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20074 3R7E, MIWLIRE 7 Py oREmE (GREE
F) #91,070ha, INHERAY14,400c 2350, UF, EH,
WSRO T E g4 (FE N ERBUESHAE W
20074) OF FUOTFEERTH S, BNOBEYDE
HEE T, BN, EIicwkSEMy (RENSE SN
D102EM (FREESE Thh, MUBRORMEEDE
HERICE->TW3. . £ 252, 002FIC1BRET
H SR A U @ W OERPEED R 5 i L OEARAE
Rzh, MULRRERS+ Y 7 - BERBBIIARED
ZWHEEAHE o, 7R YARESA Lokl
e (BA L wiEM) W Rhizobium vifis (Ophel and
Kerr, 1990) Young et 2l., 2001 (= Agrobacterium vitis, A.
tumefaciens biovar 33 PAT, BRFXEEIC VAT 4 (B
., 2007 ; Young et al,, 2001) IZHES) Itk -THI 3
LBREMOWREBETH D, BT L, HAaBroik

BETER mm OF S 2 2 BREARENESE Fh X

THEROEE TR DM ERIHRE R, B
EOBREEELICEEETRBEOKEERA LY E
Ad (Fig. 1), #ELLUCIHBPRENELET &
H, BMLOLBACEEEPHEESAMITICES 20, it
FROT Ky EEETHEL S - T5. BREICH
W AFFIC L2 BFENREOERE RN, 2T
FOF 2N ANTEFFEOREICLOEERAS YT
BAER20007 FILOBFRLES - TV B &0 ) Hidhs
# % (University of Guelph, 1999). XWFEEHIE % RE
L7=HEAROFGMIZ & - THRDERNEEEPEZ 5 2
Lid—ERicHmehTh D, REMETLBRIIES
SHELTEREFE L X% (Burr and Katz, 1983 ; Burr et
al., 1998). MEMAERA L ZER L THWEE TS
IWEROBUNIES TH 50, HASITEENITHR &
N H 2R, EEREREL T AROBNICIRREH
{(Brisbane and Kerr, 1983 ; Roy and Sasser, 1983) % H
WhEEEMEOSESNEHTH S, LirlENXe, B
OFHFITHULBIRMEIZZ L L, SHEOMIEBEL TH
FE U s b & B ROREMG % 385132 O EEx
Berdn, BRICEBREELE X512, FRIEHE
aBilgd R w, BIFSTHE L 2R obiisng
3, BREORELEREROBEL S EWHELL
L, EEFIILSTREABRFNFZEL L6 LT
P

2003 1 RIC IV R RS R EEIREHAOETFIC
LT, MLESBERE Ly 7 — BERBIENEALERE
IZHW S M A ol & U AR O B I

DL 7 RADOEALEZORAT 2888 LUBA
L ARIER & 3 B A D O TRIFEHTE O 28 4 R4
PSR, BEL TV EBRAERTERS, TORSE
R Lz 7' ¥ RESA LR -0 o= —E
BERTIEREGEOME EHEE o h 2 &3 &k
FMEE, 16S rDNAEEEF, WEEOWHES 6, Th
B Z IR R vitis TH B ERELE. ZhbIERE
T Py RESA L efEE RREELA oS EIC
B TaE SRR ORINEM F It RHREAE & R
Lau=——2Elt 5l s, DHSRESICER . &
LM EORELEWREEIC L 2REEOUE & 0
e L, BEsBWOEEEL T 22T, Hir
KB EEO—D2 & L TR, vitis D16S rDNA %5 &
LRS54 v—k, TiZ/AEARI SIAIFEH
TERFEERERET T2 virCA Rn v 28R E L
TR TS 4 v— LA SbtlvLF L oo X
PCRIZE 37 FoREAA Lo RBEOBEEEREH
Bl 2o, Wbkl DEBEEREHEL, 2hi
BUELTIASFT Ly 7 APCRZFI ZLIZL DR

Fig. 1. A: Crown gall formed on the trunks of a
grapeving. B: Crown gall developed on a graft
of a grapevine nursery stock. C: Crown gall
developed on 1-year-old seedling.
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JFHIE O EE, Bl & oyl B s F R A 5
%Lﬁ.ﬂt@:awe,ﬁﬁ%@%%tﬁnfmﬁﬁ
AT X85 T L ASHEEE - 7.

FiS 7 FERIZREST ZEEIA LeRmicid gy
W OMANEATED, BA/AETE T Voo T
VYA FUFNs—F (BHERS EREER
rhizogenes K84%K) MWL LTHEREhTW5
A, FHIE T P oRENA L o iRz e < R RS
Yy (BEF, 1986 Burr et al., 1998). XTI,
LB TorBE X L7z JEFEIRYE R, vitis OE#kO BRIz FHE
DORALoERENRT 3 ERBEET I 2 REL
0, BEEWVIA Lo BRDHIZIREH T2 VAR03-1
BHEREMAMEDE UTRIRL, RE#HS 7 F o BREEA
LoEEicd L THEEEER o> L # L MIC L,
542, 7Py EOREIC VARIS- 144 3BT 5 Z
Litkb, FRORBRAEFIMRHTED I LAENREL L
VEHRRSTHRI L. /2, VAR-LKROT ¥ IR
NOEFMECRRARGRERECEIWELRETL,
REMIZHRZFE &+ RET I BEAESRSAIHL I
LU, SHETHBREERETS - =R FB0L WY bhEE
T 2720 ORBRETEDLEL NS, THE
ORBO—WIZFIcAE L OS5, 2004a; NO S
2004b ; JIIEX &, 2005 ; Kawaguchi et al., 2005a, 2005hb ;
I 5, 2006a, 2006b ; IO - L, 2007a, 2007b ; JII
16, 2007 ; Kawaguchi ot.al., 2007 ; JIIC1 & |, 2008a,
2008b ; Kawaguchi et al., 2008a, 2008b, JII [, 2009 ;
Kawaguehi and Inoue, 2009 ; Kawaguchi, 2009) #%, #i
NIEBHEOBRRLED TN E LD 3D TEHS,

X EETHIZE D, BUAMIEEE B D TARHE
DFE Lo THOWBILASASER AR MR R
—WERE L, REREamCEL, RESE SRR,
HLicor o BH#HOREETS. 72, HRUIEEL
UTTWNTAS & & & IR0 & J108 & ftRERo
18, MMFEIC L 2 ORBFO T — & 15 - 7= 3f3r
TEEABES DEFERREEHEZ L, RiFEo@
Tz d 7= D IREEE S G, JiEE L SERE RO S A

B - KR o B ISR e — 1, THRERS
BRI R (BICERARAERAE IS KSsE
18, BB BRI, HRERO
SBE o R BBt agE—-EL, B
FFERHAREERE R, AR BAERTT L
& — PRRBIBERAE, BRBBERFLY 2 —LE
VAR, WFBBASITRMIES L, il
RS SAERE S ERIAR, ¥ — 4 ORI RO
TZHIBG - =B R BB Y 4 — BRI
RHABRIEE, ZBE & 8% 8- 2 B AR
EEERINTTRT Rk E, ERERSKRERS R
it v & —HEAZE AL, Btk & —EAREL, &
BERHRRBHFH—K, SHEBEMEMSHARZE
%, BEEERREHIRTESRREREREL:, B
ARG A B - A R AT R
i EME L, ERMRETIE T — o ARE—EE, R
WAk SRR LR, AMROS
ASL B NIFRLHIS, b Bk TH{B L DA
R SERE v &~ BRI R (]
LB, E) EERMEL, FEE OB Jie
AIEHOEFEEMEENE L, FAEEREAkF—REL
MRRIIREREHERL, HafRER L EuE
K, WhMREEMRRsa K, MUESsee
vy & — B RISERNSHTIHEEIR, ERAWFEEE L
THEOBIFIC AT 5 THRE & T8 750 2 [FIF
HPIEEEMTREH LmkiEt, FREE LoBE
VAR ERAR L, FHRE T IR W
LR R A RS, RLRBERe LY 2~
RiGHHE, MREREHY Y 5 —, BHBROSMITL
o BB OBESET 5. :

hds, R EFEILES 520034 55 E0, KiF
DRERVME, Bl & OCBBBARFORRI I [
H - ETERE OB & N, AR o
Rid [FHBEEHERR] OMERL LR 42
Fo. WUTRIEAERTS.
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15 FEWMEM Rhizobium vitis D5
B - WEB & O Rhizobium vitis
D5 RN

2002412 FAILLIEL ) — 8 0 Mol CAREEAS A L w IR OAER
AEEbR 3 #E L UEANER Sh, BEILRRERSE
v A - BEFREILICRRE O IRE S -7, BITO
RENTRT LD, EREBRCHVIBE 2RO L
L 7 AT o0 iR A 1TV, BB AR L

7, FOBICERES LIS FORERA Lo
W e F—0 oo = —EEE R IERREEOME S EHEE
bh, BWOXRE -7 SHOBELBWOLDIC
3, FREMEICNEL ToBEh T 2HEERELT
B REREHLEZ I b, HIEENME, 165
rDNA $E8ES), ﬁﬁﬁ@ﬁﬁekh L (X))
RlEET -7

X 5z, BXEEED Rhizobium vitis BIMEOBIENER
EAFREEHFRICIOREETS I LICLY, REN
R. vitis & JERRIEYE R, viris- O ARIFIZ DV THRE L
7.

T

EIE RUEICBT 27 P s X OTHOR
OREH A L w iR H QRS FERE
MB350 5 7 FoliREEHoB#l L OHARD
7 FoREAA Lo REOREERLIBET 320, |
*iﬁ%@ﬁﬁ?éﬁﬁb;Uﬁ&bwﬁﬁﬂéﬁ?é

RIS OO TRBEME O 2B AT - 7.

1 BEOBE
HEBLUHE

2003%3~48, BAOEALERRIFORETSE
#3934 (Table 1-1) 2 TR0 ERESHE
WL T LT 2#H0.5~5ml #9427 Fa—
7 (EFHL2ES) CRBRURFRMEOSMET oA M
¥i0.1ml % Roy and Sasser BFFE L 7z R. vitis BIEKX
i (LT, RS i) (Roy and Sasser; 1983) Bz
L, OCCTCEHMER LA fohzan=—-D3b,
R.vitis R THRENLEELET S HERODIu=—%
WL, B IZ LB Y s EINE Y v 4 =R (B
T, M) ERESHICERL M7, HEE#KE
L7,

Table 1-1. Isolation of tumorigenic strain from mother plants of nursery stocks of grapevine
Sample Cultivar No. of sample : No. of samplgl No. of _saml?le isollatezd.
) isolated bacteria tumorigenie strains
Mother plant Pione 54 ‘ 6 0
Muscat of Alexandria 28 6 0
Kyoho 1 1 0
Seto Giants 2 0 0
Muscat Baily A § 1 0
Aki Queen 1 0 0
Neo Muscat 2 0 0
Cabernet Franc 71 29 0
S04 4 3 0
Teleki-Kober 5BB 185 _ 68 1
Teleki 8B 3 2 0
101-14 Mgt 23 15 0
Other varieties 13 6 0
Total 303 137 1
Nursery stock Pione / Teleki-Kober 5BB” 4 1 0
Seto Giants / Teleki-Kober 5BB 23 22 4
Gross Colman / Teleki-Kober 5BB 4 0
Other varieties 13 0
Total 44 29 4

* Pathogenicity tests were conducted on tomato seedling
¥ Scion cultivar / rootstock
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WEEREBICOWTIE b FEERV BB EE

Ik AEMRERE (Sawada et al,; 1900) BT -7 T
Kbb, 200355 AOH ICKRERO b b Ry F o~
¥ DEOE (FEO L Tlem) 12, REERERE
FlrBR s - HBERO o — 2 L TR %
HETA2EEICREH L TEMEL - B AIdomm [
RL L, dFriciEfEL 2. BEE®RE LD < | H3H%
PR, BRERIOEECEE LA HBICEBEETO R A
LalEROFEREFEL=, .

= R

393 AR DB X O PG HE O T EEE R A - RS R,
137425 7 F 2 RERA LoHE L EMLAaTZ—
BB oI (Table 1-1). THEDEFEIZOVTHEEME
BREZT-> 28R, 1RO ‘7L +5BB HROHE
BOA M2 PRI A L0 EBRL, BEENED LA
7= (Table 1-1).

2 HAOHTE
HE S L UHE

200341 H, BAEDT F olikdd&kiz-onT (Table
1-1) AL oRBORERYRD S hizERs o Mk
whEFIgBEL, 70% =&/ — L TH1SRMEEERE
Uz, BEKTHERICIEETEMN L B0, 1m,
RS 5 EIZ%Ai L C30C TSHMEE LA, Bohi
H=—D5%, R vitis BRTHERNERERD I =—
DEOEWE L, MARREEIZER L ML LTy,
HRERE L, SEBROREREREREEO S OR
EEFRBRIZT - 7.

w R

UEROEARD & BT EFA W TREMEO SR+
LR, 208257 FOBERALoRE EHYL 2
Jo=—HE6h%k (Table 1-1). Zh&OERIZDN
THREERE LT - R, 0K AR |
FPxA7 0y, GARME: 71U 35BB) HROHKD
A7 PHICSA L EERL, REMEXEDIhED
I L, HROBFBEROFEHRTEIREERIEAD L
B (Table 1-1).

3% B ’

FETIEFUEIC BT 2 EREERORE T 3 8E
FURA L oBREREETHEARICODOT T FyRERN
ALSREOSMELZTI Z LItk , BYsEmsFEL

7z, 33FOEMAREL R, B omEEEET
A HE X S, BRE L =2 T OO ESIE
BALYOBRIBED Shah -7 Lh 5, WREME
EASEEE M- EON LB TH - - D FEE &
L=, BETCiErA L e Bl LTy maEME L% 2
bhs, RESOGEIFHEIEEED.I%EEE L
b, RKEORHIZHIT MR IEREEWI LAHEL
helaf, £, BALOBOEARID L1444k
OEARDD B, dKroREMEEGTIME S FE SR
el b, TOIKDBEROEBEARBOILEKIEZNRALY
ThHHATEERBNEFLORE BELZEKIZEE
THAL o BROEAPED oh Tz i bs T,
A 2057 HE X 7 R IR R AR & TR D% R T
Btz WoT, WARIEREhANAL Rl kD:
THAER L REL T, FREME2E5T 5 LRI bR
BHELEE L b, ZO0& 510, BABOEADLER
26, FRTHAZLEIEEICRKNTAZ L3 F#ELH
A 5N, BICHADOFRIC BV TIZBAROIEREZ M
AL LTELRZBEVRENI s, HRIZET
BEFMOEELRKMSEREIIEETSH S,

L Lahe, 7 FolEkes0#@EosgTs, 7
FoREAA L wisE LB L 72 a2 v = —BROIERE
HEABRER BTS2t & h, #Hroan=-T8
CREMREATO XESS S, X bIikoRERY
DEw b ERACEZBBIILIBEREERETCRYES T
CEREABETS Y, MELBEREE LY. Zo%
B, IOXIEMEREBNETE SH - 2RER DERRE
ARIEORRBSNELEL Shi-,

2E  FEFRIEME Rhizobium vitis DB X
U2

FIE Tl k3, 7 EYIBESA L o RE0E
ek lE+ 513, BREMA ROz SRS BETH B
A, R TEEO I —RBRo B3EIC L 3430z
5EAEMEEN. Lal, 2OBKBICsNTE, o
——EEN T FORERLA L oWwE & B L ~IEmEM
HASEGMEE NS 0, ERSRIOZEIC k> T
5. 2 ICAEITE, 7 FRENA L oRNE & IEE
MEOIEHELRAFEORRICE TS0, RENES
L UCIHFRESEEDORE & 1T - 7=

1 HEPHNE
MRS LUHE
R TRAEO Y Py BRE D FHEE h- gk
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WRMEROD 5 bW (FHE « VAR03-1, VAR03-3,
VARO03-4, VAR03-21, VAR03-24, VAR03-28, VAR4-23,
VAR7-1, Ar-4), & & OB E 1% (VAT03-9)
A ARE L A (Table 1-2). HIEZE M4 E L Moore 5
(2001), #EEDS (1984a, b) DHFEITHEC, 3-7 + 5
2 b—20OEE TLEZ YYD FS ¥, 7
NFF VKSR, ) P X I NS EE Ay —
Vg, £RFEERMYE, 2%NaCl W, 30C TOEF,
35CTOET, RS EBMTOERE, D-UEHE (Moore, et
al., 1988) TO&®, T VBOFB, BOEEL ()
FI) b=, ALVP =R, THFI=N), FLIAVD
BY (vuvE, L-EAE OITHEBIEDVTHEEL
2. &7, SHEERE LT, YA L oERAE Rhizobium

radipbacter (= Agrobacterium tumefaciens biovar 1) AtCl
¥, FEARTERIE R. radiobacter (= A. rhizogenes biovar 1)
MAFF03-01724%, 54 L wlERM R. rhizogenes (= A.
tumefaciens biovar 2} AtR1#k¥ LU Ch-Ag—28, 2'A
L wEREE R. vitis (= A. tumefaciens biovar 3) G-Ag~27
Mo LU At-90-238k% B3 L 72 (Table 1-2). -

" R

ITHEOHMIEFMWHEFRE L -BR SEK
(VAR03-1, VARO3-3, VAR03-4, VAR03-21, VAR03-28,
VAR4-23, VAR7-1, VAT03-9) IZDWTIER vitis 28
L ETOMEIZDWT—H U7 (Table 1-2). Ar-4
IOV, R radiobacter 2 Wik L B ® & < MEEA—

Table 1-2. Bactériological characteristics and pathogenicity of grapevine isolates differing from tﬁose of the

reference strains of genus Rhizobium

Test Present strains Reference strains
Rhizobium R. rhizogenes R. larrymoore’
radiobacter (T R. vitis (Ti) (T
(Ti) or (Ri)
AtC1, AtR1, G-Ag-27,
| Growp A" VATO3-9  Ard  VARDS-2L \orriions ooaes At-le] o
Bacteriological characteristics
Production of 3-ketolactose - - - - - -
Arginine dihydrolase ‘ + + + - + - + NT
Arbutin hydrolysis - - + + + + - NT
Litmus milk reaction ALK ALK ALK ALK ALK AC ALK ALK
Oxidase reaction + + + + + - + +
Growth.factor requirement — + - + - +. + NT
Growth: ‘
in 2% NaCl + + - +
at 30C + + + - NT
at 35C ' - - + - - - =
on Roy and Sasser’s medium + + + + - - 4 NT
on D-1 medium + AC  +AC +, ALK +, AC + ALK -+ AC +, AC NT
- Utilization of citrate + + - + - + N _
Acid from .
Ervthritol . - - - + - NT
Melezitose - - + - - -
Ethanol ' . o+ + + - - " NT
Alkali from
Malonie acid . + o+ - - - ¥ + .
I~Tartaric acid . + . + + + - + +
Pathogenicity (tnmor formation)
Tomato - + - - + + + +
Sunflower - + - - NT NT ' + - NT
Grapevine - + - - NT NT + NT

* Group A includes seven isolates. (VARD3-1, VARO03-3, VAR03-4, VAR03-21, VAR03-28, VAR7-1 and VAR4-23)

* Thuta cited from Bouzar et al. (1895) , Sawada and Tsuchiya (2003)

* +, positive; -, negative; ALK', alkaline; AC, acid; NT, not tested
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Bl (7THBHISEE) 2, RSB TOEFL LU
L-THaBOFHEICOWTRERNESR 5% (Table
1-2). VARO3-248RIZ2 W T3t R #E O Ty Vi
DEARD ML 7T b, B TRENBEX
N7=A F D VBEHBALoFHETH 524 Lok R
larrymoorei DAIFZENME (Bouzar et al., 1995 ; 180 -
T2, 2003) LHBLAEZ S, 9EEARDHEEIZONT
—HL 7 (Table 1-2).

2 FEREOHEE
(1) HESEAOEEER

HM#Ebs L URE .
BIELL EROEFEHA L2 BEEEFATH
HEBRERBHTRHEEL, —HEHE4 1ml O
BRERICHE L -HEEHERERE U Ry O
BLEM P ('FrFo—, BEOE®R), vy
Vo (wrE2’, BREBE), FFY (‘34 - w2
By b, VEERER) ICEEROER % SFCHEI%E
BER (tv B L7V IROZRITINT, 7
PO ERIZTH) LA ERIE2003EETH25E I
TW, Folno IS TEML A 1HE - 0D
B3 DHL, P BV U ) EEEN0E
%, 7P EENOERICEBEPFTORALoER
DEBAEBRLE. &7, WREHKELT, BAlw
TEHENE R. radiobacter AtC1¥k, FEARFRAE R. radiobacter
MAFF03-017248k, 34 U wTERME R. rhizogenes AtR1
BrIs KU Ch-Ag—28k, 2A L olBEMER vitis G-Ag-27
b KU At-00-238k & A L 7z (Table 1-2).

s &

SRR L U TRV A L wTERHE R. vitis G-Ag-27
Wi LU AL-90-238k L, BROF FoHikE 48
ERAZ VAT Iz DL CiREER L 2T ofEic
BWTEEPIZNA Lo OBRIABED EhE L
L, 9&#k (VAR03-1, VAR03-3, VAROG3-4, VARO03-21,
VARO03-24, VAR(03-28, VAR4-23, VAR7-1, Ar-4) =2
WTRHER L 22 TOEImC B THAA L e DK
dpehiEdr oz (Fig. 1-1, Table 1-2). A L wiE
RRAE R. radiobacter AtC1¥E, FEHIERME: R. radiobacter
MATFF03-01724%k, A L wlEHM R, rhizogenes AtR1
3 KT Ch-Ag—2fRI3 b= MlZDABRE L /=48, &y
Pz A Lo OFRAEED S417- (Table 1-2).

(2) Polymerase chain reaction (PCR) (= & 25E 1468
EMETF virC1-virC208H ‘
HMHbBLUARK

FffCBOLWTRAED Y Fokhh s hi-3E5H
Fi#EO > 5118 # (VAR03-1, VAR03-3, VAR03-4,
VAR03-21, VAR03-24, VAR03-28, VAR4-23, VAR7-1,
Ar-4; PS-7, XC-6), B LUBEME1EH (VAT03-9)
EHELAE. PCR7 94 w—L LT, MHALoEXRMY
Rhuizobivm BHIEBFTE TIi 79 A I FLIZEETS
FIEMEEBETHO -2 Th 5 BET virCl L virc2
kA Al4bp HWET ARG T 74 v — VCF3 (5
-GGC GGG CGY GCY GAA AGR AAR ACY T-3)
¥ & U'VCR3 (5-AAG AAC GYG GNA TGT TGC
ATC TYA C-3') (Kawaguchi et al. 20052 ; Sawada and

Fig. 1-1. Stréjns isdiated fram grapevine were tested for pathogenicity on young plants. A: A stem

of tomatG seedling. B: A stem of sunflower seedling. C: A stem of grapevine seedling. (a)
Inoculated with strain VAT03-9 (= MAFF2116768). (b) Inoculated with strain VARD3-1.
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Tsuchiya 2003-; Sawada 2004) % Fl 7z, EAEARERRD
ap=-%—HEERED, 0:1m]l OWEEHKIZHE
LT C 1098e— by a vy T8, KPTHRE
L, 15,000rpm C3RILRODHBE Lz LIBAM &S L
LTPCRIZHEA LY. +—vAr ¥4 25— TaKaRa
PCR thermal cycler MP (£ & 5734 A$t8l) #Hu,
PCR &Y A 5 —H i AmpliTag Gold PCR Master Mix
{Applied Bigsystems f#t8). & %z, PCRE, %7
95°C TSATAMNEL L, 94°CTI0RMME, 60°C T14M, 72T
TLARINET 5IRE Y A 2L E40EGENEL, D%
70°C T RINEE A RF T o 2, WEERRRE L TH
A LwTBRAME R, vitis G-Ag-2THREHEA L 2. PCR #,
3% 7H O - Z XL CERGKE (100V) &840 H1TY,
SYBR Green @ (& #1784 F4t) TI02R%RE
LTSS B T L Oy FOEEEBEL -
FLOERIZIZ SYBR Green B 7 4 L& —&HWT
FUHNH AT COOLPINGSS (Nikon #EHB) THELL .
R

HNREHRE LTHOWERA L oM R. vitis G-Ag-27
e X UENOT Pkl ) S8 X hiz VATO3-9%
Tiddidbp ORIEI/ SV FHHERR & h, virCl-virC2 O
FEFHREE IR, REESRD bk - Z11ERK
(VAR03-1, VAR03-3, VAR03-4, VAR03-21, VAR03-24,
VAR03-28, VAR4-23, VART-1, Ar-4, PS-7, XC-6)
DWTiR/ Y FRED bRk d o7 (Fig 1-2).

3 16S rDNA BEFES

HHB S UHE
BiEe- () AROLE R E#R L. PCRT 7 4

Fig. 1-2. Amplifi¢ation products
polymerase chain' reaction (PCR) separated
by agarose (3%) gel electrophoresis. Lanes:
M, 50bp ladder marker; 1, tumorigenic A.
vitis strain G-Ag-27; 2, VAT03-9; 3, VARO3-T;

4, VARO03-3; 5, VAR03-4; 6, VAR03-21; 7, .

VARO03-28; 8, VAR7-1; &, VAR4-23; 10, Ar-4;
11, VARD3-24; 12, PS-7; 13, XC-6; 14, Distilled
water a§ negative control. The expected size
for virC operan is 414bp.

ML AERA L v ¥ — RERBRBITERS

w2TE

v — & LT 7 ABMEME OIS rDNA BB = =
HNe=H T34 v—TH 5827 (5-AGA GTT TGA
TCC TGG CTC AG-3") ¥ & 0F1510-1429r {5-GGC
TAC CTT TGT TAC GAC TT-3") (Lane 1991) #H
nis SHREHO IR -2 —HE&FEL D). Iml D
WMEAEACBELTBC 10AMe—tray s &t
P, kT E% L, 15,000rpm T3ROS RE L 2
FBAGASHE LT PCRICHRALE. -9
& 5 —1 TaKaRa PCR thermal cycler MP (£ % 354
A8 &My, PCRAEY *F—¥id AmpliTag Gold
PCR Masier Mix (Applied Biosystems #1810 & v,
PCR i3, Z-95Cc8af@m#nL, 94°C T14MH, 55C
TI0FVME, 72T TIARIMBT B EE Y 4 2 0 % 25EE
DIEL, FO%72°CTIOGHMNET 2R ETITo. &
5= PCR ES (#1450bp) 2 DNA ¥ =27 T ¥ A
it L -2V ATF A v — ik LECDE-27H,
1510-1492r 1hN %, 343-357¢ (5-TAC GGG AGG CAG
CAG-3) ¥ XU1115-1100r (5-AGG GTT GCG CTC
GTT G-3) {8k L 7. DNA ¥ —2.x v RS ABI
PRISM 3100 {Applied Biosystems #t§) #FM\TH4
#—3F—H - THF o7 PCREHOEEOERR
FlgREL, B6NEERIERE HADNA 7 — %
3w # (DDBI) OF—#~—2 Xk DHEREREE T,
B¢ R OMBETES HEE L.

% = |
165 tDNAOEERA 2 HE L, HEAYHRHEE
o 7 iR, 8 # (VAR03-1, VAR0OS-3, VAR(3-4,

VARO3-21, VAR03-28, VAR4-23, VAR7-1, VAT03-9)
12DV TIL R. vitis {= Agrobacterium biovar 3) D16S

Table 1-3. Species of bacteria with 16S rDNA
sequences most similar to those.of the strains

Siraii o Blcterial species wi;i;h most Identity
similar-sequence {accession number) (%}

VAR03-1  Rhizobium vitis (U45329) 100

VARO032-3 Rhizobium-vitis (U45329) 100

VAR03-4 Rhizobiurm vitis (U45329} 99.9
VAT03-9 Rhdzobiwm vitis (U45329) 99.9
VAR(3-21 Rhizobium vitis (U45329) 99.6
VAR03-24  Rhizobium larrymoorsi (230542 199.3
VARO03-28  Rhizobium vifis (U45329) 99.7
VAR4-23  Rbizobium vifis (U45329) 100

VAR7-1 Rhizobium vitis {1145329) 99.9
Ar-4 _Rhizobium radiobacter (AJ389903) 99.9
P87 Pseudomas $yringae’ (AE016875) 96.0
XC-6 Xanthomonas melonis. (Y10756) 98.2
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rDNA 153 E4 £ 99.6~100% —E L 7= (Table 1-3).
Ar-4#k I 2 W TId, R. radiobacter (= Agrobacterium
biovar 1) £99.9% —3 L, VAR0O3-24#kiz >0 Tid A,
farrymoorei £99,3% —B L7 (Table 1-3). PS-THRIE
Pseudomonas syringae &96.0%, XC-64kid Xanthomonas
melonis £98.2% —3 L7z (Table 1-3).

