AEYHAS Res. Plant Dis. 25(2): 62-70 (2019)

Research Article https//doi.org/10.5423/RPD.2019.25.262

SEHSH0 T2 21 ASH|A S0 D5 MZHPL]E 2 st

Evaluation of Bacterial Spot Disease of Capsicum annuum L. in
Drought Stress Environment by High Temperature
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The global warming by increased CO, will effect of plant pathogenic microorganisms and resistance of host
plants, and it is expected to affect host-pathogen interactions. This study used Capsicum annuum L. and
Xanthomonas euvesicatoria, a pathogenic bacteria of pepper, to investigate interactions between hosts and
pathogens in a complex environment with increased cultivation temperature and drought stress. As a result,
the bacterial spot disease of C. annuum L. caused by X. euvesicatoria was 35°C higher than 25°C. In addition,
the effect on water potential on bacterial spot disease was much greater water potential -150 kPa than -30
kPa. The disease progress and severity higher than water potential -30 kPa. This result will useful for under-
standing interaction with red pepper and X. euvesicatoria under the complex environment with increased

Received October 1,2018 © cultivation temperature and in water potential -150 kPa drought stress in the future.
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£ 7IX|21 9jon, 11 SHAIE Jd o IARSHXu &, 2012). &
WA o g 2% 7k AlEY AR 71T AAI7)L, da
o] FI71E3E S7HIA 54 WS ST SR
(Kilpeldinen %, 2003). 121}, &% Arof T3t Ad A o219}
28 o] n2p Syt o A=) AL S ot
2} ohoF sl W32 B¢ th(Barber 5, 2000; Danby®} Hik, 2006;
Volder 5, 2004).

T3, 2UstE 7| 2H3} o] Qo= Bk E A
= 1A= Aoz dHA Jlon, st it 42
Hh2o] AR AEH A g3 F7|% stk (Rustad 5, 2001;
Yin 3, 2008). Ax AEF A= A5 S Aldtet= —zr
8 e 2 BEof FgEe e BE5HAY FASE
m]].E'—. 78]_?_ Hal-/kgs]—u]. AZRA Eg—“/xi o5} /\I _,] AgFg— Z:]-_J__:
QoM ] ~Beteka) 9lo] R IE Ho] Zagho| whet 4gt
d =9 G&o] fash| ditol A& At A= o]
ZtHChaves2} Oliveira, 2004; Lawlor, 2002; Lawlor®} Cornic,
2002; Lawson =, 2003).

113=(Capsicum annuum L)+ F-Fotwg]7 AR 2 I
= 17417] 2 Af=o] A7 Aulj== 4ol 201749 =
W) e A 28,337 ha, AAFEE 55,714 ton . 2 Zn|34 = 7}
2} uko. A ALEET} A ;q]x4 FEE 7R We 23 ZEoltt
(Statistics Korea, 2018). 115=0f| Al FEH S U2 7]+= Xan-
thomonas euvesicatoria’= 545211-—] 7} Jgof dhyaix|ut =
Z Qlof F=A0] HRHE Yehe Hguto] 43 SefEn 9
AA7} et o] 27] oS FEdtth

23] T 724452 AlE YA e Yy
AEA Y] Aol FF= E 5 U= Ao, A= A EA
7ro] A Ao J3FS ]7‘5__] 720 2 JALETLDE L9 B9
TR AE ARAe s dFS A s e HESA &
2o, AEHAAY ndE = ’il-ZBSX—‘I?l FFol HaE
tHCoakley %, 1999; Manning3} Tiedemann, 1995). 1990 ATt]
N 3 o £ ulRe B Uzl 4 €O, 2710l e
A gl tiat 7S Bastgont Bake uEste o
Qo] 7]QIgk W AT A1 ATA] Tht AT e
Z35} AAolt} (Chakraborty 5, 2008; MitchellZ} Zentmyer,
1971; Percy &, 2002).
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Total RNA =& 2 «DNA M. X euvesicatoria 3% 24
A7 & 313 Q1S oA Ao dB B4 5E Z, RNeasy® Mini
Kit (Qiazen)E ©]-&-5}4] total RNAS =&3}9ith =3 RNA
+= NanoDrop ND-2000 (Thermo Scientific) & 2 A3}t
cDNASHI-2 1 ug 2] RNA2} 1 ul oligo dT (100 pmol/L) & &£t
& DEPC-treated distilled water2 AA| 21& 16 ul2 2
g, 70°Col| A 587t 2 2]} ) 0], 5X reverse transcription
master mix (Biofact)S 4 ul Z7}3}L, 42°Cof| A 90&, 94°Co||
A 5E7F 251 c(DNAZ g4 51%th

