE R (51, 20100, BRI, PR
AT IR L AN [R]470 P A A 2 PR 3 M D T S35 A2 G (R ARp A AL, 288 HOGREEE R, BT
S U b T A AR R P RO AL, (EREMTAR ST B AR R

AT T A ARG 15 505 S0 ot P GG R R 000 i P b, AR T PR e P b 5 2 1
Jir TR I AN [R] B T8) R BB S S4B RIS BEREAR B 22 55 AT 1 4Rl E R 3 d 5S40 MAR P AR T AH SR IAS
T PO 1 R R 9% 2 DR R A A2 3 A AN [RI70 A it o o g it o 1 i 2 A 40 o KB Xee 1RG4
MRS (O MG (B #RGE ™4 7B EUR R, (HAEGUR AP rh B ysma, F BT H4il
FEFFPEAE TR B, X ] Re & HPUm R AL LAl . ASHi 98 45 500 ) BHAHE ARG AN 1) it Pyt 2 s e
ZE R FHLRSR AL T A, e R MG m b sR g 7 R kR .

QY L SRS DARE

1.1 #8

2018 4 4 H ALV B R AAAS B ST T M 5, DUEEH: T B3 BRI 17 8 4R A8 HAHT A& 15t 7
JEIF S AP REER S (Citrus sinensis Osbeck) FIPU A 4548 (Fortunella crassifolia Swingle) FEAK AR
oAPRL, HCETAME @ R 6 H i i H Tl

IR IR (Xanthomonas citri ssp. citri, Xcc) HEZAAEEARBEHORMEE, 408 B IE9%
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AT, 2 MAhARKR.

1.2 {FSMEEIRE

RAEWEH RS NGt Jr, I ESRAKIPBER A, SRIEH 75% QR BRI, FJCR/KIGYE 3 UG
TR TR GRIB A . BIR R R IR 2 ODgoo N 0.5, FHHTCH/KFRE 1 000 f5ZIMER 5 x
10°cfu - mL™" 4 M. Al 5 mL 52 BB RE ARG B GESHE) BB ERA N 0.5 mm fI4HE
AT AIFLG B 1 pL B SR TN L CBHRNE), DUKAREE AR R . AbEE 5 H A&
TEHEKIIABERGRIE, T 28 C. 80%IEE . 16 h /8 h BEEHIRT A 7% . BARME I id 5 K
LRV

ZHf Peng %5 (2015) [17735H 0.5 cm #T LA HUBGSERALM A, I 200 pL T2 B AR I 5 A 455
B, FRERNE B R 50 uL ST PR B 3R, G IS, AR THEAAI I (em®) HK
$.

1.3 Sd84E. AZEE=REEMANE

R IR 1.0 g e, FVREWTEE, BN 9 mL PBS 229K (10 mmol - L', pH 7.2) AJ3¢4hiR
10 mino Bl 2 47 (1) 10% 53 2 AR IR AR 250 AL 8 000 x g, 4 °C &0 10 min. HX_LiEH B VK Efr
W A ELES BRI & - HMES (BFEAEREER AT X H0, & &4
. FFEPIN B ELISA fllitA & ( gk AR AR AR X MDA & TillE. H L
WL A Y RHRCE PR T Y E AL Y 8L (SOD) ELISA Al & . Hid E AL Sl (CAT)
ELISA ¥R 57 & AAE Y0 S8 (POD) ELISA K6 M3R 75 &t B vl v HEAT I 2 .

1.4 RNA fiEBAIMEXEREREEN ST

FIH Aidlab 2] (387 & EASY Spin Plant RNA Kit JEHUEY 5 RNA, HL 0.5 ~ 1.0 pg RNA H
Fermentas A &) [ s % 561877 & RevertAid First Strand cDNA Synthesis Kit £ % cDNA . H SZH] 5 % 52
& PCR (qRT-PCR) AT HHIRIERIAHNT Rk KV 20 41, LL B-actin HNZSEERH . H NCBI FEL KA
Primer-BLAST (Chttps: //www.ncbi.nlm.nih.gov/tools/primer-blast/) & 11FERFFF S (K 1). H
Bio-Rad A @ ] CFX96™ Real-Time System BEATAEI, ¢t 4kl Bio-Rad A [ iTaq ™
universal SYBR Green Supermix. PCR #£/7KH 3 i%: 95 °C 3min, )5 95 C 15s, 56 C 30,
72 °C 30s (340 MEI). H Bio-Rad A 1 CFX Manager 3.1 #0455 B #4700 Va2
XTG5S R AT F T

