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Serological Characteristics of Agrobacterium rhizogenes,
the Pathogen of Melon Hairy Root

Takashi SHirakawa, Toshiki Suiom1 and Shoshiro TAKEUCHI

Synopsis

Antisera were produced against 2 isolates belonging to biovar 1 of Agrobacterium rhizogenes, the

pathogen of melon hairy root, which were collected in different areas.

These antisera were only

specific to the isolates belonging to biovar 1 of Agrobacterium spp. The 31 isolates of Agrobacterium

spp. used in this study were divided into 4 sero-groups based on the agar double-diffusion test.

These sero—groups were correlated to the collection and the physiological characteristics, namely

alkali production from citrate and mucic acid.

Key words: Agrobacterium rhizogenes, serology, melon, hairyroot.
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ZdDH L, A rhizogenes DTIEFEEMRE, THELHE
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BrboTHy, BERCHRT ZHEERIBHERER
RIBEISTNBELER L 0 ABs hi. TOMMOBEKI,
BERERIN AT RIS R U RBERIZERR & D 2

Table 1 List of Agrobacterium spp. and other bacterial isolates used

Isolate Host

Collected place Year of isolation

Agrobacterium rhizogenes

1-1, 2-1, 3-1 Cucumis melo Chikura, Chiba 1985
4_3, 5_2, 6-3 ” ” ’”
7_3, 8-1, 8-5 ” ” ”
10-1, 11-3 ” ” ”
Ul-3, Ul-4 Cucumis melo Maruyama, Chiba 1985
MR-13, MR-15, Sl1-1 Cucumis melo Kikukawa, Shizuoka ”
S1-2, S2-1, S2-2 ” ” ”
A. tumetaciens
NIAES 1001 Prunus sp. Saitama 1956
1222 Chrysanthenum frutescens. Shizuoka 1977
1223 ” ” ”
1224 Rosa sp. ” ”
1277 Chrysanthemum moriforium. ” ”
1278 ” ” 1975
1279 Rosa sp. ” ”
128() ” ” ”
1540 ” ” 1983
1550 ” ” 1983
IFO 13263
A. radiobacter
IFO 13532
Rhizobium japonicum
IFO 13338 Medicago denticulata Osaka 1971
R. leguminosarum
IFO 14168 Phaseolus vulgaris U.S A
R. meliloti
IFO 13336 Lotus corniculatus var. Osaka 1971
japonicus
R. triforii
IFO 13337 Trifolium repens ” ”
Clavibacter michiganens subsp. michiganens
NIAES 1037 Lycopersicon esculentum Nagano 1966
Erwinia carotovora subsp. carotovora
NIAES 1393 Brassica pekinensis Kanagawa 1971
P. marginalis pv. marginalis
NIAES 1173 Solanum tuberosum Hokkaido 1969
P. syringae pv. lachrymans
Xanthomonas campestris pv. vitians
NL 7513 Lactuca sativa Wakayama 1975

+ [FO---Institute for Fearmentation.

«* NIAES---National Institute of Agro-Enviromental Sciences.
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FEINIHDERV

2 KEEPHME

3 L 72 Agrobacterium BHE O —Hic >V TIE
biovar WA TH 3 0 THEBENIMELAREELL. FH
1, Moore & (1980) RUExk (1971) DAL
FRICEUTIT-7, 2L, ko) vBALYY
L E K (Graam 5, 1964), STarr O R B EE
(STARR, 1946) R U 2 L v+ + ) o 6 EEX
(HENDRICKSON &, 1934) ORHBRIIEFOLEIRE -
7.

