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Agrobacterium rhizogenes biovar 1 I3 L8
2 1TX B35 BHIRICTON T

X H S R
Kouki Oura** : Hairy Root of Roses Caused by
Agrobacterium rhizogenes biovar 1 and 2%

Abstract

Occurrence of hairy root has been detected on roses in Shizuoka prefecture since 1979.
The causal bacterium was isolated from the rootlets of Floribunda rose, Hybrid tea rose
and Climbing rose, and was tested for its pathological and bacteriological characteristics.
Eighteen isolates were identified as Agrobacterium rhizogenes based on their pathological
traits as well as 82 cultural, physiological and biochemical properties. These isolates were
differentiated into two biovars due to the differences in the following characteristics: 3-
ketolactose production, Kovac’s oxidase, H,S production, arginine dihydrolase, ferric ammo-
nium citrate test, nitrate reduction, nitrate respiration, acid production from raffinose.
ethanol and erythritol, utilization of L-tyrosine, malonate and tartrate, litmus milk reaction,
growth factor requirement, growth at 35 C, growth in 2% NaCl pepton water, growth on
Schroth et al. medium, New and Kerr medium, calcium glycerophosphate agar, sodium sele-
nite agar, Starr’s basal medium, congo red mannitol agar and aniline blue mannitol agar, and
growth in a synthetic medium with asparagine and ammonium salts as a sole source of C
and N. Seven isolates were classified as biovar 1, and other 11 isolates as biovar 2. The
virulence of these isolates to rose and tomato were stronger than that to carrot. The GC
contents determined by HPLC method were in the range of 58.7-60.7%.

(Received December 20, 1985)

Key words : hairy root, Agrobacterium rhizogenes, biovars, roses.

AHERE PRI I9304RIC ) ¥ T TRAICHR &
nTHH'P, Y YIEBEK URER : Agrobacterium
rhizogenes) DLFIDF SNTNBES?, 2D,

b

il

BB BT ZYER ST ORI L, 1984455
1F 333ha RO, BEAEIZCDS>H 33ha LEDS
<, AEHBIRMICGEL T2, HIRET CHRES
o TNBNT OREICHERERAL o RIS 2559,
19752 € DIFE OFERILOTE R, RTMAL
PIRE AR D, ROWBIICEHOEREEL
Z—EOIRENITHECRR S NI T ORERBIE
T TIETF 5T WA, FAEREETEH0.5%
LBV, FRELLTEEIN T 5,

N7 THRESNY, bHETIEIA (1939)%
Y v THEL T B,

AWFER, FHERERL T 557 OFR D S
FRBEZAHEL , © ORI E 2B o Agrobac-
terium JEANEE & IR U 7o R, AERD Agro-
bacterium rhizogenes biovar 1 B XU 21 X B/NFF
1553 (Hairy root of roses) TH B La2W oM
LicdDTH b, HDOBEICBY 537 BIRKFOWEIT
BNDT, T ICTHEREORERERES 50

* RERE OREEII TRRN604EEE [ AR E LRI B O THRE L 72,

** RITR IR

Japan

Shizuoka Agricultural Experiment Station, Tomioka, Toyoda, Iwata, Shizuoka 438,



414 AATEYIRE A 9525 $£3%5 WWR6IET A

AR OHEIC U D, REREES AT T
BEMS L, EM A& GC SEREK BEL
T, BTEENRERETES ZCERBOILSHEY O 4
KRARRBECEL T, ThZ 0BG MR EEE
DOESEHOBERT b0 T, KREZTLYD
M7 - T, HRARFEARREERISL, R&ZFER
RS R I AR 7E BRI A TR oo & TICE
<EALEL BT B,

FHEIRT &R

NZ OEMFERIZ197942 A, LRI TEH PO 7
R YNYEAREET 7 —N— Y 2 ODEATEYNCTED
SNtce REERO AL TY » N - F 4 REFICIEFRE
VBREDONEp -1 EMD, BATCX 2RO
HIAADBHEE E Ntz 198040 5 5 EEichz b, B
HNONFEERIC BT BARROFAEEZTEL 7o £ Ok
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Table 1. Characteristics of the hairy root pathogen of roses and the 4

reference isolates

Characteristics

Rose isolates

Group 1

Group 2

IFO 13532%
At R7

IFO 132572
At R11

Peritrichous flagella
Motility
Oxygen relation
O-F test
Kovac’s oxidase
Catalase reaction
Urease activity
3-ketolactose production
H,S production
Arginine dihydrolase
Levan formation
NH; production
Arbutin hydrolysis
Aesculin hydrolysis
Nitrate reduction
Nitrate respiration
Growth at: 35 C
28 C
Growth in:
Nutrient broth
Pepton water
Uschinsky’s solution
Fermi’s solution
Cohn’s solution
2% NaCl pepton water
Growth on:
Selective medium of Schroth et al.
Selective medium of New and Kerr
Calcium glycerophosphate mannitol
nitrate agar
Sodium selenite yeast water glucose
agar
Starr’s basal salts medium
Congo red mannitol agar
Aniline blue mannitol agar
Growth in a medium with:

Asparagine as a sole source of C and N|

Ammonium salts as a sole source of N
Utilization of :

IL-tyrosine

Tartrate

Malonate

Citrate
Growth factor requirement

1-3
+0
aerobic
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Table 1. (Continued)

Characteristics

Rose isclates

Group 1

Group 2

IFO 13532
At R7

IFO 13257

At R11

Formation of pellicle in ferric ammo-

nium citrate solution
Litmus milk reaction
Gram stain
Fluorescent pigment
Pyocyanin
Voges-Proskauer test
Methyl red test
2-ketogluconate production
Lecithinase production
Tyrosinase production
Indol production
Starch hydrolysis
Casein hydrolysis
Cotton seed oil reaction
Tween 80 hydrolysis
Gelatin liquefaction
Hypersensitivity reaction
Potato rot
Acid production from:

Arabinose

Xylose

Rhamnose

Glucose

Fructose

Galactose

Mannose

Sucrose

Maltose

Lactose

Raffinose

Cellobiose

Glycerol

Mannitol

Sorbitol

Inositol

Dulcitol

Salicin

Erythritol

Dextrin

Starch

Inulin

Ethanol

e i ot st IR ST S S

+

I T I T T S o S S S A RS

+

alkali

T T S T e S S A

[

I

+

e e S i s Ak s S e S

l

a) Reference strains: IFO 13532: Agrobacterium radiobacter biovar 1,

At R7: A. tumefaciens biovar 1,
At R11: A. tumefaciens biovar 2

IFO 13257 : A. rhizogenes biovar 2,

b) + :Positive reaction c¢) — :Negative reaction d) =+ :Scanty growth
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B, JANTICIZI8HRE, P~ MICIE23ER, AT
W13 RS AR U 7208, = v ¥ ViKidEE< 6
BkDATH -7 (Plate 1)y H#7E=v I ViIZDD
THi-# Root disc ¥hEXShiHHARH: & IZIIE UMER
TH 70 SABOBREKKIZOT N SEMOFEAIRTS
D otoe MEFIRATICIE / 4 7 IOREEAR L 72
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MEEEE

N5 A H R & RERE ORIBIS M % Table 1
IR LT ST ERIEOVT NS, 77T sl TIFE:,
TEREIZ TR TR E XA 0.8~1.5um, NSO,
1~3ADHBEMA o WmIERFHEM LT
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BN S 720 743V, PP VK, TV VR
K, 93— VERBLXOT = v K THEDH
BAERLUED, BHICLDFEBEORNHOEENED
WA HNTo

HBEIHEICBOT, ~S7ERERGEOENCED
20— NI, =7 11KiE THEE (AR
119, Ar R120, Ar R121, Ar R122, Ar R123, ArR
124, Ar R125), 27 v—7"2ici311E#kk (Ar R227,
Ar R232, Ar R233, Ar R234, Ar R235, Ar R236,
Ar R244, Ar R246, Ar R247, Ar R248, Ar R249)
BEFENI

Tv—71 L 23 TRRO6DOMWE TRIRHRIE - T
Wice Tibhb, AFVL—EEM, 3552 b -
AR XOWRAKROELE, T7¥ = v Ok,
MERETT, THERIEEA T TOMKMNFEE, 35CTOHR
B, 2%BENE~<7 vk, Schroth et al. 15,
New and Kerr M, 77 ko) VEBAHVY W LEE
H, VRS MY U LER, Starr OFEHEER, o
va =Ly FBIU 7=V - TORSE,
L-Fuavy, lWABELC~o vBRORIfl:, 72
SEY BIUOTVESD A EHOW— RE SKEFHE
P, RERTOBRM:, 7 VBT VEZ Y LTO
WIRDARR, VX 4H, 774/ —R, TYRY
P BXUITZ ) — v S OBREA O IR
IBEENTD S Ntce v — 7 1 DI IIIMEE T
IR TR ATR 3 BIRk & It AR T R oo

