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A Rapid Detection of Tumorigenic Agrobacterium vitis Strains in Infected Tissue of Grapevine by
Multiplex PCR

Akira Kawaguchi and Koji Inoue

® F

TEFOBEPA LR (REME: BEERYE
Agrobacterium vitis) 1%, FLEAED 5 IKHBE TEH mm D
OV EEBERBHEDOFROMETRER L ED
MW EEBICTER L, KREOBEL & & ICREBE TARERD
REEHRA L LED, BBOETREARDIIE, RE
REOHEEDHELEZ THRET, RLERTE B
BEUBRBRIEDO T Py TRENRZEDLA TS, &
FH#ETLBEPICREFLUERELLSZ L, W
FHE2RE L 2-EAROFTMIC &K o TERDOILBR &
BYEABHEZ B Z L3 —BNIcasnTv% (Burr et al,,
1998). AIFET FOBENA LwREII3IZSL—-TD
BEFRICEN O, ZAZThBEERIIASHMLT
WARZEHS, BAEICEWTHRE L -HADOFHMEIC
& o TRFEME BRI HLA L T 3 T REME 2 615 &
T3 (Kawaguchi et al., 2008).

AT EBICAA L &0 RO SERE ST
5ZLhoEEHELRMERTOY, BEAERLHEOL
EICEHENICER I N AN R LDOBDNHBHBTE WG
AEEL, 7, WEBBEATOEWRER & @28
LERBITERNT LS, BROBMICIRREGH
(Brisbane and Kerr, 1983 : Roy and Sasser, 1993) #%
AW REMEOSEZENBETHS. LrLEND
B L UEE, RREOHEZPHEFNREICEEA
SR EF IR LH B0, BELBHOZEL LT
Wi, 510, BIREHICOWT S EERLBRMEICRIT

T¥ D, Roy and Sasser 3ZHh (Roy and Sasser, 1993)
FHWTCT Fol@gr oMz oBEL -2 2 5 A
vitis 7207 Tt < IESRIRYE A, tumefaciens (=A. radiobacter
biovar 1), Pseudomonas JBHMIE & U° Xanthomonas B
M A vitis ERICIERO a2 = — %28 L 7= (Kawaguchi
et al., 2005b). ZZ T, FEEHLIIFH L2 FEND—D
LLUTT FURELAA L oRED16S rDNA 2L L
ERENTSIAv—k, TiZ7F3Z3IF (UT, pTi) L
HFET 5 RREEEEEFO—2Th % virC fHlg %
ERNELE=RENS 74 ~v— (BHS, 2003) %4
AEbEIEILFTL vy 2 X PCR (Polymerase Chain
Reaction) #%EFRL, 7HE < W/-MEOESEEHTT
BE& % 5 7= (Kawaguchi et al., 2005a, 2005b).
FHETIE, HICHBELBEEEZRRT 2720, &
WL 2T F oS, 5 DNA ZEEMB T2 7E (X
T, DNA E#EHME) LvLF 7 L v 2 ZPCRES
HMAEDLET, WEMEOSHEELLATELRBED
RARET--DOTHETS. &b, EFEOTFENE
BRI & 5 REBITORFRIZEK D, Agrobacterium |&
M i Rhizobium BHIE & O —FERE NI b H
0, Rhizobium BIZHETNELDHEBRN DS (Young
et al., 2002) 43, XWETEHFELOBEZHIT S
7= ¥, Bergey’s Manual of Systematic Bacteriology
2nd edition, vol.2 (Young et al., 2005) = % \,
Agrobacterium BHIE & U TEAFRLL 1.
ARBRICH-, HAFEKTH S 7 FYBELA LY
R G-Ag-2Thk 2 D BEW- M ITBIEAB XL UE

P FHEO—TIE 2005 45 H A EMREE R THRE L -

20084F5H 30 H 22
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BWERY — vy o BREZELICEL LB L LT
5.
HBRAE