3 mMFEOER

DU OFERC B W BBk IS, A. rhizogenes 2-1 1%
U'MR-13 Té 3. ZOWMEZLEERIEMT 28C F,
24 BERES R L, ABAKKCHRE L TROSSR%E 3 [
BOEL 1tk HEAEKIC10° cfu/mliciib L Hic
BYRELALOEREHEL L. SEHRHEOERERE
Ricx LT 4 R T 8 EITY, BHIO 3EIIERD
7 ¥ as¥v b (Adjuvant, Complete, Freund, Bact)
LEA L THREABTRIE, %0520 HE%
BRI B 21 L 72 S R1T » 7o, BRGREs
#BTHHKA2EmML, WRME%8/. RIM&EFESL
(56°C, 304y %, 0.05%®D NaN, &ML T— 20°C
TRIFL, EBRICH L

4 MFFHER

MESEIEE SBERIGHE & ERX Y VA EILBEC
LhHEL BENEHER<1 707 L —rkick-
1. Tibb, UFRGRDOTf7a7Lr—big, &
FEAEKT 2 EBREARR L Ahigik &, £BRatEkic
#110° cfu/mi 1278 % & 5 1o L - (EaXHmBg & 11 1
DEETRELTITC Ic 2HfE 7. T0D%, 4°C
I—HE L CRARGER RS AR L

ERY VN _EIHERL TFOL 51 LTI . &
Ki#i (Agar Noble 1%, NaCl 0.85%) %#j2m®DE
X BESIMYVFELAA, 7 LEREMEIL
L7:#%, BER5moEEFL%E 5smifRcRE L. &l
Lt mEREEENERAN, BEICR-T
25C FICh@E L7z, e S - ot 4 0%
AT - f, AEPURIRIZIRO & 5 UTERR L 72,
T4 3 VT 25°C, 24 BRHRE SRR L ot
EABEAEKCRE L CROERE SEREL, 100~
10° cfu/ml o2 3 & SicEBEeEKicEEE L
BEHR I EEREK % 100°C T 30 SR04 3 -

&n;b,ﬂ%&ﬂﬁﬁﬁu@t<&Aﬁﬂ%ﬁ%&%
# (TOMY UR-200P) CHEHME (A% 110 W,
10438 +3c&icky, #2hEFNERL

m # £

1 EEPHHHE

HEEA U 7= 35 BikkD Agrobacterium |BHE O EESH
HEROVWTHELL, 20X R8EEE% Table 2icE
mlt. To>5H, biovar DEBINE T 5 Kovac ©
AFvy—HiEH, 7 BEOFH, YUbeXINg,
2 %¥NaCl FTTo4&H, 3-4t357b—20FH, =
YbbYw b, 2%/ —-0, ALYL—-2hsOBOEHE,
<o B BOAR TobEA YBhoDT N ELE,
BC TTOEBFRLOZMEL»S, AL v FE
BRARIREIGE RS (8RR, 1987; RS, 1987; &
¥ 5, 1987) D & 5 i< biovar 11, fthd Agrobacterium
[R#0ES 8 Bk biovar 112, fthd 4 BBk biovar 2
B, LbL, biovar BIMEO—oTH S
7T Y BERUKHER» SO T H YEAILDVTIE, %
ORIGC &0 * 0 v ERSRIEIR 2 7 v — 7S h
fo. 2Fb, TENHMKE BERDSEKRITS x B
SDTNH Y EEMSEH, KRR S DT A Y EERD
Rt Th 50 LT, ftho 8 Hibk & M8k 6 Bk
Rezhzth B BHETh- Rk —4H #HHR
Agrobacterium [B#IE D > H biovar 1 IcB3 3 8 Ekk
IS 2EEMEENE, BB, biovar 2 IKIBd % 8 BikkILER
#H, Bftcs -

2 MFPAMR

a BRENCHR

fERK L 7- Bl o A1l i34 4 o v ERFHE 2-1 0
B AT 2- 1 7 &3 3), s o o BIEFHE
MR- 13 [ (CUFH MR- 18 i £ B8FR T 2) & dic
1/2048 TH-7:. ThoofilliEsHAy, #HLA
BEGOBRANICHEREMEFEL /2. &R 13 Table
JiRL 2-1MAC LT, »orBiRmsE
19 Bikk & Agrobacterium J&® biovar 1 IC)§3 5 fihfE
DB 1,024 ~ 2,048 5 DIRRFUSFIIER AT L
123, biovar 2 (Z|@9 % Agrobacterium [BHIE 4 Bkk
KU Rhizobium JRHREE 3 E¥K I 2 ~ 8 FED{EWEE TR
L7z, &/, ZOMMOMHEMEEREIE RIEHED S
utir -t MR- IBMBEE2AVLRRICTBVLTHIE
BOERTH - Lid->T, SEVERL - 2 BHD
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Table 2 Comparision of principal physiological characteristics of the 5 types of Agrobacterium spp.

