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Detection of the Causal Agent of Bacterial Wilt, Ralstonia solanacearum
in the Seeds of Solanaceae by PCR
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Ralstonia solanacearum, a causal agent of bacterium wilt is very difficult to control once the disease becomes
endemic. Thus, Ralstonia solanacearum is a plant quarantine bacterium in many countries including Korea.
In this study, we developed PCR assays, which can detect Ralstonia solanacearum from the Solanaceae seeds.
Primers RS-JH-F and RS-JH-R amplified specifically a 401 bp fragment only from Ralstonia solanacearum
race 1 and race 3. The nested PCR primers, RS-JH-F-ne and RS-JH-R-ne that were designed inside of 1%
PCR amplicon amplified specifically a 131 bp fragment only from Ralstonia solanacearum race 1 and race 3.
The primers did not amplify any non-specific DNA from the seed extracts of the Solanaceae including tomato
and pepper. When detection sensitivity were compared using the Solanaceae seeds inoculated with target
bacteria artificially, the nested PCR method developed in this study 100 times more sensitive than ELISA and
selective medium. Therefore, we believe that the PCR assays developed in this work is very useful to detect

Ralstonia solanacearum in the Solanaceae seeds.

Keywords : PCR assays, Plant quarantine, Seed detection
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1988)= =495 9% Frlsidde] d=ol AFst
| okth(Poussier 5, 2002). L ¥ro| FFHu| AP L o] &
3l FISH(Fluorescent in situ hybridization)ol] <]3F A&
(Wullings 5, 1998)2} PCR #HZ&3 AR HH<Ql RNAS
o] &3k NASBA(nucleic acid sequence based amplification)

KX
=

53 AE(Van der Wolf &, 2004)2] 7% v]go] &
=3 it Aol HEsh] oHues dHES 7
i

o

o
7

| 53 gw
AL Qick @A 7P wEw, Geshe] dut 454
o HAHOoR A8Y & Sl WO thakd PCR

ZHEH o] HEo] ti(Caruso 5, 2003; Huang 5, 2009;

Pradhanang 5, 2000; Schonfeld 5, 2003; Weller %,

2000). 22t} o5 WHS FE 99 EYoly =2

B HAMFE AEst= WHEoIH, R solanacearum®)
Tt

=
race 13} race 3% 3t 7IA|RF HE o] 713t W S0t}

go] 7153 7HRX 3 FAZHFE R solanacearum race 1
3} race 32 3 WO PCRE A9 A& 5 & 7
WS MEsta A} skt B3 AEe] IR EE Eol7]
flel nested-PCR % DNA®| FZEglo] T4 FE&5 3
3 PCRel o]-&sh= WHE 7HEsisl
R
Alft #F. 2 Aol AL Al #F= Table 13
Zo. M2 g2 yvetllA E21E Ralstonia solanacearum
race 1, 570 @59} race 3, S/ o, Pseudomonas 42
TFEF x4 A E HYHES AT 2 A7
of AH&-% #FE daFHAE AL A EHKACC) 2t
BCCM(Belgian Coordinated Collections of Micro-organisms)

TUAFTAZEE R solanacearum® AEE SN = F EHE FFLoUT
7ol A3 ALl 7hsetal, Erked WA 5 7P & Genomic DNA 2] 2 =Zzg}o)w] A2}, R solanacearum
A7} B3 A= race 13} race 35 A HEF 7 1 9] genomic DNA® & &l A AH&st #F5
ofof @} mebA] ¥ ATAAE AE 4 BN A 2 Nutrient Broth(NB)oIH 28°C, 48417k i sk, v
Table 1. Bacterial strains used in this study
Bacterial strains® Source” Bacterial strains Source

