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Crown Gall of Chrysanthemum Caused by Agrobacterium rubi
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Crown gall on lower stem and root of chrysanthemum(Dendranthema grandiflorum Kitamura) was observed
at Hwasung and Gumi in 2001 and 2004, respectively. Tumors were semi-round with rough surface texture of
dark brown color. Nine isolates inducing gall formation on lower stem of chrysanthemum among twenty iso-
lates from the tumor tissues were characterized. Their colonies were convex, glistening, circular with an
entire edge and whitish or tannish cream in color on potato dextrose agar supplemented with 0.5% CaCOs.
The virulent isolates were rod-shaped with peritrichous flagellae, gram negative, aerobic and growing on
DIM agar. Among nine virulent isolates, one isolate was identified as Agrobacterium rubi and eight isolates
were A. tumefaciens based on biochemical and physiological characteristics, fatty acid profiles and substrate
utilization patterns. A. fumefaciens had strong pathogenicity and broad host range compared with A. rubi.
This is the first report on crown gall of chrysanthemum in Korea. To our knowledge, crown gall of chrysan-
themum caused by A. rubi is first report in this study worldwide.
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198 °o]g7]
o5t BFste] weER FHAEe I/REE sk Al
#7 Bt Rhizobium 22 AR-F= 2L Ak (Kersters

9} De Ley, 1984; Sawada &, 1993; Young %, 2001).

=alollA wa)EH ) AeEsie] 19073 Smithe}t Townsend
7 Aeow Fsle] & AL A #EE A=
st oy AaFon T Wl W AR
B gHAA &yt olF Fsof AALAT FL2 4.
tumefaciens®l 2|3+ Zojgte Wiyt otz E]IkE 3=
(van Zyl 5, 1986), 72 A=News} Milne, 1976), 7l=
(Bush®} Pueppke, 1991; Miller, 1975), o] &2 °KBazzi &,
1989), ¥ E(Ohta$} Nishiyama, 1984) T-olA EILF ]
th 8 A visE =3t BYEATE 227 o
(Bazzi®} Rosciglione, 1982).

FUelA Fahe A4 A3 AEA (2,597 ha)2] 31%
9} B3lE AuH (1,288 ha)2] 4%2EA HA=TH o2 Afu)
H3 glon dAAgateo] 11309 Y gt e 7
23 9845 F9 sa(CsEE R, 2006). AAES
2001'd A% A AA s ETHA AuE =3}
o} Z7iol A HeiEue) wAlg X g 1sIUTHLee T
2003). I ¥ 20043 BAEST FeiAloA AKo] EFE
Z3}e] o B IZel WAL AT
AR FeAuiR|ol A bR o2 Hegrle] wAo]
A= k. B AfE A9 FulAdA =38}

PZHe oz HAX AgrobacteriumFTES] 7

£ g o

sl

Y

= —
e AA sl AdsHE 5L A A 71&
A7z de3x 4tk A Agrobacterium®e] 5 -
guof Tkl =gdo] A gt B Ao W 7]

%23t QY2 F(Kersters$t De Ley, 1984)%F Young &
ool sl AHE AA - AFTEF WS FELHL
2 gttt
e U

AgEe @ 4994394, F3te] E719 el 24
g 1078 AE B8 AFste Mg REsT. Al
AP T FEERZ FUE 73] AL 70% o8
UZH 1% 2AIFAAUEFNaOCHERE EH 4% F
GREH5E 33 A AZANAD A5 F 289 &
He waz Zeha YR e 248 Smm A%
o] =712 22} 0.5 mi] BESF57F £ I Eppendorf
tubed] W AgH W2AE o]g3te] miag F A2M
302 Ax Tk Axe|d @S 0.5% CaCO7F A
7} potato dextrose agar(PDA, Difco) BiA[¢F DIM agar
H) 2] (Perry$} Kado, 1982)0] 7zt w2kalsd o.m) 28°Col A

(&)