—F, XRE AR, S TBERRE 1T FERE, 25
OEBER HEE TGS BT, IFO13532 &
AtR7 &, IFO13257 13 AtR11 EH#:EH—FHLT
Wie ThB, NIERO V-7 11F TFO 13532
BXU AtR7 &, -7 213 IFO13257 BLO
At R11 SIS —E L feo

GC &8

NTEMO tha o 48 (Ar R120, Ar R121,
Ar R234, Ar R246) %:%0 DNA AWMU -45E,
2NEN 500ml OWEIEEE RS 5 700ug @
DNA sl S 41, SEAMIRINET1.82~1.86 & #lifE
DOEN DNA 98B ohiz, chs® GC SBOAEIE
%47 - tofESR, Table 2 iTRd L7 GC 4EHMNE
5Nt RICHN IFO 13257 B XU E. coli @
GC &4BIZENEN59.6%, 51. 18 CThH -t /NTH
B GC 4EII58.7%~60.7%T, 7 )v—7 1 I@T
Z2BHRORITIZEDH SN, Sv—T 2D 28
Briclzzensis <, IFO 13257 L UM TH - 720

Table 2. Comparison of DNA base composition of the hairy root pathogen of roses
with those of Agrobacterium rhizogenes (IFO 13257) and Escherichia coli (B)

Rose isolates Rose isolates IFO E coli
Test Group 1 Group 2
Ar R120 | ArR121 | ArRoss | Ar Rogg | 15257 B
DNA base composition?®
58.7 60.7 59.6 59.6 59.6 51.1
(Mol% G+C of DNA)

a) DNA base composition was determined by reversed-phase high-performance ligquid

chromatography (HPLC) method.
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NI BLCY ST OEMD S EES Nl AR
1377 s, AfSER, BNLREELET, iz
BRALICamL, stk BIRTI~3ROFHEEZR
U, FiREESHERR S o T & 5, Agrobacterium |
MEEEZ SN S,

Bergey’s Manual (& 8 iz, 19740)? T, Agrobac-
terium BRIEIREIC 3, b5 b —2EL, FIFT
& 2 NGO, WEM OFE0 B&ick-T4>D
BICOHEINTN S, bbb, EICHBAL v 2 F
5 0% A. tumefaciens, IIKEHED & D% A. radio-
bacter, ¥EWICEIREIED D% A. rhizogenes, Rubus
BBAL 9 EIEL D% A rubi & LT 5,

UL, SE%ET e Bergey’'s Manual of sys-
tematic Bacteriology (451 Rk, 1980 Tix, F&
DT IC biovar (ZEEE) OLFRBSEAIN,

A. tumefaciens 1< biovar 1, 2, 3 23, A. radiobacter

T biovar 1, 2 A3, A. rhizogenes | biovar 1, 2 73
nz ohice CDC &I, Agrobacterium BDSEIC
LT, B biovar MEERE C & ARL T B,
AT oo 7 BRI RIS D DI &
D207 =1L o0, Fr—7 1IdRICH
Wiz A. radiobacter biovar 1 (IFO 13532) £ L A.
tumefaciens biovar 1 (AtR7) &, 7 v—7213 A
rhizogenes biovar 2 (IFQ13257) B LU A. tumefa-
ciens biovar 2 (At R11) & B MMEEA—FL 7o
FiRbb, Fv—71F biovar 1 1T, Zv—7"212
biovar 2 IC/BT B EMPE LR Tz, TRENT
BBk D A W o IR & iR B9 4 72,
Table 3 A7z, ST ER® biovar 1 & 214,
Bergey’s Manual (1984) ici2ik® biovar 1 & 21
K =Ltz 7272, /NTHE® biovar 1 127 v
BRI TR - Tt COC EIdie, MESi:
BT NS blovar 1 |3 A. tumefaciens @
biovar 1 ® A. radiobacter @ biovar 1 XA T
¥, /NS ERRO biovar 2 13 A. rhizogenes, A. tumefo-

Table 3. Diagnostic characteristics of biovars of the present isolates compared
with those of the genus Agrobacterium?®

Present A 7hi- A. tumefaciens | A. radiobacter
. . isolates zogenes
Diagnostic test
Biovar | Biovar | Biovar | Biovar | Biovar | Biovar | Biovar

1 2 2 1 2 1 2
3-ketolactose production + — — + — + _
Kovac’s oxidase + — — + — + _
H,S production + — — + — + _
Ferric ammonium citrate + — — + — + —
Growth at 35 C + - — -+ — + -
Growth in 2% NaCl pepton water + — — + — + —
Growth on selective medium of + — — + — + —

Schroth et al.
Acid from ethanol + — — + - + —
Nitrate reduction d - - d — d —
Litmus milk reaction alkali | acid acid | alkali | acid | alkali | acid
Growth on selective medium of New - + + — + - +
and Kerr