1. #HHEHS JUBREOER

TR ORERA L oRE G-Ag-27T%k & AL L Y +
H 4 ERLORERE (UF, MAEREM) Tikgs
L, REATHL X 10° cells/ml 1= 3% U - MG % 1%
ERE L TP RB6ELEDHSHER 2 Hy
AT -TLEHFVEFYT (KT, TLF) 8KtL,
Fw b (EE15em) ICEMLUZ1EE (F4E) 0 ‘2
A2 Hy b (UTF, 24~ 2) 23/ EHAL %
‘T ot ‘RAw’ 15BOTFBISRFMERE
AT L -8 T & 72 0 5~ 108 Ic BB {5 #E
(Sawada et al., 1990 : Kawaguchi et al., 2005b, 2007)
Lz, 7, Bl ‘7Lv i 28oOKITIOREMERE
WEIH-03L, RIS ‘24~ 2B O#ITICIE
H7-0500ml ZFE L~ ‘TLF 4EE ‘RA X’
6t E RIS EREO X T« Ty bu—L e L,
#EHE3y ARIZBA LR ERD G DIZ DTN
AL oM FTRAGE - IEAPEEE, BRER
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Dl o7 b DIZ DT ERERM -3 BASERE
500~1,000mg HIDEXD, LITOERIZHEL 2.

2. W&, SO DNAREETILFTL Y7 X PCR
HIDEL > 727 F o s B ERGFET THBRL,
#9100mg DB % 18 72. DNeasy Plant Mini Kit
(QIAGEN #t8) # v TEREK 2 542 DNA % Hil,
FEBIL, DNAWBHSOu 1287, EDNABERKIL ] %
SHRUL U, Agrobacterium JBH DRI MBI E(E T virCl-
virC2 D14 (414-bp) 2WIEXH 3 VCF3 (5°-GGC
GGG CGY GCY GAA AGR AAR ACYT) & VCR3 (5
-AAG AAC GYG GNA TGT TGC ATC TYA C) (#
H 5, 2003 : Kawaguchi et al., 2005a, 2005b), A. vitis
MD16S rDNA D1&84 (570-bp) MIEIEX N 3 Ab3-F3
(5’-ATG ACG GTA GTC GGA GAA GAA GCC) &
Ab3-R4 (5°-CTG TCT CTG TGT CCC CGA AAG G)
DAHND TS5 4~v—+ v b (Kawaguchi et al., 2005a,
2005b) ZHERALTH -~ ¥4 25— (TaKaRa PCR
Thermal Cycler MP TP3000, TaKaRa #t#{) 2T PCR
(95°C145330% %14 1 2, 95°C20%, 62C143300 K
V72°C15308 %339 4 20, 72C100 %144 2 ik

Table 1. Detection of tumorigenic Agrobacterium vitis in plant tissues from grapevines using multiplex PCR
. . Positive
X No. of Inoculation Gall Re-isolated
Cultivar Sample sample of pathogen formation inoculum samples of
PCR result
Muscat of Alexandria Gall 2 2° 2 0 2
Neo Muscat (Seedling) Gall 15 15* 15 14 15
Muscat of Alexandria Graft union 2 27 0 0 2
Neo Muscat (Seedling) Stem 2 27 0 0 9
Muscat of Alexandria Graft union 4 0 0 0 0
Neo Muscat (Seedling) Stem 6 0 0 0 0

Z Inoculated tumorigenic A. vitis strain G-Ag-27 by the needle prick method (Sawada et al., 1990; Kawaguchi et al., 2005b, 2007)

¥ Inoculated tumorigenic A. vitis strain G-Ag-27 by affusion of cell suspension (10® cells/ml)

%1 YAFTLyIZPCRICEDT KIMBE, 5D T KIREN A L o REOBH

3 . . SRR S AHE RCR CHHER

@ W i BB o PRRREC U aomm mioaormik
PAHY b XA T FULEYVEYT AL w R 2 2% 2 0 2
A -2xHh9b (EE) A L o 15 15°% 15 14 15
IAHyb AT FULEHVEYT AT 2 27 0 0 2
2ot e RAy b (%) TR 2 27 0 0 2
RPAAy b X T - FLEYV/FYT AR RS 4 0 0 0 0
Fob v Ry b (L) TR 6 0 0 0 0

z WM& H3HREE: (Sawada et al., 1990; Kawaguchi et al., 2005b, 2007) T F o iBEEMA L 0K G-Ag-27H = EMEL /-

Y WBEHE (10° cells/ml) OEEFQEIZE > TT FYiREMSA L okl G-Ag-27TH 4 ML 7=
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4CTRIF) %4T-7-. DNAKY x5 —+¥iZ QIAGEN
Multiplex PCR kit (QIAGEN #t#Y) #f#AL 7-. PCR
#®, BTSNl %3% 7 H e — 5 I T100V, 30
SEEERKE L 7.