A. rhizogens other Agribacterium spp. | biovars of Agrobacterium spp.”

No. of isolate

Physiologica 14 5 7 4 1 I m

Characteristics

Kovac’s oxidase +b + + - + d~ d

Ferric ammonium citrate + + + - + — -

Litmas milk Alkali | Alkali Alkali Acid Alkali Acid Alkali

2 % NaCl tolerance + + + - + - +

3-Ketolactose + + + - + d

Acide from Erythoritol - - - + - + -
Ethanol + + + — + - -
Melezitose + + + - + - —

Alkali from Citrate - + - + - + N
Malonate - - - + - + +
Tartrate - - - + - + +
Propiorate + + + - d - -
Mucic acid + — - + - + -

Growth at 35°C + + + - + d- d

a Cited from Moore L. W. (1988), KERsTERs K. et al. (1984).

b +=Poditive reaction for 100 % of isolates, —=negative reaction for 100 % of isolates, d=reaction

differ with isolates, N=not tested.

Table 3 Agglutination reaction in test tube

Agrobacterium B ® biovar

| 1B 2 OB R A B

Anti-MR-13 serum EHE LEEcbERshi

B . Anti-serum Anti-2-1 serum
acteria
Pathogen of melon hairy. root 1024~2048%
Agrobactertum spp.
biovar 1 1024~2048
biovar 2 2~16
Rhizobium spp. 2~ 8
Other bacteria 0

A3, biovar 2icl@d 5 MBS

1024~2048
ROMBEEERRE L
1024 ENES 75 -2 (23 AT
e ORRE, RERIEHRTO

0 BREX(—HLI 2ov

a Maximum dilution times.

LS it Agrobacterium BD biovar 1 iIC/BT AHEIC
U THRESEVC SAHEAL . €72, biovar 1
& biovar 213, BRKICHERERICKELRIONBS
32 &S MEFNNCRILSE Z EAHBAL 12

b ‘XS IWA-EHLEHER
HAMBEEEOMBER I L 28RS L, BRY
AN EEHRRIC L AR EEE L RS
LT, A, MEAEEE, E3AEEO 3 TR
L. 055, £EEHFLE LESCIBUmEER
BERicH LT TSR MR £ R T 204 T, EHE
HIHIEIREETH - /2.

—7%, DURE LTnsVOEREE AV 8, ti2-)
/&, i MR- 13 /& & & 12 hE h oA EREK
LT 3 A EE L (Fig. 1), B,

ERRYEE A2 ST biovar 1
BT 3 27T kIR E h
A E OSBRI L - TH>OMERICERI S .
2%, {2-1MEFCNT 5 RIETRITIELCBEZ
+21XK0KES (© (3 biovar 1 ICEBT 3
Agrobacterium BEE THBICER E N 34, T oOfth
D 2EOUBE (a,b) OFRIL-T=DD I/ NV—T
HBE N —F, FEMR-13MFE T 3RIETH,
biovar 1 K83 2 2HikkicibE@ET 2RI, 3
BENoOnBE (3, bc) OFRCL-T=2D7 V-7
CERs R, XS ICMBEEETR & LIRS,
oh s 2 ERoRIEIc L - THENE OB S V-7
&3 h 2Bk LIZE—F L, Agrobacterium J& O #t3,
MO S b biovar 1 iKY 3HEHK RO O MERICHE
Bl sz (Table 4).

BEEOEEENRE L2gs, “oofiliEids b
B TIMEEREN & ORI 4 KOmBHEREK L
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Fig.1 Serological reactions in agar double diffusion tests to heat treated
antigen. 1: A. rhizogenes strain 2-1, 2: A. rhizogenes strain MR-13,
A: anti 2-1 serum, B: anti MR-13 serum.
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Fig. 2 Serological reactions in agar double diffusion tests to sonicated

antigen. See Fig. 1.