4 £ =B

FHiTiE, FEOHEEXALoRE cIERRETEE
ERCERT 2 FEORBICETIZLEEHHELT,
BIHTT Py b hmREEF T 25
BLUEBREEORE 2T -2 HMERNEELITHE
B, #% (b=b, 29y, TFEY) AOEEICE
ZEEMRE, PCRICKIFBFEEESETORE S
K U16S rDNABERFIO Y — o 2 v AEHFICK 5
FERBOBREZBENICHEL 28R, VAT
RENE (BALolBRHE) R vids, 8@k (VAR03-1,
VARD3-3, VAR03-4, VAR03-21, VARO03-28, VAR4-23,
VAR7-1, VAT03-9) %IEREHE R. viris, Ar-48k%IEBH
S5 R. radiobacter R L 7=, VARO3-248kicDnTid
ERHRRL LU PCRICEWVTHRE I T, R
larrymoorei DY FZMME (Bouzar et al., 1995 ; #¥H -
T2, 2003) DOEAHTEE L—FL, R. larrymoorei O
165 rDNA OB EEF| £099.3% OMEE:E8F L Tk
ZEwb, JERIEIE R larrymoorei (IZ3EHIZER TS %
LELZLRA, LAL, R larrymoorei IRERE X
=HBOMETH Y (Bouzar et al, 1995), BDMERIC
BT A EEAREAS LW Eh e, HNEES L~
PS-7#kiE P. syringae (D165 rDNA OFEEECH 2 96.0% D
MR EEL TR, XC-68kiZ X. melonis (D165 rDNA
OIEREF| £08.2% OERAMEHE L Tokd, WIED
HARET 2 IR L ~uMES, RATEEE R
HEEREEOREL L TnENnI ErE, Thfhs
Pseudomonas sp. ¥ & UF Xanthomonas sp. EREL = &
N6 OB virCl-virC2 BIEF &84T, BIHIZHBU S
BEERECFOTLERBELEAI T HIISALIE
RUANOBERSOHERERRD e hLh o7 (F—48E
B Zidb, FFUBMERRICEET ZREHETH S
LEZ bR, :

PEOERSS, 7 Fo#fE» o085 R
FEMEoME T, EHEY R vitis B L OVIEREM R
radiobacter BEENH2Z LR ML A o7 IERFEM
R vitis DFERIMFNIZEERCHo R TED, 7ol
HRRTT FORESA L wREICNEL THlEhsE
Rt XT3 (Burr and Katz, 1983). LA L&

A5 EEICBVLTE, RoviisTHET FoRERA LS
BHOBEERERICM oA T RS, RBREDIERFEY
BiIZhEThRBERTH -4 (HEPH - WL, 1991) Z
Lrn, RETOWREIIIFRELER vis DAXRIZH
IRADERATHEEEFEALNS. £/, 7 FIHHEERA
1213, FEWIEME R, vitis B S OIERIEME R. radiobacter 12
{7 T4 <, Rhizobium Eﬁﬁ{ﬁ'@lﬂﬂﬂ) Pseudomonas [BHIE
R Xarithomonas [RHIE 15 & S HHEL, Th o OMEIZR.
vitis LRI 2= —-BIRTRSE Lo hT< 3
TEHBELELE S TOY, RSEMTOSEEE
RN R, vitis L 2 W DS OMIE 2 BE HOEMEICX
T 2FEORRBMUETH I LEL LA

%3 Rhizobium vitis D5 2T

TE{EEMO 7 Py IRELA Lo RIE RSB TRE
BRDHHENTVEN, WEMETH S R vitis DBER
EREIEOVTEBE TR, F2, BWLUBEDTF
YHEAPLRAL -, FHEYE (AL BRI R. viis
& IERRIRME R, vitis O EHENZER I OWT S HBR S
iz FIT, FUMEERAWEAS A4 FEERIE, rep-
PCR (the repetitive. sequence-based polymerase chain
reaction) DNA 7 4 ¥ # — 7V » + ¥ (REP-PCR,
BOX-PCR, ERIC-PCR) ¥ &K U#H¥ O BEHBETD
BERATEEL - L ToTFRABEHT 21T MLSA
(Multilocus sequence analysis) {240, AEELZPLE
FTAWE MR X UIEBEER vins (BUF, 2hfh#
(BRI, TIEREME] L 13) OSRERINET-
7.

1 HNEEAWARS A FEERIE

HEYRR IR IC B0 B IMER N B RE A (Schaad,
1979) WEEICAL B Eh T3, FFYEERA LY
WEIZBWTER) 7o — LHiMESERIZEREh
Thh, 294 FEERIEE FUERSLVHZENR
BIZE-o T4 MBERATFET 2 Z L AFEo T3
(Sawadd et al., 1992a, 1992b) #%, FERRIFHE R. viris 3 &

DOIEAET 3 2oL TRARSTES. £ T,

HAp D &3 2RENE S L OIERENER O mEf
JDWTRRES L =,

s LU
HEEAGLE TS R vitis DI6EH FEEEIBE
B, JEREERMEESEMR) SR LA (Table 1-4). BE3H

D4 DIMFER (A-D) #REFT B400FR Y rair—0
M (% G-Ag-27, G-Ag-26, G-Ag-60, NCPPB2562
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Table 1-4. List of Rhizobium vitis strains analyzed

Group
Strains Pathogenicity Source Location (supplier)’ g Genetic group
rOBTOUR T b-PCR MLSA

G-Ag-27 Tumorigenic Grapevine  Nagano, Japan (H. Sawada) A A A
YGAt32-3 Tumorigenic Grapevine  Yamanashi, Japan (H. Sawada) A A A
G-Ag-4 Tumorigenic Grapevine  Shimane, Japan (H. Sawada) A A A
G-Ag-9 Tumarigenic Grapevine  Shimane, Japan (H. Sawada) A A -
MAFF211676 (= VAT03-9)*  Tumorigenic Grapevine  Okayama, Japan A A A
MAFF211678 {= VAT3-2} Tumorigenic Grapevine  Okayama, Japan A A —
VAT06-1 Tumorigenic Grapevine  Okayama, Japan * A -
VAT06-30 Tumorigenic Grapevine  Okayama, Japan : — A —
G-Ag-52 Tumorigenic Grapevine  [wate, Japan (H. Sawada A A A
G-Ag-62 Tumorigeriic Grapevine  Yamagata, Japan (H. Sawada) A A A
K-4Ag-1 Tumorigenic Kiwifruit  Hiroshima, Japan (H. Sawada) A A -
K-Ag-2 Tumorigenic Kiwifruit  Hiroshima, Japan (H. Sawada) A A -
At-90-23 Tumorigenic Grapevine  Shimane, Japan (J. Yamamoto) A A -
At-90-62 Tumorigenic Grapevine  Shimane, Japan (J. Yamamoto) A A -
At-§ Tumorigenic Grapevine  Shimane, Japan (J, Yamamoto) B B B
MAFF211674 (=A5-1) Tumorigenic Grapeviné  Akita, Japan . B B B
MAFF211675. (FA5-2) Tumorigenic Grapevine  Akita, Japan B B B
MAFF211677 (=A5-4) Tumorigenic  Grapevine  Akita, Japan B B B
AB-b Tumorigenic Grapevine  Akita, Japan - B -
AB-6 Tumeorigenic Grapevine  Akita, Japan - B. -
AS5-T Tumorigenic Grapevine  Akita, Japan - B —
Ab-8 Tumorigenic Grapevine  Akita, Japan B B -
A5-9 Tumeorigenic Grapevine  Akita, Japan — B —
A5-11 Tumorigenic Grapevine  Akita, Japan - B -
A5-13 Tumorigenic Grapevine  Akita, Japan - B -
A5-15 Tumorigenic Grapevine  Akita, Japan — B -
VAT06-11 Tumeorigenic Grapevine  Okayama, Japan — B -
G-Ag-19 Tumorigenic Grapevine  Nagano, Japan (H. Sawada) - ng" B B
G-Ag-21 Tumorigenic Grapevine  Nagano, Japan (H. Sawada) B B B
. G-Ag-23 Tumorigenic Grapevine  Nagang, Japan (H. Sawada) B B -
9-1-5 Tumorigenic Grapevine  Nagano, Japan B B B
9-3-1 Tumorigenic Grapevine  Nagano, Japan B B —
9-3-5 Tumorigenic Grapevine  Nagano, Japan B B —
G-Ag-61 Tumorigenic Grapevine  Aomori, Japan (H. Sawada) B B —
(G-Ag-66 Tumorigenic Grapevine  Akita, Japan (H, Sawada) B B —
G-Ag-67 Tumorigenic Grapevine  Akita, Japan (H. Sawada) B B -
G-Ag-60 Tumorigenic Grapevine  Aomori, Japan (H. Sawada) C C C
NCPPB3554" Tumorigenic Grapevine  Australia (H. Sawada) C C C
VATO07-1 Tumorigenic Grapevine  Okayama, Japan - D D
VATS-1 Tumorigenic Grapevine  Okayama, Japan — D D
NCPPBR2562 Tumorigenit Grapevine  Greece (H. Sawada) D D D
VAR03-1 Nonpathogenie Grapevine  Qkayama, Japan D E E
VAR03-3 Nonpathogenic Grapevine  Okayama, Japan D E E
VAR03-4 Nonpathogenic Grapevine  Okayama, Japan D E - —
VARO03-21 Nonpathogenic  Grapevine  Okayama, Japan D E —
VAR03-28 Nonpathogenic Grapevine  Okayama, Japan D E -
VAR4-23 Nonpathogenic Grapevine  Qkayama, Japan D E -
VAR?-1 Nonpathogenic Grapevine  Okayama, Japan D E E
VAR7-A4 Nonpathogenic Grapevine  Okayama, Japan D E -

*'MAFF, Ministry of Agriculture, Forestry and Fisheries, T'sukuba Ibaraki, Japan
¥ Unless asupplier is stated, we isolated the strain

* _; Not tested

" ng; Not grouped (Sawada et al., 1992a, 1992b)

! Type strain
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M) B (Sawada et al,
HeAHEERTH/EHFRL, 274 Fr 72 k21
T - 7=, MEHE PPGA §liisih (Sawada et al.,
1990) T28°C, MIFHEEERL %, HEH TIPSR
FUE L THILAEICRAIZERL, 254 FF5 2%
B cBic@ 8o GHROFEABELL. &
B, G-Ag-19BRIZ oW TRETORIE CEWEEE
iR 7= 0 L TR BOBK L X hTH D
{Sawada et al., 1992a, 1992b), ZZ CEHEHDTAS4 F
BHERIMIfTD &5 72,

B R

FREEIC DWW THEE®R (Sawada and Teki, 1992,
Sawada et al., 1992a, 1992b) AT IL— ¥ w5tk -
7. 12 ¥ (G-Ag—27, YGAt32-3, G-Ag-4, G-Ag-9,
MAFF211676, MAFF211678, G-Ag-52, G-Ag-62,
K-Ag-1, K-Ag-2, At-90-23, At-90-62) I3l G-Ag-27
M (MFEEA) CHLTORBERBETFULEZ
Epb, ThoOEKIIMERAICET S & HEFL
7z (Table 1-4, 1-5). 13 B # (At-5, MAFF211674,
MAFF211677, MAFF211678, A5-8, G-Ag-21, G-Ag-23,
9-1-5, 9-3-1, 9-3-5, G-Ag-61, G-Ag-66, G-Ag-67) &
i G-Ag-261F5 (MEEB) “H L TOAELRE
ERLEZ LG, THhSOEEIZMERBIET
5k YW L% (Table 1-4, 1-5). 28 # (G-Ag-60,
NCPPB3354") (34 G~Ag-601L7 (&R C) =xL
TOHBERGERLEI 2L, ThE OFKISME
BMCItET 5 LM L7 (Table 1-4; 1-5). HEMHE
18k (NCPPB2562, ¥V & v &) L IEVREMEGERE TR

Table 1-5. Reactions of Rhizobium vitis strains to
antisera prepared against serogroups A-D
in slide agglutination test

Antiserum” to heat-treated cells of

Serogroup” UF::::;FS’ G-Ag-27 G-Ap-26 G-Ag60 ' NE;EB
@ ® © D)
A 12 + - - B
B 13 - ot - -
B 2 B o _
: _ - = +

* See.previous reports (Sawada et al., 1992a, 1992}
¥ See Tahle 1-4
* Diluted 20-fold with saline
¥ Serogroup to which. the strain be]ongs {Sawada et al., 1992a,
1992b)
"+ massive agglutination within 30 sec; — : no agglutmatmn within
2 min

1992a, 1992b). &HilM

(.VAR03—1, VAR03-3, VAR03-4, VAR03-21, VAR03-28,
VAR4-23, VAR7-1, VAR7-4) & $i NCPPB2562 Il &
(MEE D) EHLTOREERIBERLEZZ L5,
CHOOEAIMERDICET 3 EHW LA (Table
1-4, 1-5).

2 rep-PCRDNA 7 1 3 —7FU 2 MEIH

WA, MIHE & USRIRE O 7 A DNA RISfFET 3
HBOBDE LEF 2 RRIZHIEL, 7Ho-A50VE
KB cE£AE R L THOBEERBET 5 rep-PCR
DNA 74 Y H—7 U v P S HERE R, EREHZCF
F&# T3 (Gilson et al., 1984 : Horita and Tsuchiya,
2001 : Hulton et al,, 1991 ; Louws et al., 1998 ; Maeda et
al., 2007 ; Martin et al., 1992, {¥H, 2008). L#L, R
vitis \ZBY L THRFERIZ & 2 B0 L EH RN A L #Et
ERTevigly, F 20, RFEFEEZHWTR. vitis OBE
ML 7N - ST DNTRETL 7.

HHEELUAE

RIS T VA O BRI BERA U 7= R, vidis 36TRMRIC
BB R ISR N A - 49T Bk (R PE 4L
EHk, EREFEMRESEM) 1L T, rep-PCR DNA

AV H-=FTV Y  EWET 7. rep-PCRIZIE
REP (repetitive extragenic palindromic) FEiR% HIfE
4 % REP-PCR #%, ERIC (Enterobaeterial Repetitive
Intergenic Consensus) % i+ % ERIC-PCR Lk
U BOX i # 8IE 4 % BOX-PCREZ MW 77
4 <13 REP-PCR {Zt& REPIR (5-III ICG ICG ICA
TCI GGC-3’) & REP2]1 (5-1CG ICT TAT CIG GCC
TAC-3), ERIC-PCR IZ i ERICIR (5-ATG TAA
GCT CCT GGG TAT TCA C-3) & ERIC2 (5-AAG
TAA GTG ACT GGG GTG AGC G-3), BOX-PCRZ
{3 BOXAIR (5-CTA CGG CAA GGC GAC GCT GAC
G-3) #Hu7z (Louws et al, 1998). KR E#RD
I —(—HE&HEL D0 Inl OBEEEKICEE
_Lx“(95°G 05— b gy 2 X, KPP TRW

- U, 15,000rpm T35 RO SHE L 7= LEAT £ 5

DNA ¥#E LT PCRICHE L 2. H—en 15—
iZ TaKaRa PCR thermal cycler MP (#.7 5734 A #f
) #R7-, 845 DNA ¥4 1ul, ERICIR/ERIC27
54v—tw b7z BOXAIR (20 pmol/ul} *2pl,
QIAGEN Multiplex PCR Master Mix (QIAGEN #&D
%12.5n], WEAFEFEAX%9.50] #RS L T PCR RIBHK
(#E25pl) & L7=. PCRIZ, F995C Cl4rmImast,
95°C TR, 50°C TLA308E, 72°C T1930R R MR
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THRETA 2 NEBEEOEL, TORIZCTISNH
Mt 3 £ TFo7% PCR#, 3% 7 HFU— 25X LT
BRERE (50V) AWIEERE3041Tvy, SYBR Greén
BT (25 7754 A3 TI0SFMBE LTSRS
TerLtbosy FOFEEE% L. ERIC-PCR &
LU BOX-PCR 2E#H - 3ETF -~ BHBAKTHES
hENY FO7Ha—-Z 5V ETOMNBICHES &1,
F OB Y FRFET BN E, Y P
BELEVWESIZIZ0SAFTEHL, Dice DFE (Dice,
1945) THRR QBB ARE B L Ri#EEE
B U IEAI R AR BT UPGMA ¥ (the unweighted
pair group method with arithmetic average} (Smeath and
Sokal, 1973) TER L 7. ZN— ¥ & Oi{diEs FHH
+27%%, WinBoot V7 w770 74 (Yap and
Nelson, 1996) A FTF — # B#a#2,000{Ty, 77—
b2 bT oy FEEEH L EEB% U LDy T 2
F—hREA—N—TL LTERIL %,

& 8

REP-PCR TREEMNZ/V FOER 2B
o2 dt (F— 2808), ERIC-PCR B BOX-PCR
BWTHBRMEOH B FOSRAB I LR
5, F— & M LR A EER L= (Fig. 1-4, Table
1-4). #OEE METHELALBBENARRCY
L—F AL ULTELE o (Fig. 1-3, Table 1-4). M
BB EUCIIOWT AR, Zhfhni@lsy
N—TELTELE-H (Fig 1-3, Table 1-4). IMiHERY
D mEME & EREMENCHl b 2 h, HEMELE
# (NCPPB2562, V< v ) 30— D, IERE
MBSE# (VAR03-1, VAR03-3, VAR03-4, VAR03-21,
VAR03-28, VAR4-23, VAR7-1, VAR7-4) 2L —7E
& L7 (Fig. 1-3, Table 1-4). %7, #HfiofEA LA
JEME BB 5 5, 2E#k (VAT06-1, VAT06-30) i3
F—F AL, OWikk (A5-5, A5-6, A5-7, A5-9, A5-11,
AB5-13, A5-15, VAT06-11, G-Ag-19) ¥ A —7BIZ,
9Btk (VATO7-1, VATS-1) 3400 — 7 D ICHER iz
(Fig. 1-4, Table 1-4).

3 MLSA (Multilocus sequence analysis)

WO PEBIETFOEERF 2 WML = LTHTR
AT 54T 5 MLSA IR, SFRMEMTOH T2 EHE
DEBVFEBEO—D L XRTHDH (BH, 2008), —#B5
{2006) IEEB{ET T 5 dnak, eno, pwrG, recA B LU
rpoD HHEHEL 7= MLSA 12 & - T Rhizobium Bt & T
AWHOBEN ZEBHR/II OV THELTWS, Ly

L, R vitis IR BEEGRIZ W TAFRIC L 58E
BRI RBE TH B, £ T, Rviis B/ 4
L RE 5 BEMUE DD b pyrG. recA B K rpoD
L L, MLSA 12X T R vitis DME{EAHE 7L —
YV 7 &4V, rep-PCR DNA 7 4 ¥ H—7) v hEIC
BTV R & FolE L7,
MEE LU FE

BIED rep-PCR DNA 7 4 ¥ H =71 ¥ P B fiEk
L7-WkA 5 17 Bk ORI S4B, FEREIER3E
) 2EESIEY, B ER UL pwrG, recA B X
U rpoD SBIEF % PCRICTHIEL, £#4 Lo by —7F
vIAZHWE, purGBIER Y 2 4 v — X ApyrF1 (8
-GCG CGA TAT GTA TTC ATC ACH GGC GG-3)
B LT ApyrR4 (5-CCA AAG CCG CCC GGM ACS
AGR ATG C-3), recABIERA 77 4 +—1d recAF1 (5’

i’ BoX-PCR ERIG-RCR

Tumorigenlo
siraine

Naorgathsganio
straing

Fig. 1-3. Genetic diversity of 49 strains of Rhizobium
vitis (41 tumarigenic strains and 8
nonpathogenic sirains) revealed by rep-PCR
analyses. A dendrogram was constructed
using the unweighted pair group method with
arithmetic average clustering. Values on
branches represent the results of bootstrap
analysis with 2,000 iterations.
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-CGK CTS GTA GAG GAY AAA TCG GTG GA-3)
B&UrecAR2 (F-CGR ATC TGG TTG ATG AAG
ATC ACC AT-3), rpoD ¥IEH T 5 4 = —i3 ArpoF1
(5-TGA TCA AGG CCG CSA.AGA AGC GCG G-3)
#Hd & ArpoR2 (5-ATG CGG TTC TGG TTS AGC
GAM AGC G-3) Z# L7 (—I1%5, 2006). PCR %

HiE—IBS (2006) OWMEICHEEL, X vFFYy VET

fTofk. ThiE2%h, FFSCTTaMEISL, £
RIG#MCTIFM, 72— WY %65°C TR, i
RIE#72°C C2aMMmEss 288 4 2 L& 2EFTLy, B
B A P RTLZT -  FIBEERICTOTT
TE, BRBIC7To— 0 Y SEEESCETTY, &
WITEERGZMCTIGHE, 7=—1 v 7 %65C Tl
S, MERIGA72CT2AMMET 2HE Y4 2 0%
15 OB L, % O®B72C T EINE T 5 &% T -
7= B X5 —FiX QIAGEN Multiplex PCR Master
Mix (QTAGEN #t88) #Fiwni. ¥ — 2z ¥ 2R
RETODT T4 v —ISHIA, recA iZi recAF2 (5-ATC
GAG CGG TCG TTC GGC AAG GG-3) #%, rpoD Iz
iZ ArpoF3 (5-GAT GTC GAT GCT KTC SGA YAT
GGG-3) LML (—i5, 2006). ¥~ xR
##4id ABI PRISM 3100 (Applied Biosystems fti) #%
AWTHFA -3 3-8 —BTiFok V-1V 2
B TR LWAIERERMOD T — 22 pyrG, recA B LU
rpeD B{EDIEIER L, E-D@EZEHIE (DDBL) @
Clustal W (https//www.ddbinig.ac.jp/search/clustalw-j,
html) WOERRE &R (NJE) 1= CRFIE fE L.
7 N— ¥ 7 DFERE AT 572 Clustal W 702
5 4HTF - 2 BWALOEYTY, F— AT o 7@
FEML -

= R

BEHICBWT, Y-V ARIZEDEBLEL
= BIEB{RT O pyrG 4 5984bp, recA % 5480bp, rpoD
A 5 748bp DIFREFF— & (PCR T I 4 v — 23D
EEAESIIEE) #Reh, BT -2 2HIC NI &S
E DR ER LA (Fig 1-4). FORE 175k
XA »S EOFODY N — X2 ERIE s (Fig. I-4).
MLSA iz #-3< RFEHOIEL, rep-PCR DNA 7 4 >
H—=7D » b EICED FRorhe B —#LTE
D, MLSA®D A, B, C, D 5 XU E )L — 73 rep-PCR
DNA 74 v #H—FV Y DA, B, C, DBXUEY
N—TEFNFR—F L7 (Table 1-4}.

4 £ B ¥

A cEHmAES MW EZ25 4 FEERE, BOX-
PCR % XU ERIC-PCR i2& % rep-PCR DNA 7 4 ¥
H—=TU M ERBIUOMLSA 27, A4EL S
0k T 3REME B K UIERFIYE R, vitis DB BRI %
fTo 7= HliiE+ A mENO#EETE, REEE
DELEHID (A~ C) OFL—FIT, RENELEES
FEmEREIEID D) O/ — FIHI E R rep-
PCRDNAZ 4 v H—7) v B CIMAEE A~ C
BT A2BHIEEFAFTHRC A —FIZB L8, ME
BDEETIHEME S IEBREYERMO L — 7
Hrldh, ThEhEINL—-—FTDBLIVEELLEZE
#5, rep-PCRDNA 7 4 v H—F U ¥ MEIIZ L B8
BHE T A & D i< SR C = 5 2 L AR & e
rep-PCR DNA 7 4 ¥ F—F Y ¥ MMEWRISHR L - Ek
O b ITHIBR A R, MLSA ISR LE. 20OKRE
IZrep-PCR DNA 7 1 ¥ H—71) v P BT ORER 2 T
FTHLODTHD, rep-PCRDNA T 4 VH—TY v &
e MLSA ORFEHIREEARZERIE T -7 IO
Zed 5, rep-PCR DNA 7 4 ¥ H—F ) | @ CH
bh-REMORYL LTI i FEE W0
BROPEL D & rep-PCRDNA T 4 ¥ H—F 1D v b
BB LU MLSA X 5 IMICEREENT A2 &
PAETHD, WEMEII4ODF L -T2, EREM
HimENE B E 31007 L —FICENEh5 T

a0

Tumorigenio
strains

1000 1000 | VATO7-1 ] o
NCPPB2562
190 - G-Ag-60 :]
ncPPeassat ) © S
1 mm.a VART-1 t Nonpatheganio
- ¥ YARQS-T |E straina

VARDI-3

Fig. 1-4 Phylogenetic analysis of 17 strains of
Rhizobium vitis {14 tumorigenic strains
and' ¥ nonpathogenic strains) based on
the neighbor-joining method using the
concatenated sequence data of pyrG,
recA, and rpoD. Numbers above branches
are confidence values obtained for 1,000
bootstrap replicates. The bar represents a
phylogenetic distance of 1%.
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EHBE 57 rep-PCR DNA 7 4 ¥ H =)
b AT & OVMLSA 33T 2 R o B B R A B
LRt cd sl L s, ThoOFHETHEMNEZh
30— 7 [BETFE (Genetic group) | ELTESH
TREILBRUTHHLEA - FOBRETHE L rep-
PCR DNA 7 4 »#—70 v + @ (ERIC-PCR Kk X
UWBOX-PCRIZL3) £ MLSAK K-> THIETE

BT LHHE LD, BER vins OEIETREA L
LE5OTEEL, WIEWEIEETE A ~D, ERFHE
BIOBEFNE CEN X3 Z 8Bl b ko7 B
roz bd s, RILETOEESh-IEREME R, vitis 1E,
BEME L R LAEERS R L SR TH 5 TR
iR il
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gl 7 FYRENA L o WO RET
A ‘

HiEicE VT, MURRTT FofiREgiclvs i
BEICEEXRAEERIIBTS 7 FPYBEAALOTR
ORBEHIEORERE ST - H8ER, 7 F ol
PUZBERAE 2T <, JBRIEY Rhizobium vitis D%
STEELTWBZEXBEEN R, ZThEIERE
HEIFEEEDAOERERIC BT FYRENA LY
WE L2 RA—Ta 0, BIREMH EICRRFENE &R L
aoem— R EBRTEED, ThEFFRERETDICN M
HOoEER AR - AN ORE PRERDAD
BRICL mEEROYELLEEL L, BlaiiioX
fEe o T\viz, £ 2 THRETH, R vitis D165 rDNA
AL LEBRRN T4 v—&, TiEFRRI T2
IF (BT, pTi 23 pRi) ZFET S REMERHEE
EFvirCHERAENL L-REN 754 v — (BHS,
2003) EHASHEEILFT L w2 APCRICES TS
FoiEsAAs LeoREOMEREESMRL -

252, BRLAET Py EHEREY & DNA #EEMS
5% (BT, DNAEEMEE) LvrFxTLry s
% PCR ##a&bt, WEMEOMHEESREE I
L RH B A R L 2.

B wAF Ty 2 APCRIZEBTFY
BREAA Lo RE O FE

AiEH FEICASA L &0 S BEOTERERTS
DD, FERELHED e EITEBYICEBREhEIAR
EOEVWARABR TS BV, i, REDBEIT
WEWRER LB E AR TELNWI L2 L, FF
OIS R IREE & U - 35 I 1 0D 43 BE 1 3 % AR
TdH-orz Uh Lo RO LI B
ERTTED, MEOREENTT LD RSHM (Roy
and Sasser, 1993) ZHLT Y F o B&s» SR £ 9
BEL 72 & Z A R, vitis 7217 T4 < IBRIEM R radiobacter,
Pseudomonas BMIE B & OF Xanthomonas BHIEEZ Y & R.
vitis YA UERO v — %l LA 22T, TFY
B2 AL oRE D165 rDNA 188 & L 245807 5
A= —EFRICEE L, pTi BicHEET 5 RIEMEEE
BEFO—2Th 3 virCHBEENE LAEFRENT 54
v—VCF3&x XU VCR3 (BH 5, 2003) ##AsHi
=RAFF Uy & ZPCRIC K BHFRFMBEOH - &
BREESHREL .

