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Totally sixty three bacteria were isolated from lower stems showing symptoms of bacterial wilt on pepper
plants in 14 counties of 7 provinces, Korea. The isolates showed strong pathogenicity on red pepper (cv.
Daewang) and tomato (cv. Seogwang) seedlings. All virulent bacteria were identified as Ralstonia
solanacearum based on colony types, physiological and biochemical tests and polymerase chain reaction
(PCR). All R. solanacearum isolates from peppers were race 1. The bacterial isolates consisted of biovar 3
(27%) and biovar 4 (73%). Based on polymorphic PCR bands generated by repetitive sequence (rep-PCR),
the 63 R. solanacearum isolates were divided into 12 groups at 70% similarity level. These results will be used
as basic materials for resistant breeding program and efficient control against bacterial wilt disease of pepper.
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E9} 7oA B3 R solanacearum 455 7157
Eol3l AEd EAQlo] ZF biovar 42 T3t
Jeong 5(2007)2 = o] vt A== E 2T 478
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R. solanacearum w+7°] 724 T3 2ALE fA5H
random amplified polymorphic DNA(RAPD), restriction
fragment length polymorphism(RFLP)3} rep-PCR, amplified
fragment length polymorphism(AFLP) ¥ o] ©]8-% u}
A THCook %, 1989; Hong 5, 2012; Horita®} Tsuchiya,
2001; Jeong &, 2007; Lemessa 5, 2010). =Fujjoll Ay s}
< 27 IrkEde EReH, B9 SA4S 7714
o7 dyste AL Erkelde Gk A, A%
AT At Y A 3 BAE s e v T2
g ARE ol8E & Ut

B AoMe Ul = 1470 Al - 2] gkt 21
oA F2] oWy HLIRRY thds R solanacearum <t

Fg welsgon, 42 - A8k 543 47 o
=

Hol me $RIE 5o Aoe nustug Ak
T

e w8, A = ) A -2 F2 3
F AR oA AlEw 742 Yele 25 A EAE 7t
AR At Algdd £ o (ooze test)oll 234
B gdo] Feld 719 oy ¥9E 0.5em 7H

7o 7 derste] 70% ethanol® 4+ 27 2=3 TH 1%
Apobd 24 EF(NaOC) 22 287F FHAES Het
F2 33 A xuda @ 23S 1 mle] 9
Z357)F E0lUE effendorf tubedl] B3 A=F ZE &
& 2707 Adste] 308 AE ol WA & A
AS TTC(Kelman, 1954)$} SM-1 A1 &8} ] (Granada 2}

Sequeira, 19830l 8|4, =wate] 30°CoIA] 48-72A17F i
Fataom, AdFZ Erglde JHE Hole EF2
YE FHste TTC wiA A 2-33] 58] skt o
Z dF2= R solanacearum KACC10149, KACC10711,
KACC10819, KACC10827% =5 dm| A EAFLAIE
(Korean Agricultural Culture Collection, KACC)ZFE &
& whol ARE-al A TH(Table 1).

E-0] PCR primer®l 23 FA. R solanacearum®)
genomic DNAE TTC #iA|o| A 127t vi¢F & Had
of dgste] FEE 5x10° cfumlE 2E F Chend}
Ronald(1999)] Wi o= #g ster 542 Opina 5
(1997 2J3] B32¥ R solanacearum 5-©] PCR primer
set  759/760(5'-GTCGCCGTCAACTCACTTTCC-3', 5'-

- 7B

GTCGCCGTCAGCAATGCGGAATCG-3)S AH&3FA T}
PCR HES-2 10 mM Tris-HCI(pH 8.0), 50 mM KClI,
1.5 mM MgClL, 0.01% gelatin, 100 ng primer, 50 ng template
DNA, 200 um dNTP ¥ 2.5 unit Tag polymerase(Promega)s
2 HA F37F 50 wl A 3F . Denaturatione 94°C
oA 5E7F kS 5 cycleol|A] 94°C 13, annealing 60°C
oA 30z, AL 72°ColA 12 F 308 HHEEA
o, A% DNA §4L 72O = 313tk S5 PCR 4t
E2 1.5% agarose gelol|lA] 7|95 ¥ ethidium bromide
4ol dAlste] UV lampstollx] M= HAEF7E F<l
skt

