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2 & FX polymerase chain reaction (PCR) 7] 3 DNA enzyme-linked immunosorbent assay (DNA ELISA) 714
& o] &-5}e] E o] A B U7 Ralstonia solanacearumE- 71 231214 819 vk G Al 225 H BN AHe-g
R. solanacearum DNAE 322317] $18te] @ 714 vbg £ w2 5718 A3} 7]E2] DNA & Wl ] 3
Guanidin isothiocyanate$} Chelex-100 resin-& AH-§-3}3= Wg o] £ el ZA = gokat F 7o) uk-S- A H E
A3} R, solanacearum Be) 48 PCR ¥H-§ A S| EA5-& Al A sh=v o] £33 o] 31 R. solanacearumt-& 5
o] Ao 2 7 23}7] 94 fiiC 4AA 39 o] Bol A R F primerEL A AR ) EF R ANAESF
o] =& eI = 5 set®] primer RsolfliC (forward; 5-GAACGCCAACGGTGCGAACT-3 and reverse; 5-GGCGG
CCTTCAGGGAGGTC-3, designed by J. Schinfeld et al)$} RS_247 (forward; 5-GGCGGICTGT CGGCRG-3 and
reverse; 5-CGGTCGCGTTGGCAAC-3, designed by this study)E 417 8¢ nested PCRE 98 & Y =& 1¢t
3} }. Nested PCR primer]| bioting ¥%] 8}%] 3L nested PCR AHE-2] W% A3 Eo)H oz RS T 4
21 probeZ A|2}5te] PCR A 3}E DNA-EIA 1§22 8 ¥ 3125 #4c}. Primary PCR3} nested
PCRE) ALEL A7) %5 Ao) A &1t A3k, nested PCRO] ¢} 10° A =8 ¥-& 9712 e 913 DNA-EIA
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RNA §321 B2 FTE3l9 A&sh RIS H(Q2, 7, 18,
25, 29), PCR-ribotyping@ RFLPE 33t R solanacearum®]
A& e BRE A= FAH(17). 2EWY R
solanacearum®) 168 rRNA FrAAE E7+9] FAE7F 98% )%
o]7] W&o R pickeridt 20| LD &9 o)F AT FH9
Azz JebgTH23). ©]F 168 RNA 348 37 endo-
glucanase, irpB (19) 53 & 7154 F24E ez s=
A¥o] AR R solanacearum strain 12 HAE3}7] 3t
o A SRS EolFQ) FARYE FTHke e
AR RThE HaE UATH15).

AT Schfeld S flagellin FAANAC) F-HE HE target
o= 3} Southem blot hybridization®] o2 E e &
AER= R solanacearums &SI A+ A fiC AR
ol ZhlE FEHoE Ztu glon FF Soldk e w&
Aoz PP o} EQAe] DNA 359} PCR F80] *
olx A% F&A0] BolAle RAog HuHth nebA & A
ToME Ecko 2RE 53 DNAS §&3 03 33l A
29 primerE 18Y8te] PCR 4HE9] ol F&5 wole
IS P ASlE 3 DNA  enzyme-linked immunosorbent
assay (DNA ELISA)?] WS Hg3led EoF Yol EAshk= R
solanacearume &R0 2 AZY £ Yv 7IHS M
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thekdt  Ralstonia  solanacearum strain®}  Escherichia  coli,
Pseudomonas  aeruginosa, Burkholderia glumae. Xanthomonas
xonopodis 5 A& AL&E FFE Table 19 F3IHH R
solanacearum T35S CPG (casamino acid 1 g/L, peptone 10
gL, glucose 5 gL) AA wiA|e} 18% FA, 0.05% 235
triphenyltetrazolium chloride (TTC)7} E3=lei7 TZC 1A %
g x|el A 28°ce] LEE wjIEH AL, 7IE HE FFEL
Luria broth BIX|o|A 34°CZ WUHAS. EY AE 1g B 1x
109014 1x10°7HA] =82 843 R solanacearums 3% 3}
A1 #3%9 ¥5¥E Haemacytometer (Marienfeld, Germany)E
ol &3t AGEIAT. ©] ¥ R solanacearum®] HEH X EY
O ZHE] DNAS AH F23l Aol AHE3IHT 277 AT
B ¢ EX ARE U272 ARSI