R. solanacearum race 1 LMG2296(Zimbabew) P, saceharophila KCTC2350

R. solanacearum race 1 LMG17138(Brazil) P, maltrophilia KCTC2437

R. solanacearum race 1 LMG17144(Fidji) P, syringae KCTC2440

R. solanacearum race 1 KACC10695(Korea) P. diminute KCTC2473

R. solanacearum race 1 KACC10697(Korea) P, cepacia KCTC2475

R. solanacearum race 3 LMG2294(Colombia) P, reactans ATCC14340

R. solanacearum race 3 LMG2300(Isreal) P, tolaasii ATCC33618

R. solanacearum race 3 LMG2306(Portugal) P, savastanoi pv. phaseolicola LMG2245

R. solanacearum race 3 LMG17142(UK) P, savastanoi pv. glycinea LMGS5144

R. solanacearum race 3 KACC10699(Korea) P, syringae pv. tomato LMG5509

P, agarici KACC10143 P, syringae pv. pisi LMG5679

P, viridifova KACC10523 P, syringae pv. syringae CNUPBL0023

P, syringae pv. atrotacients KACCI11626 P, syringae pv. hibisci CNUPBL0024

P, syringae pv. maculicola KACCI11637 P, syringae pv. morsprunum CNUPBLO0025

P, taetrolens KCTC1064 P, syringae pv. actinidiae CNUPBL0026

P, stutzeri KCTC1066 P, syringae pv. lachrymans CNUPBL1557

P, aeruginosa KCTC1637 P, syringae pv. tabaci CNUPBL1559

P, acidovorans KCTC1638 X oryzae pv. oryzae KACCI10331

P, putida KCTC1639 P, carotovora subsp. carotovora KACC10342

P arvilla KCTC1643 X campestris pv. vesicatoria KACCI11153

P, fluorescens KCTC1751 R. fascians LMG3601

P, testosterone KCTC1772 C. michiganesis subsp. michigenesis LMG3687

P, fragi KCTC2345 X campestris pv. glycines LMGB8026

P, paucimobilis KCTC2346 X. campestris pv. campestris CNUPBL0260

P, pseudoacaligenes KCTC2347

R, Ralstonia; P Pseudomonas; X, Xanthomonas, B, Bacillus; R, Rhodococcus, P. Pectobacterium; C, Clavibacter.
"LMG, Belgian Co-ordinated Collections of Micro-organisms; KACC, Korean Agricultural Culture Collection; KCTC, Korean Collection for
Type Cultures, ATCC, American Type Culture Collection; CNUPBL, Chungbuk National University Plant Bacteriology Lab.
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& eol-S- Exgene™ cell SV(GeneAll, Korea)S ©]&
DNAE FE3193, 5% Genomic DNAS| A&
ubit™ fluorometer(Invitrogen™, USA)S- o]t} 5=
DNAE —20°CellA] HAste] Aol A&-3tict.
oMol A|ZS 93l GeneBankol| B Ralstonia
sp. 16S tDNA ¢17]4 4 (HQ829834.1)S Primer3 Z &1
WS o] &3t FTHA7]17}) 401 bp7t E| == RS-JH-F
(5-TYAMAMAYGMARGYCRARCR-3)9}  RS-JH-R(5-
TYTYTMCRGRCRARARTRCY-3")S A 281313, PCRE]
A& IAEE =o7] flalA 11 PCRY] 5F 999 W
Fo] 471 EE o]83te] RS-JH-F-ne(5-AYGRCYTRA-
RGRTRAMARTR-3")¢} RS-JH-R-ne(5'-GYTYAYCRTYC-
YCYCRGMCY-3")¢] nested PCRE Zto]H S t]apels}
At e =Zglolw & nlo] 2 Y ok(BioNeer Co., Korea)
oM EE skt

PCR Z7. R. solanacearum &< 93 =& PCR
A1¥-& Accupower HotStart PCR-8- PreMix(BioNeer Co.,
Korea)?} GeneAmp PCR system2400(Perkin Elmer, USA)
£ o]&3to] =3t th 1% PCROIE 10nge] genomic
DNAZ AM-3I93, T2 1% PCR AHES 10v) 84 &
1 plE nested PCROY| AH&-3H3ATE WA DNAE AHE
3HA] ¢ direct PCRYH= Q132 A7l ErfE ¢ o7
o TAFZENS PCR A AHEsiATh SA529
1 pl& 1% PCROI| AF8-3}9 3L, nested PCRO= 1% PCR 4t
=5 108 314 3 2 34 | ulE ARSI PCR &
A< 1% PCR, nested PCR, direct PCRo| 25 FL 3}
o} 94°Coll A 1087 A & §, 94°CollA 30%, 58°C
ol 30%, 72°ColA 30%E 30cycles 33k ¥ 72°C
of|A] 57 Attt AENUAEE AN €18 DNA
EEE 10ng/pulE 243 F 108 348E o]-&3le] DNA

(& mv rlo ot
o) Q2 ro
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£ st 7+ )Mo g pCRE T 4 F
ZHS 0|83 PCRY WE AAL R solanacearum<
7}z7be] s HE ¥ AZ FAEFE AT F
b #2991 p¥S PCR ¥HSo] A&319)Th

A =Y A TA FEAL 7S HydE X
5(2010)8] WS ARgst] ZASAY. EnfE 2 I3
TAE 2

=]