%1 qRT-PCR B|#95I5%
Table 1 Primers used for qRT-PCR

EEID A SRR (5 -3 BRRE/C 7 kibp

Gene ID Primer name  Primer sequence Annealing Product
temperature length
Cs1g05000  Actin F: CTGCCTGATGGCCAGATCAT; R: TACCAGCAGCTTCCATTCCG 60 97
Cs5g06570  CsCEP1-1 F: AACAGCCTGTGTCAGTAGCC:; R: AGCTCTGTGCCACATTCTCC 60 91
Cs2g15700  CsCEP1-2 F: AATCAGCCAGTGGCAGTCTC; R: CCAGCTGGTTCCCCATGAAT 60 180
Cs1g25850  CsMCAL F: GGGGTTTAACGAAGTGCTGC; R: TCGGTGAAACCTCCTCTGGA 60 161
Cs3g09200  CsDADI-1 F: TTTCTTGTGTTGGGACGGCA: R: AAAGCTCGCTCTGGTGGTAG 60 97
Cs6g04780  CsDADI-2 F: CTTATGCTGCCACTCCCACA; R: ACAGCAAGTATGGCTGTCCC 60 166
Cs8g16910  CsMLO2 F: AGACATCGTTTGGCAGGAGG; R: ATCAACCTTGGGAACCGACC 60 107
Cs8g16920  CsMLO3 F: CCCCTTGTACAACCCAACGA: R: GAGAGATTGATACCGTGACCCA 60 133
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1.5 #ESH

SERYN 3 ERRIG A FIME, BEAREE., FRfEmZRTE . BB R E RN H
K Excel 2016 47 HRUR2AAE  IGHI MK GR T2 E L (* P<0.05; ** P<0.01),

2 RS0

2.1 B IREIEMIS R E A B8R N AR AEIR B LA S A

VESHERZ W R B (Xanthomonas citri subsp. citri, Xcee) 9d Ja, BRERFSIH F G H
PLHEFARR S, RN IBI B R AR s 1T 3R IR AL A A R, 52 B N 4 L R A
SRR, RIEBBZHRHTE (B 1, Ao FHREMAa ML IR, a3 d st VR ESR,
AP R R T P A T A, < O I R O AR IR SEREAR B I A S AG, W AR A
R RE ST N, T A RIS SRR (B 1, BD. MR IEE R AERKES (B 2) K
L, BRRIEERD 3 d IS TTAE, PR ARl R b S R AR A K LB R A X, R i ol e R R

448 Wanjincheng (9d) 4 Jindan (9d)
*THE Control Xee %} HE Control Xec

it
Wan_] 1ncheng

1 BRSEMSETHE (A) Mtk (B) 8 Xcc EBHR MEARMTERNESR

Fig. 1 The difference of hypersensitive response related cell necrosis on leaves of Wanjincheng orange and Jindan after inoculation with

Eo

Jindan
Xee

Xcc by injection (A) and pin-prick (B)

12 Wk Wanjincheng
e —— indan
4% Jind ok
g = 107 ok %
2 E 8r
T B
BT 6f
o
Q
4
H A
i 2L
5
0 - ' s L L
0 1 3 5 7 9

ZEf 5 HHE/d Time after inoculation

E2 EREEREHPSREEMN X RRERE KL
¢ KU E R — I (] s P A R R ZE S (% P<0.01).
Fig.2 Growth of Xcc in leaves of Wanjincheng orange and Jindan after inoculation with canker pathogen by pin-prick

Statistical significance between the two varieties at the same time was determined by two-tailed Student’s r-test (** P <0.01) .
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A TR 55 70 PR T P ORI EE 3G In T < R N o A i 1 i < U R S B 1
U AR, BEAIE] T Xee MIEFEANEE— 098G MM BOA HBLAUER, B ™ L.