DNAS| & % HA|

oozl E0k0 ZHE] R solanacearum®] DNAE F&3}13ict.
1 mie) wjge-e YR cell pelletS DI phosphate
buffer saline (PBS, 0.01 M phosphate beffer, 0.0027 M potassium
chloride, 0.137 M sodium chloride; pH 7.4) 2.2 33 AX& H
200 ul2] PBSOl AFSA AT EX Al89] 3% 500 pl 7<)
A 8E Fulsiguh. £HIEX A8 DNAzol (MRC, USA) 1
mie A7kete] & 43, o]F F3L DNAzol AZALNA AA
H= AL HPHS $5319TH DNAzol 3] o]F @ojxl DNA
pelletol] 200 u19] chelex-100 resin 5%E H7Ft] 1087
the faEdstn 459 suE #HEe PCR ¥ DNA T

Table 1. Strains used in this study
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Primer, probe2t PCR

A6 AHEEO1A primere}t probe= Table 261 VFERAITE.
Primer®} probei= Primer3 ZZ 13 (Whitehead Institude, MT
center for Genome researchyS F3te] A AT RsolfliC
forward®} reverse primers fiC &-AAF W9] 400 bp PCR AHE
L Axg) AMEEQT RS 247 forward®} reverse nested PCR
< E3}e 247 bpol AHE-L A=t AREEH AT Probe nested
PCR AHE-oll ARZQ M2 A= At

PCRE AmplitronllE 3] 43 = Ak, Primary PCR2 10x
PCR buffer®l 10 mM dATP, dGTP, dCTP, dUTPS} 0.5 pl¢] 10
pmol primer set¢t 1 U2l Taq THEA Z 5u°] 5 DNAE
zA= FYHJT W DL 7] 94°C 58 F, 94°C 1E,
61°C 1%, 72°C 1822 TARY 40 cycles?] ¥ ¥ 72°C 5%
o2 T4 Primary PCRE] ¥h8 2HE-2 nested PCRE] F
& DNAZ AMS-Eo15. 27 nested PCRY ZA3& FY3t, v
2 ZAL 94°C 30%, 55°C 40X, 72°C 3022 TAE 30
cycles® TAEIATE PCR ¥ A 2HE-E 2.5% agarose 17
FF AolA It

-—

DNA enzyme immunoassay

DNA Enzyme-linked immunosorbent assay (DNA ELISA)=
nested PCR 4Hg AHE-T probe7ts] mAWHS-S -S-&3kith
DEIA ¥h$-& F3817] 93 plates FRISH7] A3k, ¢4 1-
Ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride (EDAC,
Sigma E-7750, USA) €9 AolA probeE bovine serum
albumin (BSA, Sigma, USA)Y| AAIFIIL ©]F 96-well plate

Species Strain Biovar Host plant Geographic origin Source of reference®
R. solanacearum DSM9544 1 Tomato United States KCCM
R solanacearum KACC10698 4 Tomato Korea KACC
R solanacearum KACC10699 2 Potato Korea KACC
R. solanacearum KACC10702 4 Potato Korea KACC
R. solanacearum KACC10706 4 Potato Korea KACC
R. solanacearum KACC10708 4 Tomato Korea KACC
R. solanacearum KACC10711 3 Pepper Korea KACC
R. solanacearum KACC10722 2 Potato Korea KACC
R. solanacearum KACC10815 NDP Potato Egypt KACC
R. solanacearum KACC10816 3 Potato Fidji KACC
E. coli KCCM11234 KCCM
P, aeruginosa KCCM11328 KCCM
B. glumae Seoul National Univ.
X xonopodis Seoul National Univ.

2K CCM, Korean Culture Center of Microorganisms; KACC, Korean Agricultural Culture Collection

"ND, not determined
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Table 2. Characteristics of primers and probe used to detect R. solanacearum