Quantitative Real Time PCR (qRT-PCR)0j| 2|t & 2t
X EM. 3 9 %Xﬁ} A5 913 primers= NCBI
o 52xo] 9= SHAARE &85} primer3 (http:/
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Table 1. Nucleic acid sequence of oligonucleotide primers used qRT-PCR assay for the disease resistance gene of C. annuum L. in this

study
Gene Type of Sequence (53 product Annealing GenBank. Deteciclon
primer size (bp) temp. organisms
ATTCTCGTGTTCTTCGACGTTGTC
xopP 208 67.9 AY756270 X. euvesicatoria
R GAAGTATTGAGCAAGGCCTCATCC
F ATGAGGTTCATTGCCCTGG
CalLRR1 594 64.2°C AY237117
R CTAGGCTTTCATGTCTTGGAC
F GGCTCTTGGTTCACTGGAAGATCATCTA
CaPIK1 285 62.6°C GU295436
R GCACAGTATCCATATGTACCCATCACTCTG
C.annuum.L
F ATGGGTGCTTATACCTTTACTGAC
CaPR10 481 62.6°C DQ351935
R TTAAACATAGACAGAAGGATTGG
F CAACAAGATCCGACACTCATACCC
CaWRKY1 369 64.0°C EF468464
R CAGGAATCAGAATGGGGATAGACC

primer3.ut.ee/)E o]-&3}o] AA 5% tHTable 1). qRT-PCR
2L 93t standard clone& AA%E primerE 0]&35}4
PCRSt &, Z+2F PCR AF=2 All-in-one vector (Biofact)o]|
cloningdl &, plasmid DNA= HiGene™ Plasmid Mini Prep
Kit (Biofact)E ©]-&3to] F&35to] H7|AES 2AsHAT
A71E &A1& All-in-one Vector systems manualo]] w2}k
M13-20F9} M13-20R primerS o]-&35}o] B43}1, BLAST
searchE 3] &2l13}th g7 do] &2l = plasmid DNA
+= real-time PCR (Bio-Rad)& ©]-&35}4 melting curve £

B AFH NS 93 HF 8- A} artificial standard clone)Z2
Ahgstsieh

A7F PCRE CFX96 Touch™ Real-Time PCR Detection Sys-
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& ol g3heith 7k XS] A PCRE ol A MAT 212}
9] primerE ©]-83% o™ (Table 1), ¥F-§-271-& 95°Cof| A
15 min =2t pre-denaturation A]#, 95°Col|A] 30 sec dena-
turation, ZF -f-A X} HZ 30 sec annealing, 72°Coj| 4] 30 sec
extension3 fluorescence intensityS =% 3}aL 45 cycles
2 4393}tk CalRR1, CaPIK1, CaPR10, CaWRKY1 7 A}2]
annealing Zk-2 22+ 64.2°C, 62.6°C, 62.6°C 4 64.0°Co|t}.
Final extension2 72°CollA 5 min E<F =35} th Melting
curve E4-8 65°CEE] 95°C7}A] 0.2°CR Z7IX]7]HA] fluo-
rescenceE 3—7‘48}@1:}
FO QRT-PCRS 4350 BAl5}gich 4
FS %’—]?}_ B -ﬁ—%j =1 ng/uI—,—E] serial dilutiond}o qRT-
o, 84837} 8} DNA SEE
NanoDrop ND-2000 (Thermo Scientific)2 ©]-£3}4 1 ng/ul

£ £49] o]-&-313t} (Kim 5, 2017).
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w2} 259 Aol ol e, ol E 2= F7t 24
ol A A1 EA] ¥ AT Aol B E ) (Jang 5, 2018).
wbA mjEfe] 2= F7F Sol|A a1 Al R e
1} olo]] g AlEA|Y B AP T FARY WAFY=
ghlskarzt stgiek @A th7]% CO, %= 400 ppmof4f 25°C,
30°C, 35°CE| Aol A A+E 353t