AAXF171 Y30A R, solanacearum= 28°CO A

48}\12_]' H oc}: ‘?‘ kﬂ-ﬂ— Hoe]:@}"% OD(,O():O-I-Q-E gl—_id:‘ ‘t?:
2 A+t

H
DEEEE

108 3]AHo g Al el S FHsk T
FHE Al dENEL] 20mldl EvfE © 73 A} 7}
ZF 1 g® Yal 2477 FF 28°C2] wiF71olA 200 rpm
27108 A wjF F 2ol dx:AZ T

ELISA 2 Wiz S o] &3 AEUZE 24 <
T A EnfES 3 T2 FEHEG o] gt vt

s - o8]

SR

- Az

gluj 2] 9} ELISA, PCR A4S skl 7z W<l 2
NAEE H3ATE. R solanacearum WHABM| A &
43t &2 m-SMSA Bl *](Casamino acid 1 g, Peptone
10 g, Glucose 5g, Agar 16g, Crystal violet 1% 0.5 ml,

O e

Polymyxin B sulfate 1% 10ml, Bacitracin 1% 2.5 ml,
0.5ml, Penicillin 0.1% 0.5 ml,
Cycloheximide 1% 2.5 ml)ell =8]8+ $2F 292 100 pl
A Zakste] 28°ColA 397 mi et vl 3¢ & A
FHol Beko] FRUYE positive(+) WO F, o}l ZE
AR e AS negative(—) HHo 2 HEFIe] &3
=& ZA}SIATE ELISAY 93¢t HE2 R. solanacearum
full kit(Kisan Biotech, Korea)®} 71E7} A|¥3sl= ZT2&E
& o83t TAS-ELISA WH o= F33l3rt. A3
A] positive control> 7]|ENA AFH R. solanacerum]
HErAS o] 232, 0.D. 405 nme] 3gellA 3.0 o4t
< positive contolZ 3} T} Negative control2 7] E | A]
Agd HES o883 em, 0D. 405nme] 7oA
0.03 ©]&}¢] A& negative control2 &t} 0.D. 405 nm
o] Il A 0.1 o179 7S 71 A& positive(+) ¥H&-
o2 AASA 0.1 PR o] U AL negative(-) HE
$o= st AE AT EE AT g =
glo]H & o] &3t direct PCRY #HZF A TEE 7]E9]
AZWHEZ Hwsh] 8 3o ARl FAE ©]&-
sto] 2Ag 2 FE2 1 wAE o83t 1¥ PCR%
nested PCRS ~3) 351 T

Chloromycetin 1%

2

PCR Zg}o|n|e] Eo]q d wIZtE, 2 A-fofx 7|
Ytel Ralstonia solanacearum 73Z&-8 Zzlo]m o] Eo]A]
< A5 st AME tE FUtellA 2EE R
solanacearum race 1, 57 oF9F race 3, 57/ 4,
Pseudomonas < A5 283 T8 A& AldH A2
DNAE ©]&3sted PCRE 33ttt PCR 23 R
solanacearum race 17} race 39 RE #59 DNAER &
Bl °F 401 bp 71| Wi=rt SEHE AE 9T 5 3
AcH(Fig. 1). 23U R solanacearum ©19]2] Pseudomonas
&eo] @39} F8 A5 WdMF #5¢ DNAAE of
W DNA Wi=E% S35 &dthFig. 1). ¥ 52 1
A= de TAEE HdAlFe] HE Asl=S PCR
Az UHREE Fol7] 9siA 1" PCR Z2to]r RS-
JH-F¢} RS-JH-R®] W7 G4 TJA}Q1E nested PCR
4 Z&}o]™Ql RS-JH-F-ne®} RS-JH-R-ne& ¢35k PCR
S FYSINE W, EE R solanacearum TN F
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Fig. 1. PCR was carried out with primers RS-JH-F, RS-JH-R and bacterial DNA. Lane 1-5: R. solanacearum race 1 strains, 6—10: R.
solanacearum race 3 strains, 11. P. agarici, 12. P. viridifova, 13. P. syringae pv. atrotacients, 14. P. syringae pv. maculicola, 15. P,
taetrolens, 16. P. stutzeri, 17. P. aeruginosa, 18. P. acidovorans, 19. P. putida, 20. P. arvilla, 21. P. fluorescens, 22. P. testosterone, 23. P,
fragi, 24. P. paucimobilis, 25. P. pseudoacaligenes, 26. R. solanacearum race 3 LMG2294, 27. P. saceharophila, 28. P. maltrophilia, 29.
P, syringae, 30. P. diminute, 31. P. cepacia, 32. P. reactans, 33. P. tolaasii, 34. P. savastanoi pv. phaseolicola, 35. P. savastanoi pv.
glycinea, 36. P. syringae pv. tomato, 3. P. syringae pv. pisi, 38. P. syringae pv. syringae, 39. P. syringae pv. hibisci, 40. P. syringae pv.
morsprunum, 41. P. syringae pv. actinidiae, 42. P. syringae pv. lachrymans, 43. P. syringae pv. tabaci, 44. X. oryzae pv. oryzae, 45. P,
carotovora subsp. carotovora, 46. X. campestris pv. vesicatoria, 47. R. fascians, 48. C. michiganesis subsp. michigenesis, 49. X.
campestris pv. glycines, 50. X. campestris pv. campestris.