1 Rhizobium vitis 165 rDNA R & L 5807

FAv—DRE%E
(1) 75« ~v—OmEt

HEBLUHEE _

HZ& DNA ¥ — #3 2 ICB B E Ty 5 Rhizobium
radiobacter, R. rhizogenes, R. vitis D FHEHEFH # (Type
strain) ¥ & UERRD Rhizobium FMHED16S rDNA R
HEEH A+ LAY, 717 —F7 74 7—-IZ3R
radiobacter, R. rhizogenes, R. vitis |30 OIRELEF] %,
DIS—RAF T4 2 —IZi3 R vitis DAL RFET 2HEN
M E S 458 E L, 165 tDNA O —& (570bp) %
Higx 228077 4 +w— Ab3-F3 (F-ATG ACG
GTA GTC GGA GAA GAA GCC-3) & Ab3-R4 (5
-CTG TCT CTG TGT CCC CGA AAG G-3') E&dtL
7= (Fig. 2-1, Table 2-2). BitL~=7 54 v — &FHlT
%1%, Rhizobium BB %0 & 510388 (Table
2-1) I LTPCR %277, Tihrdb, MARE -
E%ﬂbtﬂu:—%ﬁﬁbtmﬁﬁﬁﬁﬁb,ﬁ%ﬁ
HA20nl i BE L, 4T RI0aHEmMEL =%, —70TC
TRWEEE @A DNA B Inl, Ab3-F3& Ab3-R4
(% 20pmol/nl) %1;11, AmpliTag Gold PCR Master Mix

351 CCATGCCGOG TGAGTGATGA AGGTCTTAGG ATTGTAAAGC TCTTTCACCG
401 ATGAAGATAA TGACGGTAGT CGGAGAAGAA GCCCCGGCTA  ACTTCGTGCC
451 AGGAGGGGG@haé¥iATAGGAA GGGEACTAGC GTTGTTCGGA ATTACTGGGG
501 GTAAAGCGCA CGTAGGCGGA TAATTAAGTC AGGGGTGAAA TCCOGCAGCT
551  GAAGTGUGGA ACTGCCTTTG ATACTGGTTA: TCTTGAGTAT GBAAGAGGTA
601  AGTGGAATTG CGAGTGTAGA GGTGARATTC GTAGATATTC GCAGGAACAC
651 CAGTGGGGAA GGCGGCTTAC TGGTCCATTA CTGAGGCTGA GGTGCGAAAG
701 CGTGGGGAGC AMACAGGATT ABATAGCCTG GTAGTCCAGG COGTAAAGGA
751  TGAATGTTAG CCATCGACAA GTTGACTTGT CGGTGGCGCA GGTAACGCAT
801 TAAAGATTGd GCCTGGGGAG TACGGTCGCA AGATTAAAAC TCAAAGGAAT

B51  TGACGGGGGC GOGCACAAGG GGTGGAGCAT GTGGTTTAAT EEEAAFCAAG
g

901  GCGCAGAACC TTACCAGCTC TTGACATCCT GTGACCGCAC GGAGACGTGE
951 TTTTTCCTTT CGBGGACACA GAGACABGTG CTGCATGGCT GTOGICAGCT
: ABS-RA,
1001 CGTGTCGTGA GATGTTGGGT TAAGTCCOGC AAGGAGCGCA ACCCTOSOCC
Fig. 2-1. Partial sequence of 16S rDNA of Rhizobium
vitis strain NCPPB3554" (accession number
D14502). The first nucleotide corresponds
to position 351 of the 165 rDNA of strain
NCPPB3554". A Tagql restriction site is
indicated by the open triangle. Arrows
indicate the relative priming positions of
primers Ab3-F3 and Ab3-R4 used in PCR,
multiplex PCR and the seguencing analysis of
the-amplified products.
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Table 2-1. Bacterial strains used in this study and multiplex PCR results

Species and strain

Source and location {suppiler)’

Result of PCR.

Multiplex PCR result®

using Ab3-F3 and

Ah3-R4 primers” 16S rDNA" virCl-virC2'
Rhizobium radiobacter (Ti)
AtCl Chrysanthemum; Shizuoka, Japan (Y. Takikawa) — — +
CH3: Chiysanthemum: Shizuoka, Japan (Y. Takikawa) - - +
CH5 Chrysanthemum; Shizuoka, Japan (Y. Takikawa) — — +
C054 Cosmea; Shizuoka, Japan (Y. Takikawa) - - +
Rhizobium radiobacter (Ri)
MAFF301724° Melon; Shizuoka, Japan {(MAFF} - - +
AR-M-A Melon; Shizuoka, Japan {M. Togawa) — - +
AR-M-B Melon; Shizuoka, Japan (M. Togawa) - - +
AR-M-C Melon; Shizuoka, Japan (M. Togawa) - - +
ARM3 Melon; Shizuoka, Japan (M. Togawa) — - +
ARP-30-1 Melon; Shizuoka, Japan (M. Togawa) — - +
ARP-30-3 Melon; Shizuoka, Japan (M. Togawa) - — +
ARP-30-4 Melon: Shizuoka, Japan (M. Togawa) - — +
Rhizobtam radiobaiter (rionpathogenic)
Al Grapevine; Okayama, Japan - - -
A2 Grapevine; Okayama, Japan - - -
Ar-d Grapevine; Okayama, Japan - - —
Ar-9 - Grapevine; Okayama, Japan - - —_
H5-10 Grapevine; Okayama, Japan. - - —
N1-3 Grapevine; ,Okayama,dépan - - -
N2-2-5 Grapevine; Okayama, Japan - - -
Rhizobium rhr'zogenés (T1)
Ch-Ag-2 Cherry: Yamagata, Japan (H. Sawada) - - +
Ch-Ag-6 Cherry; Okayama, Japan (H..Sawada) — —_ +
AtR1 Rose; Shizuoka, Japan {Y. Takikgwa) — - +
Ro-Ag-10 Rose; Yamagata, Japan {H. Sawada) - — +
P-Ag-‘l' Pear: Mie, Japan (H. Sawada) - - +
P-Ag-6 Pear; Nagasaki, Japan (H. Sawada) — — +.
Pch-Ag-2 Peach; Okayama, Japan (H. Sawada) — — +
Pl-Ag-1 Plum; Okayama, Japan (H. Sawada) — — +
Rhizobiuwm vitis {Ti) |
NCE’PB3554T Grapevine; Australia (H. Sawada} + + +
NCPPB2562 Grapevine; Greece {H,.Sawada) +. + +
YGA32-3 Grapevine; Yamanashi, Japan {H. Sawada) + + +
G-Ag-27 . Grapevine; Nageno; Japan (H. Sawada) + + +
G-Ag-19 Grapevine] Nagane, Jepan (H. Sawada} + + +
G-Ag-21 Grapevine; Nagano, Japan (H. Sawada} + + +
G-Ag-23 Grapevine; Nagano, Japan (H, Sawada) + + +
8-1-5 Grapevine; Nagano, Japan ' : + + +
5-3-1 Grapevine; Nagano; Japan + + +
'9-3-5 Grapevine; Nagang, Japaﬁ + + +
G-Ag-52 . Grapevine; Iwate, Japan (H. Sawada) + + +
G—Ag—62‘ Grapevine; Yamagata, Japan (H. Sawada) + + +
G-Ag-4 Grapevine; Shimane, Japan {H, Sawada) + + +
G-Ag-9 ‘ Grapevine; Shimane, Japan (H. Sawada) + + +
At-90-23 Grépevine; _Shimane. Japan {J. Yamamoto) + + +
At-50-62 Gll'apevine; Shimane, Japan (J. Yamamoto) + + +
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Table 2-1. Bacterial strains used in this study and muttiplex PCR results (continued. 1}
Result of PCR Multiplex PCR result’
Species and strain Source and location {suppiler)” using Ab3-F3 and — -
Ab3-R4 primers” 165 rDNA virCl-virC2

Rhizobium vitis {Ti)

At-5

MAFF211676 (= VAT03-9)
MAFF211678 (= VAT3-2)
VATO06-1

VAT06-11

VAT06-30

VATO07-1

VATS-1

K-Ag-1

K-Ag-2

G-Ag-60

G-Ap-61

G-Ag-66

G-Ag-67
MAFF211675 (=A5-2)
MAFF211677 (=A5-4)
A5-5

A5-6

AB-7

A5-8

A5-11

A5-13

A5-15

FZ-3-1

FK-2-2

FM-3-2

ISP-2

1K612-2

15552-1

UM-1

UK-2

MM-2

0SW-1

YHtZ-2

YHsM-2

YMEK-1

NKZ-2

HW

Rhizobium vitis (nonpathogenic)
VAR03-1
VARO(3-3
VARO(3-4
VARO3-10
VARD3-21
VARO03-28
VAR7-1
VART7-2
VART-3
VAR7-4.
VAR4-23

Grapevine; Shimane, Japan (J. Yamamoto)
Grapevine; Okayama, Japan
Grapevine; Okayama, Japan
Grapevine; Okayama, Japan
Grapevine; Okayama, Japan

Grapevine; Okayama, Japan

Grapevine; Okayama, Japan

Grapevine; Okayama, Japan

Grapevine; Hiroshima, Japan (H. Sawada)
Grapevine; Hiroshima, Japan (H. Sawada)
Grapevine; Aomeri, Japan (H. Sawada)
Grapevine; Aomeri, Japan (H. Sawada)
Grapevine; Akita, Japan (H. Sawada)
Grapevine; Akita, Japan (H. Sawada)
Grapevine; Akita, Japan

Grapevine; Akita, Japan

Grapevine; Akita, Japan

Grapevine; Akita, Japan

Grapevine; Akita, Japan

Grapevine; Akita, Japan

Grapevine; Akita, Japan

Grapevine; Akita, Japan

Grapevine; Akita, Japan

Grapevine; Hokkaide, Japan (T. Misawa)
Grapevine; Hokkaido, Japan (T. Misawa)
Grapevine; Hokkaido, Japan (T. Misawa)
Grapevine; Hokkaide, Japan (T. Misawa)
Grapevine: Hokkaide, Japan (T, Misawa)
Grapevine; Hokkaido, Japan (T. Misawa)
Grapevine; Hokkaide, Japan (T. Misawa)
Grapevine; Hokkaide, Japan (T. Misawa)
Grapevine; Hokkaido, Japan (T. Misawa)
Grapevine: Hokkaido, Japan (T. Misawa)
Grapevine; Hokkaido, Japan (T. Misawa)
Grapevine; Hokkaido, Japan (T. Misawa)
Grapevine; Hokkaido, Japan (T. Misawa)
Grapevine; Hokkaido, Japan (T. Misawa)
Grapevine; Hokkaido, Japan (T. Misawa)

Grapevine; Okayama, Japan

" Grapevine; Okayama, Japan

Grapevine; Okayama, Japan
Grapevine; Okayvama, Japan
Grapevine; Okayama, Japan
Grapevine; Okayama, Japan
Grapevine; Okayama, Japan
Grapevine; Okayama, Japan
Grapevine; Okayama, Jepan
Grapevine; Okayama, Japan
Grapevine; Okayama, Japan

T e S I T T T i T S S e S S T A S S T T S T

+ 4+ 4+ + F + + + + + +

4+ + + + F F o+ FFE A+ AR+ o+ o+ +
B L T T T T T T e S S S S e S S T . S SR T S R T S S

+ F £ 4+ F 4+ + 4 o+ o+
|
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Table 2-1. Bacterial strains.used in this study and multiplex PCR results (c;ontinued 2)

Species and strain

Source and location (suppiler)”

Result of PCR
using Ab3-F3 and
Ab3-R4 primers”

Multiplex PCR result”

165 rDNA" virCl-virc2'

Rhizobium leguminosarum biovar viciae

USDA2370

Rhizobinm tropici TIB

USDADBO30 Phaseolus vulgaris; Unknown (Y. Saeki)
Rhizobium sp. . .

SE-1 Sesbania; Okayama, Japan

SE-3 Sesbania; Okayama, Japan

Bradyrhizobium japonicum

USDAG" Glycine max; Japan (Y. Saeki)
USDALI0
Bradyrhizebium elkanii
USDATE"
Sinorhizobium fredii
USDA205" Soybean; China (Y..Saeki)

Mesorhizobium sp.

R3 Milk vetch; Fukuoka, Japan (M. Sakai)

Pseudomonas sp,

PS-7 Grapevine; Okayama, Japan

Xathnomonas sp.

XC-6 Grapevine; Okayama, Japan

Pisum sativam; Unknown (Y. Saeki}

Soybean; Florida, United States (Y. Saeki) - - -

Soybean; California, United States (Y. Saeki) - - . -

* MAFF, Ministry of Agriculture, Forestry and Fisheries, Tsukuba Ibaraki, Japan-

? Unless a supplier is stated, we isclated strain
* +, target band present; — , no target band present

Y 570 bp DINA fragment was amplified by PCR using the specific primer set {Ab3-F3/Ab3-R4)
T 414 bp DNA fragment was amplified using the universal primer set {VCF3/VCR3)

! Type strain

Table 2-2. Oligonucleotides used as PCR or seriuencing primers

Primer Tm 5-3" nucleotide sequence’ Targets Fragment length
VCF3 66 GGCGGGCGYGCYGAAAGRAARACYT virCl and virC2 414 bp
VCR3 60 AAGAACGYGGNATGTTGCATCTYAC

Ab3-F3 62 ATGACGGTAGTCGGAGAAGAAGCC 165 rDNA o570 bp
Ab3-R4 62 CTGTCTCTGTGTCCCCGAAAGG

Y=CorT;R=AorG;N=A,C,G,orT

(Applied Biosystems #1583} 12.5u], BEEHAKL.5 nl %
EALTPCR KB (R25nl) &L%& PCRUE, =
$°05°C TRA BN E L, 95°C T3I0RM, 62°C ¢14R,
72°C T1A30R MEsy BIREY 1 2 L #30EEEDEL,
FORIZCTIHEMBFT 20 FH/HTITo 2 H—
<4 &5 —id TaKaRa PCR Thermal Cycler MP
TP3000 (& # 5,34 A%t 4) #HV4& PCR#, &
# 7 N8l i2 BPB ¥ATE2ul (TOYOBO A& #mx,
2EE% T H O — AKX LTIV, OFREBEZE

L, TFUSATOCA RTHREL, SABEHT T
ALY FORBABRLE FLOBMIIRIFY
ThATOVA FEBEZ AT —FHWTFTI AR AS
COOLPIX885 (Nikon 38 THREL 7.

= B
BER L 2= BHRD 5 B R, vitis 6588k (324 L w JERAE

BEhAE MRS S UIEREMEELIER) TIE570bp DSV ¥
ORMERTERR =, R vitis LA O38H M & i2[EH
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D3y Pt & fuledr o 7= (Fig. 2-3A, Tahble 2-1).

{2) Restriction fragment length polymorphism (RFLP)
=& % PCR EH DR

BIEL- ()2 B W T AbS-F3L Ab3-RAD T 7 4 < —
By b TR vitis DRI FOBRESATETS -
=i, Ao PCREMPBHOREFTHAI L
ETERT A 0EA 5 5. Ab3-F3& Ab3-R4iZ Xk 5168
rDNA OHIRHEIERIZI Tagl HIREESE TIMTERL A3 10 AT F
TEL PCR B % Togl THUHTL 72184, 484bp &68bp O
2200y KBRS (Fig. 2-1).. 22T, Ab3-F3&
Ab3-R4IZ X - THEIE E 7= PCR EW % Tagl THING T
% RFLP #4735 Z & T, PCREMOWHEET .

B L UHE

BEL- (IS WYT, Ab3-F3& Ab3-R4D T 5 4 9 —
try b EELTHAL oBRKER vitis G-Ag-2THEE LT
JERIE I R. vitis VARO3-18k & 0 18 5h72570bp © PCR
EEWBul I3t L, Tagl (TOYOBO 8D 1pl & X UE
@ H buffer (L0fEME) #I1plMATE Ny FTLLE
#, 60CTIREME L~ FORRISERH8u &b,
BPB ##2ul (TOYOBO 8D #ini, £BE3% 74
" — X5 NTI00V, 05BEESBRBL, ZFT T AL
TJuv4d FCREL, FARRARTTCIALDNAY PO
HMEBE L FYLORBIZBTFVILTOTAF

1282  GTAGCGACTT GGAAGGACTG TATTGOAGGA TCAGGTTGTC ATATATCTTE
1232 GATACTTCAG GCGCGGGOGG GCGCGCTGAA AGGAAGACCT GBATCTITTC
1182 TBGCGCTGTC: GTCGA%E?gA AAGCATCOAG * GRTCAGCATC QATTGGTGAT
1132 CAGAGCTGTG ACAACGCTTG GCGGTGGECTG GGGCAGGTCG TCGATCTICC
1082  TCGTCGAGAT TTTCAGACGE CTGCGGOAGG GTCGAGTTTT GGGTGRCAAC
1032  AGGCAAAGAA GBATGGACGA TTTCGGGETCG AGCGGCGGCA AGCCGLCTGG
982  COTCCCOBAC AGACAAAGCG GGTTTGCGAA f?ﬁ%éA?GTT éiégééicca
032 AGGCTTCGCT AACCAATTTG GAGATAGTSA GGAGTTCGTG‘ CATGGCRATT
882 | CTGAGATTCC GTTCGAGGAG -GCGCATTGTC -GGATCGETTC TCATATTCAG
832 CAATGTGAGA TGCAACATGC CACGTTCCTT CATGGCGGCA AATGGGTGTC

! . VCR3
782 TGTCATGCAT GAGAGAGTGT AGCAACTGGAA GGCTTGCGAG CATGTCCSAG

Flg 2-2. Partial. sequence of the virC? and virC2
.genes of pTiC58 (accession number M16397).
The first nucleotide shown corresponds to
position 1282 of the virC operon of pTiC58.
The borders of virCT and virC2 are indicated
by closed triangles. Arrows indicate the
priming positiens. of primers VCF3 and
VCR3 (Sawada and Tsuchiya 2003) used in
multiplex PER-and the seguencing.analysis of
the amplified products.

BEZ74ALZ—2RAVWTTFV AL AT COOLPIXEES
(Nikon #81) THRREL 7. _
B &
NA Lo BRI R. vitis. G-Ag-2TH B X UIBRIEME R.
vitis VAROS-1#k & 0 85 7172570bp > PCR EM % Tagl

THINT L 728558, 484bp £68bp D220 Y EXF L
7= (Fig. 2-3B, G-Ag-27THDF— s DAEM). Bl

Edvh, Ab3-F3X AbJ-RADT T A v -k w +ISEENT
#4168 rDNA @ﬁﬁiﬁ@&%ﬁmébfhﬁ LHEH L
il

870bp
484bp

86bp

Fig. 2-3. A: Amplification products obtained by
PCR using the Ab3-F3 and Ab3-R4
primers and separated by agarose (3%)
gel electrophoresis. Lanes: M, 50bp DNA
ladder ‘marker; 1, tumorigenic Rhizobium
vitis strain G-Ag-27; 2, tumorigenic R. vilis
strain At-90-23; 3, tumorigenic R. vitis strain
MAFF211676; 4, nompathogenic A. vitis strain
VARO3-1; 5, nonpathogenic R. vitis strain
VART7-1; 6, tumorigenic A. radiobacter sirain
AtC1; 7, tumorigenic R. rhizogenes sirain
Ch-Ag-2; 8, distilled watér as negative control.
The- expected 'position -of .the 570bp -fragment
is shown. B: Restriction fragment length
polymorphism {RFLP} of fragments amplified
by the Ab3-F3/Ab3-R4 primer set. Lanes: M,
50bp DNA ladder marker; 1, tumorigenic R.
vitis strain G-Ag-27 undigested; 2, tumorigenic
R. vitis strain G-Ag-27 digested with Taql.
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2 WIFTL v X PCROBER
HEE L UHE

Rhizobium BHIE 202 T 5103 K & L
(Table 2-1), ##IDNA BEEILFIHEI-(VTHBL %=
2OEHWE RviisORHEATSA—ky +id
Ab3-F3& Ab3-Ri%, BRREHEHEDO IS4 v -t v
M pTi ElcBFET3RESERERETO—2TH 3
virC R A BN E LBREN 75 4 v — VCF3& VCR3
(Fig. 2-2, ¥BH5, 2003) 2L 7. $58 DNA B
%1pl, Ab3-F3/Ab3-R47 I 42—+ y b (&5pmol/nl}
k1pl, VCF3/VCR37 I 4 v —4 v b (%20pmol/nl)
#1nl, QIAGEN Multiplex PCR Master Mix (QIAGEN
FLAY £10pl, WM AKE Tl 23BE LT PCR KTk
(2 H20p)) & L7 PCRE, % ¥95C Tl45 MMk
L, 95CT30RM, 62°C T14308M, 72°C T1430F0
BT BB 4 2 A EBEROIEL, FORIZCTT
SRMET B 25 RMETCF o7, =¥ (25
{% TaKaRa PCR Thermal Cycler MP TP3000 {## 3
254 A48 R Fv PCR#, RIBER A8 &b,
BPB #&#i2ul (TOYOBO #8Y) #inx, £B%3% 74
o — 2 X ATI00V, 5 REBREABHL, =5V A
Juv4 FTREL, SMHRBETTrL L0V FD
HEAEEL:, FYLom@iidzsyooassuvq F

M1 2346567 889 101112

Fig. 2-4. Amplification. products obtained by multiplex
PCR separated by agarose (3%) gel
electrophoresis. Lanes: M, :50bp DNA ladder;
1, BRhizobium vitis (Ti) strain G-Ag-27; 2, R.
vitis (Ti) strain At:90-23; 3; R. vitis (Ti) strain

. VAT3-2: 4, R: vitis {nonpathogenic) strain
VARO3-1; 5, A. vitis {nonpathogenic) strain
VAR03-3; 8, A. vitis {nonpatheogenic) strain
VART7-1; 7, B. radiobacter (Ti) strain AtCT;
8, R. radiobacter (Ri) strain MAFF301724;

.9, R. rhizogenes (Ti} strain Ch-Ag-2; 10, R.
thizogenes (Ti) strain AtR1; 11, A. radiobacter
(nonpathogenic) strain- Ar-9; 12, Distilled
water as negative control. The expected
positions of the 570bp and 414bp. fragments
are shawn.

HHEZ 4L —-E2BWTFP20H 43 COOLPIX885
(Nikon #t3¢) THHL 7.
& R
YNFTL gy 2 ZPCRIZKD, HALEEHKDS B
HA L wIERIE R. vitis SAERRIZDOWTIE, R. vitis %3
T B570bp D3V F & virClvirC2 BIEFROGFEL
¥ 4l4bp O3y FOMHAB LR (Fig, 2-4, Table
2-1). IEFEM R, vitis TIEIBRIZDVNTIE570bp D3
FoABREN (Fig. 2-4, Table 2-1). AL
Btk R, radiobacter 4B, EIRTHEM R, radiobacter 8
Pl LU A L o B R. rhizogenes SEBRIZ DV TIE
virCl-virC2 IR TR OFEEZ TN T 414bp DAHBE R
(Fig. 2-4, Table 2-1). FhPAOEERHMETH S,
IESRIEYE R. radiobacter THIAE, R. leguminosarum 1HFE,
R. tropici 118#k, Rhizobium sp. 2%, Bradyrhizobium
Jjaponicum: 218k | B. elkanii 1085#k, Sinorhizobium fredii 1
Hitk, Mesorhizobium sp. 1H¥k, Pseudomonias sp. 1H
Bds & U Xanthomonas sp. 1B#IZ VT ROV FEB
Ehkrh o7 (Fig 2-4, Table 2-1). M EDZ &b,
Ab3-F3/Ab3-ReB LU VCFI/VCRID TS 4 v —+2 vy
FEHOGELFTLV 92 X PCR T, 7 FoIiEER
ALORETHEHA L oBRHER. vitis ZRREEIZH
B 5 EMAEETH - .

M 12345678

: ﬁ.;w s

Fig. 2-5. Amplification products obtained by multiplex
PCR separated by agarose (3%) gel
eléctrophoresis. Lanes: M, 50bp DNA ladder;
1 to b, tumors from grapevine seedling cv.
Neo Muscat Ineculated pathogen by needle
pick method; 6, tumors from grapevine plant
cv, Museat 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; 2 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 contral. The
expected positions of the 570bp and 414bp
fragments are shown..
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3 £ = : o

SEEE, PCREEMALTIRA THEMREEORET
BWEAEEIRATED, FFYIEBEIALHEETH
B84 L oEN R vl i TEBRN T4 v —%

oA REEEEORIET ML T 5 F B EE S h Ty

% (Dong et al. 1992 ; Schulz et al. 1993 ; Sawada et al.
1995 ; Eastwell et al. 1995 ; Haas et al. 1995 ; Kaufmann
et al. 1996). L& LAAiE, ZTAETIZAHALwER
R vitis DEIE L, *Hb5OREERMBEFORE
#RIFIZIT S PCREBHFEELE»- . £IT, R
vitis D168 rDNA 26 & L-RBEN S 54 v -4 o b
Ab3-F3/Ab3-R4ZFIHITRRET L, oTi LIZHEET 3HE
MEEBEFD—2ThH S virCHER A B L LR
#7754 ~v—+v F VCF3/VCR3 (M5, 2003) %4
AEhHEILF Ty 2 A PCRIZKBMBRIERS
BT L 7z, #A L wlERHER. vitis TIZ570bp &414bp O
oDy FRHBTBZ L6, PCRTH6MB1EH
BB, 230y FRAZhFRhOAEERELTO
BEELEORD, PCROBEME A LTS LEZ bR
3. ZhETOPCRIZEABMETIEEI pTi ORE
MEEEBRE T O LRI LT W, JEWRE R
vitis A HEL SV PR E R, H N PICHEEL
TOWTEE I N B8 8- EL NS,
V4R, BIEPORL L MEDORERE O RIT S
AT TED, 7 FoRENOME OB ERERAT
CHERREEEOFAENEE Ch 2 THEERH 2 2 L
b, EEEEAEMCHERATESLEI RS, -,
T EYLAORENA L oRE TH 3204 LoTER4
R. radivhacter R A L 9T R, rhizogenes 128\ T3
414bp D3 FAWBT B 728, KRAEEIEZE I o7
EHROBEEREICSERTE 3 A, B LUREEBID
HETHRETHILELS . BRIYT 5 A v — VCF3/
VCR3# pTi 77 T4 < pRi @ virC SBT3 Z &
75, ZREEIL > THHEBROREMAETH S E

e, Eo b

ARTERLE R. radiobacter EARTERIE R. rhizogenes DWRIR
HEEEET A RATE SS, REEOERAA LY
et A ERE R I3 R pTi £ 7213 pRi OB
Bz L BB TS A -2l 30ERSS. L
L, 7FYEREOREIMRPTHEESLL, PRI
AT B EMRRM R, vis S TEESBE A TEN,
ZOT & 6 ARFEERT0bp £414bp DN FREL
NBEREFER TR T FORESA LoREL LTH
BRIELTEZLIADWEELIOND. RKRAEERLS
FoRENALoRBETH A2 AL olBRAHER. vitis D
ST L 28D TH 55, BIUZHH L FEEX
hiaopno—-4RWIIEETES L2 b, KFHOIERE
THECHFSTERLELLND.

A ~NF T L w7 APCRICIAERT
P, o0 7 FORERA LY
5 T O R '

B A&

AL TERE R, vitis G-Ag-2THE% BAFERE T
BIEEE L, WEATRIX10C cells/ml (= 3B¥E L 2= RET
FREFEEE Uk 7P R6EAOMBHRERE <X
Ho b -FF - FLEHLFE)T (BT, 7LE)Y 8
(EfE15cm) (ZEHEL1EE (24) ©
‘A wRb o b (BT, 32A<2) 238EERL -
FLE O2BE ‘AR ISEOERICHEENERS
WARL g et T LA & 7= V) 5~ 10877 1= Bifil A (B
(Sawada et al., 1990) L7 £/, Bld 7L+ 28
OMITIZFHEME SRR 1 H 7203, R R4
v A" OETTIC I H 4 D500m]l EFEEL . TV
gy SRR e e REMEREEOBRMERIE L
. BRIy ABIIPA L EREEDZEDIZONT
RAA L oklRE, FRAREE - ERSaME, B
B o728 DIC 0T IRTREGEE 7 3 EAREEE

Table 2-3. Detection of tumorigenic Rhizobium vifis in plant tissues from grapevines using multiplex PCR

No. of sample

Inoculation of

Re-isolated  Positive samples

Cultivar Sample pathogen Tumor formation inoculuin of PCR result
Muscat of Alexandria Tumor 2 r 2 0 2
Neo Muscat (Seedling) Tumor 15 15 15 14 15
Muscat of Alexandria Gralft union 2 2 0 0 2
Neo Muscat {Seedling) Stem 2 2’ 0 0 2
Mugeat of Alexandria Graft union 4 0 0 0 0
Neo Muscat (Seedling) Stem 6 0 0 0 0

* Inoeulated tumorigenic R. vitis strain G-Ag-27 by the needle prick method {Sawada et al., 1990)
¥ Tnoculated tumorigenic R. vitis strain G-Ag-27 by affusion of cell suspension (10° cells/ml)
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%500~1,000mg Bl DELYD, DITORBRICHERAL .

HIOE =7 Folt s ERTFET TERL,
#9100mg O BRI % 1875, DNeasy Plant Mini. Kit
(QIAGEN #180) # FHwCTEIEkRs 54 DNA 4,
FIBULL, DNAJETES0nl 287, & DNA il &850
LU, Ab3-F3/AW-RAT I 4w =+ v b (#%5pmol/nl)
%1pl, VCF3/VCR3IZ 4 v —+ v b+ (%20pmol/nl)
%1pl, QIAGEN Multiplex PCR Master Mix (QIAGEN
FE8) %10n], BEEH ALl EA L T PCR RIGHE
(RE20p]) & L7 PCRE, 05T TI4AMMEL,
95°C TI0THR, 62°C T1430%R, 72°C T1430RI M,
THEETA 2 NEBEKYEL, FO®RIZCTIHE
MEF 3L VWIRGETTok ¥—vhY 455303
TaKaRa PCR Thermal Cycler. MP TP3000 (& %944
FHBY &M/, PCR#%, RISWWSs] 12 BPB Bk
onl (TOYOBO#8Y) #IM%, £B43% 7 Hu—24
ATL00V, 05EEERREL, rFPvaduav4 F
THE L, BHERET AL LDy FOFRLEE
L7, FiroigitiizsPosdoavsd FER7 4L
# =% RAWTF V2 A A % COOLPIX88S5 (Nikon #15)
TR L=

F7, REICHRL K7 F 98N DO#300me #
0% =&/ — L ClIATHETRE L%, WEASN %=
WA CEREL, 100nl % RS 23023847 L-C30°CChHME
B, REHECRFO I -EROERERE
L.

