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Analysis of Bacterial Spot Disease in Red Pepper Caused by Increase of CO, Concentration
Jong-Ok Jang', Byung-Hyuk Kim', Doo-Gyung Moon', Sang-wook Koh', and Jae-Ho Joa?*
'Research Institute for Climate Change and Agriculture, *Citrus Research Institute, NIHHS, RDA, Jeju 63240, Republic of Korea

An increase in COg will affect plant pathogenic microorganisms, the resistance of host plants, and host-
pathogen interactions. This study used Capsicum annuum and Xanthomonas euvesicatoria, a pathogenic
bacterium of pepper, to investigate the interactions between hosts and pathogens in conditions of
increased CO; concentrations. Our analysis of disease resistance genes under 800 ppm CO; using quantita-
tive RT-PCR showed that the expression of CaLRR1, CaPIK1, and PR10 decreased, but that of negative reg-
ulator WRKY1 increased. Additionally, the disease progress and severity was higher at 800 ppm than
400 ppm CO;. These results will aid in understanding the interaction between red pepper and X. euvesicatoria
under increased CO; concentrations in the future.
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M E

AHe] A A EA T 713 Z R w2t bf7] F 73 CO,
&9 A5 HEYS g AA=HL . RCP
(Representative Concentration Pathway, |2 5= 2) A|
o] th2™ 21009 AT Fit COp s=v A7 H)
&0 ¥ Al 29l RCP 2.6% ©f 500 ppm | FHO 2
ZolEA4, F7F Avte] 2l RCP 4.59F RCP 6.04 o
500-600 ppm, A 7FA viZo] vl £ Aug] 22l RCP
8.5% w= 1,000 ppm o1 F7F ALZ Astal 1]
d7] & COx8 =+ 175049 o] F 30%7} S7H3tH o,
210001 WA 52014 £ o) 5L 1 ool B Aoz
/=t u]=3| % 7% (National Oceanic and Atmospheric
Administration, NOAA)ol| W2 2015 3€ & 2|79] CO,
X7} 400.83 ppm 2. 2, ¥Z o] A S Z 400 ppm©| @
gtk wEHGTE Sl iteke] A9 FUE S| FUBA
aoA 19999 #ES A& o 20129 399.9 ppm,
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2013¥ 402.4 ppm, 20169 409 ppmo.Z wjd 2.09 ppm#A
ZF7Vst= FA o)t}

CO.9 o2 A= HeA4 vA=y dgat 7|3 A&
o Aol ¥FE A AoH, 7|3 LA 9 43 2
o= Gk v AL R AAHET COx= Ao 20
At QL 013 & e 2409, AE B TAE
= AY B AR FIFZ HFTR, 3] AE HEA
A2l Erwinia carotovora®} Pseudomonas fluorescens+=
EZ COy TEoA AR A& Hon, AE Hd4d 57
o] ¢l Phytophthora capsicie EA FAo| G Peri=
A2} olw] HALETH4, 5]. 1990E W78 F=, T,
u=, 54U F B2 Ul CO, 5% S7He B v
o izt 75 TESFF o thFE 350 ppmofl A 700 ppm
o2 F7FetE Wo Axtoln, M2 W= 7|5 shof A
Bt 713 AE0Y 2L HolHe e EE3 A
olths, 7].

Age 9nn sEdad AFer) 99 FuA wg
(hypersensitive response, HR)& X o] Ay, HRY] w3 2
12 ¥ A4 (pathogenesis-related, PR) Tl o] S =5
T}H[8-10]. HEA mAEOIY 25 Foll 9T & 2EHA
of o3f AlE AAR WFolE 4= gl §Hg 7|l HR2 7
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(1