Table 4 Precipitin band formation against
heat treated antigen of Agrobacterium
spp. in agar double diffusion test

nti-serum Anti 2-1 serum Anti MR-13 serum
Sero-group

1 apc? b

I C a

il bc abc

v * C a

v j— J—
a a, b, c=Each precipitin band, * =differ with

isolate, — =no reaction.

(Fig. 2). fhoBEHEREE LGaonEass,

BUEEANR & LB EERIC, Agrobacterium I8

M D biovar 1 IK@T 3Ekic L TOAERKRS L/,

L2-1mEcHd aRUGT, 0 b SMmETLIc
BT A0BE d ik, $-XTObiovar 1 iKBT 38K T
Ekshzs, RREFLCBET 0BT a 0FER

EoTIToorv—-7icE s niz, ¥4, HiMR-13
m&F g 2 RKIRTIE, 2 X0WEE b, c 3BHEKIC
HEF S, PURFLICERLT S0 R a RU d OF K
KE-TIo0 V-7 iRl S Wi, EEHLEEE
iR E LA S MBUERE G & L Idas Sk
i, 2B oRmMBENT ARG, S, #HEAL
biovar 1 BT 2EHKI=>oMmBER I HE S v
(Table 5).

PLEDkER, Agrobacterium J&®D biovar 1 IZBT 3
HEE ORI, MEBLER S 3\ I3RS EEE
ARFE LTHVWS S, 2BRoMME NS 270k
Ny —vhs, ZhFnMooMEFERIcENsh, &
T A, AR CHET R RS  SmiER
KETh2ERE, TRTHETH-, THLDB,
biovar | iZ/B¢ 25 ME I, WABEOWFhER
FELTHOWTS, ERZREEOMER AT ST
LHAgETH S, rhFhOMBEMNCE T 3EKE
Table 6 lc/RL 7. TD& S » v EiRFRMAEIR, F
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Table 5 Precipitin band formation against
sonicated antigen of Agrobacterium
spp. in agar double diffusion test

RO Anti 2-1 serum Anti MR-13 serum
Sero-group

1 abcd? bc*

I bx*c abc *

I b#*d abcd

v bx*xd bcC*

V J— —

a a, b, c=Each precipitin band, * =differ with
isolate, —=no reaction.

Table 6 Grouping of Agrobacterium spp. into
5 sero-groups

Sero-group Isolate

1 (biovar 1)|1-1, 2-1, 8-1, 8-5, 10-1, 11-3,

I (biovar 1| 3-1,
M (biovar 1| MR-13, MR-15

IV (biovar 1){ NIAES 1001, 1222, 1223, 1224,
1277, 1278,

IFO 13532, 13263

V (biovar 2)| NIAES 1279, 1280, 1540, 1550

mEAREE T3 2 MERE, BRREREMET S
1 MmER O 3 MERMICRS i, Agrobacterium
BB S b biovar 1 BN 5 SEKIITO 11
BRI h

v % =

HHS (1987) RUHE S (1987) W, TEEKRUH
MEOHE A 0 v IcRE L RE RS RE B
AIELRIE, W b A. rhizogenes D biovar 1 itk %
BETH LT EAHSHIC L. EYREMEE S RT
3184, BENE OHEFIMHEERAE L3I0
59, ELOFNEHEEEL, EYEFMEOSER
ExEEIC L TWAS, Agrobacterium BB R
CE-TARBCHEShTV 3, THubb, KEEYIC
WAL e 2T 5 & D% A. tumefaciens, B RE
45 D% A rhizogenes, ¥ 1 F TBEYDOAHICHBA
L %2t 200% A rubi, KRHEEEZELLVLO
% A. radiobacter IV L TW3B, oA, KE
BTz EERRBRIcI-TosANEEOL D

(KERSTERS ©,

1984). Agrobacterium HEDBE I,

iR 3RR N & RN EIc L -T2
S>OETER (biovar) CHEBIE N, A. tumefaciens i
i3 biovar 1, 2, 343, A. rhizogenes |Z\d biovar 1, 2
OHFEAEVHLN TV S,

fhh, WMo A LRERUDEST EE L OEYIHERE
oEIER, MEFNFESRVSNTE . EYRIEH
BBV T HEROETIFFNEEMNBAS it h,
WEREOBEYNFRE LTRHENTVS (ScHaap,
1979; $ki#&, 1981).