AEE}H B 2AL aFolAN Z2ld 637 4
47)9] 2 #F% Schaad 5(2001)2] Wel we} =]
gl A B, T WS, 31F A, ABEA A,

4, NaCl WA, R4 whg

¢

urease A5, =54
59 Algshd 542 AT HEe #Eke TTC)

5 AL WA OA 16417 Wi FAIR) Al Bt T
Fool F=HA YA A gridol &7 F 0.1% uranyl
acetate® FAete] FIHAAWA stell A #FsiATh

Aed AA. 13 Fulgy Ao A2 ¥ (biovar)>
Hayward(1964)] %o whgkch, 7] 262 (NH,H.PO,, 1.0 g;
KCl, 0.2 g; MgSO,-7H,0, 0.2 g; Bacto peptone, 1g; agar,
3 g; bromethymol blue, 8 mg; 57, 1 1; pH, 7.0-7.1)°]|
HEEETE %2 H=S 747 g2 H7F F 24 well
cell culture cluster(Costar, USA)] 2+ wellol] 2 ml® 5
shTh FrEHAFS 10° cf/ml(ODgn,=0.1)2 243}
o] 10 w¥ HEFsP oM, 30°CE 2HdE wjgrlo] A
SPAA 3,7, 14, 21, 28Y A0 R W HEE ARSI

wagd AA. 29 7o B9 e I § 47
H IF(cv. EHe} 3378 ErlE(cv. A1) FEE o]&
s, Fulewe sRe Eol 't 10°%cfw
mlE 24 Az Al BH 9% 179
2g¢) 9 Be sty $A PE 2= P
A& A F som BRI BAAe) FEE 13
AOoR 4F B 2AIFOM, WY PEE Winsteadsh
Kelman(1952)¢] Wl w2} AlEs &
g 1 =584, 2 =119 do] A&+, 3 =2-3/9 <
of A+, 4 = 4l o9 Aol AEF, 5 =4&A 1L
AR AAE SEAR S

REP, ERIC, BOX-PCR #4. Rep-PCR(REP, ERIC,
Box primer)2 Louws 5(1994)2] ¥l w2} PCRE <
g3k, PCR ¥F3Ale 10 mM Tris-HCI(pH 9.0), 50 mM
KCl, 1.5 mM MgCl,, 0.1% Triton X-100, 20 pmol primer,
50 ng template DNA, 200 um dNTPs % 025 U Tag
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polymerase(Promega)S 23 HA F37} 50 pl A 3}
Ak WS 2SR Z7] DNA WA 94°ColA] 487
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154 &}tk Extensiond R5 65°Co| Al 8H-0 2 343
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Table 1. Ralstonia solanacearum strains used in this study

ARl FErhE A B 23 AEAZTY T

3} =
= T
st A3}, 2 755 238 BE Al7E2 281 bp
o] Bo] =g FAgslo] FrulEHAoE S AT

Strains Origin - Locality Rs-PCR . Biovar
Province County specificity

Pepper isolates

KPRSI, KPRS41 Red pepper Chungnam Seosan + 3
KPRS2, KPRS42 Red pepper Chungbuk Cheongwon + 3
KPRS3 Red pepper Chungbuk Chungju + 4
KPRS4, KPRSS5, KPRS6, KPRS7, KPRS8 Red pepper Jeju Bukjeju + 4
KPRSI11, KPRS12, KPRS13, KPRS14, KPRS23, Red pepper Chungnam Cheongyang + 4
KPRS74

KPRS15, KPRS18, KPRS19, KPRS20, KPRS46,  Red pepper Jeonbuk Imsil + 4
KPRS47, KPRS48, KPRS50, KPRS51, KPRS52,