& &#

HR L7 Py D55, 7FRENA LW
WA LA BHBEEREL - ‘7 LE e ‘R4
< A7 158, BICCHEEEELE ‘TLE RO ‘A
T X RUMTHZALFT Ly 2 PCRIZEDST0bp &
Al14bp D5V ¥ OBIRASTE X Wi, WRIEMEEEE
O TR APE RAT R 6 GIZA Y FIIBI
Ehiho7 (Fig. 2-5, Table 2-3). —7, FEME%
BEL£20HM05 5, REEHTHSEEIAORS
ALoMEgLHEALE ‘2422 DUBTHD, KD
DD 5 RFAEX b o248 (Table 2-3).

E B2
T EOBOMEGE 5O DNABRERMBE LTS

E2TH

w2 X PCR Z##lAabdtAAEHRIRREMNEZE
HL-HoMBHoethroBEREERETEZ &4
TE7 BEWEEEEL =0 8A L olB o7
FLE L RAY X BIMOERE LEERNME
BizbBWwTdvrLs7L v X PCR CHMEARLED
EhG, BRRIEFIZE > TF VP YEBERAL o HE %M
P THRE L 5 THRINT E S RMSTRE L
7. £, KEEREEFFEHEOESHMSTELL -
ety TR BT HEREMEORE T 2N T %
b, FREEORUIEE LRSI L 5 55
BRELIRLTL OB EEI 3,

—RAIZIREN AL o WHEIZE & O pTiIZHET S
T-DNA EFRIER 25 DNA Wk &g iciEA L THl
frBEIRBIC LD HA Lok E 3. A Lol
5 i3 Rhizobium BMEO—HELTES4,84 v &
BEEINIERET I BESWEHh, BESALY
WEIRA N EREEEE LTHAET S (Zupan et al,
2000). AFETEAAL o MEE» 5O AKRFEHEE
SN, TLE L ‘AR TR
ALpHsHR LIt b TEIHI AL, -
2. Zhid, ThoelBoEEIEBRTAL, BRI
EHRALGEEKENX PRI EnG, AL oMRC
BEERSA N VORI TEL, FEMEOHER
B o TR X b, :

— R ZhE TORMETE, TPl 5
A A M BERUCEREB Eli oo - — 2R & ¢
AZOIMSHEAMETHD, 2ORBICI FEEANE
WEEOERES JTI0HEEE ONE2ANE LR
T 5L EHIHN~30HEFEL T, UL, ME
DRIz LF Ly & X PCR 24T 3 IB& 013450
ROERE, 1H3RTHEORERRENIBLHEDT,
WTH b LB IBRMBoNE. 26, A2
O DNA BEM B LA+ 7L v & % PCR DL
AbeTihE, MHAHETAIHTHRNBOH, &
BETHEIENIG, RFEORFELBIRICEYTHE &
EZzioh5. HFL, DNAOHIHELUeLF T vy
2 Z PCR RN L ERremE 08 E L, 1EIZHDH
2 ARAEEII0~-30EE 50T, ZHOLELRER®
BRI TIEPEIEARSIUCHHIIB LT hFhO
BUNEEMWATITAZ LD EEREI GRS,
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38  IEFHEM Rhizobium vitis ZFIH

‘ L7 FYyBREFPALeROA

W I B B

FROBHIRATEHBOET, REHEDEHL,
A LeERBEE ) EBOEERRESNS D, 3F
ERE 3 TOMUK, BALZETIRHETEZ ERE0
{(Burr et al., 1998). REMEZLEFO T F o OEE
AR E2FEBMIIERTRETH LI L5 (Burr et
al., 1998), ZEPR{L AT 583, TEAAITERBAR
N ZEPEE LV, TOEFEEBREITTETH
. Fi-, UCHERRICBEIZEME - ISR TV Ao s
DOFFEADBETS B =0, EHELEZKIFHEL 3R
oe T, SEBTAFEREL TEENEET I,
LEBTHEECSH 3.

3k %5 | 4 Rhizobium rhizogenes ( = Agrobacterium
radiobacter biovar 2) KS4H€CJ: B3 RENA L oK
DESRERIHFNCERTH S, BAHETE O
BRAIRARIE SR TEY (8%, 1993), 77uns 7
Ner s XN -l LTHEZEA TS (2009
FAARE)., LU, FFPSBEDA L ofREL K84
BHAEETINEWETHE 7y v LT
ZiEER 2D, KAHEREFFNIZIZR < TR E <
(Burr et al. 1998), fiHzhLRER ML W L0 5B
THHEPRREL - T0E, RETIE, $1ETHRE
UMILE ol LU RE &N IEREM R, vitis &
57 F oiREA A U o RENICH L TRAREE T T 3%
BRIEL, EMRHREORRER T %,

B ALEROBIK

FEIETT FYERS b aREh B OBRRERE
BT, BEHICTER X R RIEE R, vitis 0 0 2 —
ISIERIEE R, vitis BBAE LB T b+ P EIZETET S
L, BALDHBRIAEZ oA -8l -7 ko
T, ZETHB XN AIEBFEER vins OIZiE, 7F
ARES A L wHRE O A U o IEER A IH T 5 Bk HF
TETZL0SRENELONS 2T, ZORFER
BET 378, IR R, vitis DB L 7 F o RESA
Lo EEFREALAEOE VL, TFIEIUE
27 DEOFEITHEEBEELTHA Lo EROFELT
OFREHEEL (UT, $FERSEBEERR), Al
BEIBEROEOEEESRK L. k5, PIRETRE
(BT, EARER) LoIRREYE R, viis OB
7 E RIS A L R A HRSET 3 2 & THEE
OHEEAFEEL - '

1 be bERWEEMETE :
JEN TR b FRESA Lo RIEERBENERX
Ty 54 (Weller and O'Neill, 2006), AE&TIREE
THB. LL, bv MRRESALoWEICE SN
ALpDRREIERIIZOPTVI L5, B4 SRIE
PBALoREOREREEREICAVGRS (B, 1993).
T, PR MRSIRR T FOROHEE LD SEENE
{, HFLoEGOHi- =S ROWEE+HEETED LI
RESBET 8,5, T FEHVERERBR TR
PO O3B % 4T - 7.
MBI LUHAER

HREEHEE LT, TFPOoBEBESALOFRETH 54
A L @GR R, vitis G-Ag-2THE, B1BRIZTT Fosrsb
Sl XN 7= JERRIRME R, vitis VARO3-1%, VARO3-3#,
VARO03-48k, VAR03-21#%k, VARO03-288k, VARO7-1#k,
VAR4-238k, IERSIEME Rhizobium sp. VAR03-24%%, IR
IR R. radiobacter Av-4#kB X UTF oo 7Ty v b -
U F —HOERSTTH 3 IERFM R. rhizogenes
K8d#pa Fv e, SHRREMABRER T27TC, 48K5HE
B L 708, BEEEIL.0X10%ell/ml IZFHL, 2tA
L o R R. vitis G-Ag-2THOEE L IRREEOLE
BOWHE LR THhLEIOHATESL, BEkEL L.
b b B S SEEON R, Sawada 5 (1990) 28
B U7 M B ERIC & 5 EWRES T o 7. 2003
FIIABBIEAEEMO b2 b EY T4 HO
EOFEDETiClem MR TS, HRERLZM
BETERTIEEICRERLCEE L. &, Bt
L LT, BA L wiERM R vitis G-Ag-2TIROF TR
DAEEET AR E, BHERRE LT, REEEADOA
EERETARERT . BEBEMEY 7 2% (20~
25C) CEFL, #HBHBICEEIOLA L o BROE
BEREL . AL 9EBOBRERDZE DTN
T, BALoDERE (WELBEOTE) HlRL
Fo. b PEIIBLI0BRBGRR L, RBRIZ3ET - 7.

s R
7P ERENA L wRE G-Ag-2THRICHT 2 7 P
b5 S M R RO REERBIC L A A Lol

BRIESHR A W AIER, JEREME R, viis OTERRIZL
T G-Ag-2THICK 3 b7 P OF A L oK &M

L# (Fig. 3-1A, Table 3-1). FOREEEHKICE->T

BEb, THHEDS 5 VARS- IS REELSA Lo

RIVEISIER AR LA (Fig. 3-1A, Table 3-1). JERSEME:

Rhizobium sp. VAR03-248%13 G-Ag-27#RICL B M A L w
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FERE &ML /=28, Z OREBIERITES 57 (Table
3-1). JERIEME R radiobacter Ar-4¥d X UEERIEYE R.
rhizogenes KBAREIZ I AT A L o ERINGIZIRIIZD 6 h
x# o7 (Table 3-1).

2 FE9ERWEEDERTE

b b AR W EBERRIZ BT, VAROS-1BRSA
YEkE L THEIR: TR FUEEANLT,
VARO3-1BRAE D & U= IBREHEEB RO A L w TR
HIR A B,

ME B LU A

HRAEHR L LTI, 7FYRESALoRETSS
A LB R, vitis G-Ag-278, HIZICTTFY
b S X A JEEEME R, viis VAROS-18k, VARO7-1
¥, IJERIRM: Rhizobium sp. VARO03-244K, FEREE R
radiobacter Ar-4#k 3 K UIERIRYE R. rhizogenes KB4 %
oz, BEREBAREREHTIC, 4BRFRMSEL .
%1%, BSEWEEL.0x10ell/ml IBBL, BALle
TERHE R, vitis G-Ap-2TRROETR LIERREM O SEHOE
WE FhThL1OFSTRAL, BEHFEE Ui At
TAHw b ERELCERLLZIFENEFHR TP Y
e, 2004F3F1THICE (ER) O7THHNC, HiEE

BLATSHHEEET3EEICEZRLTEREL-, &
7=, BBMEMNIEE LT, AL oM R vitis G-Ag-27
BROBBEOLZEETIX L, BENHEE LTREE
HADAREET AR LR -, EEBIIINEY 5 XE
(20~25°C) THHEL, WOBRICHEERONLAL v
HROFEEFE L BALoDERETED -G DIZD
VTR, AL OEE GELREOTHE FHIEL
2. &7, AELOPIER, HRALATF Y OKIE
BEAHHAI L2 TP BI08RER L, REZ3E
fFFate.

R

7 EBENA L oWl G-Ag-2THE T Fod b4
M A dEREEER OB HREIC L 3 1A L B
flsha & SR, JERIRMY R. viris © VARO3-14k k6
LU VART-18RIZ & 810 G-Ag-2THRIC & B 7 F oy oA
ALoTEREHHEI L (Fig. 3-1B, Table 3-2), #iCIA
HOREBRICH T VARIF BB ERZICHA LeTERE
#8 L7 (Table 3-2). %7, 1[0 HDRED VART-1
¥, 2% X or3E| B OREBD VARO-IHR T3, G-Ag-27
BODEEBLA-BENBID SHERIZINA LR
AL (Fig. 3-1B, Table 3-2), 7 Fo¥iidisEL &
Ao P, FEREME Rhizobium sp. VAR03-24%%, FEREM:

i

Fig. 3-1. Effect of VARO3-1 on tumor formation. A: Stems of tomato seedling,
B: Stems of grapevine seedling. C: Stems of sunflower seedling, (a).
Inoculated with mixtures of G-Ag-27 and VARD3-t at the same fime and -
at a cell ratio of 1:1. (b) Inoculated with only G-Ag-27. The photograph of
tomato and sunflower seedlings were taken approximately one month after
inoculation and that of grapevine seedlings approximately three months.
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R. radiobacter Ar-4¥k# X UJERRIRHE R. rhizogenes K84
IS G-Ag-2THRIC kB 7 F oD A L wTERE HIH
TEYRRBY LT, BFETLSIE AT bk
{Table 3-2).
3 bvT7VUEAVEEYRE

e iconTd AARTORE A L oROBRAE
FEEERLng, b b LERICRENA L o REO
REMEIORERDE LTHNEh S (B, 1993).

91

777, VARD3-1HRO P A L o FEEIIHEIR e e w7 Y

VB WTEEL .

HEB L UAE
BRE®RE LTI FORENALRBETH S5 A
Lo M R, vitis G-Ag-27#k B X UIERIRYE R. vitis
VAR0S-1#k % BV 7=, MEHRE M43 R T2TC, 48
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Table 3-1. Inhibition of tumor formation on tomato seedlings after inoculation with a mixture of Rhizobium vitis {Ti)

strain G-Ag-27 and a strain of nonpathogenic Rhizobiumina 1

1 pathogen/nonpathogen cell ratio®

Experiment 1

Experiment 2 Experiment 3

Species and strains Tumor Tumer size’ Tumor Tumor size Tumor Tumer size
formation (%) (mm) formation (%) {tmm) formation (%) (mm)
R. yitis (nonpathogenic) VAR03-1 0 0a* 2.5 0.05a 0 0a
R. vitis (nonpathogenic) VAR03-3 10 0.24a 7.5 0.18a 0 Oa
R, vitis (nonpathogenic) VAR03-4 ‘5 0.11a 20 0.73 ab 12.5 0.52 ab
R. vitis {nonpathogenic) VAR03-21 17.5 0.55 ab 57.5 1.89 b 30 1.15ab
R. vitis {nonpathogenic) VAR03-28 30 1,04 ab 30 0.93 ab 10 0.25 ab
R.vitis (nonpathogenic) VAR7-1 45 1.53 b 12,5 0.35a 47.5 1.78 b
R. vitis (nonpathogenic) VAR4-23 10 0.37 ab 17.5 0.47 a 4Q 1.48 ab
Rhizobium sp. (nonpathogenic) VAR03-24 6o 2.7 ¢ 100 5.98 ¢ 82.5 3.66 ¢
R. radiobacter (nonpathogenic) Ar-4 100 5.70d 100 4,78 ¢ 100 5.20 cd
R.rhizogenes (nonpathogenie) K84 100 5.31d 95 5.40 ¢ 90 5.46d
Only G-Ag-27" 100 4.984d 100 5.89¢ 100 6.69 d
Sterile distilled water ' 0 - 0 - 4} -

® Data are means of 10 replications of 4 inoculations per tomato seedling

? Tumor diameter perpendicular to the long axis of the stem was- measured. Means within a column followed by the different letter differ
significantly ("P < 0.05), according te the Tukey s honestly significant difference (HSD) test
* Only a tumorigenic strain G-Ag-27 (about 10¥ CFU/ml) was used as inoculum

Table 3-2. Inhibition of tumor: formatlon on grapevine seedlings by inoculation of mixture of Rhizobium vitis {Ti)
strain G-Ag-27 and a sfrain of nonpathogenlc Rhizobium at a 1:1 pathogen/nonpathogen cel! ratio®

Experiment 1

Experiment 2 Experiment 3

Tumor

Tumor

Tumor

Strain formation Tumor size’ Witheted®  formation Tumor size Withered  formation Tumor size Withered
(%) {mm) (%) {mm) (%) {mm)
VAR03-1 0 0a" 0/10 32.9 0.91a 0/10 14.3 0.51a 0/10
VAR?-1 10 0.22a 0/10 NT NT NT NT NT NT
Ar-4 91.4 3.15b 2710 97.1  4.69 he 6/10 NT NT NT
VARO03-24 72.9 3.37b 1/10 NT NT NT NT NT NT
KB4 NT NT NT g2.8 3.830b 4/10 92.9 5.37b 1/10
Only G-Ag-27" 94.3 © 3.83b 1/10 100 5.67¢ 3/10 97.1 6.20b 5/10
Sterile distilled water i - 0/10 0 - 0/10 0 - 0/10

* Data are means of 10 replications of 7 inoculations per grapevine seedling

¥ Tumor diameter perpendicular to the long.axis of the stem was measured. Means within a column followed by the different letter differ

significantly {(**P < 0.01), according to Tukey's HSD test
* Number of withered plants / number of plants tested

¥ Only a tumorigenic strain G-Ag-27 {about 10° CFU/ml) was used as inoculum

* NT, not tested
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BB L) ‘wuER’ WHOEOL4,FIZ,

200411 H2THICHHAB L 236 - BT 3 28
WERLTHEMLUE, £, BUERELLT, HAlo
TR R, vitis G-Ag-2THOEITRD A% EfT 5 [X & 33
e ERERIINEY 3 XE (20~25C) THEL, #
0HBICEREFORA Lo Bl OFELHELE, HA
L MO A RS 7= DIZDNTIL, 2A Lo OHE
F HHELMEOFE) 2HELE b7 UEIRELD
AR L, #BEIET - 2.

s 2

7P RERA L o RE G-Ag-278 o0 ¥ 2 e
% R. vitis VAROS-1BRDIRAIREIZ L 3 5 A L wEmH
TR ERANLHER, AL oBRIBESICHE X I
(Fig. 3-1C, Table 3-3). '

4 FiREsH FTOHNESME

IEREM R, rhizogenes KRAVRDEHIERIT B & 25
ETAMEMET oy vBIZESC L Eh T E M
(Kerr, 1980 ; Smith and Hindley, 1978}, ARHAA L w
REOERICE s T T oy VIERSHERTEEL
IDZ LW KRDBRMIRNRE S h s WHFOE
E&XhTWs (Kerr and Htay, 1974 ; HIF , 1993).
ZIT, MILROT FodRs 6 o 2 h - IemREi
Rhizobium BEIZ 2T, BEO 7 FYiEE A LwF
B33 2 PR 4 RIS _E T O RS 3E TERIE L
¥

MEE SUHEE

HEEEREONREH] (Test strain) 1212 IER
I 14 R. vitis VARO3-1%k, VAR03-3#k, VAR03-4#,

Table 3-3. Effect of coinoculation of Rhizobium vitis
(nonpathogenic) strain VARO3-1 and R.

vitis (TI) strain G-Ag-27 at a 1:1 cell ratio

on sunflower seedlings”

Strain- Tumor (%} Tumor size’ (mm)
VARO3-1 0 o
Only G-Ag-27" 47.5 2.36
Sterile distilled water 0

*Data are means of 10 replications of four inoculations per
sunflower seedling

Y Tumor diameter perpendicular to the long axis of the stem
was measured. Significantly different from inoculation of only
G-Ag-27 (**P < 0.01) according to Student’s t-test.

* Only a tumorigenic strain G-Ag-27 (ahout 10° CFU/ml) was, used
45 inoculum

VAR(3-21 #, VAR03-28 #, VARO7-1 #, VAR4-23
B, BRI Rhizobium sp. VARQ3-24¥k, FEfE R,
radiobacter Ar-4tk#p L UIESRIEM: R, rhizogenes K844k
ZHW, 8RB (Indicator strain) & LTHALw
TR R. vitis G-Ag-27%, At-90-23%k, At-00-62%k,
MAFF211674 ¥k, MAFF211676 ¥, MAFF211678 B,
At-5FF, AS-5BR, A5-TH#k, 9-3-58, VATS-18k% Bl 7=,
MRAFIERIEHTLTC, (RGBS L, S8R, SEws
#91.0X10%ell/ml 1= L CHEBI & U7, TARESHS
O REEEBRERI RSO £k (Kerr and Htay
1974 ; 2R, 1993 ; Herlache and Triplett 2002) ##%
LT, Filss L ToAF-ES (BT, HEEm) %
FELE, FHE%em OEE Y v — L ICRE B A Yeast-
mannitol agar (YMA) 354t (0.04% yeast extract, 1%
mannitol, 1.7mM NaCl, 0.8mM Mg504, 2. 2mM K:HPO4,
pH7.0, 1.5% agar) #60CREEL L THIml B¥, B
T YMA PARF AR L 7. ELE8mm D — /35—
TARL (T STy s WERE) % YMA TR
DHRIZER U fok, SRR Rhizobium BHIH OE
BASU BT L27C, 48HFMBIIERLE. v - L D&
DA A (HEYem) #8E, rrohilslml %
WTLTESRERL TOAMERTLAEL -5 2%
ALUTOHOTHEBEL 200 Sl A3 REITHERBE G-,
Z D%, BETEKER L —THEE (1—2ml) LT
HCREREL, 27C, 48RFREBEAERE, ~—253—F 4 22
ADHIEMEEROF RS LU ZOEE (R—75—F ¢ 2
7 OEESmm 2 &) 2B@ELL RBRIIETY, o
B ESRERD— D OB A b B A D ARSI

Fig. 3-2. in vitro antibiosis assay against Rhizobium
vitis (Ti) strain G-Ag-27. A paper disk with a
suspension of either R. vitis (nonpathogenic)
strain VARO03-1 {(A) or R. rhizogenes
(nonpathogenic) strain K84 (B) was put onto
YMA medium plates, which were then misted
with a dilute suspension of G-Ag-27. At two
days after misting, a zone of growth inhibition
was seen around the paper disk with the
suspension of VAR03-1 (A) , but not around
the one with K84 (B)




JIE : 7 K AR A L o RIORBNT & E MW RRI L UFRRIE O AT ¥ B AR

e, ke TOREMOHZEH10mm BT (-
PS—5 4 A2 Oy b FIEFAEEE T O Imm 2
T) GHEEEAsL () ZHEFLA RTHLER
10mm M _EDEIEFPOHR SRS b H B AT OERE
OFGEEEM L, EELOnm k% £, EE10mm Ll
F15mm A+, 15mm Bl E20mm K% ++, 20mm B
A+ 2 UTREM L 72
m R

BTREEE LTROEY FoBRERA L o RELE
Bio LR T B 2 JEEIETE R, virs OTHM B LU
JER B Rhizobium sp. @ VARO3-24E I %L < DA
s CHEIEM AR LR, BROARELUTED
Sx XN ERLIERER > TRE o7 (Table
3-4), FEIZIEREE R, vitis O VAR03-1# & VAR03-21
RS TORTRERICY L THIER &L (Fig.
3-2, Table 3-4). —%, IFWENE R, radiobacter Ar-4§k
%5 L UNSEREIEME R. rhizogenes K84KIF & T OITE BRI
# U THIFEEOER RSB bhhhr o7 (Fig 3-2,
Table 3-4).

5 £ B

EHTE, 7FYRERA Lo BROLMERRE O
PR A EEgE L, SIETHE LAMURTAlL LT
B & h 7= 8D IERREE Rhizobium BB » 6, TF

S HRTEN A Lo i G-Ag-2THRICH U THRANEFT |

BEMARE LA Thbb, v HOFICHT S
A L wERAME R, vitis G-Ag-274k & QS RIREHEMRER
W, JERGEUEE R vitis VAROS-1BRIZEL & EERIC
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A LR ARR L7 VARS-IM|IZ 7 Fob iU
v ishnT i RA L o BRMEBRERL. 7
For A thd bwb, v YERVWERETEN
AL o HRIRaREARDshET L6, F RSt
DRI B S HREIR S IS TE R EEA bR &
7= PiREER L TO T o BEAA Lo REIERICY
F A MAEEI X A HEEERE T, NERE TSN
LT BELE AR 2% 6 h e, BLIEFO BRI R ER
b R EREOM A & > TEE 5 TUA 245, VAR0Z-1
Bz R AEiHE (G-Ag-27, At-90-23, MAFT211674,
At-53) 123 UCHLIE20mm B EOBWHEEEEH L
Tt k7, SETRERKICIBETA A, B E&5EK
o, D IEHER L TOAEI LA 5, VARSI
A&l A 5 AREMHEO BB O RS 3 BkicH
LT R T X 3 2 & 2SR X hz, - JRRIENE
R. rhizogenes K8ARRIZ 23 A L w RN R. vitis G-Ag-2THk
IR L TA A Lo BRI s {, X6, AL
2 TONRA L oIEM R viris (230 L THEBESER
WhRE otz ORI, Ktk FoRERA
LoSic iRz B0 S 88 (Burr et al., 1998) %
FTHETHEOTH -7 F 7z, IEREMER. radicbacter
Ar—4# 35 & UV B M4 Rhizobium sp. VARD3-248k &
G-Ap-2THRiCi L T2 A Lo stilimizhR A <, Uk
FOFR S Wb b h o7 &b, FREERCR
+ B YRR A A L w RGBS L0 3 THEM:
MTE X OFEEEORTN A L e R
BRI E OIS LT A TN TR T TR
% .

PEDzZEnn, AEzHWTS FYRESAL o

Table 3-4. in vitro antibiosis assay of nonpathogenic Rhizobium strains against A. vitis (Ti) strains

Formation of inhibition zone on YMA medium, by indicator strain’

Test strain G-Ag-27 At-90-23 At-90-62 1;‘(11?(?; . ;?;FB 2/11?(1;‘; At A5-5 . A5-7 9-3-5  VATS-1
A (A) {A) () (A) ®) (B) (B) {B) (B) (D)
' VARO3-1 +H+ . CH+ + + +++ 4 +. 4+ ++ +
VAR03-3 + + + ++ L+ + +++ - ++ b -
VAR03-4 + + - Ex + + +++ - + ++ +—+
VAR(3-21 + + ++ ++ + + + + + ++ ++
VARO3-28 + ++ + + + ++ + - ot ++ ++
VAR7-1 + ++ + + ++ ++ - ++ + -
VAR4-23 + + & + + * + - + - -
Ar-4 - - - - - - - - - - -
VARO03-24 - - + ++ - - + - _ - _
K84 - - - - - - - - - - -

® Girains with an inhibition zone wider than 1 mm was evaluated as inhibition zone, +, developed inhibition Zone of diameter of 10 to 15mm;
++, developed inhibitien zone of diameter of 15 to 20mm; +++, developed inhibition zone of diameter of more than 20mm; *, diameter of
less than 10mm including 8mm diameter of paper disk; -, ne inhibition zone (four replications of each treatment}
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DEMEIBEERIZFIR T % 5 5% #ik L U CIBREM: R,
vitis VARO3-18R &8 L 72, SH, WWEME & R,
FRTPORBHOEICEET S LS IREIB LA
HTho kil bbb ¥, BENEBEITHZIERE R
DHEBEARKERI-T L6, DBROHRRRIZH T
LEVIRPEZE TR EER SR L Lasb,
beb, EvwY, FEYEHOEMREICIIERE
BRE LTHA L pIBRHE R vitis G-Ag-27THED A A 30 L
el b, SHREBEROERCNT38A L oBERH
RIDRIZDOTRET 2 BERS 5.

B e BN Rhizobinm vitis VAROS-1Ek

Oy LA FHEIT L 5554 Lo B
AL alp /B S |
HIEZHWT, P2h, TRY, v ) EE0AEE

BESHEEARIC L 3EWRET, 7 FoBRENA LY
RIS B P & U TIEREE R, viis VARO3-18%
TR LA, KBTI, FEBRL AL oBRME R, visis
DFESERICE Y 2 LEI A L o BRI RIRIT
THEIZOWTRIT LA, %, FEHROSAL oK
M R vitis DR OERRISHT 3 2 A L w BRINEIRE
EMEIL, X512, VARO-IBOHBEEM L BAL 0T
EEMRIER O BERIS D VT EEE L 7.

| REBERRS AL o BRONDRICRITRE

HE S LU

HREHRE LT FoRESA L o RBETH 2 A
L wTEBE R vitis G-Ag-2TH, 7 Fod oM xhi-
IERTIRE R, viris VAROI-I# 2 AV /2. [ AZER

FILRRERS € 2 — BERBRIBIZoHE Bmore

T2TC, 4BKFRAKSEEL =, $23%1%, M4 $91.0X
10°%cell/ml =3B L, VARO3-1#E % G-Ag-27H O EivE
#99:1, 9:1, 3:1, 1:1, 1:3, 1:9084&THESE
U, R E Uiz, 20034E9H 22 H IS A ZEIEMAD - = |
RyFO— EHOZEOFED LTIz 1em B T40F
2, BB LTS+ BB TaBmIcgE Rl LT
ML /4, BENEELT, BAL oY R. vits
G-Ag2THROEEOL 2 BB TR 4RI -, ErEgR
B A 5 AE (20~25°C) THEEL, #9250 % iC R
OBALL o EROERFZFAE L. BALOHE SR
BDIEDIZDWTE, BAL o BOEE HE - %
DFE) FRE L7, b P EES10ERL, R
3647 - 7=,

fa &

P PEOZBIINTIREABEEBRARIZIB LT,
VARO3-1#k & G-Ag-2THOE B ORS HEH199 : 1,
9:1, 3:1DBEIEMRA L ERETEICHH L, 1:
IDBEIZRBMEAREE L THA L o R EB M
H#L7= (Table 3-5). LA LAHG, BEIEN : 3D
BRIZEZAA L o BERAERRESZELSETL, 190
BEIEPAL o HEMNFDRZZLACRBO AL
o7 (Table 3-5).