Agrobacterium BREOMBEFHHEEHIT>VWTEI
NETILEBLOHENH S, £DHT, GraHAM
(1971) i Agrobacterium BHIEERD VA L » TEEHE
OEEAMFFHICENT20oRETH, £/, ¥
B D B\ Rhizobium B & %> 5> D Agrobacterium
B & ORI TRERIGHEAT 5 EEHEL TV 3.
—7%. Agrobacterium J&® biovar 1 KBY S &
biovar 2 iC/B¥ M QG MEFHICEITETSH S
EBFEXINTVWS (Keane 5, 1970; Loeez, 1971;
MIiLLER 5, 1981; EL-Kapy 5, 1982; ALARCON 5,
1987).

A0, IREMORR B 4 v v ERFEEE 2 @R ERL
THIMEE e L. COmumEicstd 2 4 o v Eif
RAEE 19 EHEA ST 31 Bkko Agrobacterium BRI
ORIGEHLEE L 7. T OE, BERIDE & 5 5UGH
RERMEMI<H LT, biovar 1 & biovar 2 (3MEY
P ERNER TH -z, Lichi-T, SEHERL A2
FESE OB X Agrobacterium B biovar 1 ICBT 5
M L TEREEE L, biovar 1 & biovar 2 (3,
MAEFICREZ T EHHBL . ORRE, BEo
B - BT B, F7c, Rhizobium BHIE T AT
BRIEAED b B, fWREEK & ORITIRRIEHED
Shiidhote, L, AL CERRLDEL, §&)
TIRHESE S RO THEICHB SR ML ETH 5.

Hocuster & (1967) &, A. tumefaciens Bk B6 &
7 OEFEMERLERK B6 TP 2HH L L HIMF
X BER S VK EIHERRT, R & PR
BRIMAFANCRL B T E2HELTVWS, EREER
3, Er-Kapy & (1982) itk - THHME LN, AWEH
Bbk & IR IR B B A& F R BB TRE L O & &R
BLTW3, B Sule 5 (1983) &, REABIKEIE
BEW, T 7y o ENEK A radiobacter K 84 BRIZ
BVWT7 323 FRBRABHBESELRT 5 L 2WE
LTwa, EESO#RTIE, BRYVAZERBHI
& -T2 o yEBRENE S Foftd Agrobacterium J&
#E o biovar 1 IK/EY MR 2 MEOMAZHV
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Table 7 Characteristics of Agrobacterium sp. belonging to biovar 1

tested in this study

) Collected | Alkali production from
Sero-group | No. of isolate 1
place Citrate  Mucic acid
I 8 Chiba pref. —*t +
i 5 Chiba pref. + -
m 6 Shizuoka pref. - +
v 8 d* - -
a Differ with isolates.
b + =DPositive reaction, —=negative reaction.
BT LIk -~ THBIMEEER C L HAUR I Wiz, BFEO
45 Tk Agrobacterium BHIEORFHIZ 75 R 1 ¥ V 5 =

DEBELZOBBL LI EBAONLTVES
(KersTERS 5, 1984). SEIDERY, WRMRUE S
2 FOBEOERICIZ6DOMBIAIROVWTRERE
HERESMBETH B, 1, Ao EHFREEIEX
VR EIREEC £ - TE>0mERIcER S h,
Bl—oBERicE W THERIC L MERGHRTZ L
bHEETNTWS (Keane 5, 1970 ; Bouzar 5,
1988). #/, IMEFMHEERI—ERIICE VT S
HEBEZIE-TRELEFOIEBEIATLS
(Scuaap, 1979; %, 1981). SHIOHRLREHEIE
HickdbnEEIOND,