Primer or probe® Sequence (5' — 3) Length Modification 5' end

RsolfliC®-F GAA CGC CAA CGG TGC GAACT 20
RsolfliC*-R GGC GGC CTT CAGGGA GGT C 19

RS _247-F GGC GGT CTGTCG GCR* G 16

RS_247-R CGGTCGCGT TGGCAAC 16 Biotin
RS_200-F CAA CTA CAA CGG CAA CAAGC 20

RS_200-R TCA GGG AGG TCA GAT CGG TA 20

RS _250-R CCG TAC TGG AAGGICGICG 19

RS 122-F TTC GAC GAC CTT CCA GTA 18

RS 122-R CGG TCG CGTTGG CAAC 16

RS _fliC-P GTC ACC AAC GTC GAC ATG TC 20 Amine

%F, forward; R, reverse; P, probe
®primer RsolfliC from Schonfeld et al.
‘R,AorG

(F96 well plate, Nunc)sl 02 pmol/ul F=Z 100 ul B EF3}
o ALollA 18 AIZE o] WREAIZLE ¥R F Tween200] ¥
3tEl PBS (PBST, 0.1% Tween in PBS)E 33| A&3}l3 0.5%
BSAZ} X3 PBSE blocking 3= ©AIZ 3313}, Nested
PCR Hh$- AR 95°Coll A 10832+ WAIAIZ]IL 96-well plateo]
A7 =] 60°ColM & Az ¥hEEIETE WhE £ PBSTE A%
l3  streptavidin-peroxidase (1:2000, Sigma S-5512, USA)
100 pE F7kske] 37°Col A & AlZE wkgAIZl & A A3t
3,3',5,5"tetramethyl-benzidine (TMB, Sigma T0440, USA) 100 pl
£ A7}t streptavidin-peroxidase®} 158-7F ¥HE-AIZ T 2 M
9] H,80, 50 pE BojFo] A4 W& AHAA|7]IL ELISA
plate reader (Molecular Device, USA)OIA 450 nm®] FH 3k
SA3tAt.

dUTP2} Uracil nucleosidic glycosylase

AR R 24 A} AL ES WAEY] st A
Ao dUTP-uracil-N-glycosidase (UNG) W< =43t <H,
PCR =304 dUTP7} H7b=]o{Z] ONTP E3k8-& ASEe =
M Bk AREo| JUTPZ} H7HEEE st ¥hs 2Ae) 10 U
UNGE #7}8}ar kg 270 27] 37°ColA 3022 Ala)ste]
UNG9] uhgo] =S 33t

In vivo pot assay

AA oL FLAIE R solanacearum®] AEARE
Ql&L7] J}ed in vivo pot assayE FBIHLE AE 10em XE
of M2 FE@EHEAAN FAHNHE 180 g Aen IF F
A BE3F oS 25~35°CE FAIEE sh2elA Apistant.
2Zo) 48717} HAL wl ¥ AAHE WAL R. solanacearum
Hetel 30ml (10’ CFU/MmIyE #5531 3L F=3lt). o
% wxol whyg RISy W Eo BFo e IXo =
HOZRE R solanacearums E-2J8191 0™, Eel=olz #F¢]

genomic DNAE 3]4°3}a] PCR 2 DNA EIAY F3 DNAR
AHE-EIAT

2

DNA & ¥ M

E%o 2RE R solanacearum®] genomic DNAE FE3}7]
$13te] SDS EaH, STET “dellxe] Bole W, resind H7t
3l ol WA} DNAzotS ©)83k WS 47 =835
2 e BEfEo g Aesle] 4PS FP8rh. 5 AER
R2E 7z} HPHES 55}e] genomic DNAS F&3}1 o5 168
DNAS} fliC F32E &3 F 2A7|9F AdolA PCR §h& 4
E-g v wslEct 21 29 DNAzol& AHE-5le] DNAE F&3=
o] T2 WP S Hlsle] PCR & &80 71 25319
o, #&34-¢ NN Hols TAe ¥he-E FYPAT)=
WA, SEYUE FEdte UA ¥ opAE DAl ¢3EE 3
ANZIE GATE 87 WES) 428 A7toh Ay HAo) v
wa s 7HEsgt o] & B AP AHL3F) chelex-100 resin
< ¥y Fole WL EY e EA8k= PCR A EAE A
Ashe] vl-$- Z75 0] AchkFig. 1).

PCRE S&t R solanacearum| H&

DSM9544 2L KACCS 9F2] R solanacearum ©}%o| A
RsolfliC primer Z3oll 2J3te] FE =0}zl 400 bp¥ PCR ¥HE
AR ged 4 YT wd WEZTFF< B glumae, X
xonopodis, E. coli$t P aeruginosad) M= FFo] HA FYTt
o]% primary PCRE ¥ 02 31 nested PCRE 43 5o
247 bp®] PCR ¥Hg- AHE-E 31 & 4= QU2 H(Fig. 2), ol
A A AHEEHARA R solanacearum®] B OFEEAA fiC
A} 797t FEA 0T EARtE AL FRASIAT. AA| wiF
o] A%, EAHQA YO E A FHolZ A8 E YR 99



182 Young-Jin Ko and Hong-Bum Cho

400 bp—s

Fig. 1. Results of agarose gel electrophoresis of amplified genomic
DNA of R. solanacearum extracted by each method. Lane 1, genomic
DNA extracted by SDS lysis method; 2, STET method; 3, boiling
with chelex X-100 resin method; 4, DNAzol method; 5, DNAzol
treatment and boiling with chelex X-100 resin; L, ladder; N, negative
control.