2 MY MMIBIBFAL 0N A, vitis OBEBOEK
ST 35 A L o RMEIHR
BB LU

HERERE L TR FYRESA Lo RETH S
AL FEERAE R vitis G-Ag-27#%, At-5%k, At-90-23

Table 3-5. Effect of coinoculation of Rhizobium vitis (nonpathogenic) strain VAR03-1 and R. vitis (Ti) strain
G-Ag-27 at different cell ratios on tomato seedlings®

Experiment 1

Experiment 2 Experiment 3

(v ARE):;—l}.:rE?Xg-W} Tumor formation Tumor size” Tumor formation Tumor size Tumor formation Tumor size

(%) (mm) (%) (mm) (%) (tnm)

99:1 0 0a* ] O0a 0 0a

9:1 0 0a 0 Oa 0 0a

3:1 0 fa 0 Oa 0 Ga

1:1 5 0.14 a 2.5 0.08 a 0 Da

1:3 67.5 1.91b 90 3.811b 82.5 3.42b

1:9 100 4.95 ¢ 100 5.33¢ 85 4.73b

Only G-Ag-27" 100 6.38 c 95 5.75¢ 100 5.22 b

* Data are means of 10 replications of four inoculations per iomato seedling
¥ Tumor diameter perpendicular to the long axis of the stem was measured. Means within ‘a column followed by the different letter differ

significantly (""P < 0.01) according to Tukey’s HSD test
* Only a tumorigenic strain {about 10° CFU/ml} was used as inoculum
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Bk, At-90-62 ¥k, MAFF211674 ¥, MAFF211675 #;,
MAFF211676 #, MAFF211677 #, MAFF211678 #,
AB-5%k, A5-6Fk, AS-THE, AS5-9Hk, VATS-1% (14F
B) B L UIBRIEME R, vitis VARO3-18k% BV =, &1
BFBAFEREMWTIC, 4SRRERL . 28E, &
WA 1.0 10%ell/ml SIS L, 24 L w BRI R,
vitis DEERRE VAROS-IRO B A E R Fhl : 10H
ATHEAL, BEFE L 20044FE10A25F (2 A HE3HE
HO M2 b KrFo—4" OXOFEDETICIlen M
T4, BEREB LTS EET 3BT
ERLTHERELE BENEELT, HALOERER
vitis DR BEBROBEOEEO A% HERET S X 48015 ~.
BERIIEN 5 A% (20~25C) THEL, #H5A%
ZEEEORA L o BROFEEAFHEL - BALeD
BRERDEEDIZDNTE, BALOHBOER (i
HEBEOEY) 2 ELE bv P ERES10KTOH
AL, REREIET .

R

MA L @B R, vitis D4R E VAR-1IHEOSRE
HAERAEBROHER, ANEH OREBD MAFF211678# %
KU At-90-628k & DA A HE T AMA Lo EEHIH

BREED ok o, ThUAORERE L UHE
AEHETE, BLAA L oBRMRRIRAFED 5 h
(Table 3-6).

3 FRIICHETBAL wTEM A, vitis DIEBOES

LT 2 0°A L wiZriinHIE

s & UFHEE

HREHE LTT FYBENALoHETH 5HA
L o R R. vitis G-Ag-278k, At-90-23%k, At-90-62
#, MAFF211674 #, MAFF211676 #k, MAFF211678
Bk, AS-6%k, 9-1-58F (BH#) B X UIEREME R viris
VARO3-1#: 4 IV /o, BACSERIEIECO7°C, 48RS ML 3E
U7, 5%, BETEEHL1.0x10%ell/ml ICHEINL, #3
A L wJBERME: R. vitis D& ERE L VARO-1BOETES 7
hFER]L IDYETREL, BEESLE ‘24 -
Ay b OFEEHLEFRLFIEEHLMEA T Pl
EL, 20044E5H24Fm ¥ (E8) DehFr,. BlE
BLUHEHGFEBETAEEICEENLUTEEL . &
7z, BBMEREEE LT, A Lo R vitis DA HR
ORBED L EfET 3R 2R . B RmEY 5
ABETEHEL, MORBITEEIHONA L o BEROFE

Table 3-6. Effect of coinoculation of Rhizobium vitis (nonpathogenic) strain VAR03-1 and each pathogenic strain
of R. vitis (Ti) isolated from different locations in Japan at a 1:1 cell ratio on tomato seedlings®

Experiment 1

Experiment 2 Experiment 3

Tumorigenic

Tumor formation Tumor size’ Tumor formation Tumer size Tumor formation Tumor size
strain (%) " {mm) (mm) (%) {mm)}
leenetic grow) - poa1 O varos1 O%  vamost % vamost O vamesa O vamosa O
pathogen pathogen pathogen pathogen pathogen pathogen

G-Ag-27 (A) 0 92.5 0 4.94 12.5 100 G.44*  7.98 0 100 0" 5.13
MAFF2I1676 (A) 0 100 o 5.78 12.5 95 0.34* 6.8 35 100 1.11"*  6.45
MAFF211678 () 17.5  92.5  0.51° 455 75 97.5 3.11 4.74 10 87.5  0.27*  3.84
At-90-23 (A) 0 100 o 5.98 10 95 0.37""  5.95 0 95 0 4,84
At-90-62 (A) 27.5 100 0.99** 5,78 75 77.5  3.17 3.58 2.5 85 0.06" 3.13
MAFF211674 (B) 7.5 100 0.15*  6.13 20 100 0.58 8.21 7.5 97.5 0,18  6.13
MAFF211675 (B) 2.5 100 0.08  4.60 2.5 80 0.07**  3.19 0 85 0 3.15
MAFF211677 (B} 10 100 0.36™  6.97 2.5 97.5 0.05* 5.54 7.5 100 0.20™ 5.99
AS5-5 (B) 0 32.5 0" 1.27 0 32.5 (" 1.17 0 35 0" 1.02
A5-6 {B) 2.5 100 0.07**  4.20 0 95 o 3.07 0 45 it 1.49
A5-7 (B) 7.5 © 100 0.2  6.91 5. 85 0.15*  4.08 0 100 o 5.76
A58 (B) 0 70 0 2.47 2.5 90 0.07"  3.83 0 67.5 0 2.07
At-5 (B) 2.5 97.5  0.08"  5.05 7.5 925 0.22"  4.29 7.5 95 0.25**  5.43
VATS-1 (D) 0 40 0™ 0.89 0 20 o 0.75 5 20 0.23°  0.57

* Data are means of 10 replications of 4 inoculations per tomato seedling

¥ Tumor diameter perpendicular to the long axis of the stem was measured. Significantly differ from inoculation of only each pathogenic

strain ("P < 0.05; *"P < 0.01) according to Student's t-test

* Only a tumerigenic strain {about 10° CFU/ml) was used as incculum
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FREL: BALoOERABD L0, ALY
MRBOEERE (HREIREOYE) 2HllELE TEUYH
RAL0ERMER L, AREEIET -5,

S

WA Lo TEEE R, vitis D8TEMK L VARO-1HOEEE
SEMEBOER, WThOBEKICHLTERALE
EHRRR D 5 (Table 3-7).

4 VARO-1#ODTMEH EICEFIMAIEAOAEE &

7 AL w ERIFIRIE & OEE

BIEHo BT VAROS-IHRIZ A L o BRI R. vitis D
R ORI U TEREH E ol MOBRAES
Bt (Fig 3-2, Table 3-4), FOk%x X £iEEeL
EHERE (LT, HEEE 2004 U o TEERIFIERER
DEETH Z2E20TETr Tk, FE2HIZ
BT Mo M EAVW-SRBEAEERE T, VAR03-1
BRid A A L RN R vitis DBEBOBEHRICH LABALY
BRINESEFR L2 25 (Table 3-6), VAR03-1
HOHEEM L BRA Lo RNFIZIROBRIZOLTHR
L7

MES & UHE
SEAREL My _E T OFEIEF QR IEOEEME (4745 Hh)

Table 3-7. Effect of coinoculation.of Rhizobium vitis
{nonpathogenic) strain VAR03-1 and
each pathogenic strain of A. vitis (Ti)
isolated from different locations in Japan
ata 1:1 cell ratio on grapevine seedlings®

Tumor formation (%)  Tumor size’ (mm)

Tumorigenic strain VARO3-L qn]y . VAROL Only
pahogen pathogen
G-Ag-27 (A) 1.7 90 0.04" 4,09
At-90-23 (A) 28.3 98.3 0.56" 4.11
At-00-62 (A) 26,4 85 0.58" 2.83
MAFF211676 (A) 13.3 80 0,34 2.44
MAFF211678 (A) 36.7 100 0.89* .46
MAFF211674 (B) 38.3 71.7 1.01* 2.72
A5-6 (B) 3.3 96.7 0.11+ 3.29
g-1-5 (B) 18.3 96.7 045" 3.49

*Data are means of 10 replications of six inoculations per
grapevine seedling

¥ Tumor diameter perpendicular to the long axis of the stem was
measured. Significantly different from inoculation of only each
tumorigenie strain (**F < 0.01) according to Mann-Whitney
U-test

* Only a tumorigenic strain (about 10° CFU/ml} was used as
inoculum

BT

LHALwERNEEOESEE (P P EOZE Iy
Fri%fE, 10REBEER, 3ERRER) HRVTEMEMET-
7-. Table 3-4i2 %3 3 VAROS-IBRD 2 A L w M
R. vitis 108# (G-Ag-27H, At-90-23%k, At-90-624,
MAFF211674 #, MAFF211676 #k, MAFF211678 #&,
At-5%k, A5-5%k, AS-THK, VATS-1#R) IS@ L THER
UABIEFOEEOESEE X#ick ), Table 3-6i
B a0nA L wERME R viris 106K (£TEIBEET
HR TN A NRA L o BRINEIEE YD L o7, A
A Lo TREFIEIH (%) =100X (A L woBREEOD
AEBEL -BEONA L o BRE— VARD-1# LD
BEBEL-BEOPALoBEE) / (BHAL wEEK
MEORAERLAZESOMA L o BRE) &Lk
‘ # =%

Fiigi EORILMOEREOFEE & RA L o TERK
HEEOFHEOBEKIE, EREROFE5E ®R) 2

0.138 (HREELL) NI LHrb, MEOHEIZER
FEGREED S o7 (Fig 3-3).

5 £ B

FE T, BEEMEEIC S S IR R vitis
VARO3-18k & 2 A L wlERGHE: R, vitis G-Ag-27RRD L
DV A A L TEEATHIZIRIC S X A BT D0 T
Uk FORR, BAEWNESHO VARS-1IROFEL
/Y G-Ag2THE RS ETH L, RALoHRER
YT E 2N, FHEHEN G-Ag-27fk & 0 $BVBE
iEs A Lo BRIEERIZIZEEACEDOREP o1
Zebvb, KEHROBA L o ERITEIZIREZ OB
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- _ .

g 80

£ .

& 60} * ®

E -

£

2 wf

s y = 1.3719x + 60.053

Q 2—

@

=

£

;é 0 1 1 L 1 L 1
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Means of diameter of inhibition zone {mm)

Fig. 3-3. Relationships between diameter of
inhibition zene (mm) inhibition effect of
tumor formation (%) by Rhizobium vitis
{nonpathogenic) VAR03-1:y = 1.3718x +
60.053; A = 0.138; P > 0.05 (no significant
differences)
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BZTFEET 3 7 PO REAA LeoEREOEREEC E
EBWEESICREIhA L EI LR

— AR AR A A O AR oS bR T
I3, By PHmIcEYICER, EFXE, BR
R TOHREINAFRREORE LD $10~100fF8 L&
BETOETEZ A%, B (1993) EIEREME R
rhizogenes K84RD I 7 REEN A L wiRE (AL b
JEAE R, rhizogenes) 12345 B304 L o TBBHE R £ %
SHNSEMET 5 20, FBELRBROFETE MEO
BITRSEEL TV S, 10°%cells/ml D K84BROBIT &
10°%cells/ml VS REH A L BEOER+ SRES
LTRBAT-> T3, TOHATE, Kedbizk a3
SHRIEMRA L omEORA L o BRI SI250% BE T
BotzZ b (B, 1993), VARO-1BEOAA LW
ERINGEIR AR IS Z & BB 5 h B,

7, PALoTERM R viis OFBOR L @RI
+ 3 VARO3-1BRD A A L o B MEIRIcO>nT b
FPBEOT Py #HOTREL AR, BETEA B
BEUD E2FUHEEOXA L wBREFHRICHLT, &
C EREKENICYA Lo BREAHET 5 L a8 B e L
&ofz, ORI, WTEHOFHRESG T oL
BEOBRE—BLTHD, VAR -IBBHFRIZIELS 4
¥ 2 FHENE OO x5 Hki 3 LB R
PR TEL T LEBIRBLTWA.

VARO3-1¥R A AR Mo U O b | ot 1
BHAIEPDOAE X2, b= b EAOFFBEME L ORS
BRICHT 284 L oHERIHREOE X L ORIt LR
EBIREED 6 NAD - T kd 5, HIEMHOERS K
VT S EBEOMBAIRS AV LI BARER T LAY
L#z bhiz. JEREY R rhizogenes K84MD /S 7 IRTH
AL oI 5 RARIE, KedkOmEk+ 5 5
WE7 /Uy VUEFERETBOTIREL, WEME
EREFTARE, BArEVSSHAFRLLOERS
FEL T3 EDEM S5 (RIF, 1993). VAR03-1
KEPEWESEELTOA T LIS 2 TH Y, Hil
TR A L o BRIRICE S L Tw 3 WS
ETE LA, FOEERIE T CHISO SRR % HH
THRZELERETH L LEL SR PIETEESHERR
Rz P OREESE L TOWAHIEDNTH, VARM-1HEO

MEWREES RS BETFERRL, 7V AHY
Y EOTERIEES & R BRI 4 Z ORET RIS

AT B Lz ko THIE IR RN L =2 Bk 1 L 7

LT, AL @TERITHIZIR & 5F i 5 BEYS 5.
Bk, AETE VAR-IHD T F O9RENA L o
DEMAHRICELETH 5 L ARD TR I R4 L

PLERL, ThETREROZIAEREETIZL
THA Lo BRIPHIRERE L TS, X LE
EREORBETHHI 26, BERALoREDOLE
BRITHSBRICOVTHRETILENES. TOEDIC
i, BT H VARS-1#% T F Yy EAORSICEE
U727 P o EAROE L BEiEic b it 2 BHmHEmR
DWW TRET 5 BEH 5 5.

B35 IERBY: Rhizobium vitis VARO3-18k
D7 Py REERAE X A BBREhR

g1, 2ffiic T, JEREM R vitis VARO3-14¥RE 7
FyREAA Lo RICHTAEHMEDL LTHERET
HBEEL LN, JEFEM R rhizogenes K84¥E % R,
DFETBETEOANRGFUSL 3 TFN2 & —RIOMH
A, EREOBEZORRBBELTHL,
U K8itk % /15 ORICEE T E R ICEBICEMET
ZEVWIENTHY, FFP7HEENRA L o ROMBRIE
VAR03-1¥k#% AV 3104 T AIBOABE B E 1 o h
5. 22T, RETIEBOBRTOMEEREL T,
VARO-1#ROHEIZ 7 F o i koff 228 LT, 7
FoyiREaifau) LS4 obkegRicont,
WikE s SUBBRBR TRET Lz, $ 7%, EMAEIZh
1% VAROS-1ER OB TR D)8 35 X UMLEIBFEIZ D 0T
BIRE L7 o

1 rThBEUTRYEICET SREEBEMBO TN
IREEHF A Lo iR EIcH 4 2R (RRREER)
(1) b¥ bicHiT D5

#JI‘JF‘-HS L UHE
BRI S LTBA L wBRME R, vits G-Ag-2T#k E

SERSIME R, vitis VARO3-1#kA R 7. BRENGEIRE & Mok
R R L, 27°C T8RRI LT, Wi s

' ﬁ‘(ill.ﬁxl‘osce.l'l/ml R BEEEL (2 rHsy)

Tkg % 7 0 G-Ag-2THROEH (W1.0X10%ell/ml) %
500ml 3%, B <BERATT FYRESRA L o fHEE
Yol (§95x107cells/g 1) BERLTHEY Fy b (B,
HE115em XX 12em) (28 X#l0cm F THHL 2. b
vF ‘FYFo—4 8 4R ofizERhTEE
D1/2OHE TN L, VARI-MED BT 7213 MR
A (SR 2 L0 SRR RA Y &
JITIBE L CHILEC, 4RI L 2. MICH U oRg
HE T UHENA L oFE G-Ag-2TREOBETEIZ27T,

ISR L 2 %%, 2006686 F12H IC_LARO SR 4
L7z Y sy b s bv bETRRAEL . SEAEHRI3 MM
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BH S AETHEEL, WHERIEE X UCHIBSOA
LoBROFELHEL, BERELINSZDDORA
Lo B L OBGERM 2 S U 2. BRER G4BTV,
RERI T b TR 108 / UEER, RABR2 TIZ208K / AL
EX, REESTHLI5H / AER, REM T8k / BB
AW L7, BR=100— [(VARO3-1ERAEBR 0585
BRHE X 100) / (JEALBEX ORBSHRE) ]

R

ENE O b2 B & VARSI ER (W1.0X
10%ell/ml) 1= 24 SR RALE U /< K O Fopibk 13 e
X &R L THERICELS (P <0.001), BARxfiis*62.1
THY, kb0 ORALOBEREPEINI ESb,
iR MWD bk (Fig 3-4A, Table 3-8).

(2) TF2CHET DR
M B LUHE
HRERR L T ORM K OTER L OHEMITRIREQ) & Rk

g7

ZfTok. TFY ‘24 - 9IXA vt &EELOH
B UFVEEEORERRATEEDI20E TN L,
VAROS-1BROBIHE & 7o LR EAK (JEOERX & LT)
(TR AIC TR AR & 5 IZIRE L TH25°C, 2485
BELE WCECEORSE T F o RESA LK
B G-Ag-27THEOBEHEIZ27C, 1BREBHE L 228, 20058
QHBHICHEREEAFREL )Ry + (B, Efliem
XEE12em) O FOWEEML A BEEZITINEY
7 AE (20~25C) THEL, MIZERICRL K UHIE
WONAL 0RO ELBEL, REKELIRS -
NOBA L eSS JUHRMEREHS L. TFOE
BELSHRT2HEA L, REBRIIIET - 2. Pilkffi=100—
[(VARO3-1BMLEB R OFRFEHREX100) / (FEATMEOFR
FREE) ).

# &
TEMEIO 7 F o RER % VARIS-1ROBH (#91.0%

10%ell/ml) 1224 WS RSRAATE U 72 X O TRbk 2 i3 Al
BRELEBLUTERICES (P<0.01), BB 7.4

Fig. 3-4. Biological control activity of grapevine crown gall by nonpathogenic strain
VARO3-1 of Rhizobium vitis. A: tomato seedlings, B: grapevine seedlings. {(a)
Seedlings were planted after a presoak with nonpathogenic strain VAR03-1 of R.
vitls followed by ineculation with a cell suspension of tumorigenic strain G-Ag-27.
() Seediings were planted after inocutation only with a cell suspensien of strain
G-Ag-27 as a positive control. Tumors (arows) developed on the roots or stems.
The photograph of tomato and grapevine seedlings were taken approximately 2
and 6 months after inoculation, respectively.
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THh, IHH=0ONALwBREESENIELS,
BARR AR A58 b M (Fig. 3-4B, Table 3-8).

2 IRBEEOLEBRASFHBRBRICRTITRE (M
PaEtER)
FEICeWT, SN ERRT FOEOR

% VARO3-1#kD#1.0x 10°cell /m] OB 2404 R0 it

T 5 FHOMEIZ OV THBRGR AR LA, 22T

i, HElEOEE, BREEMB J:Uﬁﬁ%lﬂﬁ@?ﬂﬁﬁé#:

VARO3-1BEOETEICIRE T 2 RN AE B RRICE

ITTREB LR L, BELEELEEECEFERL -

s LUFE
HREHRE U THA L o BEME R vitis G-Ag-2TH,

At-90-23%k, MAFF211674%k, MAFF211676%k & JE %%

JEME R, vitis VARO3-18k% AV 7z, SEREIME 4 AER

EuicEML, 27CTHRNEEEL T, SEREAHNL.0

X 10%ell/ml % 7= i3491.0 X 10°cell/ml (= FHI L 7=

Bzt (v Lniil) kg b2h LEEFA L o KR

AEEOEE (W1.0x10%ell/nl) #SRESLEZLD

500m! % B < BEAARE 7 FUiRlERA L o RETERL

(#5X10°cells/g) #FVEy b (B EElbem XBEX

12cm) IZEEXMG10cm CHHULA. FEY ‘Fd - v

ZHw N EREHFSERLALIEEEHOBEEZERLRTS

BEOL2OME T L, #1.0X10°%cell/ml @ VAR03-1

BOERICBE AR kaiA D X 3 ICERE L TH20T

TIRESE L, #91.0X10°cell/ml OB TIS24B5 &

IR L. RICACEE 7 FoBE AL

Fili G-Ag-2THR OB (W1.0X10°cell/ml) i227C T

IFMEEL 2%, 2007F5A7TRIC LEOERELER

ﬁbt AVUKEy MIZEMEL - 7, EBABRKELT

7F WA BWARFEKICH0T TURBRRK L -1,

G-Ag-2TRE DD AIZ27C, IBERE L, Bt ic
EHETBRARIT . X 512, VARD-LBROEHIZIE
BT BRI G-Ag-2TRR OB (191.0x10°cell/mD) {=
TROHAEBHELT, RIOREMEICREEY, TO%
VAROS-1BRO B R BT 5 (M1.0X10°cell/ml O
Tl 18R, $91.0X10°%ell/m] DEEIZ24BER) X &3
e, BERERITENEY S 2ETEEL, VILERICHE
B X USSR A L o BROAMETEL, Jrbks
ElRRB =D DL A L o R X CHREEFH U,
7 EHERAISNT R L, BRRIZLIEET - 2 Pk
i=100— [(VARO3-1BRAEERX OFMHHE X100) / (8
WP DIEFHERE) ).
s B

FHEO T F v REE % H1.0X10%ell/ml @
VARD3-1#k D 1 4B RIRBLEE L =K &, #91.0X
10%cell/ml O EIREIZ | RERDIS AL L 7= (X (3 202 BRRAT
87.4L %D, b HERHENES -7 (Table 3-9), ¥
1.0X10%ell/ml @ VARO3-1#R B ¥E 12 1R R B0 L
=RITEAERN24. 0 & b, BHESIRETED S hikdr o
{Table 3-9}.

¥ 7=, VARO-1BROH Iz B+ 5 801 G-Ag-27H
OEHE $91.0X10%ell/ml) ZEHEBEL 2K TH,
VAROS-1BEE O M 1 10° R 0°10%cell/ml DX & ¥,
%z VARSI OE R TEELHE L 2 B8 XD Lk
PRI/, ThThHRMIE43.7, 49.9TH o7
{Table 3-9}.

3 HROBBRE, SREMOESRBOLEIC S SRR
B (s rastEg)

REHIOEOHER LY, #71.0X10°cell/ml © VARD3I-1

PROWTIT 1R TR U =188 T 3 O BRI R

Table 3-8. Effect of strain VARO3-1 on crown gall of grapevine and tomato seedlings after dlpplng plant roots in
bacterial cell suspensions In the greenhouse experiments®

Tomato Grapevine
Treatment Plants with No. of Protective value” Plants with No. of Protective value
tumozs’ (%) tumors/plant (%) tumors {%) tumors/plant {%)
VARO03-1 26.4** C 010 62.1 8.9~ 0.17 71.4
Sterile distilled water” 69.7 1.06 31.1 0.44

* Data are means of four experiments of 10, 20, 15 and 28 tomato or three experiments of each 15 grapevine seedlings per treatment, and
tumor formation was assessed 8 weeks later for tomato and 12 weeks later for grapevine

¥ Significantly different from treatment of sterile distilled water (**2 < (.01, ***P < 0,001) accorchng to Cochran-Mantel-Haenszel test

* Protective value (%) = 100% - [(% of plants with tumors in treatment X 100) / {% of plants with tumors in sterile distilled water
treatment) ]

" Young plants were dipped in sterile distilled water 24 h before being dipped into cell suspension- (10B celis/ml) of Rhizobiwm vitis (Ti}
strain G-Ag-27
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RMEhLILARBREN:, Z
DFERRD R IR L 7.

ZTH, ELEEHT

RHEBLUHEE

HERAERE L THA L oBRM R, vitis G-Ag-27#k,
At-00-23%k,  MAFF211674Bk, MAFF211676%%, JemslE
M R, vitis VARO3-1#E & CIERIFE R, rhizogenes K84
ARG SEEREFREREMICEREL, 27T
TSRS E LT, A L o BRI 7 hFhl.o0
x10%cell/ml, - VARO3-1#k & K84#kid £h 2 h#gl.0X
10%cell/m] DT TERL 2= HEit (& Lkgl)
lkg 7= 0 LEHA L o ERMFEIEEROEE (W1.0x
10%ell/ml) #SREA L% D500ml % B < BERA
77 FoRENA Lo REERE (W5X10°cells/g) %
EUEy b (B EElSem XFEE12em) IEHFEX10cm &
THRELE TR ‘34 924y b EEENLT
B L IELSOE s TR TE£EDL/20OMBE TN L,
VAROS-1#E (891.0X10%cell/ml), KS4HROEW (191.0
X 10°cell/ml) % 7= XM A R A W e & vk
ZIAT L ST L TR0, TEHREEL - WICH
%, 7FOEEAA L oREIEHESERES LAER
H1.0%10°cell/ml) 127°C CLISARR L 728, 20074F
GAISHICHRE AT UK JFy MoEMEL 7. 1
BiREIMEN 5 A CEME L, H128B%RIZEE X TR
BOBRAL o BEOAEEHEEL, RHEEE, ks
ooBA L ERESLUTRMEEREMLE. TR
ERAISHETOHRAL, RBR4ET -2 BikB=100
- [ (F#%Eﬁﬁ&ﬁﬂ@%ﬁﬁ% X 100) / (JEVE X o

RIS ), IR '

MILREEERE v 7 — BERBIBTRRE

HTE

% =

ERERTD 7 F Y S2E W& VAROS-IHOEE (W1.0X
10°cell/ml) 2 1R RREMALIR | 7= R D RAHRE (4305
DFHE) MR & i3 K84tk % [ &4 TR
HLAERLHRLTHARICIELS (P<0.05), BhBREA
91.8Th b, EOMHRERIATED S (Table 3-10).
K84 O RFHEHEIHRE & ZITFRRETH 1,
BRI s hk 572 (Table 3-10).

4 REBAEAMBOT FIIREN A L wiRcHT 2858
HE (EEHR
CHhETOHBRNABREORBRI D, VARIIHET
BRI RT3 Z 27 FYBEAA L wEic
WIS R A CE I e e b ko7, &
I, FFoWERALEEBRE T OMRERNL
7=, :

MRBLUEE

MBI E LTHA L oM R vitis G-Ag-2TH,
At-00-23%k,  MAFF211674%, MAFF211676#%, JEm/E
PR vitis VARO3-1#k35 & UIERRIR T R. rhizogenes K841k
o IR Y

"RAERL (FEHE20074R3H31H, #EF200740H28H) @
B BERBRBAOEUMBH EREBE LB v 4
Yo b Fy ML Im (L.1m X Hlm XA Im) %22
Ay, 2RRTCT ok HEDTFY ‘245 - 720y
MOIREROBARRTEEDL/2OME TN L,
VARO-1#EOETE (91.0X10°%ell/ml) % 7 I3MERY

Table 3-9. Effect of strain. VAR03-1 on crown gall of grapewne seedlings after dipping. plam roots in bacterial
_ cell suspensions in the greenhouse experiments” S

Pre-treatment by pathogen

Treatment by VARO3- 1

Cell Treatment Cell Ireatment Plants with .No. of Protictive
Stain sugpention + . Stain suspention 7, tumors (%). tumors/plant value” (%)
(collg/mp)  time 0} (colli/my  1ne (0) : o
- - - VAR03-1 10° C1 5.7 0.07 87.4
- - - VAR03-1 10 24 6.7 0.07 87.4
- . - - VARO03-1 10° 1 40.0 1.13 2¢.9
G-Ag-27" 10° 1 VARO3-1 10° 1 30.0 0.60 43.7
G-Ag-27 10° 1 VARD3-1 10° 24 26.7 0.33 49.9
Sterile distilled water” - - - - - 53.3 0.75 -

* Data are means of 15 grapevine seedlings per treatment
¥ Only a tumorigenic strain was used as inoeulum

* Young plants were dipped in sterile distilled water 24 h before being dipped into the' mixture of céll suspension (10B cells/ml) of R vitis

(Ti) strain G-Ag-27, At-80-23, MAFF211674 and MAFF211676

¥ Protective value (%) = 100% - [(% of plants with tumors.in treatment X 100) / (% of plants with tumors in sterile distilled water

treatment) ]
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K (RAERX L LT SARESSHICEEC AR T LS

EELTH0C, URBEBELL RICRCEE, #
AL o TGRS AT 2 SRIEA L 2W1.0X 10%cell/ml
OWHIZHNT, IRABELE 208K, 12 X7
Y by b BH7D VAR0S-1HAED b SR A E Ak
O &R EFNISHETOEME L (BKE15cm), FAlo
TR AR % S ERA U 2#5.0X 10 cell/ml OB
B1av o — by b B0 200 BEE L . EAEI2
~3H B EICHRTTICHEA LT - /2 N6y AfRic2fhk
#MOET UTHRB XCREBSEONAL o BROFRE
ﬁﬁb RpeikE s S UBhRG 2 R U 7

AER2 (FEAE2008%E4HOH, FH#E2008410A12H) - &
B SRR AERBRYARELZEN VY
J—bs¥w b Gl 1m X#1m XEFEX1m) #3220, 3
REITEI o7, FTFY ‘34 v2Hy V' 4
EEEORERATLEREDI2OMETHRL, B8
% VARO3-1BE O B (391.0X10°cell/ml), K84%kD
B (#91.0X10%ell/ml) A3 MEATAK (R0
F&LT) D@L TH0C, IF/SEL - ®ki
HE, PALoEREEFARESRES L A01.0X
16°cell/ml DETEIZHI20T, 10MWRIRMEL 7= 0%, 1
Tvs Y- bEy b B D VARDS-1HK, K84k 7=k
BHBAERALEOW L T Eh kT 2E/L (HRE
15em), HA L oEREEAEKEFEEALLH5.0X
107cell/ml DEHEALZ Y 2 Y — FFy b b 0200

TabIeB -10. Effect of nonpathogenic Rhizobium

strains VAR03-1 and KB4 on crown galt of
grapevine seedlings after soaking plant
roots in bacterial cell suspensions in the
greenhouse experiments”

Treatment P]antsywith No. of Protictive
tumors” (%) tumors/plant value® (%)
VAR03-1 3.4a 0.07 91.8
K84 3%.7b 123 12.0
Sterile distilled water . 41.7 b 0.88

* Data are means of four experiments of 15 grapevine seedlings per
treatment. Plants were soaked in cell suspension of antagonist
(10° cells/ml) or sterile distilled water 1 h before being planted
in a pot in soil infected with-the mixture of cell suspension of R.
vitis (Ti) strain At-90-23, G-Ag-27, MAFF 211674, and MAFF
211676 at a final concentration 5 X 107 cells/g soil

¥ Means followed by the same letter are not significantly different”

according to Fishers protected least significant difference (LSD)
test on the arcsine transformation of the data at # < 0.05, NT;
not tested

* Proteetive value = 100% - [ (% of plants with tumors in treatment
X 100) / (% of plants with tumors in sterile distilled water
treatment) ]

L7, ER%iE2~30 5 = (CHITic A+ T 4. =M
Wer HRI-2MEROEZ LTES I UHERDO XA
LoERoF ks BE L, BntkEs kOB FL
L.