SuA - gal - seElE - R -

ol - Rl

2~5U7F WiFsAAM F2US F, A, SEE, A
& 71F O 2 Agrobacterium3} SAF FEUE A
SRy FAE Az 228 AdS 10% =

, Ao A3 FFEL 0.5% CaCOyt H7HE
PDA AbRuiR]o] #jF & 4°C WA FASAT
2eA el HAES F3NDendranthema grandiflorum
cv. Lerbin) F-H5E ©]&3IAt}h. A SFEMEEA, A&
Hlo] @ Gyt 87l LEEZA 10.5 cm, o] 8.5 cm)pell 5em
Aol ArE AFEEe o] 4~5m) 2] HHEA
& W) HEEoR AT BddEE 0.5% CaCO7Y
| =3led 28°CellA 24A17F v ¥
o] 5%E(ODgpm = 0.1)E ZHFHL
S mol 27|38 e Wi 10w HE3IA
T 25°CE 289 FA40Hs
=, 100%)0] 24A17F & F 240 fAFHA & #A4
AEZE ZALEI T
WA Fe] 4. 23 207 aF FolAM 3o &
710 AEste] WAl AU o] WA 55 4
o AF23ITE Type A(YK3505, YK3508, YK3510,
YK3512, YK3524, YK3536)9} type C(YK3529)0l &3l=
e FEE F3Y E7)Fd0A g FF0H, type
B(YK6136, YK6138)°| &3l 2709] #5& =3t ¥
glellA 28 Aotk RFFFE AHE-RE 4. tumefaciens
KACC107363F 4. rubi KACC10739%= @=5&H =R
Z A E](KACC, Korean Agricultural Culture Collection)®l]
A Bof wrol Agatith WA F59 FHE 0.1%
uranyl acetate® B s} F3pHAIHu B o2 HFEIG
o w3, e - A 542 Schaad 5(2001)9] ¥
o) uel ZARlG O FI71A o2 PDA-CaCO;(Bouzar
9} Jones, 1992)2} mannitol-CaCO; B X](Bouzar &, 1995)
Aol AF A {FE AT
49 o] &4 ¥4, Tryptic soy agar(TSA) BiA]ol| =
wate] 28°ColA 244 7F vk F HE-G o] 83t AH
o T2 0.85% AAAF S0 Y HESt 3X10°
CFUmI 52 243t Al dgdg 27 GN2
MicroPlate™(Biolog, Inc., Hayward, Calif.)®] 96 well®ll
150 p B53193.0m 28°ColAM 24417} Bl $- MicroLog™
3-Automated Microstation system2 ©]-8-3ted Bl 4k3}
B =2 2A}319 2.1 MicroLog Gram-negative database
(ver. 4.02)8} 9123t FA3IAUTH
Auabshg B4, Yol glE M-S TSA HiA]
53 3 28°CoA 24A17F B g ThE 4 T2 A9
S AH#HAZ 1.3 em, =] 10cm)oll %71 5 Miller

ol 2
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(1982)9] "ol wel AL FE3}HHU ™ MIDI
(Microbial ID, Inc., Newark, DE) GC system& ©]-&3}]
A8t 2t @59 Ak 24L& MIDI Library ver.
TSBA 3.903} Library Generation system software(ver.
3.90)8 ol&3t] B

71799 AL 1Y AR Agrobacterium Al
o] Wl 80|t =3l (Dendranthema grandiflorum cv.
‘Lerbin’), @8l (Nicotiana tabacum cv. ‘Samson’), B
(Daucus carota cv. ‘Sunhongbom 5 chon’), “&H|(Rosa
hybrida cv. ‘Redsandra’), EUFE(Lycopersicon esculentum
cv. ‘Seogwang’), X =U-(Vitis vinifera cv. ‘Kyoho’), &8}
(Cucurbita moschata cv. ‘Jangsootozwa’ )& ©]-&38tHt}. &
v, B2, BEulE, o892 Y& FEWIEA, A&l

fo=|
AA
o) AAFAE W HAES
98 PHoz 3T F

AFE 2 W94 4R. 20019 42 A% FAA
oA ZEAA =3l E719 0.1% F= HEH o]
TAERon Eof A71E 2em FEATHFig. 1A). 2004
W 390l AAEE FulAdA AujE =3le] B2
HaZol 5% A= WG o £ 7= 05cm
A=A thFig. 1B). Bt 710 FAHE 59 BFH A