KPRS53, KPRS54, KPRS58, KPRS59, KPRS60

KPRS17, KPRS56 Red pepper Jeonbuk Imsil + 3
KPRS21, KPRS22, KPRS26, KPRS27, KPRS28  Red pepper Jeonnam Haenam + 4
KPRS29, KPRS30, KPRS70, KPRS71, KPRS72  Red pepper Chungnam Gongju + 4
KPRS43, KPRS44 Sweet pepper  Gyeonggi Hwaseong + 3
KPRS62, KPRS63, KPRS64 Red pepper Jeonnam Naju + 4
KPRS73 Red pepper Chungnam Gongju + 3
KPRS75 Red pepper Chungnam Cheongyang + 3
KPRS76 Red pepper Chungnam Taean + 3
KPRS78, KPRS79, KPRS80, KPRS81, KPRS98  Red pepper Chungbuk Goesan + 3
KPRSS82 Red pepper Chungbuk Eumseong + 3
KPRS83, KPRS84, KPRS85, KPRS86 Red pepper Gyeongbuk Cheongsong + 4
KPRS96, KPRS97 Red pepper Chungbuk Goesan + 4
Reference strains

KACC10149° Tomato + 1
KACCI10711 Red pepper + 3
KACC10819 Potato + 2
KACC10827 Potato + 1

*PCR specific detection of R. solanacearum using primer set (759/760).
°Korean Agricultural Culture Collection.
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Table 2. Biochemical and physiological characteristics of
Ralstonia solanacearum strains isolated from peppers

Sgams Reference
Test strains
Peppers (n=4)
(n=63)"
Colonies on TTC Fluidal, Fluidal,

>5mm  >5mm
Gram reaction - -
Grows aerobically + +

Colonies yellow or orange on YDC - -

Colonies mucoid on YDC at 30°C + +
Fluorescent pigment on KB - -
Diffusible non-fluorescent pigments on KB - -
Urease + +
Oxidase + +
Growth on D1M agar -

Motility v

Growth at 37°C + +
Growth at 41°C - -
NaCl tolerance <2.0% <2.0%
Nitrite from nitrate + +
Gas from nitrate

Tobacco HR + +

*No. of bacteria tested.
°— negative; +, positive; V, variable.

A4, oxidase WHS-, 37°C A7, PO 2 HE ok
ozol FYukg 9 o] gk Ayl wheS PAdo
Ror; 27k, KB HiX|elA] @3 2 vEgA 4 A
DIM agar WiA/de] A, 41°C A g2 240192
. 2.0% ©]4e] NaCl 3Eo4 AFsts #+FE
th R8O AFRE 37F(KACCI49, KACC10819,
KACC10827)5 A|9|3t RE FrulSHgEd Aigos
HE 3718 AAsIAY SolsiAE IFdA s
6370 4FE 712u 117] EF(KPRS63, 64, 70, 71, 72,
73, 74, 75, 79, 80, 84)= F°] ARy tE 4F
E3 Uz 153 BEde 25 540 UAtKTable
2). AAFEN|E S ]85t R solanacearum dT+E2] A
BE #AFT A3}, 25A4S HAd RE 455 dHEot

HEENOY 54S HolA Fd 1) 4752 &2

o4 S4O0E Hol Fuf IFeN BT A& ot
SHFEL AT Ao ARe] @37t e - A5
44, AN mE fAE 0P 7 ABoE #3
97 Qee 24T & Ao TolgwEe e54e 9

A : Twm B Tum
Fig. 1. Transmission electron micrograph of Ralstonia
solanacearum isolates with (A) and without (B) one polar
flagellum.