Acid from erythritol — + + — + — +
Growth factor requirement — + + — + — +
Utilization of malonate — + + — + — +
Utilization of tartrate — + d +
Utilization of citrate + + + - + - +
Mol% G+C of DNA (Tm) P8 T u| 59.6% | 59-63 | 57-63 | 57-63 |58-62.5| 58-61

a) Data from Bergey’s Manual of Systematic Bacteriology Volume 1 (1984)

b) Determined by HPLC method
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ciens, A. radiobacter @ biovar 2 LIFXETEIN
TEERLTN D, Bergey OFiRTHHEDKBNICIE
WEMERZE > T3, ~NIEBEO GC SE,
biovar 1 @ 2 Bkk»H358.7% % £ 1560.7%, biovar 2
D 2 BMRSILICE. 6% TH - 7S, Tho3HINd
EER DB OHIPARIC A - Ttz (Table 3),

Pk, A TGOS T E#IL, N7 OO
WICHED R FEE B 3 5 © &, —BOMBESEIEE
» GC 480 A. rhizogenes D FNITFNT &L E
M S¥W LT, Bergey's Manual (1984) IcZtik® A.
rhizogenes biovar 1 BX U2 L[EFET 3, BLIEZNS
FHERE (Hairy root of Roses) & L 724>, Bergey's
Manual (1984) Tid, A. rhizogenes @ biovar 1 i
B4 2L WERfkiZ s, Keane 5! % Holmes
and Roberts 59 B+ .9 ) RELSHHEINIE
T A. rhizogenes biovar 1 DFEALEZHEDTEY,
Constantino 5% 3% N 5 OBk SIREMEICED B
Ri 7”523 FARKBREL TS, ABIZETS biovar 1

DOMEE NIz T E s, A. rhizogenes ITDNT b,
biovar 1 REMET 26D EEZ 5o fakl 7237 5k
BRISEIRED 5 B, 7 Bk biovar 1 ICEL, {holl
BikkiZ biovar 2 ICFRER L 7253, biovar 3 ICFHfEd 5

NP otce 7KL, NIFRIZ AT E = MCIRE
FUEDSHRD 5 70 B8, =¥ ¥ VITi3FEh - 12 (Plate I),
T O¥RIT, A. rhizogenes 3= v v disc b 5 DF
BRERT &0 S|ES P LEIL S T, Sed i
DRT, WEBAL o BBERERLL Tk s 5
N (Plate D, 2h o OB 5 I3 & HREEDs
AL wIREDSHEERCEE S e (REFR). ~NTIRE
IZ¥B1 %o agrobacteria MIEREAEZ C L

IR DRAEBMOBEIC DN EZZ 5N B,

] =

1979450 519844 23 T, FRIE T TIRAEL Foon
7 BHREDFEARI AT, kS N RERIEE O
BRI AT U oo HEEKL 7 ISEIMRIZIRIR M &
U82IHE O MM O R R 5, Agrobac-
terium rhizogenes biovar 1 BXU 2 LEE N,
% AN 7 EIRK (Hairy root of Roses) & Utco
iz 7 Tﬁﬁ biovar 2 WWRIIEKkBEEN
720 blovar 1 & 2 ORNICIZ265H @Lﬂfﬁ' M T
B Lz, £ biovar 2 %4‘7@‘0, B 4 BBk L
TWELED GC &It 58.7~60.7% DRI H -

biovar 1 i

C KR A SN o 7z, blovar 1 & 21385, Yous 2o
IR opEEE N, EILIC & R & 1 2ERIZFD
51 B X
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Explanation of plate
Plate 1
1. Symptom of hairy root on the seedling of Floribunda rose induced by natural infection.
2. Symptom of hairy root on the seedling of Hybrid tea rose induced by natural infection.
3. Symptom of hairy root on the Hybrid tea rose induced by natural infection under
greenhouse conditions.
4. Symptoms of hairy root mixed with crown gall on the Climbing rose induced by natu-
ral infection in the field. (center:crown gall)
5. Symptoms on the Multiflora rose induced by artificial wound inoculation with two
biovars of the hairy root pathogen of roses. (left:biovar 1, center and right: biovar 2)
6. Symptoms on tomato induced by artificial wound inoculation with two biovars of the
hairy root pathogen of roses. (left:biovar 1, right: biovar 2)
7. Discs of turnip inoculated with two biovars of the hairy root pathogen of roses. (left:
biovar 1, right:biovar 2)
8. A disc of carrot inoculated with biovar 2 of the hairy root pathogen of roses.
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