Fig. 2. PCR were carried out with primers and 10 ng DNA purified from the extract of Solanaceae seeds. Lane 1: R. solanacearum race 1

KACC10695, 2—4: tomato seed DNA, 5-9: pepper seed DNA. (A) PCR was carried out RS-JH-F/R, (B) Neseted-PCR was carried out
RS-JH-F/R-ne.

Fig. 3. PCR was carried out with primers, RS-JH-F, RS-JH-R, and 10ng of DNA of R. solanacearum race 3 KACC10699 (1) and its 10-

fold serial dilution (2—6) (A). Nested PCR was carried out with primers, RS-JH-F-ne, RS-JH-R-ne and 1 pl of 10 times dilution of 1%
PCR product (B).
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Table 2. Detection of Ralstonia solanacearum in the artificially inoculated Solanaceae seeds by semi-selective medium, ELISA and PCR

assays
Bacterial concentration (CFU/ml) of inoculum
Assaya 8 7 6 S 4 3 2

10 10 10 10 10 10 10 10
mSMSA + + + + + + - -
TAS-ELISA + + + + + + - -
1" PCR + + + + + + _ _
Nested PCR + + + + + + + +

*Positive reaction (+), Negative reaction ().

131 bp =712 DNA7} 55| % th(data not shown). &
TollA e zetolurt 7ERA] - FA; DNAS 538
DNAE SZAZ 7hsAS ERIsh] S8 BErfE 4%F
I AF 4EF, T 8EFE] 7HAF T4 DNAE FE5
o] PCRES 33t A3}, Ao 183 2E 7IX 3 F4b
DNAZHE oj" DNA®E F%5A g+ A& 1T F
AR THFig. 2). FrEY HYT HE P

N orR

-

0.01 ngZHA] £°]2 DNASI 401 bpe] M=7} S5 =
S s tHFig. 3). 1% PCRE FFH4HES 108) 3
T 2 A H 1l AHE-SFe] Nested PCRS Eis
3} 1% PCRE] H.t} 2
3t th(Fig. 3).

73 FAA WA A=

U= 7E 1008 S7tele AS 9l

EvlEe}

2% F7o

R. solanacearum®] Al TENE 108 SAHOE 3]
st FEHE HE 5 FA FE2AL o] &35ty 7 Wy

o] AZ HEEE vlal ARt vPA=ElA]¢] mSMSA

ol A= vl 72X 7F Tl R. solanacearum®] HAEZ <l F

Y7L Yehde 2E ERIEHA A, w49 $7E ¥

o+ FEFE 10° CFUmIZHA] 7Z&o] 753k th(Table 2).

TAS-ELISAS ©o]-&3to] ntar Wdd A& 243 HE

F% 10° CFU/mI®] FA7HA] positive(+) W8-S g2l s}
j=}

J

AL, EvtESE 5 FAF BFA U3 RGES B
9 THTable 2). B AFolA] AEA Mee Zafo|r2 A}

g3te] 1t PCRES g 43 th& F 79 A&
Y3 A& =2 10° CFUmIZHA #HZEo] 715

T} 1" PCRE| FFHAHES o83t nested PCRE 3
3t A3} HEEE 10 CFUmMIZHA AZ0] 71534t} o
A= nested PCRE] HZE W77} Agu)#], TAS-ELISA
a2 d¥k PCRYET 1000 =0 AS on] g},

oo
4 4D A3 A e we e Tz

o SSlAE el g BAEANA wS WA
£ Aed. B 0d AT 24
34 e Aol e o] EYHE oS
roltt, Wby EARRE WS A8l
Hxolsln FAE Bal Az WoFe] BYs:
m] e B A P YAE
o] FasthE 5, 2010; Kritzman, 1991). Evhe
AR M Fad FBIN A28 AdE 7}

