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Sg)etol A Zohelkiwifruit, Actinidia deliciosa (A. Chev)
Liang et Ferguson]oll TA8h= EX-3W-2 Al A ot
# AALS A AAATE T8 ZH F shielth 235184
A9 £ e 94 Eia AN BojAA] gris=
71892 g ol AE4E ¥A Foh 53] Al 5¢9
W7ol 757} e Fol= 0% o s 2UE wE &
FE F= A0 2 Byl UTk9).

o) RS dorle AdMael il Wilkie 5(17)°0]
FRAWD=ANXE Pseudomonas viridiflavatt 8- B o]
Uzl w2t P syringae pv. syringaes VIEF Pseudomonas &
o] 29 Fo] AW Bl Aoz dEiA Ark@B). -+
vzl A Fejd BH3He YT P syringae pv. syringae
ol Aoz 1wyg ul glrk14).

BBl P syringae®] pathovarsS- Zehan| o] Tlelgh f-
AAE 7HA 3 Qick v & Sepan| s ATE fAA el thafod
g F vyt 2R AN AU Aol Fekin| = 7HA
U= Aol nPH o= Mo KA ALY A= A7t
3 qlke). 53] Fefav=rt Al &ollA FEA R /A
He ARl ZEkansrt e S5 Alold] 4EAkgo) T8
3 9L 93 S-S AARITH10). 18 7] W] Feks
)=o) o3 ¢EdEE FHAE Wile 42 Setar=st A
e} BAE olslsHAl Fozn AEHAAR M st o
3 FEL 7V St Ak AE7A AR Eehv| =
ABE /A Fole ¥ DY avirulence) FAAHE), HEFHL
Q) coronatine A FIAHDE HIFSIS Cu A FF-Ax2}
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2EAEulol Al AFAFHAKT, 15) ol EiEaL gloh

Cu SIHEL A L #7238 AEH] BAE A3l F4
Al ApgElo] it} 2 A} FHABEN A cu o2l ] A%
Ae VERE e Ae] Eds H3ith AE8EE dedie
N7t Zo= P syringae pv. tomato (4), P syringae pv.
syringae (15), P. syringae pv. actinidiae (13), Xanthomonas
campestris pv. vesicatoria (5) 54 Cu AFA]o] HILE Aot

B AzdMe Selugld BelE 2o 2HsEdEdl P
syringae pv. syringae 552 EeAP= P4 Cu AT
9] ABAE 2ARIAH-

gl H e

oH

M=

AEEFE

oguete] Fore) BeAA AR P osyringae pv.
syringae= ERE 117 #FZE Aol AME3FATH(Table 1). Hl
WEF2E vl 2283 co A Aok A8d T
Q1 P syringae pv. actinidiae JYG3E AR&3IATH A= PS
ull %) (pepton 20 g, sucrose 20 g per liter)oll E3t] 28CollA
B A

Cu Mg AL

At 242l cu AL 0, 05, 1.25, 3.0, 5.0 mM
] copper sulfate (CuSO,)7} F7FE 3 mie] PSEiA]el 10 pi®)
B N (0D, =10y BE3IIL 28°CoA] 48A17F w3l
HrANEEE SAToZH ZARII
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E2A0|= DNAS £2]

ZE2m| =9 EElE Ausbel 5(2)9 WS WSS 35
Aot 2 At TFE PS AAENR ) AESl 30°CoA 24113
HjFe & AAEEEld FAE AUk 7)ol 200 pie] £ 1
(50 mM glucose, 25 mM Tris-HCI, 10 mM EDTA, 200 ug/ml
lysozyme, pH 8.0y ol & A7l § 420 1083 ¥}
At 7t FE 400pe] €4 I (0.2 N NaOH, 1.0% SDS)E
Qa1 G&o 1083 £ H, 300ue) 88 I (1.32 M potassium
acetate, pH 4.8Y5 713l 1083 ¥HEAIZ F A4Ee 319
o AEAL A FBo) 24 600u1e] X7}$- isopropanots ¥
o] 70°coll FATh 3 AI7F F 22250xg2 1057 QAR 51
o] dojz AAE-LS 50019 70% ethanolE AHT F 7:2A)
7] RNase?} 371 TE bufferdl] =] R3lc}.