J30) AlFARLHYF2 X. euvesicatoriaS HZE3)aL, 7

T

A o= AS 1T 4= ATk B3 271 571l w4
& £=7F S7kshET), 30°CY] a5 Qlo] 35°C a1 YHTH &
< Flstqink 2 A2 AEH A 3791 -150 kPaoj| A
59 S 3= e gkl 35°C 2o A= 1L
At A ERIFITHFig. 1). 2% 7= A8 AEzHg 9
T T, TR WS et EuE itk (Danby 2t
Hik, 2006; Kilpeldinen 5, 2003; Volder &, 2004; Yin -5, 2008).
AT 247 Bt LE7F24°C ol 2 Fobd AL 2 F
ol 571sto] Y3k W Yihgo] wobA Aol AsfEriar &
HA Qlet 123, ST =N B xR AEH A S0
A AEA 9] Aol HE A= A Flsklth o] & F8l
A 30] A QlojA] LERT BoF 7 T Gl
Ath= A& & 5 ok

TR, 30 A 20 whet Al A X eu-
vesicatoriaS &5t 74 & W= E 3Hlst Ayl Fig. 2
2} Supplementary Table 13} Z-t}. -30 kPa B 4~ E3ZHI A 9]
N30 AT = 25°Col A 13%, 30°Col|A] 17%,
35°Coll A 30%= W=7t S7keh, &=7F S7HE &
EL ZUVe= AL Flskgck 18]az, Z+ 25°C ~ 30°C, 30°C
~35°CE| 2= hE W = 247 4%9} 13% 2 2= 7)ot
A F7HE o] A5tk 12, -150 kPa B ==l
9] 115 Aldt - W = 25°Co0 A 20%, 30°CoflA]
23%, 35°Col| 4] 63% = W] vl A 716l= Ao = &
olE|olth. T3}, 7+ 25°C ~ 30°C2} 30°C ~ 35°C2] L E=77hd
Y= 212} 3%9} 40% 2 U e, =577 Al 5
Ue] U E S 2771 AL Shelsholth el T, St
2k 2NN E Ax 2EHAE wow Al
WEo| S7Fekth BRAEd A s 2704 30°CoA F
7HE2 4%0] LH O, a2 AE AT A T 7SS
13%¢21 Aof vlsl, BB A 8791 35°CY AR AEH A
2ol A= 40%9] W ER S7HE0] Wi¢ EoRith= A&
gl 4= Uk

E3 250 tE Ax AE A B 20N WEE
= AR 3 7+ 57| FA1AdS F3THFig. 3). -30 kPa E9F

-150 kPa

Fig. 1. Comparison of red pepper grown under different tem-
peratures and water conditions. Photographics were taken 7
days after combined drought stress and inoculation of X. euvesi-
catoria. A; 25°C, B; 30°C, C; 35°C.

TE2EHE 2N L7t F7Fel whEh WSk Al T
HH9] 71871 He}t 150 kPa EF -2 328VE A2 2B A 2
of|A =7} F7Ht] wheh WA= Al R EE] 71877t
HE 2 A2 GRS o Sl % A 233} 2EeA
13 AR S 2o o3 JIHTH=E EF 8
sZelde] o3t FFo] o Atk A FEF 5= Utk gh=ollA
DFNFAAETFES A= X campestris pv. vesicatoria®]] Tt
A7} B3] RBYE|Q) o, X, euvesicatoria A= 201087 A]
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Fig. 2. Effect of water stress on disease incidance and severity
by X. euvesicatoria. **; <0.05, ¥**; <0.01.
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Fig. 3. The disease rate of Capsicum annuum L. according to the
temperature and water stress.