FhER3 (mEAE20084E4 A 198, WE20084E11A27H) ¢
%%%ﬁ%&iﬁwa}ﬁﬂﬂﬁiﬁﬁl%m.sﬁ (17X 4.5m) - &
12.0m> (8X1.5m) M6E iz, 1AHE S~ DIRHT
fFo =, 20074E3ASIH I A L w BREHAEKEF
ERA U AER (W1.0X10cells/ml) #EIHEBET
400L % BBk Fe WA L C BB L Lk, TF
v VA —3 OELAZER (BR) OREELRATE
BO12OMBETHR L, B4 VARII-IBROEE (#
1.0X10%cell/ml) % 7 3SR A (BLAER L LT)
ICEE L THI20C, IFREFE L 2. Ricli®, FALw

Fig. 3-b. Biological control activity of grapevine crown
gall by nonpathogenic strain VAR03-1 of
Rhizobium vitis in a field test. A: Grapevines
seedlings were planted afier a presoak with
nonpathogenic strain VAR0O3-1 of B. vitis
followed by Inocutation with a cell suspension
of tumorigenic strains. B: Grapeving seedlings
were planted after inoculation only with a
cell suspension of tumorigenic sirains as a
positive control. Tumors (arrows) developed
on the roots or stems. The photographs
of grapevines were taken approximately 6

. months after planting in experiment 1.




102 ML RS + v 2 — REMBIENRE

R AR A SR/IEA L 91,02 10%ell/m! OB
124920, SEMBE L. 20, 1KH7% 0 VAR0-1
BE A iR A AL ON £ T P hI T o ER L
2% (%RR150cm, #ES0cm), BA L o ERIEHIEE
ASBREALAEE (W1.0X107cells/ml) FEHL 7=
BRICICAL 0@ L 7=, SRR EBEEICE Y —
bABE, BARRBICT SRS o R EHET s B
EHRAEBOEI L TEE LTHESORA L bR OH
HAREL, RBREHES L UBARIE M L.

ER1~31 34T BRI 100— (R ki a
KOFERHEX100) / (MAERXORREE)) ORE
KX THEML =

#® R

RBLUCBET 27 FoBEIA Lo RORE IS~
RRBERGETH -7 (BREXORRKHRES.7%). F
MR DT FoEEEE VARS- 1RO EE (91.0%
10%cell/ml) {Z24RERI RN U 7= K CHIRRIR A R0
bhix (BiERN63.5;, Fig. 3-5;, Table 3-11).

REUZ BT 3 ARORERY~DRETH -1 (8
WERX O FFRELL.0%).. BREAOT F o REH%

o7

VAROS-1BR DB (%91.0%10°cell/ml) 1= 1REMRIE AL
BLERCRFERZ < ED T, KUOUER B & U R
BER &l U T RFERREERI AT WZ e (P <
0.05), BV HHRHELRED bRt (BHRM100, Table
3-11). &7, KSMROEH TRBOLEEST > 2K Tl
EL{MiBRBRyP BB o hhd ok (BHEM15.0, Table
3-11). ~ o
HECBITARFRORLERBLIRBETH - (I
WER ORFERIE8.0%). BHIMO T FoEEY S
VAROB-1BEDEHE (H91.0X10"cell/ml) 1= 1FRERDZ I
BLERTRAKIEAEX LI L TERIZ %L
(P <0.001), B BhkRRIR A TS b hiz (BHERE92. 4,
Table 3-11). '

5 £ & .
A TREBOBRAOHEEBELT, 7 F i
BHRALEIC & B VARSI OBRGRIZ DOV THRE L
7o By MEEROAERAREICEWT, EEMO®
k VARO-1¥ROBT (W1.0x10%ell/ml) (= 24R5R058
B L3R, 7Py HRERAL oREIc X s REE
HE 5 RAAD 6 Rk &7, e MEEFAOEE

Table 3-11.. Effect of nonpathogenic Rhizobium strains VAR03-1 and K84 on crown gall of grapevine seedlings
after soaking plant roots in'bacterial cell suspensions in the field experiment’

Experiment 1

Experiment 2 Experiment 3

Treatment: reg?c;a(:jdn Plants wif_:h Protective Plants with Protective Plants with Protective
’ tumors (%)  value {%)' tumors {%)°  value (%} tumors (%)"  value (%)”
VAR03-1 1 -20.0 0.0 6.7
2 6.7 0.0 . 0.0
3 NT 0.0 0.0
Mean 13.4 63.5 0.0a 100.0 2.2 92.4
K84 ’ 1 NT 21.4 NT
' 2 NT 7.1 NT
3 ) NT 7.1 NT
Mean - - 11.9b 15.0 - -
Sterile distilled water 1 40.0 20.0 46.7
2 33.3 14.3 20.0
3 NT 7.7 20.0
Mean 36.7 - 14.0b - 28.9 -

* Data are means of two replications of 15 grapevine seedlings {cv. Neo Muscut) per treatment. in experiment 1, three replications, of 14
grapevine seedlings (c¢v. Neo Muscit) pér tréatment in experiment 2, and three replications of 15 grapévine nursery stocks (cv. Pione)
per-treatment ‘in experiment 3. Plants were soaked in. a cell suspension of strain VAR03-1 (10° cells/ml) or-sterile distilled water 24 h
before being planted in experiment 1, and plants were soaked in a cell suspension of antagonist (10° cells/ml} or sterile distilled water 1

h before being planted-in experiment 2 and 3. NT; not tested

¥ Protective value = 100% - [(% of plants with tumors in treatment X 100} / (% of plants with tumors in sterile distilled water

treatment) ]

* Means followed by the same letter are not-significantly different according to Fisher's protected least. significant difference (LLSD) test

on the arcsine.transformation of the data at 2 < (.05

" Significantly different from ingculation of treatment of sterile distilled water (**"P < 0.001) according to Cochran-Mantel-Haénszel test
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IESEAERER T HRRAED bz Ep b, ]
EEEE T, 7o Ao L T S PRBRAY
IR CE AMEEME AR S i,

ﬂ%ﬁEMET%%En%@ﬁ%ﬁﬁeﬂa%ﬁr
WS LB #91.0X10°cell/ml @ VAR0OI-1#KD
O AR L T 5 8 A, #91.0X107cell/m] @
T PR R L 22154 TIRITR SO BRI R
BoRis, FO%ESICRREHEEPL TRIL:
KRR, #1.0X10°cell/ml HEWECD 24HF I 33 BUL B I B BR
fi71.4 (SERBREE) 173 L1.0X10°cell/ml DEEIC1FE
RS EMEE TR BARM0L.8 RBERl) &b, Kb
SHEOEETH TR OLETE PRIRER
BB LD PE LS. ERBETIRERE TR
HATE 3 FABEEEEONEENBVEEDhER
i, 1.0X10°cell/ml T & I BER % 0 o TETHALE S 5
LR L R T A RE H 2. EOE
Ji & CAVERRRIY 2 40K L T S R OBRENEMRR E NS
PEDNTRSHROBETH S, 22, 7FyEHIORE
W 2 BRE L 2910 VARDS- RO WIS BRT 3 L v
5 MR A AT L2 4t T ORAUIAE & s U TR
REER LT R 6, BEMITBRL ERISHL
TREVLERSRRREADEVEELbRE. MEDT
ERb, Wﬁ%ﬁﬁ@ﬂ@%#&bfﬁ ERERI DA
%1.0x10°cell/ml @@?&idﬂ#ﬁsﬁ&«ﬁ&&ﬂ'&‘%ﬁ}fﬁﬁ
(BEHELGhE

— AR AR E S BT B AR M O BRI RIS D
W, NEEOER E % R CORBRO B 35
HTEENY, EBRBRTCOREHERDRE LS L
RERIIERIC A, AR TIEEERBEANICAL
FEREIE A ek L, MRRITHEES & UBHRE TEBIC
BiT 3Pk E T - FoRER, BB SRARERNIZ

BWoohi LhrLESE, REOMEERICE>TH
%t%#@h %IMMMﬂMM?%ﬁﬁﬁﬁMELt
BEED 3H91.0x10°c6l1/ml TR RS EILE L 22 84
OFBREOHRRER L. TOT LRERARRT

ORERE—FLTED, #1.0%10°cell/ml TIHFRIEH
mET%%ﬁﬁiﬁmlﬁtﬁhfﬁﬁﬁféék%x
bz, :

SE HEHoERICEERARE, BERRE D
oAt A U e TR R vitis OBETH A L B O OH
BARA LTV, A KU B I BRI 7
LTWE X4 T THD, MHOERNELET S LECS
B BRI @B AT LG, VARSI BT
BB EEEROAEE 2D, BROELM
HMTHETE AWHEATBRL TS, Lo lais,
AABMTHBORERAE < Br 520, Ko STEH
BFHFTONRDRERETTE LRI H 5.

B8 (1993) /S BESA L RETH B 2A
Lo TERLHE R. rhizogenes O T BATOEEE F—RIC
10°cell/g LFIEE, A Lo f@s TiE10 cell/m TH D,
BAL o BESTERCREL LTHEFETAHEESA
#- LT, JERIEM R rhizogenes K84#k# 10 cell/ml
ORETOETMIHRIITETHE L LTS, TF
YHESA L oiETH BHBA L R R viis 2, —
B LB TEr AR I A I ERIELALZESL
(Bouzar et al., 1993), LD 7 7 ORFER TR
BEETBEEWHREMRS S5 (Burr et al, 1995), K
ROREFBOLBERTOLEFEER A2 TR,
k- THEP (1993) OFMELBEICL, BHRARRTR
5X107cell/g L OFBEMEEE OB REHEEERL, B
BERERTI31~5X107cell/m] BEORM A B E 34
WEmICHAA L TERTEE L 2ORBERER
R. vitis VAR0S-18kD10°cell/m] SHE OV TR HlR
MERERI N b b, EEORKBEIEI LT 25
BMEOEE TERFENETH 3 AEMENTEL N
7.

BEEREIC BT, VARI-IHO T F o BsEEa
a7 F RS A L eROBRIcaNTH 5 LA
bhbrat. TEIRAESET, REEEDEDORK
AR5 ~206Eiz B D, FOMBICHFREMNEICRRE

Table 3-12. Population dynamics of Rhizobium vitis strain (nonpathogemc) VARO3-1 in the roots of grapewne

cv. Neo Muscat after inoculation

Logio CFU per g (fresh weight) grapevine root’

Treatment

Months after inoculation

\ ¥y
1 7 7 ) Average
VARQ3-1 7.24 £ 0.15 6.91 1+ 0.23 6.18 % 0.39 4,67 £ 0.84 <2 6.25 = 0.40
Non-treatment . <@ <2 <2 <32 -

* Data‘are means of three. grapevines. Mean logiy * standard error
¥ Caleulated an average thé datas from 1 to 22 months’
* The approximate detection limit was 10° CFU
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L, BT 5EMMAH5. -7, BEERNEI L
B IREER OISOV TRET T 3R B 24, F
DHITIFF VAROS-1#O 7 F o OiRIc I 3 2354
EOWTHOPCTBLENSES. ZHIZONTREKS
THRET3.

FAET TN BREICB T L W EMS
. Rhizobium vitis VARO3-1¥ED ERS M
& B BEsh R o Eri
IhETOERNE, IR R. vitis VAROS-18:0D
7 P RERRAE P REN A Lo BOBRICEYN T
HIEHFMHLE S HEURBOEMNNRE LT
EUMEET5HE 03158, 2 0EHZ0RE
B~OFE, CHWEFEEICH T 2854EHE, BREELD
e, WREFR, OBETHEPOEMESEY, (6
B ERBME R IHE L THERTS I sk - TRAX
h3 (EH], 2003). LHEREICHT 5 RHME O
iZid, FEPHESE b TEF UL VD, i
ERFL T TERENE T 5 2 OFE R R T
ELEVWEOMBENSL D, NERMICHTIESERETN
AR TOLENS B Eh T 5 (BT, 2003).
2T, IR R, viis VARO3-TBRO 7 F o &R I- 3
T HERHEWEEEL, PRsROMFHEIIOVL TR L
. . ' .

| AREBRELIEC LB VARD- KO T K2 RIBICH T

AEHYE - ~ :

, MEE L UHE

BEERE R & L TIERIE M R, vitis VAROI-1AR % I
BRI L - 527°C TASR RIS HE L T, #W1.0X
10%ell/ml DEWITEB LA, TFY Sd - v R Iy
b O ERERSHFRELUEIEEHROBEERTEED
120K E TN L, B#E VARDS-IBROMHEIZSEL
TH20C, 24RFRAEFEL 2. 2o, BEEHEL (yun
B AFEIH0em ETHHLAH b (AELem X
B&12em) 7 PO EEEMLA (Q005E2H24A), &
Fz, BAVEE LT, 7P R A 4BREE
WU ISRy PSR 2 RBRE & 8 7= ehEge
EIMEN 7 ABTEHLE. HOEEHEOBEIERN
FARMEIZ TIT - 7. WEE2005FE3H 240 (IS0
M1 A%), 20064298270 (K975 A%), 20064E4F 20
H (#1442 B#), 20066E12326H (3225 Hik), 2007
F12A208 (M3 HAH) b0, EEBIERA S, S
RAERN (Wlg/ #) LT HAKIER0% ¥

$27H

SN ZISERBELTCERERE L, BEAKlml 20X
THHFTEBRLIOMBE L. LBA%L107
~10 1% TEIRER L, R. vity SR RIRAT g
HT® %3DG B (Brisbane and Kerr, 1983) 12 8%
0. lml B0 LC2TCTTHMISR L 7. 2 O8%iEm
B E Moo= — &3 L
% B , .
7Py iREERANE LY LT, VAROS-1BEEOMEW
1.0X10°cell/ml T, 24BE OB TR 5z b T 5,
VARO3-1FR T QB 4 5 12 4 1IZH B HA + 2 il %
Rl Tabs, GBS BB CEERA10°CRU
(colony forming units) /g iRIBEEF TIELHIZHD L,
AUE224 B #101210°~10'CFU/g RO BB AR T &
7oA, MLEERAS I RMMIRTLF & & 57 (Table
3-12). MBE22 H1 % TOESHE X A FHE% SN
10°CFU/g i8¢ & 5 72 (Table 3-12).

Fig. 3-6. DNA fingerprint patterns of 11 strains of
Rhizobium vitis revealed by rep-PCR DNA
fingerprint analysis with BOX (A) and ERIC
(B) primer sets. Lanes: M, 100bp.marker;
V, VARO03-1; 1 t0.10, each isolate obtained
from grapevine roots of VARD3-1 in survival
experiment. :




JIED s 7 K o #8EA A L w ORI & btk s X ORIEAE O RAEIBATIZ BT 2 BT 105

2 RREREHICE->TESh-BEHEEE VAR
. OBEiEES S CREEMEO B
—ﬁmr RO L - HsR O B R e T
Be, BETEMBEIBMCED v -7 — L& 5%
mﬁﬁamﬁﬁéﬁ%é&tﬁﬁ%ﬁwézaf,ﬁ&
et s L EME rEEREEA-TH5 T
LARFFESE 6R TS, Burr & (1995) BT F
SHBEAA L wREHO 7 FyRECOEFHRORAED
Bio, ERRATEEFFD16S rDNA & pTi @ PCR-RFLP
SRV FSE — VOIS DA L RE, 5 DB
B E—TH B LHAAT 5 FHRERAL TS, &l
BEIEIC BT, Rovitis BEHRIZE 52 Trep-PCRD
SRYFRA— VAR LEM G LTED, A
VETOT FyRE» 6 OBAREONLF Ty 7 R
PCR, rep~-PCR /S F28&— v L UHHEESE, #
METH 5 VARSI L KT H I & T, ﬁﬁ%ﬁﬁ
BEERELF—THE I LEWRLI
M BEUHE
AEUETOEBEERICIDG Hi LB Ehizaw
= — FiEESICH (10~2022=—) 'L, a0 =—
AR U VBT L, REZERAK20n] IR L,
04°C TLOATEMBA L 225k, —70C TEM &4¥ T DNA K
Wl L7 Zhia@iillLTtvLF Ly 2 APCR%E
T, oo —HIEREER. vitis TH D eTEREL .
<2 NF Ty A PCRITHEUSHEIMVE L AROFET
ot e, KEETO00644A20H b X V20064
12A26 H OBERIZIDGEM BT Ehiaon=—
AR A (10~200w=—) L, ML TR
B I- V¢ BOX-PCR ¥ £ UF ERIC-PCR #17\»
Hauo—0Ny Fox— 2k VAROS-IRR & Jhl L 7.
BOX-PCR % & ¢* ERIC-PCR (355 1524535278 & [FIHD

HETIF o7, X 612 rep-PCR CH&R L O BEE 2
510G A MIERIDEY, BREL LTHA LoRRM
R. vitis G—Ag—ZTﬁE%FﬁUTS{aHii%ﬂEJ:UDFHEH%E‘C % TE
B . FIEIEIRSIEE L EROFE T 5 7.

& 2

2L FF Ly & A PCRIC & » THFHE i2414bp D

SNy PO Eh, IEMEMER vitis THB I LN
FEhr (F—##&W). BOX-PCR # & O'ERIC-PCR
2T, BABEO/ Y K98 — Vi3 VARSI & —3
L7= (Fig. 3-6). %7, BAEEHENAL pBRER.
vitis G-Ag-27HRi= 3 U T A ETRIE M & R L 72
(Fig. 3-7). Moz bmb, BIRHIBEETSD
vmmnﬁfaaa%ﬁbt

Fig. 3-7. In vitro antibiosis assay agalnst Rhizobium
vitis (Ti) strain G-Ag-27 as indicator strain.

' Paper disk No. 1 10 3 with a suspension of

each isolate obtained from grapevine roots of
VARO03-1 in survival experiment were placed
on YMA meédium piates, which were then
misted with a dilute suspension-of G-Ag-27.

Table 3-13. Root colonization of nonpathogenlc Rhizobum vitis strain VARO3-1 and H rhrzogenes strain K84 in
the roots of grapevine cv. Neo Muscat after inoculation

Treatment

Logs CFU per g (fresh weight) grapevine root”

Cell suspention

Maonths after inoculation |

Strain’ Soaking time gh)

¥ g 18*

(cells/ ml) | _
VARD3-1 10° 1 787 +0.12a 7.26+0.13a. 596+0.13a NT
VARO3-1 1¢° 24 7.47+0.10ab 6.90+0.14a 563%+0.10ab 619009
K84 _ 10° 1 6.99£0.04 b 5.71+£017b 458+0.12b NT
Ka4 : “10° : 24 : 7 4 40.20ah 557+020b .4.20+0405h o=y

* Data are means of 10 grapevmes Mean logp = standard error

? Treated grapevines were planted in pots with seil on 1° March 2008. Means- fo]lnwed by t.he same letter are not significently different

according to Scheffe’s test.at P < 0.05

* Treated grapevines were planted in pots with soil on 6 June 2006
¥ NT, not tested '
¥ The approximate detection limit was 10° CFU
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3 ﬁ%&ﬁﬂﬂk&avmmwﬁtkmﬁmfﬁvﬁ
BRicHt T B ER MO LR :
Lﬂifmjbﬁmﬂﬁﬁﬁﬁmaﬁakwf

VAROS-1%k & K84k OBIBATLTE R, TRy

BEfTOREMCOVWTEHEG» TRV, 22T, Wi

ﬁ@ffbﬁ%f@ﬁ%&%wﬁbt

JI‘?I?F—H& FUHH

PEAERY U TIEREY R. vitis VAROS-1¥5H X UME
FRIRHE R. rhizogenes KB4MRE B\ . BHFRE RIS BT,
#91.0% 10%ell/ml & 7 i3491.0X 10°cell/ml DW= 38
Ll TFY 3F4 9209 M REESSHERL
7 LR B0 OB A AT 2RO/ 2OME TN U,
WA R EICRE L TH20°C TR 70 i3 IR
BL 7. FDiA, Efrig'i‘. {2z v viLEE i’i‘gﬁ E#10em
Ed Tjﬁjﬁ b?“”l’ W }‘ (ﬁl§15cm X% E12em) EFFW,
AN L. Rk B2 T, 20069E6 A6 R
1213 VAR03-1#k & KE4H DL, 0 10°cell/ml 355 724
WERTAREE L 7 A BAE L, 200843 A1 H 12412 VAROS-1
B K84JEE®¥’J1 0X 10%cel) /ml ¥4 FF 24 Bk P A0LEE o O
10X 10%eell/m] HEE 1 B0 BEMEL -, B
MBS 7 AETHEHL %, B L & T F o 105k% i
#L, HOES &@ﬁ!ﬂﬁiﬁ&?ﬁsFmE&Kﬁﬁllﬁa EiE=
DFHETH - .. WEIZ20064E6H 6 B EAEDHIZ20074
RATH (BRMEBAI8H»A%), 20084381 H 2
OHIT200843F24F (W14 H ), 20088E6HLH (W
3 B#%), 2008F11A25H (WorHE) i=fF-7% B
SHEE O BEE L M—Td 3 Z L OWERIZ, VAR03-1
HIRAREHOK & AR, K820 Tid

—4—VAR03-1
_—~D=—Water

Plants with tumors (%)

0 3 - 14 22 s . 47
Months after planting

Fig. 3-8. Effect of Rhizobium vitis {nonpathogenic)
strain VAR03-1 on crown gall of grapevine
seedlings after dipping plant roots in
bacterial cell suspensions in the g‘reenhpuse
experiments. Arrows indicate the day when
grapevine seedlings were re-planted in pots
with new soil infected with a cell suspension
of R. vitis {Ti) sirain G-Ag-27.

R. rhizogenes DRBFIGH T H 5 2E &H# (Brisbane and
Kerr, 1983) 2 T7 ¥ wifh 54MEL 7274, Stonier
MDFE (Lopez et al., 1998 ; Stonier, 1956, 1960) T
RO T 271 3 Q4B R A-SHE L 7=,

L=

VAROS-1HRME X 45 DR 1= DT, v A+
7Ly 2 2 PCR, BOX-PCR % &' ERIC-PCR 2k 3
N Bt — v RSB TR O R TR
ER—THBZ L 2R LA (F-248). Tk K4
PRALER DV TS A% Stonier DESHLT fH 1EH
EBR LT e, K4kLHITL = (F7— 2 B1).

20085 DEMERRERIZ 517 5 BRLE » AR OB,
MEPEEL.0X 10°cell/ml D1 17 351 T K84
BRI X AT VAROS-IBRMVER D1/8EE OB L 5 0,
VAROIHABR LD & HE (P <0.05) Ldhho
7z (Table 3-13). ALEE3H AH CIZMBEEIZ hdb 5
T KS4BRLPER ORB A VAROS-IMALER L 0 &% (P
<0.05) 1=4%& <, VARO-LHMER 2410 CFU/g #8
XL, K84RkALER R #910°~10°CFU/g BT, 1740
~VNEEOEHK TH - /= (Table 3-13). AE9»
R#TeRABOMEETR L, KBOER (H10°~
10°CFU/g #) 13 VARO-1IMAER (W10°~10°CFU/g
1B} D1/20~1/60E0OEETH -7 (Table 3-13).
F 7, 20064E D RHERER T 5 () BAMIHB18H AT,
VAROS-1HRABX 13 #910°CFU/ e RO B E 5 hute 1,
KS4MBX TR I3 8 2 hd', BMEBRUT L2 -7
(Table 3-13). MEFMADBRVISDWVTIE, VAR03-1
B, KSBABR TEhEPhERLZRAD AL S 5
7= (Table 3-13).

4 RENRRLEC L SIFEFE R, vitis VAROS-1#R DB
BRpROF R (mﬁmﬁﬁ)
224, H1.0X10%ell/ml O VAROS- IR OWHI
AW ERALE U 2 B8 OFRIIBROREHEII OV TR

BT 5720, R L 2 RIESA TRERI L T e E

L, RRRETICBIRRSIE A B L 2.