Pulsed-field & X7 |HS

77198 CHEF-DR O (Bio-Rad, USA)A 0.65%2]
Seakem agarose (Takara, Japan)2} 0.5X TBE bufferS ARg-8)<
AABATE 14°CAAM 6 ViemZ 8AIZF AA A7) ¥ ethidium
bromideZ FA3}e] 13}t

PCR primer 3 =24

Cu AAFZAL] dRE FF37] % ZelolHE A8t
7] 918 A FAAL clusters: A AEA0] & BRow
GEA copRT copS2] B7IMLUDERE PCR Zalo|HE A
ASHk: cop-F; 5-ACCTATCGGTTTGTTGGCAC-3, cop-R; 5'-
GCGATCTGGTTAATCGCTTC-3'©] primers= 982 bp2] DNAEZ
SEANZ Ao g AT}

T8 DNAY A== uidd 100 wE 948 3 S 57
T2 A3 H 1001 1% Chelex100 8L ol 5827 &
AR AT 1 p19) 4EHE PCRo) AH2-319 T PCR ¥R
K2 025uMS] primer, Zt 200 uM2] dNTP, 1.5 mM MgCl, 2.5

ol
i

£

Table 1. Bacterial strains used in this study
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wl, 10X buffer, 1.25 unit Tug DNA polymerase (Takara, Korea)
£ ¥35l FE B9E 25wt HA STk PCR RR2EE
94°C, 5%-9] denaturation §- 94°CollA} 30%, 53°ColA] 30%,
72°ColA 302 FAE 308 WHESIGTE wiARe R 72°CA 5
7 vk AT SEE DNA AHL oplea A Hr|9Fe
2 ZI3tAL}, DNA purification kit (Bioneer, Korea)= A g
% Macrogen*HKorea)oll 9J3]51] G714S A3t

Southern hybridization

A7)9%F0] B UL DNAEZ oplE2 AZXRE nylon
membrane (Roche, German)©. 2 capillary HHH. 2.2 S HTH2).
PCRE 53] ¥old Cu AAF-2#] UF-E random primed
labeling S ©]€3] DIG-dUTPZ labeling AIZLEH
hybridization probeE A3} Tt Labeling® detection DIG-
high prime DNA labeling and detection starter kit IT (Roche,
German)S AH8-31 AZA7F A RS w2t B3t

dn 3 D

el GRAge ¥ ) A9, 11329 Fo =g
AN ARAE Aol ERIHTY ETavs FE A 2
Az Fekan|se] $¢) A7)0 ue} o AFE /) IFoE
s 4 AYTKTable 1). ZARR 75 F VIS AL ol &
F7} sh olidel EEAH|SE AT AR I FAXME 1
NRE 7)ol ol27 174 TheslaThFig. 1). Eekv=Tt Yle
7% BDR13} HIDISE 747} BAAT 530 A 3k
Awdo X Fad #5390 & Y Sar=r) 9 e
o452 HID2E 36+ Ande o FAeddA APJE a5
°]™ EcoRIS.Z AW A7|E Yo} £ A7 <F 85 kbell B
35tk F e EEAEE XA e OF 9 405
GEE Fel, sge A, 137 AW 9 i olsH

Group® Number of plasmid Bacterial strains Geographic origin

I 0 Pseudomonas syringae pv. syringae BDRI1 Deukryang Bosung, Korea
HID1 Jingyo Hadong, Korea

I 1 HID2 Jinkyo Hadong, Korea
NNH4 Namhae Namhae, Korea

m 5 HSS3 Samsan Haenam, Korea
KJA3 Jeomam Goheung, Korea
NYH3 Yeedong Namhae, Korea

v 3 KHP7 Heungyang Goheung, Korea
BIB3 Josung Bosung, Korea

v NNH2 Namhae Namhae, Korea

VI 4 KIA1 Jeomam Goheung, Korea

Pseudomonas syringae pv. actinidiae YG2 Jindo, Korea

*P. syringae pv. syringae strains were clustered according to the size and number of plasmids.
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Fig. 1. Pulsed-field gel electrophoresis of plasmid DNA isolated
from P. syringae pv. syringae. The electrophoresis of the plasmid
DNA was carried out for 8 hr at 6 V in a 0.65% agarose gel. Lane M,
8~48 kb ladder (GIBCO BRL.); lanes 1 to 6, P. syringae pv. syringae
strains (BDR1, HID2, NNH4, KHP7, NNH2, KJA1).

oA EeE #FH 37 e AR o] 1159 &3 AFE
T cuell ] AEES 2 Holoh ¥l FF EF copper
sulfated] TH3H HAA S FE7}F 3.0 mMSZ Cuoll T3] Hlw s
2 559 APE Bt S )] EEam|=E VX |n
e FFEL Z7)d wet F 2F02 JrolFh 18 vel
BIB39} KHP72- Z}7F g S0 BT AWM, =27
7t OE 9 EEiu=E JHAT Qe IEV IFE WEid
oA EEEATh 28T AEHdA £ E KIALS o
& gl nla] 2717t & EEan|sg X3ty 47)9] e
NEE 7HAT i AA ESar =] 7' 22 kbellA
160 kbol] ©]27) 7}#] thekatar).

ol Aes FEvEelA EE P syringae pv.
syringae®] EF2H|E o] thFES B Fr} E3] 2 X
QoA Eeld TFES Zgkan= dEo] MR e AL &
Aol Aol 7oz S wa IS 7FsAdS st
3| Fot.