Table 3. Biovars of Ralstonia solanacearum strains isolated from
peppers

Biovar 1 Biovar2 Biovar3 Biovar4

Test =2 @m=1) @®m=18) (n=46)
Utilization of:
Dextrose +° + + +
Mannitol - - + 4
Sorbitol - - + i
Dulcitol - - + +
Trehalose + - + +
Oxidation of:
Lactose - + + _
Maltose - + + _
D(+)-cellobiose - + +
Nitrite from nitrate + + + +
Gas from nitrate - - +

*No. of bacteria tested.
b+ positive; —, negative.

T (flagella)®] swimming motility$} type IV pili(4 &)<
twitching motility= =™ A= A oA o] 54
<, FA = LA A 5ol FoIstth(Feng, 2013).
Ao m FulgHdS G5 HEE FASH W
oAl E WYAo] Tadte Ao E W EATH Tans-Kersten
%, 2001). ENlE ErEe] 745 HEe gEx7] 7]
FA ) A2 Zdell FofsiA|Rt mio] F2 S ek W
Aol 2pol7) gle Z o2 W I ¥ A TH(Tans-Kersten &,
2001).

Ay EE. Vi dxdEH IFoA E2E 6370
FolE 5o Be ¥ (biovary S A A3, hx 45
=<2 biovar 1(KACC10149, KACC10827), 2(KACC10819),
3(KACCI0711)0.8 ZAFE Qo 7304 Be]dh Fn}
FHFEL biovar 37} 49] 2714 FE|E PR HUTh
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Biovar 32 177 45(27%)52 W biovar 4= 4671 45
(73%)Z biovar 47} A5 tH(Table 3). Biovar 3.2
2 31E 1771 4F(KPRSI, 2, 17, 41, 42, 43, 44, 56,
73, 75, 76, 78, 79, 80, 81, 82, 98y A7I(3MY),
(T, ALk B, J#eh, F5E 24, B, A5E
A)e] Tt Aol AHE ErtEHHEoRE A9 5

o]Fel ¥xE AFHA Aot AR FHAGNA
= Aoz 2T UnA de7fe] BE EnhE

WisS AAH o2 RE 3718 Adske AF A1 biovar
4¢] 102 ﬁo Ak 71 BaoA] sl 5o B
7“: 532 biovar 49} race 1 AlSE
o] ®EsIA UsS AA gt }r:}(se 5, 2007). &
1} Jeong ?(2007)01] oetd = IF FvlEHdS &

% race 1°]3L biovar 33} 49] 2A|% o] EX3l=4| biovar
47} SHAFLE gt A A Exsh= A

sttt & AolME 7)Ee] Baet Ak
AEAAA R ol biovar 3 A5 A4 T ¥
0] FOFA AL Qlof WA Go] Gt T Q= R F

A, vF FER g 71 FoA BelE FuiE

Table 4. Pathogenicity of Ralstonia solanacearum strains on red
pepper and tomato

I

AN

Disease severity” Red pepper Tomato
1 3° 2
2 0 0
3 0 0
4 28 13
5 36 52

Disease severity was investigated from 14 to 21 days after
inoculation using the following scale: 1 = no symptoms; 2 = one leaf
wilted; 3 = two to three leaves wilted; 4 = four or more leaves wilted;
5 =whole plant wilted (dead plant).
®No. of bacterial strains.

W F A5 EEHATE BT orace 19] biovar 390 &
ghthal skgith(Hong &, 2012). &y ot e oo 1
EnEHTL 25 biovar 19] &3t Zo® By
™ (Lemessa &, 2010), Y&EX 15 FulEE+9]
+ race 19] biovar N2, biovar 3, biovar 42 XI5
(Horita®} Tsuchiya, 2001). ©]&|gt BRI EZ Hol A1

7ﬁ: e #S AlAH o2 thoksh biovarZt A &FHA
AAqd @Ay EAdo] e Aoz FHHY, 55 2y
A= A Z 2 biovare] WA} ] & biovar 32 &
/lg H]%O 7]—5] 74 oz ZZ—]%]:}