L 1 2 3 4 5 6 7 8 9 10 N

— N S SN W S W SN T S

Fig. 2. Nested PCR products of R. solanacearum strains studied.
Lanes 1 to 10, reference strains DSM9544, KACC 10698, 10699,
10702, 10706, 10708, 10711, 10722, 10815, 10816, respectively. L,
ladder; N, negative control.

He 53 A 1x10* cell/g F52] AE7HA] 400 bpe] RE
AEL A7GE AolA B T F AN 1x10° cellig
o] A|87HA 247 bpY] WHE AHE-S B T 4 UMTHFig.
3). EY A8 749 400 bpe] HHE AHE-E 1x10°, 247 bpe]
A% 1x10° cellg FE7HA &) & &= UAthFig. 4). 4 4
Ho| A EY A5 ZA9de AA widdd] HEh

fo >

off o

(A)

L 123456 78 910N

400 bp —
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primary PCR ZFE7} 1x108] 29t3L, nested PCRY RIZEE
primary PCR]| ¥13}e] 1x107 ¥ =34TH.

DNA enzyme immunoassay

Nested PCRO AF&-5 13 primerol] £ biotin®] ¥ A|F AL,
probeolli= amineo] TAIE AT 5 Lkl amine®] EAE probe
£ EDAC®} MES WS 5319 BsAst A= ozl £ 96-well
plates] FEFATE DNA ELISAE biotin®] EX¥ primer2 &
#5]0J2 nested PCR ¥H& AFE3 96-well platedl] ZEH %]
probe 7+¢] AR 2 AP T, Probest RH L nested
PCR ®FZ 2HE-2 streptavidin-peroxidase®t A= A1 RE-E-
3 259 streptavidin-peroxidasecl] 27121 TMBE 718t
B WSS S H 2 S ZASACkKTable 3). WS
=ata e ZAsEY ol F 7k vt A=, 8
U= 96-well plateS ZHE o] AFEEHAY probed] FE0l1 o
£ e o kS FAE WY LR Probe?] T
5~10 pmol/microwell, &R 25 = 60°ColA 71 HE =L
= WSS eI

In vivo pot assay
ZulEyo)] A8 REOFRE R solanacearums B2
genomic DNAZ 323} PCR % DNA EIAE 53l &3}
1A 3ok 497) W] ®2Fo| R solanacearums HFIHIL
Y ASE #3235 de, 35 F F 25 Yol e S
[e) =R

1

[
& Hyon REogry B R solanacearums:
Hol| ALREoIZ WHe g AEF A PCR AHES 9T
AATHFig. 5).

A o> o2

[

|

B AN primary PCRE 5314 F&3t4 slid flic=
R. solanacearum GMI10008] 6963} 10959 f1xjoll EAlst=
AEN 28 N BE R solanacearum OFEANA fiC F3
2] 400 bp PCR WHg AHES 39l & 4 UJYd ¥4 R

(B)

L1234 5 6 78 910N

Fig. 3. Threshold of detection for R. solanacearum in culture broth by PCR. Results of agarose gel electrophoresis of amplified DNA from tenfold
serial dilutions of cell concentration. Lanes 1 to 10, cell concentration of R. solanacearum diluted 1 %108 to 1x107", respectively. (A) Amplification
of 400 bp PCR fragment by primary PCR; (B) Amplification of 247 bp PCR fragment by nested PCR. L, ladder; N, negative control.
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(A) (B)
L 123 4 5 6 78 910N L1234 5 6 78 91N

Fig. 4. Threshold of detection for R. solanacearum in soil by PCR. Results of agarose gel electrophoresis of amplified DNA from tenfold serial
dilutions of cell concentration. Lanes 1 to 10, cell concentration of R. solanacearum diluted 1x10% to 1x 10", respectively. (A) Amplification of 400
bp PCR fragment by primary PCR; (B) Amplification of 247 bp PCR fragment by nested PCR. 1, ladder; N, negative control.

t

Fig. 5. Symptom of R. solanacearum infection in pepper plants and resulis of nested PCR. (A) Agroinoculated wild-type pepper plant; (B)
Agroinoculated pepper plant infected by R. solanacearum (C) Amplification of 247 bp PCR fragment by nested PCR from wild-type and R.
solanacearum infected plants in vivo assay; 1, (A); 2, (B); L, ladder; N, negative control.

solanacearum™ FAE B o|F AltodllXe AEHA &
k. i 32 e X 3%79 biovars THEE 6FF
9] R solanacearum °FE - DSM95442} K60 (biovar 1), 16092}
17375 267 (biovar 2), GMIL000 (biovar 3) -2] {32 MLE&
H 2GS o, gice) 7HF £l YAl ARen F1he]
A s 7 A fic ke AR g
7154 YXE g1 7] Wi Hede Aede REE
ol f-@xte] =37 o]k WA R Gerh30). F fiC
AR e oEzke) Aol 7] Wiiell R solanacearum
o] AES AT FAA AREA oS FETS AT F U™
o}.