S o mEA YAAA HUA Y FdE Adst
EAE H3stH[11, 12], A% Hd# IS AT
= AAl EE A3}FA (systemic acquired resistance, SAR)
TAZITH13, 14]. A 24 Y] &A1 HR o] §-H%
PIK1 [15, 16], LRR1 [17, 18], WRKY1 [19, 20] 0] glc}.
3 (Capsicum annuum L.)y= 2013 U] A8 HZ o]
45,360 ha2, A H o2 o9 Fa3 2hzo|v f-2uate]
AP Zotete U3 BA S 7HTH21]. L5l Al
Buwg Ao 7= Xanthomonas campestris pv. vesicatoria
Xevys AEAY ZF FEof A 2 Qo] 49
AFHE veiiy gyto] Ak S o AA7}F $3tE
o] 7] 4L ¢&dtt}h Xevo] ZgE 13 HR w33
A FRAR-FAR 7Y AT Z-gof o3 Hol gt AT
Kol 2At22]. §AAo] 93] TFe] 5 B CaLRR1
(Leucine-rich repeat)2 5711 9] glycosylation £ &} 571 ¢
LRR domaing 7FAH &4 AAA|, 2|i& 2% dHd, &
EZ 584 T oo &4 diEo 9 FxoA LA
=th[23-26]. CaLRR¥} np7FA 2 HR ¥Hgof 98 425
= 49 WRKY At 8472 A7 3 tjAr 24280
Foste o S53 AAREA 2 BaEo] §lth[27-29].
13 AEA A &edE CaWRKYI (zinc finger-domain
transcription factor 1) F-A2= H|&3 HYw2l Xanthomonas
axonopodisol| 93 ZrEE T30 A E1= ) T}H[30].

Protein kinase= §-3249] &d, Ao 33 23 =
ol Bofak BB A 2T 22 22olvi[31, 52), %
A2 A4t A 59| o] ¥hg-& fdster 23 o
W 2 o|t}[33, 34]. Protein kinase? 3}4¢l CaPIKIE
VIGS (virus-induced gene silencing) B 0]83} CaPIK1
knockdown E 113 X EH| o) A Xanthomonas campestris
pv. vesicatoria®] o F/dol F7kstE L, ol d A
£ CaPIK1°] Xcvo] Zhdoll tigt Wo] € WA Y ¢4 =4
AARA 7]5< gt AS & 4 AoH35].

PR @A S WA 9 e, A=A T Y, &S
ARl AEY A0 AT o f He dHAR, g2 4E
oA HAHTH36, 37]. L F HLA Y A Y3 Fr=H
£ PR &9 AL2 AR o] =44, HAHSAR)L =2 53
He F 5013 tiidE F3o], v 2ol B Hio|g A9
e el F2 A9 B0 & ohEF YA TH38]. Al
2] PR @ 2L 7}4 B3 A A (chitinase, B-glucanase %)
o gt E4 5ol JloeH, AlZ Y PR 9 d -2 uijokH
&2 oA elicitor A 2jo] 8 AL 7<= AL[39], T ¢
9] PR-1, 2, 3, 4 51 EnlEQ] PR-6, 75 147}4] oAt
o] PR hi o] &2l SITHAO, 41). 58] TRE 2Lt}
oA EdstA AEHL et A A A wfe E2 5
£9] CaPR10 T2 gl 2xto] 3 Hio]2| A TMV-Pyo]

3o px ML
o> M

[

fr o 4> 2 ng
Jo
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N

oF FAOoZ §=5Ql o o]= ribonucleolytic 4] 2]
7k}t BEo] Stk B vk Qlok42]. E3F 1159] PR4b &
A2 LRR1 Sl A a5 2-g-sto] A& Al Abd 9 i
W9 A 2 JAREA 75 ke Bt Uoh43].