17 25 F Codll AAEE 7H 25 mell &3 Ul T
e A FHAE ZABFATE P osyringae pv. tomato) A
Cu A Fraxke Egav| =) 24181 3 W3ko 2 AAlg
= 4709 OREZ ©]FoF cop operon®. & TAHo} gk B
2" uw} JATHIL. cop A, B, C, D2 Y] §3-A] o]ol =A
D {GHAR] copRF copS7t SHNE 2051908 copB}
copR Atol= 14 kbt 98 Fohel HAPEasd p syringae
pv. actinidiaed\ e pv. tomato$}t B8 copBS} copR AFe)7} 11
kb BoiA e TEIAT13). F TF ARlY opuliitke] AE
4= A, B, C, D, R, SIA ZZ} 80%, 73%, 69%, 58%, 97%,
95%ATH(12). °] FolA “E5A)0) =L copRF} cops2) B7IMNE
ZRE PCR Zilo|mE HASAT o] Zelo]H$} genomic
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Fig. 2. PCR amplification products using cop primers. Lane M, 100
bp ladder (Bioneer Co.); lanes 1 to 4, P. syringae pv. syringae strains
(NNH4, HSS3, KJA3, NYH3); lane 5, P. syringae pv. actinidiae
JYG2; lane 6, P. syringae pv. syringae BDR1.

DNAZ AH8-8 PCR A Ul 7le] X% 739 Cu A4
& zre= AP P syringae pv. actinidiae T T\ A ol
HAA 982 bpe] PCR 2HE0] ER1= ATHFg. 2).

S-guel Ao Jedolr] Bl 2H8W a5 P
syringae pv. syringae HSS39} #FH w5 P syringae pv.
actinidiae JYG3914 ZZ8 PCR 4HE9] di-7o) ujsied 7]
Age Btk 1 AR 28 T2 HSS3S AYE
F21 IYG3E G2 LG 98%9] 35482 REom Ui
Bug APHEThs oF 95%2 AEAL RATHAIE vAA).
22} P osyringae pv. tomatoSte 90%2] A=AE HolE ARY
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T AT 7FeAE AABERL Atk o] At Aol E4)
£ A0 2489 759 Cu AgAde] YR Al w39 vt
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Ale] 79 FHRMEAR o)FE FAHELEN /5 A&
DHET2). TR AXE B3] 93 Sekvi=e &
A7) DNAZ F-elsle 4A FZ9 DNAS B3 22 Southern
hybridization A133t A=} o] @5 ZFA Cu A3g 4
A= F oY EFEaEE F AU 2 48 kb AR EEkm
Zof S THFg. 3).
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Fig. 3. Pulsed-field gel electrophoresis (A) and Southern blot analysis
(B) of plasmid DNA isolated from copper resistant P. syringae strains.
Hybridization was performed by using DIG-labeled 982 bp PCR
product as a probe. Lane M, 8~48 kb ladder (GIBCO BRL.); lanes 1
to 4, P. syringae pv. syringae strains (NNH4, HSS3, KIA3, NYH3).
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ABSTRACT : Plasmid Profiles of Pseudomonas syringae pv. syringae Isolated from Kiwifruit Plants in
Korea and the Copper Resistance Determinant
So Yeon Park', Hyo Shim Han!, Young Sun Lee', Young Jin Koh? Jong Sup Shin®, and
Jae Sung Jung'* ('Department of Biology and *Department of Plant Medicine, Sunchon
National University, Suncheon 540-742, Korea, *Suncheon-si Agricultural Technology and
Extension Center, Suncheon 540-804, Korea)

Pseudomonas syringae pv. syringae is a causal agent of bacterial blossom blight of kiwifruit in Korea. Eleven
strains of the pathogen were isolated from different kiwifruit orchards in Korea and the plasmid profiles were
obtained by pulsed-field gel electrophoresis. They could be clustered into six groups according to the number
and size of plasmids. The number of plasmids per strain and size of these plasmids ranged from 0 to 4 and from
22 to 160 kb, respectively. Among them, four strains belonging to Group Il which harbored two plasmids were
resistant to copper sulfate. Southern blot hybridization of the plasmid DNA indicated that the copper resistance

determinant was carried on a 48 kb plasmid.