MR B LUHE

BEEREH & £ OB I L UTER T O M3 BT ETLE(2)
EEBIIT % TFY ‘3 -w2hy M 2EE
H R L IEEHOE 4 A TLENL 20 ETY
WL, VARG-IBROER Z -3 BEAEA (Eamx
ELT) ISR ESI kAR LS ITEEL TR
25°C, 24BFRIMBE L. WITHOREMEFIICT Ko
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BEHAL oY G-Ag-2THOBRIC2TC TIRHEREEL
7ok, Bt AFHELAERYEy b (B, EFE15em X
FEE12em) K7 FoEAEMELAE BEREENRY
FAETHEL /. BEII2005E5H25H (I3 H
%), 20064E6A17H (14 A%), 2006FE12A9H 3
2270 A#2), 20084E1F 158 (#9354 F#%), 20094E1H16
A G477 H%) i, FUHEy b oHRERDEILT
Bh L UBBESOBA Lo BROFELHEE L - RHE
BOKRELEFRETECILOR » FIZEBEL =5,
20064E12 HOH BFERICH, Fi-icER L 2BRL
0.5X107cells/g 1) ¥ FEULARy FBOEBATH
EfRAEELE. FFOERRKSGHRToHEL, BB
VAT 5 7= BRI R THB L 2. iR = 100—
((VARO3-1#RALEEX D FIHHRFE X 100) / (EAHRE DR
RTREE) .

wm R

MBS B HOREREL VAROS-1HRNBIX 4513, 3%,
WAEE (W ACGLEE) [X4333.3% &0 (BHRRMEGD. 1),
VARB-1BOMBRIIRAED b h iz (Fig. 3-8). 0D
BIES AR E T, SABREF-ICRRENREL
B A, VAROS-IBRAEEX THL#T - A RBRHRORE
FEB ok o (Fig 3-8). AEISH»HBROMEET
id, VARO3-1FRMLEHX 5133.3%, fEMERXH386.7% &%
b (PFBRME61.9), WX CHRFEHREMBEML 2 £ O%,
BEATAABICIERE & L BRERIEML A o4
(Fig. 3-8). S

5 £ B :

AMTIE, R R. vitis VARO3-1O 7 F 7 iREP
EHTAESRIIOVTRE L 7 F o RBEEL
4 VARO3-LBEO B HEMEER1.0X 10°cell/ml, 2484
BE T o 2184, MER» A% (U2ER) 121310~
10°CFU/g BBOBEARHE T % /=45, AT At (W
SER) KERHBRAL T koI &h b, VAR
M A3 TRIBIBRUT OME S TIET T 5 24,
MEBEFIERIE 7 F Y IBSBIc» 2B OB R+ RIFL
TEFHTEZSDELEELSNAE Burr 5 (1995) &2
AL oM R vitis BB UABIC BN
TFEFYOERE L UCHBEIC ST 2 EHOHR +HE
L, #2372 A #1210~ 10°CFU/g OB K TR
EINFEZLEWMELTED, FHRNORRLEIZT-HL
TwA,. X512 Burr & (1995) EHIEBRAOREMGE
OERILEEIER T ~10°CFU/g R, #EE
HT10~1°CFU/g RTE CHAET 5 = L & RIS

FERE L, SEIRAIE A S 7 F o MFEAR ISR 24F A
FLTEREERDBE L E LT3, RFFRMEO LB
PEOEBAEFENEHS T, NI RERA
Ll T, —ARIIC HERh OB BI3010°cells/ g 112
BTH5 (HOF, 1995). ERYIZKE, 2ALoTRER
vitis #310°cells/g LR FTFIET BB RLBETIR T F Uig
A A L o WORFEMNET 528, 10%ells/g LT TR
RBLAWI EAHE X TS (Bishop et al., 1988).
ABHEIEUEORBR L Y VAROS-1HE R ¥ LUF O
JFMIE o LT RRIHE R &R Z 26, VARSI
ORI R OREM ORFI10'~10° CFU/g RO
BAVR M & - LRI AETRRE LR S e,
VARO3-1#E DTGt % B MM AI1 . 0X 10°cell /m],
Q4BERI R & 1. 0% 10°cell/m], 1RFMISTCHEBIL
MER, BEME, 3, 9 ABROEHKIELAESNGTHE
EhaEEaL, BTRACBEOHE T I LD 5,
#1.0310%cell/ml, 1BSRIEHRT & VARO-IHRO T Ko
BB TOEFRIM I ERE LRI, —7F, K8
¥RiZ VAROS-IBROEBEMR E B L THLIZ T F Y
B TOETFREEA L, £FHBLEr I D
B, KSR T F B8 B 5EBMAEVEELS
Hre. K84EA 7 F o BEEAA L oo L T2 < ik
MERAETREDOEREIL, AL oTEERE R vids 53 KB4k
OFEETHIREWE Ty 0L VT IERSHTH 57T
Tk, K8k 7 FUERIcE T AEFEEOEKZIZS
bHLELLNE .
EEOHBRUDBOBEE I DL TEREBRRAR TH
ELAEIA, #1.0x10%ell/ml @ VARO-1#E D B
TS24 B HAE L g4, AE#EIr B ~220H
I ERBRROBREIIED ST d - 20, HLE35
P RBEOTEE CIIFERBEABIILE ZOREREL
T, VARO3-1#k O B AR BT A i i210'~
10°CFU/g BT & THS LD/ L, 20 %O
FEOBIZH 2= 2 BRE (#90.5%10cells/g £) %7
WLhaEy PICEMLAEZ L TrEPORENEES
VAROS-14RO B A — iz BB » 2720 EF A 5h
7=. ZORBIZH T 3 RSROBS AL, EEEN
OB & HE T M A PBRIRORBBMEE &5
BZEd b, VAROS-IRIEZTEFOT F o BHRB ORI
RAMEHIE L L THEET 5192FER (Burr et al., 1995)
O, BRI A L T2 OMRAORREIHT 5 2
LA TE S LERbRE Lo Lass, B
& o TIREHEN2EM L BT 5 TeEME S, (REW
ROEMES ZIC Xk b AEED SRR S EBItE X h
ZEEELHEILENS. TOY, R LR
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T B30I, 7 F oEOREIC VAROS- 13RO E 4
BEMUTHEERT 5O EEHE 2 TS MERS
5. ]

SEoHT  fUNE OREAA L wilici3 A B
FUES

IhETORERD L, JEFIE M Rhizobium vitis
VAROI-182 7 F RIS A L o WOBRICED S EH
METHBZ LMo h ko7 BESALORLT
Pl & eo R, F 0 8E& & & d0Ici4e ST
RETEIHETHD, BYEETEIELLTHAL oK
M R. radiobacter 35 L 1F R. rhizogenes BSREMIE & LT
T3, AHiTR, o bBLUNTIEANT, ZHS
DIRES A Lo FHEICH T 5 VARS-1#R OB RR %
ME L :

1" b7 FOBRBIROEC L DX VREHORES A
LU wiREic ¥ 2PRR (RiER)

REFIFUE T, BREEEKT 2 -0 0kemEy
LLT v P EBWTVRAEH, b bZBESAL oM
Bz 38 ALp OBELIFERICZTPTWED, BAY
RREVA L EEOREEREIC Ao RS (15,
1993), X BiZ, WA TIINRA L oTEEME R, radiobacter
EB b FREXAL o RREBRARBREORES LD
(Weller and O'Neill, 2006), S AR TERETHH
MRS S, FIT, FoREEHROBA L BN
R. radiobacter /=343 5 VARO3-18ROEEEIRE <
OB FNE TR L 7=,

HHsLUEE .

BREKL LT/ HERALoRETH S 8A LY
R R. radiobucter CH3#k¥ & 0° CHS#k, A% A#
ENA L oRE TH D R.radiobacter CO54%%, FEFRIFM:
R. rhizogenes KBARE, JESRIRME R. viris VAROS-1##& it
7. BRREARE ACEREHICEM L, 27°C C48RFRE
BUT, 2AL oBRIEREKIZNL. 0310l /ml, JER
B ERR 1. 0X10%cell/ml i BABIL 7. B+ (2
L NEEBY 1kg B72h LESA L o BREESEKOE
Wk BRES L= DO500ml (#91.0x10°%ell/ml) % B
LIRHNAA FE D AL wIEERYE R, radicbacter DTEHET (Y
5X10 cells/g £) RV Hy b (B, FEHFEISem XX
12em) (2B E10em ETHRELY bvb Friog-
4 (~AEH) OREFFERTEEDL20ME T
WiL, 1RE% VAR0O3-1#k, K84BROBNEE 2 3lms
A GEOER & LT) ISR L TH20°C TR L

7ot%, 2006%ESHTHICERLT AL ARY Ry bz
EHEL 7, BRI EET s A TEMEL, WeEs
BB LS UHIBSOR A Lo BROFELEEL, BH
e L PR e Bl U, BEULIEIfTYD, BRBIICE
WT P P EERIBBRER L 2 PRI R THEHL
. Hikgfifr=100— [(FHHERLER O FRHEE X100)
/ (R ORRRE) ],

m o #

VARO-1#RER ORI RAER L 8 L T
HIELS (P<0.05), ABEX LD RBHELEHLT
63.1% B L7 (Bikfi=63.1) Z &5, BHRREIEH
o (Table 3-14). F7, KS4RMEE L gL
THERREBICEELZT L, BR%RED LUBRM
RS TH 7z (Table 3-14). o

2 RoMOBRREFELBICLZASREHOREF A
L wiR@ICxdd 3RhRhR (HERAEER)

NIBELAALoREICREAALSHBRER
radiobacter & R. rhizogenes WTEMET 2 3%, #IE % i
LoHELT, BPETRENALeRICEBRELASS
AL ENAIREMEOLZ L IHRA L o EEIER
rhizogenes T#H 5 (¥F, 1993). FZ7¢, 35 REtd
DM A Lo B R. rhizogenes IZ33 5 VAR03-18k?
BARRENR % /¥ 5 OIFERE R E CHEEt L 7=

MHEELUHE

HRERE LT/ HHENA Lo RETE 584 Le
TERGAS: R. rhizogenes AtRIEE, A =  DEEEA L wiHFHE
WA Lol R rhizogenes Ch-Ag-2%k, + VEERNA
L wiEH 53584 Lol R. rhizogenes P-Ag-1#8,
FEFRIGNE R, rhizogenes K84%E, FERRIFME R. viris VAR03-1
BERHWE, HREECIBAREFIZRICEEL, 27T
ABMERRESIE U C, A4 L o BRI EIINT. 0X 10%cell/
ml, FEREEEEEARIEL.0X 10%ell/m] IZgRBI L 7. B
L (Z LB 1kg b LEDRA L o BRI
BB A SRIES L 726 O500m] (41.0%10%ell/ml)
R EEAAREIA L oTERHA R. rhizogenes DV54L:
(#5107 cells/e) AHXU Ay b (B, EElSem XFEX
12cm) (T E lQem £ THRBL A /7% 'O—Fo—4
VEEEARY (GK; 7 4/99) ORL+ERTEEDL2
ORIBETHWT L, 8% VAR0S-1H, KS4HkOMH S =
IREEE A (BAER L L) 2R L T#0T Tl
BERIE L 2f%, 200744 O ICiBSe - A T L A28 )
Aoy PIEHEL =, BERBRIENDY 7 2ETEEL,
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5 Aol L UHIEBESORA Lo R OH B H
HL, R EEE L2 RBREETY,
HERER T 3T T A ROBBER L . BAERMEE R
THEM Lz BERE=100— ((EHEHRAER ORERHK
HEX100) / (ISR ORRHE) ).

= &

VARO3-1BRALIE X D R #R 2 13 KBBRUE X 5 X U
HEMEE L W U TERAZEIRD bhikh ok, &
MER LD S RBEALE LT3 MRIL - (Pikkfi=
73.0) (Table 3-14). KB4HRAEEIR i3 MUELR O FeRIR
HEDERIZEL (P<0.05) Pikflii382.2Ta0, B
BeRisR 23508 b AL/ (Table 3-14).

3 EARLH P TOREEYE

T DGR, BEL 2THROARESA Lo REOEK
tﬁ?%KMﬁitﬂWﬂ%ﬂﬁ@ﬁ@ﬁﬁ&$ﬁ%
b TogEECRHE L L.

ME B L UHE

HETEEHEEONRER (Test strain) ICEIFRIES
R. vitis VARos-m'cthﬁI?ﬁ R. rhizogenes K844k %& H

vy, $ETRE#E (Indicator strain) & LTHAL w TR
R. radiobacter CH3¥, CH5#E, CO54%, MA L olERiE
R. rhizogenes AtR1#%, Ch-Ag-21, P-Ag-1#k, 2'ALw
FoHME R. vitis At-00-23%k, G-Ag-23#k, MAFF211674#,
MAFF2116768 % fiv iz, B EEREE I AR E1H
SEOFEITHE - 7=, RBRIZIETY, WREkKEERE
BO—20MAEbYH - 0 PIREMABCER, B
DR B L, | |
HEREH U TRV BB A Lo RE10E I
L, VAR03-1#RIELIE D £ TR L 2245, KB4RE A A L o
W HE R. radiobacter CO54#k L2 TONRA L wlERE R.
mwﬁﬁbfﬁiﬂ%%&b&#ot(ﬁg3@ﬁhme
3-15). %7, RUHETREH (0H#KF8HEMkK) XL
<, VARO3-1#EDF 48 K84bk & 0 & 33 FELE iR
ﬁﬁtﬁ%#oﬁ(ﬂg&&T¢h$5L= '

4 % =

ZHETORRBRTIHE, 7’F01ﬁ§zﬁfﬁlb@fﬁ'§
ha2BALOBERMER viisicHT 3 3?3%1?1& R. vitis
Wm%4ﬁ®M%%%% b?},tvaﬁxﬁjF

Table 3-14. Effect of nonpathogenic Rhizobiurn strains VAROS 1 and K84 on erown gall of tomato and rose :
after spaking plant roots in bacterial cell suspensions:in the greenhouse. experiments

. Tomate’ ] Rose’
Treatment No. of experiient  Plapis with tumors Protective Plants with . '
%) value \(%)‘w tumors (%) Protective value {%) e
VAR03-1 1 20.0 0.0
2 26.7 0.0
3 33.3 5.0 :
Mean 26.7a 63.6 . _;,5 [] ab 73.0
K84 : 1 46.7 ) 5 0
2 13.3 5 0
3 8.7 _ 0.0 ‘
Mean 22.2a 69.7 3.3a 82.2
i:::lle distilled 1 0.0 2.0
2 80.0 25.0
3 100.0 10.0
Mean 73.3b - 18.3b

*Data are means of three experiments of 15 tomato seedlings per treatment, Plants were soaked in cell suspension of antagonist (10°
cells/ml} or sterile distilled water 1 h before being planted in a pot in soil infected with the mixture of cell suspension of R. radiobacter
(Ti) strain CH3, CH5, and C054 at a final concentration 5 X 10 cells/g soil
? Data are means of three experiments of 20 rose nursery.stocks per treatment. Plants were soaked in cell suspension of antagonist (10
cells/ml} or sterile distilled water 1 h befare being planted in a pot in sm] infected with the mixture of cell suspension of R. rhizogenes
(Ti) strain x AtR1, Ch-Ag-2, and P-Ag-1 at & final concentration 5 X 10° cells/g soil
* Means followed by the same letter are not significantly different according to Ryan’s multiple comparison test at P < 0.05
¥ Protective value = 100% - [(% of plants with tumors in treatment-X 100) / (% of plants with tumors in sterile distilled water

treatment)]
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C U DM EERAOFRIBAEE PRSI L5 T
FLTER, KETE, HALoHEERIER viis A OR
HEXALeRETh o084 Lo R. radiobacter 35
KU R. rhizogenes (2375 VAROI-1#DPRREHE 25
Bl b b ERWEE s RHEMRER A L oREIC
35 BIRRRRER T3, VAROZ-1HRAMIX O SemobksR 11 48
BN & B L THARBICE, - 7. &7, Ke4fklEX
EE U TRRERICIARLAEZER LS, BRI Y

Fig. 3-9. In vitro antibiosis assay against tumorigenic
Rhizobium spp. Paper disks with a
suspension of either A. vitis (nonpathogenic)
strain VAR03-1 (A, C, E) or R. rhizogenes
(nonpathogenic) strain K84 (B, D, F) were
placed on YMA medium plates, which were
then misted with a dilute suspension of
A. radiobacter (Ti) strain CH3 (A, B), RA.
rhizogenes (Ti) strain Ch-Ag-2 (C, D) ,

-or R. vitis (Ti) strain G-Ag-27 (E, F). Two.

days after misting, a halo of growth Inhibition
was seen around the paper disk with the
suspension of VAR03-1 (A, C, E) against
each tumorigenic Rhizobium spp.: and of K84
(B, D) against both R. radiobacter (Ti) and
R. rhizogenes {Ti}, but not around the one
with K84 (F) against A. radiobacter (Ti).

PIEERSTE 2= 25, VARIS-1#ED F 4
FHEMHEE A L o W I 3 RSB HH 5 h,
FOBREIT KSR L ISITRS L HNTL 7. RIBO: 25
HHZEWTENA L ofBBMER. radiobacter 1Z & % 1R
A A L B0 R4 I T % 3 IR AGRIE X A,

287 & O FHEMRTES A L o RE -3 B 55
FREAER T3, KR4BUER ORRBERISENLER LD H
BB 20t U, VARO-IHAER O Rfskit
K84HRAERR b LU NI L il L TH BRI ED
b o AT 0 W o= Ld b, K84
HOFBRRIIIPPEI 00, NIBASNA LB
T SHBRMRESI LA A LRBRT -4
CHSDEMND B0, SH%E L IZANEOMY S HY
THA L wTEEYE R, rhizogenes 1254 3 S 4- 3840
EREHTESEYNS B, :

KRR ESVPEET2HERE 7/ 0y Y4k
D, RENA U oREERBRICHET S (Smith and
Hindley, 1978) #%, 7 FYiRELA LwHETH 5 M
A Lol R vitis T OWEIZH L THRSMETS
B EBMERTVS (Burr et'al, 1998 ; Burr and
Reid, 1993 ; Kerr, 1980). ZHZd 3T ¥ KB4fkiZ AR
BEH EToOMEERIC BV THRA LeTERMN R, vits 12
HUTELAETEHETR I Ao &b, FEH]

Table 3-15. in vitro antiblosis assay of nonpathogenic
Rhizobium strains against tumorigenic
FRhizobiumn strains

4 N 4y ey 3
Formation of inhibition zone® on

YMA medium {mm)

Indicator strain

K84 VAR03-1
R. radipbacter (T1i)
CH3 ‘ 11.8+4.3 196 £0.7
CH5 6.1+35  17.2+1.6
C054 0.0 0.0  16.4 0.8
R. rhizogenes (Ti)
AtR1 18.9+25 18.9£0.3
Ch-Ag-2 12.2+1.2  200+1.9
P-Ag-1 11.0 £ 0.3 18.3 +1.4°
R. vitis {Ti)
- A1-90-23 0.0+£00  20.8+0.7
G-Ag-27 0000 21.7+2.8
MAFF 211674 0.0:20.0  20.0+1.3
MAFF 211676 0.0 £ 0.0 148 +0.3°

* Data are mean (= standard error) radiuses of the inhibition
zone of four replications per treatment. Strains with an inhibition
zone distance from paper disk wider than 1 mm were evaluated as
sensitive. Means followed by an asterisk differ significantly (P <
0.05) between VAR03-1 and K84 according to the Mann-Whitney
U-test on the square root transformation (X + 0.5) data
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H4EORR L —RL, BROB|SGEZHTIHRE
o KBARRIZAA L wlBRYE R. radiobacter CO54%E
CERPEEE AT E oo 7008, CH3%, CHS#EB LT
COS4BREEIVERLICL L - TRZ s b P TDF 25
HWYIRELA Lo WEORMZMHEIL 2. %% . (1993)
i, Trud /MIERZUHETH 58 A L o BEMR.
rhizogenes RIBHPE I3 /37 BEAA Lo FEORRE
K84kkiz & - THIHI L - S 5, K84#RIZ &k 2B
AL oROBBRERIZE7T eyl L sHERF T T
<, BETOEFBRPERS FhEL ST IHEEE
HAERELTELGRBIL LTV, KETO K84k
D v b TOBRRIRIE, 445 (1993) OWEEERT
HLEAONS. Fih, EPRHENI CH3%, CHS#®
XU CO54tk 2 EUREHBELHWTH D, BROERP
7oy VBRRNTH AEKROBROFEE T
L, BIRRDIRICHE L TWA TR 5.5,

VARB-1# I EHRAL -2 TOoXA Lo ERE
Rhizobium BHIE, T4bb, 7 FIyBEELA Lo HE
EThdxy, 8T, TAER, Ay rUBLUFY
BES A L o WEIC S PIEEEARLEZ LG, TH

67 FoAOBEDSA L ofRic b iR & 58
MHRREE N F4, FORIEMAOERS Kedkkk
BLTHHEEIZKREVBESE ok FEEL~4HIC
BWIHE»TH 5L 31, 7 FYRENA L oREc
AT B PREIRIE VAROS-1#ED K84BRICKZ < 1B5 &
OO, FEORBERIZET 35y BlE L0V BHRE
B AL oREICNT 5 B i, BIEFOXE &
b b THEEES 2 5 5 i3 Ks4#k2#HF EE 5%
Rekof Thid, FEEMHIZHIT S VAR0S-1
BAHRT AHIEMAOKRE XL b P ETOBALLE
BAMBIEDE & L ORI EE S BH LR b Wk h -
FREL—BLTEHEY, HIEMAOERAKE WIFLE
BRoERRE T E W BRIGEILE W £ &3
TELTHSE, ZHICIEHERENADHRA =X 4
PERERHE LTES L TwAILRELLAR, F0—
D& LT VARD3-18KIZ K84k L B LT b= K 83
OAEERICH T 2 EFEAMECD TRAVR LI FEHE
W ZLithB, 583 VAR-BROBR A =X A
DIFHO 2, K OFARREEhS.
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A ROEE

K@ik, MILEICET 3 7 F o B L UEAOR
B A Lo B ORIE, FOBIZAME - RE S hik
JESRIE R Rhizobium vitis DAL ORE, R vitis D4
FREIEAT, wAF TSy y A PCR AW EAROR
{ETFIH, JERRIENE R, vitis & AW - RO R W ik
¥E1Z B LT 2003~ 20081247 - 2 —EOIRRREWD
FLHBOTHL. KR LOEHOEBEZRIZDONT
DERIBETEORET > TEEN, TITIREILH
DOHROFEEIZOWTRENSRRETI Z &I0T 5.

BRIt T 27 R BRBLUEROREFAL »F
BOmPRE
RILERIzET B EAEEEORETS 7 Py s
EFURA Lo BREREFTREARICOVTT FoRES
AL oREOBRERFRELZER, REEHORE
BREMSEO03%TBELAED, FROEMICHITS
BRI IEB BN A e s E,
REIZHA L oROIEABZD ENAETHAD S B, i
HErETIMEN T EIN-EAEUNBE TH -2
L, BREONA L RIEAEETHEARE RR
B ZOBBIEHENEELSNS, L LR
5, RUEIC—ERIFILRAORMELE CHRBEOFRLE N
BEAD, 20068 I IAEEHEROICREL T80 7
F o (IRFEATERE & fudz. BRWEBLBERMTH D, =
Ho(2004) REERBUTERLLAETFOELRE, B
P AEDRI LA REL TEASRRKRTAI L &
WRALTWA, 2OZedrs, FEHARAORERZETTE
<, BIHBECEAL*EELU B0 LBEREIZESE
B BRe, HAEBOBERBROTRESR TORELE
Aohd, X6, FULEBOEME I CRME TLR
ANAEEROFHSERSTWEL THH, ENTERR
REE AR X ARREE- T AL S5 »
5, 4%, MEEOCHAKIIOWTERERNEHETS
PENSH S, BB TREL TS 7 F o »MREEAR
MEDEOYP, FEFIBEERPICEIE0L, 3
DEHTH LMV TEREDEZALRHATSH D, B
Bewd s & U T B o R B I A R L AT O DR R
OFEEHSHEL, FEEB L UBMEERSTOL
BUEGE B S HBEOMERNETSH B,

JERIEME Rhizobium vitis DEED L UREE
IR DA 5 & OE AR T ORI ORI i =
h-HIEO—SF+REL /KR, REERT T P oHE

MALRIRETH 5554 Lo R vids, IEREEE
FIEREME R, vitis, IEWEFEM R, radiobacier, IFRIRME
Rhizobium sp. IERRIEME Pseudomonas 'sp. ¥ & CIERFE
Xanthomonas sp. THBHZ L HFHLErEE -k ZhG
OB 22T Roy and Sasser (RS) ¥HiET R, vitis &

RAUBROTO=—EBRT BT LA 5, Tu=—JER

EFTT FUARENA Lo F A3 5 2 L3 EET
b, FEEMFEL ZHUAOHEO I = — 2 FEHE
DEMICERP T 2FHROERBRRLETDH 5. _
FERRME R. vitis OFERZ R EBRICE e T3
A (Burr and Katz, 1983), H&FICHBWTXIhETH
RATH - (HEIF - WL, 1991), LANR-T, &K
R COHRERIERRER viis ORXRICH T 3BROOH
ReddbEiroNE. EIAT, IEREMR viisiz7
F RN A A L 0 ERHE R, vitis IR L TETFL T
W5 EEL GRTED (Burr and-Katz, 1983), 2003
FEOBHEL XUKAED Y FoORBAOEE» 5
A L oJERE R, vitis 1340 2R A IEREM R, vitis
RAMEE R AL o & (F— #4508, 2003~20084F
ORIUBATRWHRIHOS - 72 7 7 OfF b &
RO S IEREME R viis BAMEX ATl ol &
(F— 2 &) F56, IEREM R vitis BEIZRPEM
EICHELTWB LidH iz <, 7 FUEEROME
BHEMEOPTREAETETVED LR ERS, D
&I ZIERmEME R vitis O 7 ¥ BMERTOAEIZ D0
TRAMERMSELI LS, Fik, BEMEREOHE
A 6 DA RBIA K NS,

Rhizobium vitis DT LB

FHFRIC L D, BIER. vitis DMEFRNILEL L
5OFFFEL, AL olEHE R, virs (3BIEFR A ~ D,
JEREIRE R, vitis (LEETFRE IZEHZRLI 2L
ML 7z rep-PCRL, M= DNA T Hu—2A
HNBEHEB T/ FELTTEMER TSy FOELE
UBFMRLTHETAHETHZIOIIHL, MLSAR
B L M2 BETOERART (B &L ERL THZET S
HEEThh, —BIC rep-PCR O AEEICERE T
BOIH LT MLSA IEERFOIEICREz2E L
%R, EEEF A LT 5 - HEROEHEE
Eiy, UL UAHFETO rep-PCR & MLSA O RARIZ
FEAZIZRIE TH -2 L5, rep-PCR THLENA
R OBRYMIT N EF L 6, R vitis OIBETENT
ERIC 5 LU BOX 77 47— % H\ /= rep-PCR Tfilim
IHIET A ENARETHE LB LGRS, &¥, REP
T4 T —IN TR ERPRERICHER U IgE M
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Hod: (F—AEEE) s, FEOF RGBT
BRESHThEVWEELZLRD.

—REICEES A U o R OB T-DNA B HE
TETI77A3IF (T ICEETSEDTHY, pTi
PEBRICTHEET 50T & - TFEME, JEREMED
EHANRBETS. ¢ bHA, RBIESITOMET
RERDNAIZBE U BEL B RELTY
%45 (Burr et al., 1987), pTi BSTEEL SR BRIz
BESZW. 75 A3 F DNA E8B8#HOBIR DNA T,
HMARI LA RABEBEEEETERTSILRE, A
RETEREEL X UERESERRA T pTiR D
7723 F DNAOZFELIMTHOR TSRS
3. EE, WEHOERFORENET S % BIRERMY R
rhizogenes REETFELUTRIZF X3 F (pRI) 2%
T B4, R rhizogenes DHBEWTH 5 ATCC 11325
I pRi AT T <, BRBRME Ruizobium BHME ©E
THMBBRETOSym 77 2 3 FARBRICHEFLT
WhEWIEESRSED (Velazquez et al., 2005), TH
BREARRIZBYAEBOWHRLAEEIZ S5 23 F
DNA ZZHML TV A TEIEEF B R L T WA, R. vitis
KEOWTIRAROTREAZE I 6h3 I, b, HA
U wiBHME R viris 35 & OSERRIRYE R. vitis DILER DNA
ICBIEMEZREECLL I RERBEEBEL-. Ly
LaHs, RREORKRED, WEQIMENERNTE
L, BIOBEFHELTERETAILAEYTH B L
LA TRICE D, LR T E N IEREY: R
vitis (27 F YIREES A L iR & 3R ERAR % 5
ERTH3ARESRIE X W KRS TR AL
DI R, vitis DHERREHR L AT 5, I EEHK
BUCPROBS -7, MABHTHEEN-ZHO R. vitis
R L TBETRERANLZZET, A LoIEBEMR.
vitis & [ CBETRIOIERE: R. vitis %, #ri5BEF
Bosn—7iZBT 5ERERBR S h 3 Wl & 412
#D, SHRILVEL OFERFERAL CREFRORE
BTV, R vitis DBENZHEC OO TEBEHNREE
LT SENS S, o

MMAEx R 225 4 FEERE, BOX-PCR ¥ &
UFERIC-PCR i & % rep-PCR & 5 i1t MLSA (pyraG,
recA, rpoD) IZX % R vitis DB A BEEEREED
FITREMAURTOHETH 3. MLSA (CHVA
pyrG, recA, rpoD OFRBIETF L, HIEHETFTS 72012
BEDBIET T, 2 TOR. vitis SRtk DNA 2RI,
FERIIEOD I L 5EN SR 4R 2L LT
BY3 (—@5, 2006)., T4, MLSAICE-TH
SHZ TN pyrG, recA, rpoD OIEEEFZAWT, &

BIEFHRIHRENZPCRA5{v—Fu— 7% %5
TEIELATMETHS. FHh0oETI{v—/ Fo—
T EFEBERA = — 5 — & LT R. vitis D 7 F 7§ A
PEMTOBBEEHT 5 HMORRSHFEhE. 7
hiZk - T, BER TORRBOREREN L BERhEs,
FRRFREERCEIBHARML B EO» 2T X
&I hNE, FWORAEERIRT 5 Ltofi
LML DES.

FRIBEFAL o iROBEGT2H

FFETIE, 7 FIRIEENA L o REOLES rDNA %
B L LEHBHOREN I 4 ~v— 2y b &, pTi ki
FHET I HEERERETO—2 T 5 virC k412
B LEBRNTSAv—2y b (E@b6, 2003) %4
AEbEETLF T Ly 2 A PCRIDEBHEBREES
B L7, RFHBEEREMTH i hi-oo=— 4R
HCFEETES I L2 b, FHFOEHELBIICFSTE
BLEAZOND. i, AFETCEI T —EREAKC
B L TR L AN 28R & UCHBR L 228, 5B
WEOITO = -2 THSEREZH - T PCR RIBHIC _
BE#ANSID=—#4L 2 | PCRETWTHD,
DRSFELOBFCREERTI LN TES. HHEE
MEIEMEHE TED bW BREOBEIZL L, |
BV oo Tidfle A RASERIGHE BV THIB SRR
FRAETAOLERS LN, PCROLI ZBEMELEL
L TP, AV - PAERI N LAHERTOSEET
BIERICER TS 4. =751, PCRIDHIEHRENRIE
DOTFREMNEL TIEII ERBICHEETIZ 26, — &
@2 LTPCREZRY, 2048 3FFRAEE 42
WL - EEOEEOBRIC L 5 ZR2BIF £, 2H
EHET LV FENEE LW EEbRS.