Eoko 2 HE A 23 DNAZRE EAAESZ 7He
331 d 2olAE humic acide} 22 ¥HE- A EHZ 1%

ojggo] Bt o|5o] £¥Ho pCR ] & WA=
Thermus aquticus®] DNA S3E 4, Amplitaq Gold myl o}
e TR 259 94 DNA $5HE4 257 4] A9
g e 208 IA Jer(e), £ AT FEAANNE
R solanacearum®) 4] wjjokolzl Eok x| ZEoX PCR B3-S
Asfshe £ e B0 EAgtE A= & 5 AU ol
B ApdAMe g o2 AMS-EE DNA 35 S 74 st
E¢e 2RE wEmn HedldAE PCR A ERS a2
AAZ 5 e e 23T Chelex-100 resing ¥ 1L 3
HHH8. 7129) ouanidine thiocyanate 3[R oju Zo|E

ol&
2L Wrketel 54 2 Al f3l@ Aloke AR SR
WHER vty ¢3-g FA NS AXA gaix

Table 3. Absorbance values of DNA ELISA from amplified DNA according to tenfold serial dilutions of R. solanacearum

PCR product of R. solanacearum from

Cell density of R. solanacearum

1x10* 1x10° 1x107 1x10 1x10° 1x101 1x1072 1x103
Culture broth 1.889 1.732 1.004 0.719 0.368 0.033 0.004 0.002
Soil 1.684 0.965 0.522 0211 0.027 0.006 0.001 0.001
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=

Enzyme Immunoassay (ELISA) 7112 ulo|gZ, Fgo] &
ATE AE37) st ALgEEE 53] QA EobdlN &
A Aol ool g dAle] 2HERS 437 St A
253 Ith24). R solanacearum?] AE FEE E=0|7] A3t
AHE-E01Z DNA ELISAT 7]&¢] ELISA 3ol DNA wgut
22 283 7pHolthd, 5, 6, 8, 12). ©] 7[HL FEH K ¥
$ AHE-S 96-well platec]l H7FFCEN T8 BRJAEE FE|9
Hde Zoln wd 58S ¥Y & vk EF wgRE T &
BFelojx whggro 2 WA Z4o| 7hssid, ol W79 T
ollAel =g vlwsls Aol vlgte] B} FESITH(14).

A2 o2 B AT At DNAzol# chelex-100 resing ©]§-
sl Eko ZHE PCR ANEZDE 4A AAIL DNAS W
23 58307 F2% & AR, RsolfiC primer 234
DNA ELISA 7102 R solanacearum®] 7% 7= 2 AEAH
¢ 9 F A F2 A 509 APIME REPCRE §
3l EUAZERE R europha®] EUEH S FH8E vl
B dAFolA] 43§ DNA ELISAY REHE 54 247
RT-PCRS #WagtlA A&7} 71 R solanacearum® SEZ
B gERE Ay ZUEFHC] 7le8 Ao wddr)
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ABSTRACT : Detection of Ralstonia solanacearum with Nested PCR and DNA Enzyme-Linked Immu-

nosorbent Assay

Young-Jin Ko and Hong-Bum Cho'* (Department of diagnosis, Diaprobe Lab., 'Department
of Biotechnology, Seokyeong University, Seoul 136-704, Korea)

In this study, we used the method of guanidin isothiocyanate and boiling with Chelex-100 resin to extract
genomic DNA of Ralstonia solanacearum from soil. It is more efficient than general protocols to remove inhib-
itory compounds in soil and R. solanacearum own. Then, we applied polymerase chain reaction and DNA
enzyme-linked immunosorbent assay (ELISA) to identify and detect pathogen. The fiC gene of R. solan-
acearum was selected for specific detection of pathogen and primer sets were designed. Among the primer sets,
two specific and sensitive primer sets, RsolfliC (forward; S-GAACGCCAACGGIGCGAACT-3 and reverse; 5-
GGCGGCCTTCAGGGAGGTC-3, designed by J. Schonfeld ef al) and RS_247 (forward; 5-GGCGGICT-
GTCGGCRG-3 and reverse; 5-CGGTCGCGTTGGCAAC-3 designed by this study), were designed to perform
nested PCR. Nested PCR primer was labeled with biotin for hybridization between nested PCR product and

probe to analyze with DNA ELISA.