Fig. 1. Symptoms of crown gall naturally formed on stem (A) and root (B) of chrysanthemum, and galls developed 4 weeks after artificial
inoculation with Agrobacterium tumefaciens YK3505 (C) and A. rubi YK3529 (F). Colonies of A. tumefaciens YK3505 (D) and A. rubi
YK3529 (G) on PDA supplemented with 0.5% CaCOs. Transmission electron micrographs of A. tumefaciens YK3505 (E) and A. rubi
YK3529 (H).
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CaCO,7} A7 PDA HiR|olA A o]
salRon F2HA BEE8A whgolHA thh Fil
APl (Fig. 1D). BFH A rubidll &3t 45
ol oA =gon Aol AstHA #7717 Y= Oé
oA thFig. 1G). =&H 20709 45
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agarol A = AJ 3} Tl King's medium B(KB)ol| A1 &%

429 - ol -

b

A4S AAYSIA &S T yeast extract-dextrose-CaCOs
(YDC) X< nutrient-broth yeast extract agar(NBY)ollA =
gAloll} x| UL AASHA gt Type B
o &3le 27| #5E 40°CoAlM = A48 th(Table 1).
wElEy o THE A7t 3-ketolactose AYAF
5 157}1]94 A - At 548 A A3 BRE
dFE 2% NaClol| 4] AsER A litmus milkol|A] &2HE]
2498 eI ST oxidase WHE-0] Al WHH, CaCO;s
o} erythritole] 7 wiAo A= AHS AASIA] ke
M, tartaric acid®} mucic acid’} H7}E iR A= EZ
& AdsA &3kt Type A%t type Bell &3h= 871
FFE 3-ketolactose A 4F, pH 7.00014 2543, 35°C A7,
melezitose Z 5B 4F AA, ferric ammonium citrate Y-8
o] ekdo 7 hxdF= AME3 A, tumefaciens KACC10736
I FAUE 92 HAOoH type Ao &B= 4 4F
(YK3505, YK3510, YK3524, YK3536)% citrateZ ©)-&-3}
At Type Coll &8 1719 &F+& malonic acid7} 3

Table 1. Reaction of present chrysanthemum isolates and reference strains to biochemical and physiological tests

Characteristics

Present isolates

Type A
(n=6)"

Type B
(n=2)

Type C
(n=1)

A. tumefaciens
KACC10736

A. rubi
KACCI10739

Gram positive
Grows aerobically

Colonies yellow or orange on
YDC or NBY

Fluorescent pigment on KB
Growth on D1M agar
Growth at 40°C
3-Ketolactose production
Acid-clearing on:
PDA-CaCO,
Mannitol-CaCO;

Motility at pH 7.0
Growth in 2% NaCl
Growth at 35°C
Action on litmus milk

Acid from:
Erythritol
Melezitose
Alkali from:
Malonic acid
Tartaric acid
Mucic acid
Ferric ammonium citrate
Oxidase reaction

Citrate utilization

_b

+

+ o+ +

ALK

< + +

=+

+ + +

+ + +

ALK

+ o+ |

+

+ +

ALK

+ + +

ALK

*No. of bacterial isolates tested.
°+, positive;

—, negative; v, variable; ALK, alkaline.
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0