- RIRICE TR T Pl o BRI TR A
Lwfliie B LA, EEOREZH T, #
LEERBONA L o B E AV ARTERICL 22
WMHRaEEEELoNS. —f, ERSERLTOALEA
AEROSEEZ EORERETHE, BWOOBHIZED
B THARBEL TSN EHENC LA LT, BRER
BOREFEZ DR T22EA 55, MRIE7F
TS A U o RE A @A T AR, SMBRH
Fik sMlaOBRERBARKRCEZEEATRET E
% (Burr et al.,, 1998), HEARB{FHIIZAA LoD
RofsZ EREBREWI Lhb, SIRaTuici
ETERASOMG+RT I EIohs. X5l
R T, BRCIEE» B LTS 28, b4
REME R E RS Z L BWE IR THED Burr and
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Katz, 1983 ; Lehoezky, 1971 L& 5, 1994), Zhid%
RIS T 2o A REHE B - THRWRE T
L, BhEOBEHE & ICHEEABEL 2D EEFA
5ERTY 3 (Burr and Katz, 1983 ; Lehoczky, 1971 3 tli
5, 1904). L7=#-T, REHDEEMOMEL S
DEAFERZ LB RN ONT & MEl 5 BN 55,

7 FYRESA L eRICH L TRBAED &2 ARERE
rER VLY, EERBPHIEIZE - BEITRK
Wt s pERHS. Lrl, KRELBERETHE T
Lo HLLWERE RS- ZBICEETS I L
Bl s ek, F2T, LEPOREMREO
HEETEARSDIC, LHEs O EEHH L LB
Hk® DNA 288 L LT, ZHETCHRL LSS
Ly 2 X PCR TS5 HHESHRBTTIHEIRHS.
2L, ERICERNOMENNIERICE{EEND
Tehh, FDBRABEBEOBNSIA - e—T0O
3t, PCR ORIGEHOBRNEFPLEICE S LTFHE
X%, HIESIHCHE LA BERIE T OEERS
HAZDE3RT T4 T Y —T ORAIEHL B
bhBH, TRABIIOVTRSROBETS 5.

ThETCHEICENWTT FYiREAA L o HORE
BELTiEHALeBRER vitis DABBE TR TH
7o (BAIEYRELZS, 2000). EZAH, FHELIIH
WEROT By 0RA L ol 62 A LeTBRYER.
radiobacter YL, 7 FOBESA L o WO AR
BEELTEMT3ZELARELTWS (IO, 2008
Kawaguchi et al., 2009). R L =L FT L v 2 A
PCREE, 7 FoiREMRA L oRETH 55 A Lo
B R, vitis DBBRAEIZHFLLZEOTHBH D, H
AL ol R. radiobacter @ pTi IZBRHVIRET & 5 2%,
R. radiobacter RAET B LR TELEW, LIL, B
5 (2009 EHEBIEFTHS recAEUpyrGD
HERFEBETOTHFRO S 74 v —&EtL, R
radiobacter, R. rhizogenes, R. vitis, R. rubi % —BIZHET
$39NFTFL vy APCREAHRLAZLEREL
TED, S X 51, Rhizobium BMEOCHEERELT
i<, pTi 2723 pRi A ARFICRHMTESTLF TV v
4 2 PCREDEREMIIEEh 3.

SERSIENE Rhizobium vitis VAR03-1#E0 7 K 7 4REAH A
L wimicxt 4 2 BhRRsh R
rHETELOMEENRT FYRERA L oK
F ARV OB R T TN, HFERICERL
XN FEHIIE AHEELEY (Burr and Reid, 1993 5
Burr and Otten, 1999 ; Burr et al., 1997 ; Chen and

Xiang, 1986 ; Staphorst et al., 1985 ; Wang et al, 2003 ;
Webster and Thomson, 1986). REFZE TR 7 ¥ wiREH
AL o ROEwRREROMBE BN E L, Al
BT S & URE X A2 ERRE Y Rhizobium BB 2
5, 7 EORERALeFEICE L TEREERTIE
P UCIERIEME R, viris VARO-1HREEH L 22, b

b, FE9, eev i OEEFRAVETFTREEAEXA LY
WL OSERESBEERRIZE VT, VAR-1HRIBZE
ERI-SAA LR AIRILE —F, FHAOLIE
7 oo A RIENE & OFRRSBEERETYHA
U o RIS R A R & h i B O — 21 JE
% Rhizobium (= Agrobacterium) vitis F2/58k 0V #E EHh
Z%v% (Burr and Reid, 1993 ; Burr et al,, 1997). L%
L F2/58iE 7 F e s A L w EEHEIEIRETRL,
Fe bk, B ) TERWRZIRARD LY (Burr et al,
1997) Z kir b, VAROS-1#ROF ML T ¥ 3 W OHE
WASWETEMNESAS B, RIE, VAR-IFRIIRLE
FPOBICE VTS 7 EOEGTEL b b, STk
ShER A RRIE L. F 7, F/SHRCize< BRgRER
BWT FYHRESA Lo REOEKAEFETZ 2 (Burr
and Reid, 1993 ; Burr et al., 1997), VARO3-1#RIT{tE4
L2 TOERICHE LTHA L o BRINEIZRNRED &
hi=. ZOTEH5E, VARO-IBRMIEFORINTE &
LTHY TS B I Lvhh 3.

—R AR OMBRSRICE LT, MEROD
FEHEROBEFBETE WY, AERBETORE
RS EOBEIERICHEW, 2T, FHRA
THEROMASRELT, 7 FURSEBRLEIC K
2 VARD-LB ORI RIC DOV THRE L. FRET
BERARSS LUCEBRBIC LT, BHEOEE
VARO3-18E D310 10°cell/m] IR 1= 24 IR AL FE
F 7131, 0% 10°cell/m] OEWICIREBEAE TS Z L
kb, AEEWRTESZLBHALDELE o TF
o RER A Lo 0 EHBRR THRITMEORPRHNE
Dk AMRIIRERL E0R, FHESHROORET
55, SHIIEBOBHRE, MERORE, IRkEERK
Fok B R ARIELABICTE VLT RE ORISR & #Et
F AL L3Iz, R - AENLAESRAP, BRED
A LRI EET AR OV T ST S 4R

CAHB.

RSB AR PR RLETH ZDIZNL,
7 B R R R IR U 7 8 VARO3-1H®
EHE BT 5 & 0O BRI NERF TR RE
Megb LG, VRN L AEARIIE L TRE
WERHRIEADEVWEFE LI ShE. Thbb, £
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mEsAVWAESCIBSAEAREERICAVS Z &8
FiRes3. 20 HAOEHEOREIZ DWW, &
WETHEBRLETLF T L vy 2 PCR § WY EFEL
hBLELZLND.

SH, HRIZGELSAHLTWSEEFIEA L BOW
FHOHA L oBEREEEEBEE L BRI T
BB AR LA L, VAR0S-UHkSS QDR il ©
BRATEATMHEEEEBRL TS, LrLass, ftho
BEFHOFEHRICOVT LHRSRERET T LERD
H, E5IFHEARMTLEOBMIIAE RED, £
hAXOEEOMRIZHEL W5 LeFL6hEI L
25, HeZEBEOTHTOBRMRS b THRNT
BBENRDB.

JEFRRYE R, vitis VAROS-1ERIZ 7 ¥ 7 ARETREAERIC
ko THMER T Ko BBIc BB TES I L AL p L
Ione BALwTERM R, vitis IXEBPO 7 F 7 HS3E
BRT10*~10°CFU/g OB B TEE L TERE L LT
BEEL (Burr et al, 1995); 10'cells/g LU TOEHE
TIRRBE LAY (Bishop et al.,'1088) 2 &hTeb, 4
HERIZ T P BRI EH L T VAR-1BROE
1210°~10°CFU/g MR & R. vitis DR IR L L~
LThokl s THRGREIMFEhIEELLN
7. ZEOEHRARBRTOBBRYDETS, AHRI»A
~22% B ORI VARO-IBRAE X TH - S RFHOR
RS oMo T L5, VAROS-LRDBEIR
OGRS REAESRNEREEL N, TF
G AEMEY T 5, MBEHIEDIE T O
BOM#RIc O WTHE, HB0OBEELRET S 2HEM
RN EE A BITHEET 5 L R FBRERETT 5 BB
55, :
D EOE»S, $HETEDANRER LT
F o AREMA L w ROEHNIBGEROERELEr Lz, 7
Forok 3oy 280588, M, + > ko L EUREER o B
. EAVLRRHMOBES, RBRGOMERICEEEICEME - R
BrhTwaithoeORBESET 5 &, BB
EXIBIZETTE 200, BRI LE U HEE
DR EET 3 EBANI LA, N o g
&TY, FERETEMMNOEAOBICAEL TEMET S
TLTRROV AL EERX BRI LNTETSHS, %
7o, BRRIZERSERBMOERPEARATRET S L&FH
TROHELEENREL RENEH, ThUBORAKTIR
BFRITT AL OORELEEICS Z 3HERSENI LR
£<, VARO-1HRIBHADOEEHBL M TOREAKRDE
W R ROICRHERAZEATEERS, S
FEURENA LoRicE T 3HRROBREEI LT

Bye LT, VAROS-1BRZHIR S &+ 2 MEDEAOR
BHRE{HFID.

VARO3-1 B DB DIREEHF A L wid it T S RARREIR
ZhETEREFALeROBFEMEL LT, R
radiobacter, R. rhizogenes, R. vitis, R. rubi, R. larrymoorei
(& THA U IEEE) OsES#EERTHS (BH -
L2, 2008). #A L wIEEAE R larrymoorei 134 F ¥
SBERALoREL LTEHNATOLBEIRTED
{Bouzar et al., 1995), 25A L wiERE R rubi 3F A4 F
THERENA L O RE L LTRBETORE 19274
R ERTHWAL (HEREWFE & 2000 0
BOREOWEGIIEV. IOk, BALOERER
radiobacter, R. rhizogenes, R. vitis O3fEHRAE DEEKE
EFEEAREMELE R, ST, R ESHO
EwioEEREEE RS e 2 h 5 (HEH - FHb, 199).
oA L o EEE R. radivbacter £ R. rhizogenes 1323
SF, FoREPOIIRESA LeREBI RO TE
EUOREME LD, ZhE CERIETEERE
 R. rhizogenes K#EE TR AL 5770307 YD
b3 VF s F—RIL XS TERPRETOR T
oo Ll KS4dRid AR M OBIBRIC & - TRIRSIAR
EAEE RSP (Hayman and Farrand, 1988), K84#%7Z
AR T A RESA L o WFRCIEERS 5 5. Ml
ELT4TE X M- JERIEYE R, vitis VARO3-UBRIZ T F o 72
BHThd, o bbBkUrv7 ) 0RLHTISRES
BRER F 2 b, /37 ORFERAEIC W T S HRRSR
BREH ST L6, KS4BRFERZ/ Yo R+ 28D
BELAALoBIcH L TEPBRBRVAFTES. U
L VAROS-1#ROPiRSBOEEII v = b, 217 ORER
BRI KMk 2 B L TIRITRS» 2 2H 5 BR
THholoiold, EHICRPRAEERSLLEII,
OWMIIT HBRBR A HBIIRE T L8N 5 5.
g, 7TFEYEERALoROFRE LTHAL olER
¥ R. radiobacter 3BREL TV B EEEZ RS T E (I
O6, 2008 ; Kawaguchi et al.,, 2009) #»6, 7 Fw4£H
Wiz A L TERUE R: radiobacter 1235 B HiRIIR &
Rt Ll o, LALESSE, AL oTEK
M R vitis 128 < PHRENR &R E AV K84tk &G L T,
VARO3-1#kit R. radiobacter, R. rhizogenes 15 XU R. vitis
XL THRMRARTI A0, W EREHEOE
ISR W, Kz B2 H T o R/MET
HLHEHETE NG, KMBORIEFL TELIBELA
L wiRBSER I Bl OIS - & B8 AR TR A R
TAILE, BEEERIZIL S THBRFEROBREMNEY
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ABZLIZRMYD, TFYRTTEL Z0OME L oty
ERETHIRENA L o FOMBRICRE T 5 L/ X
ha.

VARO3- 1Bk DMREED A U @ iRSERINEITEE

IEAIRME R. viis VAROS-1BRITFEMEH ETHA LY
TEECHE R. radichacter, R. rhizogenes 35 XU R. vitis (=%}
UTHIEA#BERT3 2406, BEIA LoEI
Wy EMEETEETSILAHE o b5

MBS ko CEEXN, A—HEOhORMS S Vi

BOMEICHL THESEERTHED S 5, FOMR
BanRE s Broh3WMEBERNIF ALV ERE
Hh, KBEOBETE IV Y v ERLICBALNE
A EhT03 (BBE; 1993). JEHBHER. rhizogenes
K84 EET 3HENE T 7' v & VT ERR S 4
YIS ETIREWD, BALwERE R radicbacter &
R. rhizogenes IZ30 LT D AMEHEMFFH TS (Burr et
al,, 1998 ; Burr and Reid, 1993 ; Kerr, 19805 Smith and
Hindley, 1978) Z &h 5, o F 3V OEE TESR
FhTVS (R, 1993). VAROS-LHIE3EOMA L »
TERRAE Rhizobium B I L THERE 2 F T2 4,
Rhizobium IEME LD + 2 EMRHROIRFME Ralstonia
solanacearum P b= b & 5 ORI Clavibacter
michiganensis subsp, michiganensis 18 L CIdHEEM £
READoT (F— 48 Zerb, BETIHEY
BRNAZFVA Y yO—-FL#EREIS. AHEHWED
BERSOBIIZOWTEHSHEORETH 5.

HEEMA L o OBHICE > TR 77 o v B4IER
SUEHHEAT S (Kerr and Htay, 1074 5 055, 1993).
IBEEAA LU oW IR ERICREE L THAL o i+ TE
RER, TOMMA 5 RBERSG A ¥ LR ERS
BHET I/ BEELTATENTEEMN, Z2OF4/4
VORAD N T ral s BV EBLTE BEES
W87 7o ysdEREEE> (Hayman and Farrand,
1988). —7, A U olBERMR. vits 34234 Y OHOD
FILEY, 27REVHIVNEEIEVRTEHD (F
H, 1994), K84fkizx¥ 2FRRUBLELZ 6N 3. B
IZA L w TR R vitis G-Ag-2THE Y P YETS
BIEMNHIERTED, BRIESAMTEIHA L
Bt R vitis DEL B MY UEITH B (BEH, 1904).
VAROI-1BRIZ Y » YD R. vifis G-Ag-2THRIT LT
MEEN 2RO =2 625, VARO-IHIEY FEVEID
FHAE IR BRSREF > Z LA E T &
7z, KB4¥RHPARIEM 2R+ EkE /230 Y RE =il 7
Fuile s EVREILEZ LR, VARG-IBEIIMEL 2T

DAL o IR Rhizobium BE - W LTHEBEL %
BT e, b, VARIS-IHRIEZ /%) YB3 7o
VIV VBIC b EEE AR LEAbhSE, oz
75, VAR03-1HRE K84Mkdk  &TAHME DA 34 Bk
BUOWREME I LT R 2 REIT 2 3 TReEM B

. S, SHER LA VS OREE sk 3
VARO3-1#D PRI R & D BEHH 5,

KB4FR DRI A L o GRS, MEDE
TuyvMIC X 3PEERE, EHETIREEL Y
FEMEE B A BRAERNEELTVEEELIbR
T3 (Bp, 1993). L L, K84dkizha LR
R.vitis IZ0T AHIREIEM AR AL W &R, 7R oiRE
ISR 5 EEMD VAR E DR E T ENHE ML
Aokl i s, K8l FoRERA L wHiIcehE
AROERBHEER L SBEERAOmAFICZLuED E
HEEh3., —F, VARM-1HRETTIcl~N=& 5o
WigH ECHBEEEEE L THYD, X607 FviBgic
METLEEM LRI AP, LE>TWVS, BED
ZeH GEERTIE, VAROS-IBKIC X ARESA L 0%
RAAEIEELEEY L BAEROmM A BEE LT
BLELIONBYTHS.

-VARO3-16k D Efi it EeHR+ 5 BI-HOEREE
EEFEOMIRROTERITIEHEEMEr o2 s, B
I OHEZRPEDROFBEAHET 5 B8E LR
BThorEEZONE FHEELT, FiREMHMETOHE
IEMDOEE I HAEROEERFPEOERIZ L - T
WEE R EBEOMEEE SRR LAV ENEL5h
5. ZO-HIEENAE OBREWRIRICERL T
Sin 0T, B{ETFHEEICE D VARIS-1ROHH
WREAESN ERIU R AR L TR A U o EEENH
TRAFTHE L, 7, VAROI-IHOREHARE RN
TORGFEOVNEMEELRTHIETIHENSH 5. K4
BROT7 7oy vz oW T kN TOELRIZE
FRHOPMZERTEST, invive THIEMBEDEHRE %
HET 3 2 & 3ERAEOLETRIIF5T 23 L EBhh
3,

—HOEREMERIECOEER *BRE LT, Fhic

B TRAAVWBOBEEARHRTE 2454 - £V

¥ & (quorum sensing) LIRZhZEEEELTHH
(Whitehead et-al,, 2001), EEERTHBEBL AL LH
RIEBEVIC AN EY LB ERB LTS T 5
fastic i L THRENETHEE I T (Zhang, 2003).

F MR RRizobium BB I ERBO 5N TH
h, A L;mﬂf?ﬁfé R. radiobacter i3 27 AN € LT
3-oxo-octanoyl-L-homoserin lactone %7 L, Hfaf
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B3 pTiOERSBEL TR LS HERH 2
{Swiderska et al., 2001 ; Zhu and Winans, 2002). &
BEMITH TS VARIS-1BEDOTEE MR IFME & b
B & D L RFMENEIEFL BT T3HENS,
VARO3-1#k & #3 A Lo TR R. vitis OBS HEH] 1 1
DIREES VAROS-IBRIZE - TD oA F L - VP VY
#TADREL<LOBEEE TS, VAR-IHORE
FHEAREAE L O A ERNESSIE, HEGEORELE
2FUT 200+ ohEEREAERTEFIIIALE

AP E R THIEWREELVAEZ &4 h - = TTHE
HsEzohsd VARGB-IKREFREMNFHIRBRED
R.vitls TH 3, MEMEEEEOFER rep-PCR ®
MLSAICE AR TROSTRAES [liE] ThaZ
HHS A TH 5. FEREAOHEGE @K vrTtdst
B4 RV IREBEET B0 TIRIER IS BIRE
<, VARO3-1BRORBEIFHRREORIEIZ & BA 5 & R
aha, - :
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W E
F#30i3, MWEICS T 37 F o L UEADR
A A L o REREENE, JERIREY: Rhizobium vitis D]
7E, R. vitis DT TR, vNLFFL vy 2 A PCR %
AV AFROBETBE, ERFEYR vitis #AVE
B0 MBS 12 B LT 2003~ 20084E 12T » 22— D
HERBARD LD EDTH 5.

1 BUBCsF3 7 V0B LCERDIREANF A

L wimEOBEERS

RIS B B EAEERORET 37 FoBiis &
UHA LoREREFTI3ERIC 2T FoEESA
Lo WEOBIEELHE LR, REMo8s1H
ERHSh00.3% EEE 20, KEROBHIZHIT 3B

PEIERICEDN I LA p ot ki, EBAR
T 2 A LeROERARD kDS B, FEd
HTAMESFHE AR BETH -2 L d
5, BEAREOHNA L oRIAKRETHERLIZRL T,
FREEME ST 2 LR gL L8 X bhi,

2 3EIXE M Rhizobium vitis DB AIEB LT

Rhizobium vitis D3 F RHEER

FURAO T FoEAREECH SRS B LU
Kz DWW TERREME OS2 SR 8EE, BL Ty
DB ARERTE LS, TOEEREM LT PR
ERALEEEE—0I v —BEL TR T IERRENE
HAEEB o, £ - £{EENEE, 165 rDNAKE
HEH, REEOFELE»E, ThbxIEREELER
vitis THBERELE. £, ZhoOEBRERELE T
FoREsta L oRE s OMORIENZXRE 2T
FEEHFERESOTEHE L AR, REMEEZOD
=7, IRESEHIRENE L IR L3100
N—FIENEhBZLBRAEP L7 TDT L
5, FEMEMEKE 7 FOBRERA L oRE & ELhE
BORLZRMTHEI L HRHRENL

3 JFUBREFAL©ROBETBH

7 E RS A L o B O IC ORISR AR B X
54, MELBRECRITIEED 37280, FRED
EECSEEOEM - £EOEEORESCERES
IARESEOHELRVENAAI L EAD, FEROLEHE
LBWOTEE Lo T, REOH LB FLEO—
2L LT R.vitis M16S rDNA #1EM & LR T 7 4
v—r, Tig#idRi 75 X3 FicfiET 2 RIEMEEM

HE2TE

BIEFvirCEBRAENL LEREN T IAe— 42
BEDYEETALF Ly # X PCRIZL S T F o iREAN
ALORBEOGBREEERAR LA 251, HEbkk
DEEEBEMEL, ThE#MLLTILF Ly s
APCRAEMMICLIZIOREREOHRE, BEWICLSE
Wil ABETFREELERELE M2 25, [
REOBBI PO TEME LR AR 5 2 LA
TEE &t o F,

4 FEREM: Rhizobium vitis #FRIA L7 7 K 7iREH A

L wis DL rIBHR

T EYRENALOHICRRED & 2 2HTH 2R
HiffiAi e, BEHTEOREHRI KD ERTH
3. MIMRTY FoBREEROBBE D pHEX N3k
WM R, vitis OBMEOHIZIZNA L o TERMEIZIE &
BHTAEMMNHFELE. 2HA Lo BRNsSREOL D E
WEEE BT 370, 7 RYARESA Lo L k5
B R vitis OBHEBEZ I TRAELAEEA MY 1 H
ORIZBSHHBER L T2 A Lo BROE SR L U
SR, VARO-IEAER L EOLAA L o ERIH
WRETR LS. £/, VARS-IHRiZe~=7 07 Fai
FOTHERRIZHA Lo B ERRI L 2=, #H L 2IEER
£ R. vitis Bk FHREE ML _E T OHETEM & WS R,
VAROS-1#R IR U 22T O 7 ¥ 9B A L o REIS
HLUTHEIERAEEEL, FheD7 FYRELA LR
HioH LT VAROS-1HD 45 A L o ER MBI R AR E
BRI N A Z L AR L 72, VAR-1HDE
FEEEAREMHOBREERL LT i A L o TR
AT A Z LSS L B

5z, EEOHROBHEEEELT, T FHOR
8Bz VARO- 1% EBEEET s Lickh, FFofi
A A L oI 2 R+ BARES & OB
MBI THRL 2. VARD-IBRIE T F oo Lt4a
EQIEMIRBEL TESR LHOHBRSRE2RKETS
TLERERX A LAL, TS FYREENALY
REASREL -7 P L TRBRORNE - &
=, VARSIV EE T 3 HENEE T Fobsot s,
R, ARER, vy, FUORESAL pREIC
HUTEHRETMEAH L, VARS-IKEMR ORI
BZE Y b b EHOER2BHERSA Le R LU
NRIBENALpROBREAHILAZ &6, LHH
DREMORERA L o R mA G R 3. DL
DWFERRS 6, VARO-1#kEZER L § 5 7 F oiRiES
A U o RO Ry Bakk OB A S & e,
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Studies on Diagﬁosis, Biological Control of Grapevine Crown Gall
and Phylogenetic Analysis of Tumorigenic Rhizobium vitis

Akira Kawaguchi
summary

~ Crown gall of grapevine, caused by Rhizobium vitis (= Agrobacterium vitis), (Ti) ,is the most important bacterial disease of
grapevine (Viris vinifera L.) throughout the world, but there is neither an effective control method nor rapid and simultancous
diagnosis. We describe phylogenetic analysis of R. vitis strains, development of diagnosis method based on multiplex polymerase
chain reaction (PCR), and biological control of grapevine crown gall using R. vifis (nonpathogenic) strain VAR03-1. '

1. Isolation and identification of nonpathogenic strains of R. vitis and phylogenetic analysis of R. viris strains

At a result of a field survey of potential R. vifis (Ti) infections of mother plants and nursery stocks,in Okayama Prefecture, it
was indicated that nursery stocks with Teleki-Kober 5BB as rootstock yield from the infected mother plant are widely distributed
in Okayama Prefecture. Moreover, because there were too many nonpathogenic strains jsolated by the Roy and Sasser medium
as R. vitis selective medium, it was thought the possibility that these strains become obstacles of a prompt diagnosis jn the future.
In next section, the author had tried to identify these nonpzithogenic strains. Some nonpathogenic strains were identified using
pathogenicity tests, physiological and biochemical characteristics, and DNA sequencing analysis. Consequently, these strains
were identified as R. vitis (nonpathogenic)}. The phylogenetic analysis of tumorigenic and nonpathogenic R. vitis strains based
on g slide agglutination test using antisera prepared against somatic antigens, the results of repetitive sequence-based polymerase
chain reaction {rep-PCR) analysis using BOX and ERIC as primers and multilocus sequence analysis (MLSA) using the partial
nucleotide sequences of pyrG, recA, and rpoD was carried out. The R. vitis strains separated into four serogroups (Ato D) based
on the SAT reactivity. The phylogenefic analyses showed R. vitis strains separated into.four tumorigénic groups (A tp_D) and one
nonpathogenic group (E). Serogroups A to C corresponded exactly to genetic groups A to C, respectively, whereas serogroup D
firther divided into two distinct genetic groups, D and E. These results suggest that R. vitis strains are genetically heterogeneous
and can be separated into several genetic groups. The differences between the nucleotide sequences of pyrG, recA, and rpoD of
the genetic groups will enable the development of a simple and convenient monitoring method, which will increase understanding
of the dynamics of each genetic group of R. vitis in the natural environment.

2. Development of genetic diagnosis by multiplex PCR

To build up a foundation of practical method to identify R. vitis (Ti} and R. vitis (nonpathogenic) rapidly and simultaneously,
multiplex PCR using the pTi- and pRi-specific primer set VCF3/VCR3 and the species-specific primer set Ab3-F3/Ab3-R4 was
developed. This multiplex PCR system can be used to identify isolates collected from tumors or immature tumors of grapevine,
after a rough screening on selective medium of R. vitis. Moreover, a rapid detection method of R. vitis {Ti) 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 or symptorn of crown gall, suggesting that this method has high sensitivity.

3. Biological control of grapevine crown gall by R. vitis (nonpathogenic) strain VAR03-1

The screening tests of biological control agent in R. vitis (nonpathogenic) were carried out, and R. vifis (nonpathogenic)
strain VARO03-1 was selected as biological control agent against grapevine crown gall. In a test with a 1:1 cell ratio of
pathogen/nonpathogen on stems of tomato (Solanum Iycopersicum), sunflower (Helianthus annuus L.), and grapevine, strain
VARO3-1 was effective in reducing the incidence of tumor formation on grapevine and reduced tumor size. Many tested R. vifis

(nonpathogenic) strains were bacteriocinogenic, causing an inhibition zone against R. visis (Ti) strains on YMA medium. Strain
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VARO3-1 was most effective against R. vitis (Ti) strains and appears to be a promising agent to control crown gall of grapevine.

A mixture of strain VAR03-1 and tumiorigenic sirain G-Ag-27 6f A. vifis at respective céll ratios of 1:1, 3:1, 9:1 and 99;1
significantly inhibited gall formation ‘and ‘size on stems of tomato. Also strain VARO3-1 inhiibited tumor formation on stems of
both tomato and grapevine at'a 1:1 cell ratio with. several R. vitis (Ti) strains isolated from different fields.of grapevine in Japan.
In biological control tests, when roots of grapevine and tomato seedlings were soaked in a cell suspension of strain VAR03-1
for 24 h before a 1 h soak-in a cell suspension of the pathogen and subsequent planting in pots of infested soil, strain VAR03-1
significantly reduced the incidence of tumor formation on both plants. In a field test, furthermore, pre-inoculation of grapevine
roots with strain VARO3-1 reduced percentage of diseased plants and controlled crown gall of grapevine seedlings.

To develop miore effective condition of application of VAR03-1, effective concentrdtion and timing of application was
investigated toward the practical‘ﬁSB. As'a result, using the method of planting grapevine seedlings in the soil infested with some
tumorigenic strains; pre-treatment of grapevine roots with strain VAR03-1 (adjusted to 10° cells/m] and soaked for 1 h) reduced
percentage of diseased plants and controlled crown gall of grapevine seedliﬁgs. On the other hand, the effect of VAR03-1 is
reduced by half to grapevine roots that is already infected by tumorigenic strains. VAR03-1, adjusted to 10° cells/mi and soaked
for 1 h, was effective in reducing both the perceitdge of diseased plants, but R. riizogenes (fionpathiogenic) strain K84 adjusted to
10° célls/ml gave no-ability to control tumot formation of grapevine seedlings. Thus; the ability of VAR03<1 to control grapevine
crown gall is greater than that of K84 in the test using grapevine seedlings. Moreover, VAR03-1 greatly controlled crown gall of

grapevine due to R. vitis (Ti) in the field. The sufficient results that VAR03-1 was an effective.bacterial agent to control grapevine
crown gall using this method were obtained. VAR03-1 established ‘populations averagmg 10° CFUf’g root in the thizosphere of
grapevine and persisted on roots for two years.

When roots of rase (Kose midiiflora Thunb.) and tomiato were soaked in a cell ‘suspension of antagohists before planting
in soil irifested with R. rhizogenes (Ti) and R. radiobacter (Ti), respectively, treatment with VAR03-1 reduced the number
of ‘plarits with tumors and disease severity in the two plant species besides grapevine. The inhibitory effects of treatment with
VARO03-1 and the nonpathogenic R. rhiz'agenes strain K84 on crown gall of rose and tomato were almost identical. VAR03-1
was bacteriocinogenic, producing a halo of inhibition against those three species of Rhizobium. This is the first report that
a nonpathogenic strain, VAR03-1, can effectively control crown gail' caused by R. vitis (Ti), R. rhizogenes (Ti), and R.
radiobacter (Ti). ‘ ‘