22 HIERHERARERISEHCENA B S =MNTTK

KRR AL H g i AL SN SR MIERIET (0 h) FIRIB R (72 h), FUR
Fhigad SR (H,00) M ERA& s TER A S (B 3). 78 0 h B, &34 Hy,0,
SEN 1591 umol - g, ELBRERRE (11.74 pmol - ¢! i 35.6%. RN E G, WA A4
HH,0, FE S E, EEh i IR TR, HAE 24 h BHAR| &g, B & 27.3%;
M7 LT BB RS HLO, & LU R S Y 13.9%, BEE HF T [ KA b, (B H & EE R 5HuR
P G B R T I AR R K AR 2

BEAh, BERhE R S R AR R A s A Y T (MDA) & BRI EE R B it m, (H
SR AR B K TR A, T IR LN (B 3). fEFEMS 12~ 72 h, BEERFE T MDA & &
RNy 43.76%, 1450 R EIE N 62.28%. KU Xee 12 e B AR FE RN G gt Fr i g oot UG R FE 25 48
I, ARTE SR R

om W4 Wanjincheng
a4 49 Jindan
o a %} H& Control

30  ®aXce 250
sk
—~ 25 ok ok
= * S 20 ¢ " s 1
Ly 20 | = *
°0 %« %0 150 L
g 15 g
100
= £
SN 10 2
R % 50t
o L vy o L
0 6 12 18 24 30 36 42 48 54 60 66 72 0 6 12 18 24 30 36 42 48 54 60 66 72
ZEf 5 BHE/M Time after inoculation Hefh )5 I E)/h Time after inoculation

3 ESHERMRERE (Xeo) RESEMEEMN AT H,0,71 MDA SEMEY
Fig.3 Changes of H,O, and MDA content in leaves of Wanjincheng orange and Jindan after inoculation
with canker pathogen (Xcc) by injection
*P<0.05, **P<0.01.

2.3 RHREE TS AEEENESTE L

WK 4 Fiow, BEMBmmREE, AR & &t i i S 5L (SOD) 5 B ik
BN, HTRBREE KT, M 0~72h, BT SOD WG R T 23.02%, &3 T
32.64%, 5 H,0, & &AL 2 AH SO 55 o 7R 1500700 i Bhid T i S AL S (CAT) Flid AL 8 (POD)
TETEYSE R . TEEERI AT, BMOERRS R CAT VEMENS =T &9, BEME 72 h, & CAT iGMEMIL. 78
BOEE A T, AT EE AR IE S £ POD JE AR A 3 m, (HIR SRR B IR T /K AL BT R 57 b,
BMar &3t POD yE MM ER RS =y, (EAEEM G HIE AR TR AmAs, BeMG 72 h i) 450 LU i A
1K 13.42%, FEATEIS70 bR VA I B 0 R 0 38 b A2 ZE ] POD Y YRR R 32, HAE SR h B &
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om W4 Wanjincheng
a4 49 Jindan

3000 o a %} H& Control 900 ¢
ma Xcc 800 | sk
o 2500 § ok ¥ ?
= Z 0 | ok
9 k # i
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*
# ok 500 E
2 1500 | L * =4 =
a3 # * B 400 f
2 1000 | Josg0 |
so0 | 200 |
100 |
0 L 0
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ZEf 5 BHE/M Time after inoculation

POD/(U - ¢'FW)

0 6 12 18 24 30 36 42 48 54 60 66 72
ZEf 5 BHE/M Time after inoculation
B4 EEEMHRERE (Xeo) BREBEHIEHHFPRELEEENTR
Fig.4 Changes of antioxidase activity in leaves of Wanjincheng orange and Jindan after inoculation with

canker pathogen (Xcc) by injection
* P<0.05; ** P<0.0l.

24 SRiHFREE THEREF M THEXEENERRIEL

CEPI F1 MCAI1 N AR HEAE T IE R 3L R, DAD A1 MLO 40 B fE e tEAE T 1) i
FHEK (Hoeberichts et al., 2003; Wang et al., 2011; Kim & Hwang, 2012; Zhang et al., 2014).
ER TN B 7 PR B0 T A 5 32 DR 75 FR RS B 86 i A A X6 9 D o P e 247 1, R FH S 26 78 B PCR 4
RAGM T CsCEPI. CsMCAI CsDADI~ CsMLO2 F1 CsMLO3 1Ei5t059 B AR G 3Rk vk . 255 (&
5) IR, CsCEPI-1 WHEsk/KFAERER G M+ 0 ~ 48 h BUANK, 48 ~ 72 h /piliE b7 &