A o v EARRME % ST Agrobacterium R 31 B
BOEBEHIHEII DLW TAALL. FO0HE
biovar ¥|9#+HE (KersTters &, 1984 ; Moorg, 1988)
D—2TH 57 1 YBRUHER» DT VA VELED
PHBEORIGICE » T4 o YERFBHEERI > 7L —
TIESIES N, CoEEFRHEIC & 28I L MEE
FEE I & 28— L/, 7/, EARWIRREE, Bfk
OBFRIC L AH L bMBEMFIZT-BL L SIER
OF A% Table 7TicER L. T o—BoMICE
He 200 iR HTHY, BICFERLRFALET 5.

rdogERL b, SEHER L A ZEBORMAE
Agrobacterium B D biovar 1 I2/§4 5 {IE & HRHC
IG5 EDBBASHICIE -1, k1, ZEHEOHME
EROEERS VA EI#E & B oReE
o, xovERBREBEMD Agrobacterium B ©
biovar 1 <B4 AHIEE & RBIAAIRES C & ANKER L 72,
LihisT, AVMER A o vy ERFEEOBERTI
FHTACEpOETHEEEZ OGNS, UL, 50
B L D3, B A. rhizogenes %5
W 1 BB D Agrobacterium BEE®H W 1, X 0 EE
BRFAPVELEL SN D,

* o EIRHEE, Agrobacterium rhizogenes DIl
BFOIHECREL, SRREEOMEFNFLICLS
BBEEIC>L TR L. & o, FFEEMEOME
FIME & A EEAME & OBRICOVLWTHER L 2.
ZDRERBILUTOLBY TH 5.

1) RA-7Msh SRR 2EED A 0 v ER
PR U CHRIMEZER L7z, Ch S ofilnig a4
ERIEER I BT Agrobacterium B O biovar 112/
T A & B RICKIE L7258, biovar 2 IZ@T 54
B L URME & 2RI LISV D, B RG
ERTDATH -1z,

2) EXFYVHEEHERCEVWT, HBROK
R > & Agrobacterium B ® biovar 1 i2/BT 3 27
BtkoME 3, MoomERicEN s, £/, T
B oRE L Ak EBRIE, SHE L lkiE, &
FERNC RIS - .

3) Ao ERKEE DEKEEU I HKD
Agrobacterium BREOHBENHELAE L. %
OFR, Ao yERGEEEE 7 1 BB L UNkES
SOTNMANVEEO2HHICLD, — 205 v—7 il
Al&hr,

4) * o vERBHEEOCMMBARE, HHOEEH,
AR I L BRI FE L

5) LbofgEH»S, » oy ERFUEOBEETE
WKME¥NFEMFERTE 52 EHEHL 72,

51 B X

1) Avrarcon, B, M.M. Lorez, M.CamBra & J. OrTiZ
(1987):
biotypes 1, 2 and

Comparative study of Agrobacterium

3 by electrophoresis and
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Serological Characteristics of Agrobacterium rhizogenes,
the Pathogen of Melon Hairy Root

Takashi SHirakawa, Toshiki SHioM1 and Shoshiro TAKEUCHI

Summary

The current experiment was carried out to investigate the serological characteristics of
Agrobacterium rhizogenes, the pathogen of melon hairy root, and to apply serological
methods for the diagnosis of this pathogen. Furthermore, the relationships between the
serological characteristics and physiological properties were studied. The results obtained
were as follows.

1. Antisera produced against 2 isolates (biovar 1) of A. rhizogenes isolated from
different areas were specific to biovar 1 of Agrobacterium spp., but not react or react
weakly to biovar 2 in the agglutination test.

2. In the agar double diffusion test, 27 isolates (biovar 1) of Agrobacterium spp. were
classified into 4 sero-groups. The isolates of A. rhizogenes collected at Chiba prefecture
could be distinguished serologically from the isolates collected at Shizuoka prefecture.

3. The physiological characteristics of 31 isolates of Agrobacterium spp. including the
19 isolates of A. rhizogenes were examined. A. rhizogenes was divided into 2 groups based
on alkali production from citrate and mucic acid.

4. The sero-groups of biovar 1 of A. rhizogenes were correlated with the collection
sites of the isolates and the physiological characteristics.

5. These results suggest that serological methods can be used for the diagnosis of A.
rhizogenes.


http://www.tcpdf.org