Zpsto] A A7t B35 Ao, X campestris pv. vesicato-
ria= &=} CO, 5710t 22 BEIAEd A Sof|A HEE7t
o TS TGO, B AT FARE AL BT 5 9)
THShinI} Yun, 2010). @AY71A] A| 7213t 2J5t WA oAy
23} B2 SRS AT F 7R el ApEisich |
A,00,9) Z71o] ofet A% 4 nly ) vishe ATstrk
Erysiphe graminis<= R 2|27} Q-0 2 350 ppm Xt} 700
ppm] CO,olA| AAFE©| FoFx S H(Hibberd 5, 1996), Stylos-
anthes scabra®] EEAY U121 Collectotrichum gloeosporioides+
2 (0, FroA 27] AAo] AdEY F247t FAJ=H wh
2A BAEo| oRltial B 1 itk Chakraborty 5, 2000).
THE SRR CO, 271l w2 A2 0] Wl 8] M )4
=0l thiet M| WS Frstee A7 I CO,
700 ppmo] & E730)| A A1&2] defense structure?l papilla FA
4 7]5 UE o] o3 HUAY Y HAl= AEAY WA
7} AL wil$- okl B ik (Bettarini 5, 1998).
a8y, CO, e 7= A Aot AEA o theret MskE
Zohe AL onlsiel, A2 Mo 2 87 agle] o Ze g ¢
SelsiA A8 shitel ket dubl greb 4 qlrh e 3

=% % gk

SAEY A stFoMe 1 MEFHEFLEIEADL| HEE
M. 7] F 2% S7HE Q3 AN B i 2HlE 30
kPa<2} -150 kPaol| 4| X. euvesicatorias &3kl 24X]7F & A
FE AF31 X. euvesicatoria®] xopP gene (Fig. 4)3} 13
) A A 5-HRHCaLRR1, CaPIK1, CaPR10, CaWRKY1)2] Br&eF
A& % B ST, 5).

I3 AFHFYY LA X euvesicatorias [E T %
71%S 2ok S22 HA -30 kPa} -150 kPao] 4] 2.29x10°
+ 9.26x10° molecule-copy/mg 2} 2.21x10°+2.82x10°
molecule-copy/mgZ A= thHdata not shown). FZ 24
A7 & A2 LHE xopP gened AFstgon, EoF SHT
Bl -30 kPa A3} 25°C, 30°CQ} 35°Co||A] X. euvesicatoria
+ 3.39%10°+1.09%10* molecule-copy/mg, 5.51x10°+£3.02X
10* molecule-copy/mg, 4.32x10°+4.76 X 10° molecule-copy/
mg= I T3t Ax 2 EF +EZEA -150
kPa ZZA38} 25°C, 30°C2} 35°Co)| A X. euvesicatoria= 3.94
x10° +1.29x10* molecule-copy/mg, 4.19x10°+8.06x10°
molecule-copy/mg, 2.07x10°+1.64x10* molecule-copy/mg
2 717} FAE A (Fig. 3).

EoF B xE A -30 kPao| A9 X. euvesicatoria] A2 4.0
x10° molecule-copy/mg >0l A F-AE] ] .21, 30°Co|A]
7¥ehe 2 Felskqih 22y, 25°CeF 30°C Aol A X.
euvesicatoria®| F7}o WE 15 At FHH e W ES] 5
7He 4% =2 F2 2| & B THSupplementary Table 1). 5}14]
ak, 35°Col| A X. euvesicatoria+= 4.0x10° molecule-copy/mg 5=
T2 AW, 13 AT WHES 30%E F
74|l om, WS E WSh= 25°CHT 17% wokdl AL gels)
Sk 18|31, EOF B X HIA -150 kPaol| A 2] X, euvesicatoria
9] AL 25°C9} 30°C Aol 4] 4.0x10° molecule-copy/mg
FZo A SR =0, 35°Co)| 4] 2.0x10° molecule-copy/mg
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Fig. 4. Quantification of X. euvesicatoria under different tempera-
tures and water conditions by the Real-Time PCR. The real time
PCR was taken 24 hr after combined drought stress and inocula-
tion of X. euvesicatoria.
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Fig. 5. Expression of disease resistance gene CaLRR1 (A), CaPIK1 (B), CaPR10 (C), and CaWRKY1 (D) in C. annuum L. by X. euvesicatoria. The
RT-PCR was taken 24 hr after combined drought stress and inoculation of X. euvesicatoria. *; <0.1, **; <0.05, ***; <0.01.