©° 2 HAAR! R solanacearums MAL] o3

o Ml M

2 o m o ok
%

to
rr
o

st dEol Zasith

B AoA 7P &3] AMRS= Ralstonia solanacearum
o] 7AZ&% el vkl 2 (mSMSA)2H ELISAZAZRH S Al
=4 7HE PCR WH I} v skgl T, R =l =] & 79
R. solanacearum® race®] TEGLo| HEo] 7Iesitt= &+
HAE 7 YA, AP A Bewe] F2UE A3t
7] A= HA 399 AlZke] B astitt B35k ELISA
o] A% A9 Lt v FAH] AUt olet ¢

TAIEL 718 B A= A7) = AT Caruso

LHE TAE WA R FriEy HddS AEse
AU AA7EA A9 AF7F =AUt Huang 5
(2009)°] Ao A = HEE PCR W
solanacearum race 19+ Eo|x o g 71&3F
Kang 5-(2007)°] <J3)l 7i# PCR HEH-2 race 31
ojFog AEY F AU & F 1

& zfo|wuhS ARG wfEel 2
EHS fAEsldle HE Tt
3 Aot AR o F9E EY, = SolA R. solanacearum
£ AZEshke Wl ®ol ARg-E= 2Zeto]Ql OLI-1/0OL2E
PCR A& 9] 7% nested PCR W 7HA] 725
AEE T A7, race

A A tHCaruso =, 2003;
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Poussier 5, 2002; Pradhanang 5, 2000). PCR A&H %
TagMan probeE ©]& 3} real-time PCR 7 &% (Huang
2009; Weller =, 20000 =& wWzhzsl AR GFgurs
S At RS 7S AN Hgo] Hol &

[e]
=
E% probeE A& ek He THE wfel AAH LS
A=}

8lﬂ

o Rl dlo

2 4984 2 FA AARIA AREEA] kAL o

E Ao A= 16S ribosomal DNAS] @714 LS o] &

ste PCR Zzto|ME AZet3itt. 16S tDNAS] 79 Al
oA Zfe 71%5S 2 BESL Je FEoV] WE
o theFst Alde Soldoz AEste ZEto|HE M
st=dl A3t Zo =z deiA ghti(Jeng 5, 2001; Saglani
5, 2005). ¥ AeA] 7)Ee PCRZ nested PCRE 2Z
Zlolm &= 3 o] PCRE R. solanacearum race 13} race

3 TS SolH e HEe] 7hssi, 7HA3 $4F DNA
o= HHESkA] @t EE & A7elM= DNAY &
glo] 22 =ZALS A PCRY| o] L3sl= WHL AA
}oﬂr/]_ _._;q, i%o < x];d PCRoﬂ o]jlo}}; tﬂ-lﬂd‘_,
DNAE Al8-3l= PCR W E(Kang 5, 2007; Poussier
2002; Schonfeld 5, 2003)° v]af] AJ7FS H sl 4=

‘6‘ na
203 DNA e.9ell ofs) yepe 4 = ARG IN-e=
A e S Ttk weEb 2 Al A

1

i o

PCR W2 71X 3} FAZ5H 21&3taL A gsA R
solanacearum®| 73Z0) o] €9 4 AL Aoz Azt

o ok
I =

Ralstonia solanacearum- 3=V (bacterial wilt)S
7= A A WMo = s WA sk WA 7} vl
oje] & Wo|t}. wWEbA Ralstonia solanacearume= =
HIZgE of 8] yeteA AEdyor A= ofglct
A= 7R SRAZRE Ralstonia solanacearum
A& 4 = PCR WS /sy Zgko]w RS-
JH-F&} RS-JH-RE 24 Ralstonia solanacearum race 1, 3
S 2 HE 401 bp 371¢] DNAE FZ359 . 13} PCR
SEAE9] YA tzkQl E nested PCR Z2to]w Q]
RS-JH-F-ne and RS-JH-R-ne= 2.3 Ralstonia solanacearum
2RE 131 bp 271¢] DNAS FZ33t} o] Zilo]
HELS ErfE, IF5 I3 A T2 FEoE
B ojH H|Eo0]d DNAE SZ31KA &t} ?_]_:(‘)IZ:I]-Q-
g HES /A FTAE ol &sto] Hdd HE
T Hlwels o, & AollA e nested PCR
FHol ELISAY vhd el < Bt 1008 E2 RIZEE B
oAk wEbA, & AFellA JHEEE PCR W3

A3} FAZ Y Ralstonia solanacearums 7 & 3= vl

e to 4o [0

)

D}L ok
2 e
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