2 AF= COy A5 SAolA 7179 YA 7t 43 2
&5 A7) st o n o Al A FHE S ¢
7)+= Xanthomonas euvesicatorias ©]-&3}FTh 13 2
Aol X. euvesicatoriaE HE ¥, 4719 CO; F=2} FAFRE
400 ppm3¥} o 7| B o} 28 &2 800 ppme] CO, 375 o 4]
CaLRR1, CaWRKY1, CaPIK1 181 CaPR10 $AAE
Quantitative RT-PCRZ EA|5}o] 113 W34 & §4
Aol el A FUTAL, BEHOR 13 JEANA
o HRUE WY S FASRAL. B AT ENE B
nj2j o] CO, 57F B304 Sutete] F8 FA 2= 1
o} 130 =9 T3 WUFY X euvesicatoria®l T ¥
Ae olsisie 712 ARt 9 Aoz Amw.

2 Eo

)

]
=2
A

ﬂJ-l?l o

ERTETE

A=

B A3 oA AFR3SE 113 (Capsicum annuum)~= Early
Calwonder (ECW) A %2l ECW-30RS AEdgtw Qo3
BEnE pepuel gL 24 FAE #2124 tollA
SHE AE7F HT 723 ZEO| wpEsto] Wopazlen, 49
o] H3& W A5 9em? ZEO A AUAct L3 Al
AEYH S doy|= HYF2 Xanthomonas euvesicatoria
KACC 18722% 25% glycerol stock AYE| 2 -80°C o R &3}
™ ARE-SHATH

W2 85 E ECW-30R0| HZ3}ich. X euvesicatoria
+= TSB (Tryptic Soy Broth, 1.7% pancreatic digest of casein,
0.3% papaic digest of casein, 0.25% dextrose, 0.5% sodium
chloride, 0.25% dipotassium phosphate) B Z| o] HZ &
25T Ol Al 2447 X% v gkt vulE o - Hed &
gl 147} HEE 23ete 2E HUdY ¥ 10° cfwml
ol HA g & EF7E ol&ste A EA o HEs A &
potd] M} AL L& 30CE FAHY, CO9 FEE
Z¥Z} 400 ppm} 800 ppm®| 70| FAF= A oA 2t
ZF SA Agstseh ¥ H4F $ 2% FHoll 42 242 9
G AIRE AFEHEL, ¥ HF F 25 F Y E=E 2AS

Aot

Total RNA & U cDNA &4

X. euvesicatoria JZE 24 & YA o] Jehd 13 o %3F

Iz

A



< AA Ao A7 B3 F, Quick-RNA™ Miniprep
Kit (Zymo Research, USA)E ©]-83}¢9] total RNAS &34
o}, 32£3% RNALE DeNovix DS-11+ Spectrophotometer
(DeNovix, USA)Z st} cDNA AL 2 ugel RNASH
1 wl oligo dT (100 pmol)E &3 &, DEPC-treated distilled
water2 HA| FE 16 W= W& F, 70T A 527 A2
3ttt o] &, 5x reverse transcription master mix (Elpis
Biotech, Korea)S 4 pl & 7}3F3, 42°Col| A 90&, 94°C o] A
547 §h-g-5to] cDNAE skt

Quantitative RT-PCRo]| 2J3l ¥ T3 §-AX} B4

W I FAA 242 9% primers NCBIo| 555 of
= SAANE AX3E o, primer3 (http: //primers.
ut.ee)) & 0|83t HA 3 h(Table 1). Z 422 &H&
%2 quantitative RT-PCR (Real Time-PCR)Z 4335} ¢]
B X319t qRT-PCR £42 43t standard clone2 A A
¥ primerE ©]-§-38to] PCRYF &, 2+29] PCR 4HE& All-
in-one vector (Biofact, Korea)©] cloningd}$ 2™, plasmid
DNAE HiGene™ Plasmid Mini Prep Kit (Biofact,
Korea)& o] §5o] %2 3H4Ith. 47149 24E Allin-one
Vector systems manual®] w2} M13-20F} M13-20R
primerE 0|83t E435t% 1L, BLAST searchE §3l &2l
3. G714 4ol &9l & plasmid DNAE real-time PCR
(Bio-Rad, USA)& ©]€35}9 melting curve 24 3 AZFE A
2 9%t & §A A H(artificial standard clone)Z AR&3} % T}