£Z0 2 ZIAERIth AZX AEH ASH A X. euvesicatoria
of| ZjA|g=fl w2 315 Al Y] -2 25°C9 30°C £
204 20% F== B3 HEES Shlsksich 12 vl
Eo]A o 2 35°C ZAA] X. euvesicatoria®ll 7NA57F A E]
U 315 Al HHEES 63% = 3uiYE S7sk= A
= gl 91 2= F3f X euvesicatoria®] 472 &=
oy B¢ 20| B 2A FFS vR = AS Rl
thFig. 3, Supplementary Table 1). Z18]11, X. euvesicatoria2]
A G=2F 113 Al FEE Y] WE A7} vl A A
Ao ERIstHon, 15 Al HFE e W2 X. euvesi-
catoria®] 7§A|G=Ho} v &750] B 2 FFe nT= A=
RISHATE o] AL &= F7tol| e A2 W HRAEY A 2
A A X. euvesicatoria W2 Iy I F-AZF P A AY
HAAESH QRlof ol 15 AldHFH W Eol 7kt

the R4S 258 4 rk

stAoMe AEH L AEE 2HH [FTX}
o] MM, 30 kPao] &% 25°C, 30°C, 35°Co]| 4] CaLRRI1
|AA HEFL 1.29%10* molecule-copy/mg, 3.09x10*
molecule-copy/mg, 2.33x10* molecule-copy/mg & z}Z} &
A=|GTt 12)ar, AR AEH A 27 -150 kPaof| A =0
w2 8 Azte] WrEEFS 2.96%10* molecule-copy/mg, 2.86
x10* molecule-copy/mg, 7.41x10* molecule-copy/mg 2 Z}
Z} 3Ql=]9lth(Fig. 5A, Supplementary Table 2). CaLRRT &4
A} A 35°CeF B X'l -150 kPa B30l A 7HE =

A EdEs As gelst

8

15l eh E3F 7+ 22 9] -30 kPagh
o] 4] CaLRR1 F-AA} &2 th2 2% 2 7A<2] 25°C, 30°C, 35°C
ol A WaFT FARRE AE ZIskSATh o] AL X. campestris
pv. vesicatoria®ll 2]t 113N A 2] CaLRR1 F7ALe] & At
of| A /g HrElZlotol &gt A=A Aol LRR F-AAF
o] Frojgteiar B uE Ao} fAksk e H(Hipskind 5,
1996), 112 A Z3t B A X. euvesicatoriaZ % A] CaLRR1
o] wHglo] Z71El= A8 BHls) g,

T3, CaPIK1 AL 8 2 1% A3, -30 kPao] =
T 25°C, 30°C, 35°Col|A] CaPIK1 G- A BHEZFL 3.24x10°
molecule-copy/mg, 1.63x10° molecule-copy/mg, 1.61x10°
molecule-copy/mg 2 Z}Z} EQlx|Qich 1811, AXAET
2 27191 1150 kPaol| A =0 g FARe] WS 72F 2
=3 2.54%10° molecule-copy/mg, 1.67x10°> molecule-copy/
mg, 2.77%10° molecule-copy/mg 2 Z}z+ Q1% 3it}(Fig. 5B,
Supplementary Table 2). CaPIK1- receptor-like cytoplasmic
protein kinase (RLCK)2} =2 FrAHdo] 1=l om, A&
Ak SHolEl= Al 2 oF# A )tk (Shiugt Bleecker, 2001,
2003). 2| 2 310) W= X. campestris pv. vesicatoria®l 23l
7Y 27] WA mRoA & SF0 CaPIK A IR
Hglon, 0|z CaPIKIEhgo] W Hedol that 15 4]
29| ol W-T} JATATE 4 -2 2 & 4 UeHKim
3} Hwang, 2011).

B3 A2 EFG 20 2 CaPRI0 F-ARS] HE S
A3} tHFig 4C, Supplementary Table 2). EOF 4~H32H|

tlo rlo

i fr
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-30 kPag] 25°C, 30°C, 35°C $H4ol| A CaPR10 G- AR} s
4.63x10° molecule-copy/mg, 9.90x10° molecule-copy/mg,
1 69><104 molecule-copy/mg 2 z}Z} -21=] ]t JE]IL EoF

E3EHIA 150 kPaol| 4] &&=of whE 3R] TS 147
><104 molecule-copy/mg, 1.76x10* molecule-copy/mg, 4.43
x10* molecule- copy/mg 2 717} gl = RichFig 5C, Supple-
mentary Table 2). 1159] CaPR10 - AA WS HE 2 X
o)A -30 kPa i\:} -150 kPaol 4] 22 1.774)0)| A 3.184) o]
A7) R A2 SRS PRIO- RS S ol
FRARZ A salicylic acid®} ethylened; 22 A EA} 22 ==
QF(dark) ALt 7HE0] e384 AEF 20| oA f=71 |
thal B 1 EcHDurner 5, 1997; Ecker, 1995; Wang <, 1999;
Ziadi 5, 2001).