u [ 4R1E Wanjincheng

434 Jindan
— 3.0 ; CsCEPI-1 2.0 r CsCEPI-2 2.0  CsMCAI
O
5 I N
g 15}
1 & ] I
X8
® 2 L0t ’f
Z 5
=7 I
= 0.5 |
o
0

0 6 12 24 48 72 0 6 12 24 48 72
ZEf 5 BHE/M Time after inoculation

B 5 ESEMRERE (Xeo) BRBEMEHEMHPAREFERCEBEERNREE
Fig. 5 Expression levels of positive regulatory genes of programmed cell death in Wanjincheng orange and Jindan leaves after inoculation
with canker pathogen (Xcc) by injection
* P<0.05; ** P<0.01.
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TEEF 24 h J5IFGATHR, 48 ~72 h Bl BJt. CsCEPI-2 fE4:9E (P1) BiWJG 24 h MRA R B
HOFDIE 3 %, TIREARME ) ETHREEA Ko (B1), HEREERET RIgm 1 51.16%. CsMCAI 1738
WREHBAEDT. BAESF AL, e e N, BERIETT, EE5f (BU B BT RIE R T
g 8O, Wl 6 BiR, CsDADI-1 F1 CsDADI-2 WK AEM BB T AR AN K, 17 7 42 5 Hh i
PRI R B SE R B AR MR CsMLO2 F1 CsMLO3 B /K- FAERR G AN K, T G5
FFE0~24h BF T, 24 h e EATIRREKT . HEM Xee RYn,  HUR M h 2400 RE 7 1 A8
TR FE P ) Bh A 2L 5 G A AR P R T2 R B R L — 7 R Bk

B 45 Wanjincheng
m %% Jindan

1.2 ¢ CsDADI-1 1.4 ¢ CsDADI-2
12 | X

5.0  CsMLO2 25 - CsMLO3

Aok sk

FAXT AR
Relative expression level

0 6 12 24 48 72 0 6 12 24 48 72
ZEf 5 BHE/M Time after inoculation ZEf 5 BHE/M Time after inoculation

6 ESEMRERE (Xeo) FRBEMEHEMHPAREFERTRIBEERNRIEE
Fig. 6 Expression levels of negative regulatory genes of programmed cell death in Wanjincheng orange and Jindan leaves after inoculation
with canker pathogen (Xcc) by injection
* P<0.05; ** P<0.01.

3 e

IR AERESE (C. sinensis Osbeck) Xt &, MM (F crassifolia Swingle) %555
A BAF I (Koizumi, 1982; FREEDE 45, 2002). ASHF T AHH RS RIS v i T 1 MR
ror G R R N e LA T X BRI S o 5 SRR RIS 1 Xee Jo W B AR I Py 3283 LR BT, AR PR 35 92
TR IE, B AL R B R AN TR s s R (R B I TE B R R RAE 1T HH R AE L
B, SN RS S A R FEREAR B G A R B B8R AR WK IE S . U B < SR B
S, TR SR AR TSt 08 2 B s e SERAE O JER Bl NARZ i 7 A ) S 8 4 R e PR R T PR 1) R 1 £
Ak, FRERHPURME LRI 546, M R B A M2 mT LR AR 1 d 5 W S A A 5 i
W b Ji R A B A T 4 HR IR 22 e, 10 B AP < 5 5 T 5o R B ) AR A I E A . BTt
RIGHTIA (3 d HD 1 340 M 5208 i B 42 G4 P 16 A B A A s I T e ot o P S 38 = A D

K ZHHEY) R R AR G5 2 BORTE A BRI, 3R 72 18 5 40 B i J5t o\ A B - e 2,
WA I B 2 B2 1) B R AE (Huckelhoven & Koge, 2003). WFFUREH, & PEEA N GEH B T
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IR E N, W EDE— DRSS T, Ok R ) 40 B )= 3 v e T
(Wojtaszek, 1997; FH3#T, 2002) . v AR AR 251 A2 B 2k COHD it A (H00) .
AT, ANEEIN HOp RIHIHI B B A4 B 1A K, B ReE 5 S AR P HIE T =2 WIR
H,0, FIF R s e tE (Mussell, 1973; Wu et al., 1995). AHWFFH, 52050000 IR H 1=
PG PO an R G Bt o HaOp B & b I B Sz K T8 i PR S 0, ELZEHe P i B 5 A
REFE R SR HaO, 1 S RIS LU RS . (A E RIS, BARMERR (B 7EEME M H0, B B
A, EHEESEERSEH (B EMATRARRACEAE Y, X RN AR (B BA
H IR R S A R P AR T . RN — S Y Y HoO, [ 8 S ARG ISz i ik IEAH G