Ag PCRL CFX96 Touch™ Real-Time PCR Detection
System (Bio-Rad, USA)¥} QuantiFast® SYBR® Green
PCR Kit (Qiagen, Germany)< ©]-&3lth. ZF §A9 A
ZF PCRE oA AAZ Z+2H9] primerE o] &3t 2m
(Table 1), ¥F-&-Z A2 95C A 15 min 5¢} pre-denaturation
Al A, 95T oA 30 sec denaturation, ZF A2} H=Z 30 sec
annealing, 72°C °| A 30 sec extension$ fluorescences =
3tal 45 cyclese 38ttt CaLRR1, CaWRKY],
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CaPIKI1, CaPR10 47 A 9] annealing 32 Z+7F 64.2°C,
64.0C, 62.6C Y 62.6C°|t}. Final extension& 72°C ol Al
5 min <t £33 th. Melting curve 2412 65T HE
95C7HA] 0.2CH Z7FA7]HA] fluorescencesS =431t}

AFS Y3t EF FHAE 1 ng/WHFH serial dilutiond}
o QRT-PCRE 2331900, BA3 14 5h DNA ¥ 5
+ NanoDrop ND-2000 (Thermo Scientific, USA)S ©]&
3h9] 1nghtl 240l o431tk

g 241

CO; F=o) W& 13 Al FH o I 4= &4
317] Y3l X. euvesicatoriaZ FFE & 144 FHol o|HEES
glstgon, o 4ELS T A4S AA A5 A}
of EgR AESTh W= A 72 9o HR B9
£ Aol 0-4 (0; BHE 29 §l=, 1; 1-2071, 2; 21-407H, 3;
41-607}, 4; 6171 o]HE WY FEE F&Et, TRE &

o BAYS W= Foshelr,

2 A

Ut

Ll

CO, 5% &5 2749 CalRRT FAR TE F
COy =9 WE X euvesicatoria AT} FA L9
CaLRR1 qRT-PCR A3} Fig. 13} Zth. 400 ppmoi Al X.
euvesicatoria 2= 1.0 x 10° molecule -copy/ul, A ]
= 1.7 x 10* molecule - copy/ulE Az TLo)A] oF 174 =7}
3t 800 ppmo A= E A F 9 x 10° molecule -copy/
ul, g F= 1.5 x 10* molecule -copy/ulZ <F 1.64] =713}
%t} 400 ppm¥} 800 ppm & FA 2o A CaLRRI HE
ZFo] 800 ppmol|A] 9 Z =QkO U, X euvesicatoria AT+
o A= 800 ppm©] 400 ppmE T} FAdt= FFS H T
O] AL AtF=4o| A Collectotrichum graminicola®) €)%t
SLRR 7} 9] vtd o]} [44], X. campestris pv. vesicatoria
of gt nFo A9 CaLRRI G| W@ A-tolA ¥

Table 1. Nucleic acid sequence of oligonucleotide primers used qRT-PCR assay for the disease resistance gene of Capsicum

annuum L. in this study.

Gene Type of primer Sequence (5'-3") product size (bp)  GenBank access No.

F ATGAGGTTCATTGCCCTGG

CaLRR1 594 AY237117
R CTAGGCTTTCATGTCTTGGAC
F CAACAAGATCCGACACTCATACCC

CaWRKY1 369 EF468464

R CAGGAATCAGAATGGGGATAGACC
F GGCTCTTGGTTCACTGGAAGATCATCTA

CaPIK1 285 GU295436
R GCACAGTATCCATATGTACCCATCACTCTG
F ATGGGTGCTTATACCTTTACTGAC

CaPR10 481 DQ351935
R TTAAACATAGACAGAAGGATTGG
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1.60E+04
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8.00E+03
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|
0.00E+00 —F% T s T

400 ppm

CaLRR1 gene (molecule-copy/ul)

800 ppm
CO; concentration

Fig. 1. Expression of disease resistance gene CalLRR1 in Cap-
sicum annuum L. by Xanthomonas euvesicatoria. The control
means none treated X. euvesicatoria. C; control, T; treatment.