WRKY @22 -3} 9 B Ju|YEZHE Wo]7| 2o
Tofst, AESH] T HAETHA 2 245 = ddR
A Arabidopsisoll 4] 1009 77} YAE = superfamilyo]] 43t
t}H(Eulgem -5, 2000; Jang -5, 2018). oJof| & Aol A &3t gt
AAEF A0 W2 CaWRKT S-AR}2] dHel OFARS B 3%
thFig 5D, Supplementary Table 2). E9F =224 -30 kPa
9] 25°C, 30°C, 35°C &7 of| A CaWRKT - AR} BHE T2 2.55%
10° molecule-copy/mg, 9.64%10° molecule-copy/mg, 3.52x
10 molecule-copy/mg 2 z}Z} kel=|qich 18|11, B 8
el 150 kPaolA] L] mHE §71740) ML 2.03x10°
molecule-copy/mg, 1.56x10* molecule-copy/mg, 5.96x10°
molecule-copy/mg 2 Z+z} SRIE|QIth 8 AEH A 310
A CaWRKT G- AR} BHaek2- 25°Co]l 4] 7.95H), 30°Ce} 35°C0]
A 1602809} 1691 7] S| 21 Y R4S $3) 2
5tk R EY 2 oA Wl 7| A -] CaWRK1
gene-Z -30 kPaXt} -150 kPaol 4] B A AE g oH, o|A
S Al 9 AL X. euvesicatoria©] Z35HA 2§
S ul g Ek asle] ofgt Rolet 328 4 ik

Hge] wrolg A=k A4t hALEOIA up-regulation
FX= down-regulation®lth. CaWRKY 1t g o] Tty = o

o A1 EA7} gl majo] 2 ulolel o) ZAHUS 1) 22
W o Fuslel IAk 2448 wel Aok B 1 HgckOh 5

2008). 2 ALE E3) X. euvesicatoria®] HEAA FFE L E
& 2 Hld 30 kPa S ET AR A Eg A 2 B
232514 150 kPaoj| A & & ‘ﬁﬁk% Sl weE, 53 A
Ef& oAM= LEEt = EY EEZHE0] § 2 ¥
2S Hol= As Frelsteltt 2=y, ¥4 nd=E €O, 5
7Pt SAlO) 285t BRAE A S0 WE AEY A4S

21§ AN FARsl0] MABRIE 213 HEGA 89l

% ol &0 2 v el Agshrtel uet Axb} geby
4= QItkal B 151 @) o (Bettarini 5, 1998; Chakraborty 5,
2000; Hibberd 5, 1996), B A2 AT oL S8 AEF A &
Aol AR 2 43 F7hsHe 2 SISt
o= AETHA Qo o8l F71E7| = sHAIE v ESHE &
Qo] Sl E Z718 = ek weke w3t B e}
7o HIAE A A0 A CalRRI1, CaPIK1, CaPR10, CaWRK1
o} e §AR ATE U BEF Yo R P T B o
7 d e Zo 2 woken, 2 AoLef o] A3 KAk
o] S71tol| = WY =7} S7FSHAIRE, v E3H4 agloluy:
= alo] Brk e 24 3RS THeAS AL 4
oItk B Brk A= 28 A7 AE Basol glo
,E T ololl th-g3h7] gt 7|12 AR 2 &-go] 7He
= } =t
AT 2418 7431E Bel ] LEet SR B
2Eg| 2] o3t oA EAE AT Y]
EASg o, L] g W BHT EAPO] S H
ol Al AFHR W Eo] 5716k 2 S5 ol=
2d3}o]| ok 12HA Q] REAFGHT 23] AR AEY A
o wet AlF AR e gl o 2 GRS Ful, eus
7hof wHet 75}54 A ’\Ei’ﬂ’\a ko] AT
© 2 yetEch
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