O

7He v el A ST E YY) 3-ketolactose BAF 2 A9 &oluv & ERE= 83 St &
7} 35°C A7, melezitose2 5B AHYAL, ferric ammonium Ao FAHE HYA N TFELS Schaad F(2001)0] &
citrate Ht-5-0] 24O TAM NWERAFE AFES 4 rubi T HAA Agrobacterium E-30] LA IAT
KACC10739%} 54 ¢ vEg-S B o pH 7.09014 & Agrobacterium®oll &= 529 A& 40°ClA 4
Aol AT Table 1). 7ol E7haeh] type Bell &38h= 2719] 5= 40°CO

i, A - Aslely S e FREH §EgE . Ak AAo] 7Bt olH g 542 EEE Aoy

H ruln

Table 2. Differential oxidation of substrates by present isolates and reference strains in Biolog GN MicroPlate

Present isolates

Substrate Type A Type B Type C A. tumefaciens A. rubi
KACC10736 KACC10739
(n=6)" (n=2) (n=1)
Glycogen v + + + _
Tween 40 v v + + +
Tween 80 + + + + +
N-Acetyl-y-galactosamine v + - - -
N-Acetyl--glucosamine + + - + —
i-Erythritol - - - + -
p-Melibiose + + - + +
p-Raffinose + + - + —
Xylitol + + + + +
Acetic acid + + + + +
cis-Aconitic acid + + + + —
Citric acid - - - - -
Formic acid + + + + _
p-Galactonic acid lactone + + - + +
p-Gluconic acid + + - + +
p-Glucosaminic acid v - - - +
p-Glucuronic acid — + - + _
a-Hydroxybutyric acid + v - + _
B-Hydroxybutyric acid + + + + -
a-Ketobutyric acid + + - + _
a-Ketoglutaric acid - - - + -
Malonic acid - - + - +
Propionic acid + + - + -
p-Saccharic acid - - - - +
Succinamic acid v - - + _
p-Alanine - - + - ¥
Glycyl-_-aspartic acid + s + + _
Hydroxy- -proline + + - + -
-Leucine - v — + _
L-Pyroglutamic acid + + + + -
- Threonine + + + + +
p-Carnitine — - - + _
y-Aminobutyric acid \Y + - + _
Uroncanic acid + + + + +
Inosine + + + _ _
a-p-Glucose- 1-phosphate + + — + _
p-Glucose-6-phosphate + + - + -

“No. of bacterial isolates tested.
®+, positive; —, negative; v, variable.
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NNFAEd e g7 B4R Hof & Aot Fa
2] - AslsRA] B oAM= type A9} type BE Schaad
F(2001)°] 7S 4. tumefaciens® NZdF=Z AHE-gH
A. tumefaciens KACC107363} FH 38 §Hg-& YERHI S
B2 A tumefaciensZ 7Tl F2171 §lAT} Type C
of &3t 1Ule] #FE pH 7.0004 2FA 0] AUAch=
e Adstae 7|8 Bad F99 43EBouzar
%, 1995; Sawada®} Ieki, 1992)3} thZH4F2 AFE-3 4
rubi KACC10739¢} & BAJo] FASIIS 2= 4. rubi
2 F4she Aol ettt

b2 o] & kAt Biolog 54 AlZEA type Aol
&3le o7l F5= S 24817 T A, tumefaciens®t 74~
100%2] B&E 513~784%2 FAL=E WERA LT, type
Bell &3l 27 d5= A. tumefaciens$t 87~100%2] &
EZ 63.1~82.0%] FAL=E YeRd 9 type Coll &3}
= Ul #F5 A umefaciens®} 323%° 22 FAIEE
eI Type A9} Be RTS8 AME-SE A, rumefaciens
KACC10736% type Ci= A. rubi KACC107399} 7]&e] At
shik-g-o] ARSI TE Type A9t B #5-7+oll= glycogen,
N-acetyl-p-galactosamine, -glucosaminic acid, p-glucuronic
acid, a-hydroxybutyric acid, succinamic acid, |-leucine, y-
aminobutyric acid ©]-8HX type A9} A. tumefaciens
KACC10736 Aleloll&= glycogen, tween 40, N-acetyl-p-
galactosamine, i-erythritol, p-glucosaminic acid, p-glucuronic
acid, a-ketoglutaric acid, succinamic acid, -leucine, p-
carnitine, y-aminobutyric acid, inosine ©]- &) type B
9} A. tumefaciens KACC10736 dF-7Fl| = tween 40, N-
acetyl-p-galactosamine, i-erythritol, a-hydroxybutyric acid,
o-ketoglutaric acid, succinamic acid, ;-leucine, p;-carnitine,
inosine ©|-&WAA AME T} §HES YETE Type C
9} 4. rubi KACC10739= glycogen, p-melibiose, cis-aconitic
acid, formic acid, p-galactonic acid lactone, p-gluconic acid,
p-glucosaminic acid, B-hydroxybutyric acid, p-saccharic
acid, glycyl- -aspartic acid, | -pyroglutamic acid, inosine ©]
BolA z}o]7t A th(Table 2).