SR B R G 5 1 SRR AR AR R, i F R PR SR 08 51 R R R i i S8 A AR DT RREA
(LK) 5 ThAg . I R AT 3 AG I0 HE Ae 24 P2 MDA & R AT HIWr . ASHIT 9 b Mt 57 06 1 )
W HE A A&t MDA & EEES S H0, &2 A ARIZ AL, 3B AR S s 1A
TERERR. BM 1205, &9t MDA S ERIEEERG, WREH T B a1 s A
R EM R, 518 T EARHE SRR . IX AT BE A S5 A BI85 DR 7 HH B s
AR ST R (1) B 2 5 A

KEMFER, SOD. CAT Fl POD JE M SHEMBURVEA I I, NZHERh IS5 & 5 Hiw
a A SOD & 3 R, HART REEFOS IR, 1720 i Ff SOD Ji M2 T B Ji5 i 2 35w T % HEL
U AR S I CAT JE MG 2 T X IR, 1T 80 R WA S, 3R 8 SOD Fl CAT V& M FT RETE /N2
PR ER A A EEAE (FEREE 55, 1997). T35 (20100 K ILLED AT R AR 7=k &Mt o,
BRI IR B J5 CAT f1 POD WG MBI FIER R ER, SBmmbitt B %R, ok, 765 5 H g
NPUE AR LA S LM R POD & M BRE b, B4l BT R CR A 45,1997 T2 4%,
2013). AW, BERhEE I B G ANV BE BRI S 4 5 b SOD T MEAR R IV R N, 5
H,O, & B AR AR EH . FE] SOD My 1] 5232 2 HoO, 7= A IS I B 30« bAbh, 7R 150500 B
I8 ANV I R R 2 S LK POD VEMEAA R &, (HAMIS T /KA B AX B . EHEFR AT &5t F POD
TE PR AR i, (RS ORI T MRS, SRR RN T, &8 (BO AR S
POD JEMEFF R IR 2R, PR T X Ik ovd i S 03 B, AT 51 R RN R B ok A A AR P, X AT e 2
SR PUE AT R PR TR 2 —; MM S, MR OB SRR SR E &,
CABCAL BE e Bh Al B FE P RSB T

NI FE G SRR W], CEPI A MCA e 40 MOAE Fe AR T i IE % 5L K], 170 DAD 1 MLO N
ST I IR TR AL R T R 2 I R BRI S N CEPT 2 A% AN MO FE e P ZE T2 A S5 8 [ 1~ (Zhang et al.,
2014); fER RSP RBIA R P HIL T R AEME S CEPI RFNMERIEEZRIEHK (B5E %,
2014). T LeMCAI FENTEIRFEWI W (Botrytis cinerea) 1249417 S AN FE P AL T- i e R IA &
F+1= (Hoeberichts et al., 2003); [F] I 94 i HoAt MCA FE R 75 40 M A% 7o PR B0 T fi vt 47 1 22
YER (Wangetal., 2012). /N# TaDAD2 525 %5 (Puccinia striiformis) 7535 &R IE & %,
M5 FANMAR 7 M SR T = A, i vk i B RIX TaDAD2 RERE T 40 MU AR 7 R T 1
FEAE, AR MG SE (Wang etal., 2011). BhAh, FEBMUHITER CaMLO2 BENS INEE I 1 S 1
R AR IR OSSR A e T B PR ARG, DT G SR RGBS R (Xanthomonas
campestris pv. vesicatoria) WIHIME; TNAEME I+ HIL B RIE CaMLO2 Ret% M40 Mo AE e 0 T B,
N T % T R Sl 200 o P B0, (R AR S 5 )8 (Kim & Hwang, 2012). fEAHWFFCH, BERhitmm
BR] S AN P b e IO B R A R P A AR T AR, RIS A U B &5 CsCEPL R CsMCAL (1%
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SRR LU IR S H A TH R IR BE K CsDADI Al CsMLO %5 5K FAE M AR BS h RLAS K,
T PEFTIR it ol 3 OB T A o 245 RS AT N BB SU 5 RV 5 - KW CsCEPI CsMCAL CsDADI
AN CsMLO 1Y 5K S G R 7 PSR T st R A S DI &

ASHIT U A A B 1 AR AR IS0 R DUE SR U N AR S A PP VRSB T Z IR S &R, XI5
T3 I B TR A R o AR R PP PR SR T AR SR ROV R A I o S AR P S P E A I A 68 TR ) 38 1k 72
FH TR 20RO B T A ARG U R T EE L], SRR SR TS
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