3. gD 5 OREREOE S

REAF L TF 5 MM DX300mg %70% T &
J =L TIARBFERE L 2%, BREAKSml 2A TB
L, 100« 1 # Roy and Sasser D} (BI'T RS &3t :
Roy and Sasser, 1993) (=¥fi L C30°C 5 H RIss#%
I2, au=-FEROFEEEHEEL /-

RRRUEE

HRALAT Py lBHRDS 5, 7 FURESA LR
He ESIcHREGEEL: ‘T E 28 ‘x4
< 2’ 158, HRTiCEEEREL: TLvE RO ‘X%
v 2 BT NLF Sy 2 ZPCRIZLD570-bp
L 414-bp D3V FOBIRHHER =23, TRFEME e
O ‘7L 4BtE ‘2w 6825135 FidRk
W& hikh -7z (Table 1, Fig. 1). HWEME 2EHEL
7245 (Table 1, Fig. 1) A Lo k72 ‘7L
F L XAV BMOER T I EABEBICE

M1 2 345 617 89

WTEVLF Ty 2 XA PCR TEMERLEZZ 2B,
AFHEIZE > TT FURERA L oRE 2 5RE L -8
CTHREME AR TE 3 MEEERTR I N —
%, WEMEEEL 222180 5 5, RS EHTHS
BtEh7=DiERA Lo EEHRALE ‘XXX D14
BThD, RODTEH» S IIBFAE I Ad 572 (Table
1). LALERS, AFETIEIHTE ki - 727
DFRFHZ BT B E ko722 25, AFEORHE
BB K 3 SRR L R LT DEWE
Bbhs (Table 1). —ENICIBESA LREIZES
2 pTi IZfFES 3 T-DNA LIFTh 3 DNA Wik %8
MBI A U CHlile 2 B iR & D B L X ¥ 3 23,
JEEHIRa 2 513 Agrobacterium BRI SELTZ 348
AV ERMRINBEHRET I/ BAGWIh, BESA
LwiRBiEA/ 84 V& RERE UTHEYT S (Zupan et
al., 2000). A& TIIHA L wifkir & DA EME
RESEEERZR, TLE 2L ‘XA T
2HA Lo fgiHRAL g 2 2rbo TEHSE AL
ol Thix, ZTho3BOEFTNERTEL, B
Eh7=BALwBEERENE P72 05, BALM
BiIcETh3454 VORMBHATEL, REMEHOH
FER A b AR E Z S h-.

1011 12 13 14

Fig. 1. Amplification products obtained by multiplex PCR separated by agarose (3%) gel electrophoresis.

Lanes : M, 50-bp DNA ladder : 1 to 5, galls from grapevine seedling cv. Neo Muscat inoculated pathogen by
needle pick method ; 6, galls from grapevine plant cv. Muscat of Alexandria inoculated pathogen by needle pick
method ; 7 to 8, graft unions from grapevine plant cv; Muscat of Alexandria inoculated pathogen by affusion
of cell suspension ; 9 to 12, stems from grapevine seedling cv. Neo Muscat no-inoculated as negative control ;
13 to 14, graft unions from grapevine plant cv ; Muscat of Alexandria no-inoculated as negative control. The
expected positions of the 570-bp and 414-bp fragments are shown.

B1 JIVFTLy I XPCRICEZHEIBEND 3% 7 HO - XS NVESXBEER .