WA 22k aFolA 22 S 639 RE ARSS
47N %“}—mﬂﬂ EH"}OE Aol EnfEN HANS
ARS AF}, aFdAE 37 = -E'—r(KACC10149,
10819, 10827), ErkEdM= 2712 Tl F+(KACC10149,
10819y A|9Jgt BE #57F ¥ Bx 49} 52 743k H
RS Yepil o, I F Rt EnfECA 75 WA
< Yehlle #F7F B2 7ol Atk Table 4, Fig. 2). ©]

e A2 Hol =] IFo|A LA EH = EvEHTEE
2 Aletsrd] EAdolu Aol #AAIglel ek WS

7H AFER 70| & AEds =8} vidshe2
o] 33 9 EntE Afujol] ojA BAAG alow A
Al 2-&S Z\QE A7t ARE &FS 25 Frke
HedE AF HEol oA

© FE Aolg HolA ggtort, 35 AAEe =
AL efstol UGS o3 54 T3 Ay}
o BAE 73 Bast At

C BOX prlmer)é o] &3] A skt
< 37}A] PCRF BOX-PCROIA 7H¢ =&
UEFH tHFig. 3). PCR ME29] Tt e

Fig. 2. Disease severity of R. solanacearum isolate KPRS15 on pepper (A) and tomato (B) host plants. Disease severity was observed
on pepper cv. Daewang and tomato cv. sukwang four and three weeks after inoculation.
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Fig. 3. BOX-PCR fingerprint patterns of Ralstonia solanacearum pepper isolates and reference strains. The numbers on respective lanes
are in accordance with those of KPRS. M, size markers (100 bp plus DNA ladder); CK1, KACC10819; CK2, KACC10827; CK3,
KACC10711; CK8, KACC10149.
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Fig. 4. Genetic relationships of Ralstonia solanacearum pepper
isolates and reference strains based on rep-PCR polymorphic

bands amplified by BOX, ERIC and REP primer.

Biovar
KACC10819 2

4
4
4

KACC10827 1
KACC10711 3
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groupo 2 TE = 2 THFig. 4). Rep-PCR #4]
7} ;7_—#71}-4 biovar typea% —rﬂ Z]Oﬂ.J Ao

QO]ELTW\OiOU% —7—"‘7]' ?411 tg
AA T %4&474]7} ATHL B ell= m]m| g Xé—-—ﬁi‘:}.
Z 751 KACC10149= ulFM EvtEdA &
biovar li/ﬂ biovar 4?1 =tu] 15 E&]++ KPRS4
2 {2417 FAHAE 7R o= YERS o, KPRS71
oE —%%ﬂ‘&a# A4 FAAAE BATh Rep-
= FulSH Y fAF A
o] Adt= FrteH e HEA Y] Ha fFHHoR
siEE7t w27 dfEd Ao g2 FHHUY. olelg A
2 vjFojrol sl oA EelE 63709 5 A
AQEE W 37F HASS A5 T+ JAUTE Seo
52007 2170 213 FEnbEr e BOX-PCR 23, E
vtE FEulEw ol Hlgte] =2 DNA tdAde] A=
oL ste] 2 AFE A} AR AdE BT T,
2, "5, oltj o} o= g wEeletel ¢ sk
3L okt 712 R EElE R solanacearum 2]
A gdFES A 392, rep-PCR(Lemessa 5,
2010), egl hrpB +7AAE ©]-€3F phylotype-specific
PCR(Hong 5, 2012; Xu 5, 2009), AFLP(Horita®} Tsuchiya,
2001)2] A= EH o] ALE= 0] race’ biovard o57F
Eo]A S FAFE vl At} Jeong 5(2007)S AFLPS} 16S
rRNA, endonuclease, hirpBS}t mutSZ biovar 7Fe] 7%
eSS A em, sljedA 2 EueE ol
=9 Fd s FEEE 44 4S8 Bt
ST
AEHORE 2 AFdA = thdet 99| a5 £Fo
2HY 9 637 ErtaHe] 548 A=
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e

flo o o 4 i mlm
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1ol ek Aot A FF FA0 Fa% 71x &
s AT Aol
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