Agrobacteriumy Aol A4 Biolog A Z&=8E ©
gto] 7 e RS & 85 RS B
A tHBouzar 5, 1993, 1995). B4 thApi-g-2&
o] = A rubi ASS AT 4, hydroxy-
-proline 4. tumefaciens?t ©]8-3+3L, i-erythritol2 A.
rhizogenes?r o|-&3tth= Mol 7 & £l 3 O
FE9] A tumefaciens= propionic acid, p-glucuronic acid,
glucose-1-phosphate, glucose-6-phosphate, glycyl- -aspartic

_

2 9 oo

ils
e
=7

acid, acetic acid® ©]&sl= WHH, 4. rubi= ,-glucuronic

0N - e - el - AR -

o= - A

acid, glucose-1-phosphate, glucose-6-phosphateZ ©]-8-5}4]
% =HBouzar 5, 1993). & AFAME type A, B, 4.
tumefaciens KACC10736 A. tumefaciens®} type C, A.
rubi KACCI0739€ 4. rubist /M whe-& Uehiles
2 ZFE FF SEs EA= glva ot

Ak 24, WY FFe A 24983 MIDI
Al 28g o] 8-3te] BT Type Aol &3t= 6719
TFE A. tumefaciens?t 54.0~90.9%2 FAIZE type B
of &3tz 2709 dF= A. tumefaciens$t 84.7~89.0%2]
FAIEE UErd JHA gype Coll &3t 1) #FE A
tumefaciens$t 71.3%9] FA=E YEPN ST 4. rubist
% 64.1%2° FrAIEE UEtHTh Type ASH Be 2
o2 A3 A. tumefaciens$t type C= A. rubi®t A5
kg o] FARSEATE Type A9 B Abololl= obF AL
g A 2 vEE A Ao, dxdFE A
43 A, tumefaciens®| B38| hydroxy acid AEF2] 3-
hydroxypalmitic acid(16:0 30H) & &H]&o] Jjdo=
2 9, unsaturated acid A E 2] cis-vaccenic acid
(18:1,;cis) o] Wkor cyclopropane A1%5-2] lactobacillic
(19:0 cyclogscis) EraFo] HAojd oz vk}, Type Coll
e dF = B o550 ¥l saturated acid AlE9
palmitic acid(16:0)2] ZAH]&o] =% o™ 4. rubidl H
&) unsaturated acid A5 2] cis-vaccenic acid(18:1,.cis)<]
3heke E9roy hydroxy acid A5 3-hydroxypalmitic
acid(16:0 30H) T&u|&o] JhF o2 W TH(Table 3).

HY AR Agrobacterium?; M- cis-vaccenic acid
(18:1,7cis)2] FFo] vl A Yehte o] HAo)H,
3-hydroxypalmitic acid(16:0 30H)2} 15:0 iso 30H 4]
&2 FE FESe F8 AR B3 Fo mEt 3-
hydroxymyristic acid(14:0 30H), palmitic acid(16:0)<}
lactobacillic(19:0 cycloggcis) 52 A WS 7FA L Q)
(Bouzar &, 1993). ¥ AgoMx Z3loA Ezld HY
3 Agrobacterium A5 A AWt ] oF 2%
7t cis-vaccenic acid(18:1,,cis)E EF A|¥4ke] dl&] 95
3] ®%o ™ 3-hydroxypalmitic acid(16:0 30H)$} palmitic
acid(16:0) TFHS Zol} typeB 2 Ao|7F AJAIT type
AS} BE A. tumefaciens, type C= A. rubiSt F-AFSH 2