3 el gjotol %t A=A AHOl LRR 32 W o
Bolgte AT Aol AR 7429 CO, FEA
X euvesicatorias AZE Al CaLRR19] ©rd o] ol H .
400 ppm3¥}+ 800 ppme] ZFE H] A3 800 ppmo] Al
CaLRR12] W& eFo| &olF o X euvesicatorias ZZE3t
A5 H|ALEHH 800 ppmof A &] @] 400 ppm EHrh
13% Robxltt.

CO, 5= & 279149 CaWRKY1 AR 4@ ¥
WRKY T a2 131, A 25 o] 5 H=3H] ®
= By ESAQ 22 7WS X A5 arabidopsisoA] 100
o 77} YA == superfamily©] th[45, 46]. CO, %= 400
ppmol A B2l 7ok A2 e] RT-PCR A= 217} 5.2 x
10° molecule -copy/ul2} 5.8 x 10° molecule -copy/ul2 X.
T2 Wsh= FA Zpol7h vhA] 3k

euvesicatoria®l 2|38t

t}h. 800 ppmol A= BA &Lt A7 F7} 3.1 x 10% molecule -

copy/Ml, 8.9 x 10° molecule - copy/ul2 X. euvesicatoria #|
277} RAE TR} o 3u) ESkth(Fig. 2). BT 7t vl
i A] 800 ppmo| 400 ppm KT} 40% ZAsFFoLt, H2] 7
ZH B3 Alo) = 800 ppmo| 45% F 7}t At CaWRKYI-
2 AFolA EA% O E 371 A 2 400 ppm A
2|5+ E.o} 800 ppm A 2 Fo A EH Fo] F7FstTh A
=9 o= tAtet A4S ZFsEe up-regulation®] =
LAAE AT down-regulation] A Hol= GAA}
= 9tk o] 139] CaWRKY1 T} Ho] HYF-& ol 3}
7] 93}l negative regulator®] ¥&-S 3}, CaWRKY1 ¢
Hol e F gl A=A 7F Guf Z2Ajo| 2 ol Lof
Ae9e ) AT Hh o FA WA gL ue 2
Hof fFAFSETH47). &, CaWRKY1 74247} 800 ppmof A
W& o] olHTE AL X euvesicatorial] 23t CaWRKY1

http://dx.doi.org/10.4014/mbl.1708.08006

1.00E+04
8.00E+03

6.00E+03

4.00E+03
2.00E+03 I
0.00E+00 C T C

400 ppm

CaWRKY]1 gene (molecule-copy/ul)

T
800 ppm

CO, concentration

Fig. 2. Expression of disease resistance gene CalWRKY1 in
Capsicum annuum L. by Xanthomonas euvesicatoria. The con-
trol means none treated X. euvesicatoria. C; control, T; treatment.

B9 Wdo] HolHt AL $52% + dov, X
euvesicatoria®] HHA0 400 ppm E T} 800 ppme] 279
A 2% NBAZ O B 9L vy qEol A2E
ot FA T A= 400 ppm Htt 800 ppmo|A CaWRKY1
AR} g o] Wobdl o] fk o|2gt Weo g 3fAo] 7hs
g Aot}