L—>:M, 50-bp DNAS4—<%—H—;;1~5 %F-<vXAhy b () [CREMASEEZERNASEREL CHBRS
hi=PFALO#ERE .6, XAy b FT - PLEYLRUTIREMEREREL TR S AP AL 0L 7 ~8,
RICREHESBEREEILATIAY N AT - LAY R TOERSERS 9~ 12, REMAEEEL TV
BWERA - TXDhy b (RE) OFHEH . 13~ 14, FEAFBEEEL TVWAEVWI XAy b FTF - 7LEYHLFR
1) 7 DEERERHERE .
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BEnXSiz, 7 F oo » 6D DNA E##H
HEvLFTL v o X PCR Z2MAR DY RFHEIIR
JEHIES % 30 U -0 H 02 T 5 REME = il
FTHEZLHNTERE 2, FFREIFRFEHBEOHFHE
NTEED o7 Y PN T REME OB 7
FaRliTE-2ehs, FROBELBHICERDTH
3LEZIb6h5,

AFETIEIH AL oML EICHRAL 288, EEORZ
WiBE Tid, HE#PE 2IZBORA L o ROMEEHY
TAFRIC K 32inTREEZI6h3, LAL, #iA
RO & EDERBBEA TOEWBORERE T
i, WODKHOEDBMICEARELTHE22H5
MU LT, HEARBOREHFEIIOVWTHRETT 54
EHid 3. 7 FYRENA L oREISETHICBAT
BB, SMERHBICLIMBOBENRAREL LD L
ERTHWBZ LR (Burr et al., 1998), HEARIPAHEIZH
ALODERBRRONSE ZLBAHBRHL NI L5, fE
RBEVETE ETEABOMKGL AT I LEL
bh5. XHICRRETIE, BEICHERIGBHLT
30D G AREMESRHENBEZL2BHD (Burr
and Katz, 1983 : Lehoczky, 1971 : Li& 5, 1994), Z
NIEAHRICEE ST - REMESAEICE > THRR
HWOHBEL, BBEOBEL LS ITHEEBEIL 2
HLEZIOENTNWBEZEH»E (Burr and Katz, 1983 :
Lehoczky, 1971 : (LA 5, 1994), FRfPREB O
Wh o DERFHEIZEZBMITOVTERET BTN H
3.

7 FORESA LoRIcH L TIRBRED L Z AREN
BRENR TN, EFARPHIEICE - 2HAICI3H
HWT30ERH M, ARILBEREMETHEI L, H
FLUOEAEZ RS - BITICERT 5 2 &7
AR5 . 20K, LETORFEMEOCOREL
FEANB DI, RERICHFEET 5MEND DNA £ 15
2o EEME LAME CHVWEYLF SV v 2 X PCR
O EESHERATILENDS. LirL, LEEh
ICRRMOBEPHRIEEIZEEEThB3I b, &1
BRUREEOEWS 74— T u—F DO E, PCRD
RIGZGOBERANENVBEL LI ERPREND, Z
MBI DOVWTRESHDOFEETH 5.

m =

7 FORERA L oREORMICIE, ThE TR
HAFH SR TELY, BELBREICRTZILR,
FEME OB R X UHER, REEOHEZELMEENR
HITIBARLEBELH IR 2320, BELZZEOX
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fELZo>Twiz 22T, AREMEOTBMEEEITS
Z ek, WS> 5 DNA 2T 3 5k v+
TV y 2 X2 PCREEZMARDE T, FFHEFEME DR
ERBEOERERA . TORRE, AFEEIBALL
M & CEERBORE RS 5 L REME &R
BZLNTEE. i, FFERIEFREHEOBIHT
VWA TYREMAEORE T R TELZ L
25, AFER FROBHELZHICENTHELEX
bh5.
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Summary

A practical method to identify rapidly both tumorigenic and nonpathogenic Agrobacterium vitis at the same time using
multiplex PCR with two primer sets (VCF3/VCR3 and Ab3-F3/Ab3-R4) , which had been developed in previous
report, needs to be isolated potential pathogenic strain from grapevine which had symptoms of crown gall or even
symptomless. However, there is a possibility that the isolation of A. vitis during the sampling of grapevine will be fail.
In diagnosis for grapevine crown gall, furthermore, a prompter detection method is necessary and requested without
accompanying the isolation of pathogen. In this study, a rapid detection method of tumorigenic A. vitis using the
multiplex PCR and DNA extracted from a tissue of grapevine was developed. It was possible to yield positive results
of multiplex PCR from several grapevines whether symptom of crown gall or not, suggesting that this method has high

sensitivity.