€0, 5% 44 ZANA] CaPIK1 $74 2 B
CaPIK12 RLCK (receptor-like cytoplasmic protein
kinase)?t &2 FAHIE 7tk RLCK= A &4t &4
He 553 ddE dEA SITH4s, 49]. & AolAl CO,
FEo| W2 CaPIKI A4S Hd sjd& 4% 23 400
ppm¥ AL P R2F AL 3.3 x 102 molecule -copy/ul, A
o A= 1.3 x 10 molecule -copy/ul2 FE = om A7
Toll A oF 4] =A TEE ST 800 ppmY ¥ HRF=
6.6 X 10 molecule -copy/ul, Z&]FLo] A= 9.8 x 107 molecule -
copy/WE oF 1.44] =A HAEchFig. 3). ZF CO; &9
ARt v sk 400 ppmETh 800 ppmof A 24 H &=
HawFo] F7FeFAAIRE, X, euvesicatoria?t E B A
o ME HEFo| 30% = Hasttth Kim 59 Ao ot
2 X campestris pv. vesicatoria®] 3 ZH 7] &4
oA 13 AEA W 2 29 CaPIKI F3A7F 4EE
Ao o] Axt= CaPIK1 TEido] e Adef st 1
Z A g9 Wo] vhga AfE Aolzts At fAbstt
[35]. &, 400 ppmOl| A 2t} vl wal A2 Lol Ao wd
ol S7Ht AL X euvesicatoriadl g 13 AE 9] HHol
Hk-g-of st Zito]m, 800 ppme] X. euvesicatoria A 2T+
£ 800 ppm 9] tfRFETh= HE o] A9 400 ppm2)
Atk WA SEE 7] fZol 400 ppm ET} 800 ppm
A X. euvesicatoria®l| &3t A EA| 9] Hro] BE-g-o] Yopd
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S 1.20E+03}
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Fig. 3. Expression of disease resistance gene CaPIK1 in Cap-
sicum annuum L. by Xanthomonas euvesicatoria. The control
means none treated X. euvesicatoria. C; control, T; treatment.

Zol2t oAt

€O, 5 A% Z29149] CaPR10$HA el 4

COy 5= WE CaPRI0O F7AAY] W FA2 Fig. 49}
Ztt. CO; 5= 400 ppm?] FA 2o A= CaPRIO 4
A7t HEEA g%eu, X euvesicatoria A 2ol A=
5.7 x 10% molecule -copy/ul7} &&= $lt}. 400 ppmI} 800 ppm
o] A2j4t7t vlal 23 800 ppmof| A HH o] 10% st
o o] CaLRR1, CaWRKY1, CaPIK13} 72 oFAMS
Heloh o fAA d ) 2 E= 23 800 ppmof Al
o] RAe|tel Ao Id oFiolt. A oA &
L 7.2 x 10° molecule -copy/ul, AT A= 5.1 x 10°
molecule ‘copy/ul2 T2 §-H Aot E Th2 7] B 2ol A
9] CaPRI0% Tdo] ¥ =4t #=4 W §F34Y
PRI10 §7A}= salicylic acid, ethylene Z2 #&EX}2] £32
T U(dark) JEiU 7o B AEH 2 YA F
T7b "oh[50-53]. 22 2749 193 113 AEA4 MElA

C T C T

400 ppm

8.00E+03 r

6.00E+03

4.00E+03

2.00E+03

CaPR10 gene (molecule:copy/ul)

0.00E+00
800 ppm

CO, concentration
Fig. 4. Expression of disease resistance gene CaPR10 in Cap-

sicum annuum L. by Xanthomonas euvesicatoria. The control
means none treated X. euvesicatoria. C; control, T; treatment.
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=
=4 AT 35CAA 2 27
Z 1} (data not shown)7} UHd
FRATE COY F=ol FFE e AR 25T 5 Qith
SHAE, BATHA 00,2 CaPRIOA) o
gol7l izl s o W A7

s},

_ﬁ
)
o
i
2

€O, 5 E 45 2N WH2A
@A t7] F2f CO; 5=< 400 ppm} 27 =2 800
ppm®] ZHNA X euvesicatoria®] 7t 13+ Al HFH
ol ity A = Table 29+ 221, X. euvesicatorias 3
Fo1A @S dETolHE AIZATLHo] WHIH F2E
sttt ZF COp FEA o] HEL 400 ppmo] A
34.7%, 800 ppmoA] 61.6%% oF 28 Eol A E3E, uhy
£ 400 ppmo] A} 0.8, 800 ppmollA 1.22 o|HE¥} wpzt
7B 2 FYE 4] 800 ppmo] FE A2 AL}
Fo A A FHE S 427 = X euvesicatoria= 17 o
Xanthomonas campestris pv. vesicatoriaz 7] % %2
T B ATH BE A A WHo 2 X euvesicatoria, X.
vesicatoria, X. perforans 181l X. gardneri®] 4522 A
23E%led, I F X euvesicatoria7t 1159 AlFHFY]
HE 407 38 dUF SR BUEItH54-56]. 24
gl A= 2B X campestris pv. vesicatoria®l] T3t AT
7} & o]&H, 20100 A EE X euvesicatoriasS A+3}7]
AlZsto] e At ARyt RE3E Ago|oth. 22t Shindt
Yun®] 2 11of o8}, X campestris pv. vesicatoria= <=2}
C0.9] 2717 W8 S7he} dzro] gtk ST, o] = X
euvesicatoria® A3 2 A¥ 9] At} A7),
E3E, Phytophthora capsiciol B8t At A4 13
A =249 PR ¥ FAXE BAT 23 AR F5ol
4 5 B0 PR Y fAAV 24 ddET L HiE
AL[58], A& HHo| Fofdt= chitinaseQl CRIV3 §-32k
+= PCI (Phytophthora capsici inoculation)®] 23l & =5
o § % $AZ A E(virus-induced gene silencing)¥} Y A

Table 2. Effect of CO, on disease ratio and severity by Xan-
thomonas euvesicatoria.

(@)} Ratio of .
. Treated . Disease
concentration . . diseased .
X. euvesicatoria severity
(ppm) leaves (%)
X 0 0
400
0] 347 +£1.2 0.8+ 0.1
X 0 0
800
0] 61.6 +3.8 1.2+£0.25

The temperature of the incubation room is maintained at 30C.
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T}9HE (transient overexpression)o] 23 PR -G-A A9
24& ity EaEo59). &, AEAE Y
of osf PR ¥ A7 w4 LEE o] R AEY
oA £ AFolA = w2 CO, §70A PR &
A7) o] Zrashs 2IE BYoH, ol Uy

4 o] Fo] Wolxz A9} AfE s ALE ALRH
COy 7} & WA mAE A&y 4548 a4+
= 7 7 BHLE o] & & QU A WA #HE CO,
9] F7tol W WA nAE Y wstoth gAHQ
Collectotrichum gloeosporioides< 24| =& CO, X oA
2719 Aol AAHYOY B T2U7t FHEE B2
A AAE 0] ol [60], B 722l Erysiphe graminis
£ 350 ppm Rt} 700 ppme] CO,01 4 Aol Fotct
£ X7} Y6l B 0A BEL €0, 2710 B2 A%

oo oot o

4oé

H1 (> rE ook

o HistE PejA Wt A2l A wstz s JAA Ay
Zol g Ao wistolrh. A& £, COx7} 700 ppm

o2 AsH AL AE9Y defense structure?l It
(papilla)9] 43} 7|59 W Zrao] of HdA S HY
FA = A=A WA 571 TARET61, 62]. dtit= T
AEe) WBo| T G skt 4Ee] Mool Aw ¥ B
BE 00, 5% Bobklel ket B ARGt 7% A2
S Qojun, AEHOZ B o] o= oz o 4
S5l 2 gstTtel ke Aot deba 4 e AL
oju]gtet.
B Q75 7] F CO, 57k AR uch 20 71 A
2 ATERY B Wy Pk oEa] 9 el B
oA WA MES BT, We RRPl T
o AES AT Ad AT X euvesicatoriaZl 3
¥ A8 +9 CaLRRI, CaPIK1 7181 CaPRI0 §7A A}
400 ppm Et} 800 ppmol A L@ o] AT
negative regulatorQl CaWRKY12 @@ 9Fo] Z7}8t4i .
X. euvesicatoria AE 144 & AEX Q] FHHL Felst 2
I} o AEL HHE HE 800 ppmoll A Z7tE 3o, o
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