A 2de 7R AT

] F719 @29 e A

g iy, #5EE & 34
dl type Aol &3t= =2 X
AZA A e HAAd S UERE BHE, type Boll &5k
4TES type Aol B3] 3}, dm], FEboA Ao
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Table 3. Fatty acid composition of present isolates and reference strains

Present isolates

Fatty acid® Type A Type B Type C A. tumefaciens A. rubi
KACC10736 KACC10739
(n=6)" (n=2) (n=1)
Saturated acid
14:0 tr’ tr tr tr tr
16:0 7.9+0.5 74+0.2 109 +0.7 7.8 0.1 9.0+1.1
Unsaturated acid
18:1,7cis 72.2+2.1 72.0+4.0 71504 73.0+£0.6 68.6+1.5
Branched acid
19:0 10 methyl tr tr tr tr r
Cyclopropane
19:0 cyclo,gcis tr tr tr 46+05 tr
Hydroxy acid
16:0 30H 43+0.7 4.8 +0.7 24202 3.6+02 3.0£05
“Fatty acid data were mean percent of three replications.
"No. of bacterial isolates tested.
“tr, trace amounts (<2.0%) detected.
Table 4. Pathogenicity of present isolates and reference strains to seven plants®
Present isolates ) .
Plant Type A Type B Type C A. tumefaciens A. rubi
LN KACC10736 KACC10739
(n=6) (n=2) (n=1)
Carrot +++° +++ +++ ++ ++
Chrysanthemum -+ + ++ ++ +
Grapevine + + - ++ ++
Rose 4+ +~++ - + +++
Squash -+ +~++ + +++ ++
Tabacco +++ +++ +++ +++ ++
Tomato +++ +++ +++ +++ +++
*Pathogenicity was investigated 4 weeks after artificial inoculation on each plants.
®No. of bacterial isolates tested.
°Gall size: —, 0 mm; +, <5 mm; ++, 5~10 mm: +++, >10 mm.
oFlith. Type Coll et @F& B, B@l, EvtEC  rubi IFO132617(D01259)9} 99.4%2] A7IME Aoz

Wegdol 73 v, EH]"’”H‘C Bedo] efglem, 4 fFARA =UdE Y S v FEFT 94.4-984%
njel EEuvolas WalAdol gllth. R EFE ALS- 2 FABAN AHH R HATHAR RIAA]). whebA

3 A. tumefaciensSt A. rubi= 2B 2Bl HlAdo] 9l YK3529 #5% 4. rubu= S8 oloF gt} o]ite] At

Row AEFF wt & PG olrt AT 2 FstelA BEE 7 Al HAdES 4. rubidt 4.

(Table 4). & AFoAM type C 59 WG A3 4 tumefaciensZ 53 F A}, Agrobacterium?:ol 23 =43}

Eoll AgtsEo] AAA N 7172 Fol thet WPz A B EHe S A BIEE Ao\, 4 rubi B

Folv & 7T = jldnh g AT BAEe Folvh AREo] A v wEd
o] 2] Q#i =3l S EzjE HAA Agro- AAA A. rubi®] ZAFALA 7132 b & AolA

bacterium NTE 3 type A9t Boll &3l 87| 4FE 4. -8 BRI go)

tumefaciens® 54 EA ) Type Co &3t YK3529

FE dz2dF2 AM-E 4. rubi KACC107399) ZHF 2 <&

540 fAtstavh mek F7FH o 7 AAJE 16S tDNA

FAA G7IMGEA A YK3529 4FE EEFT 4. 2001 A71% HIAIE 2004 ZBAET EA] oA
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DAE 97 5ol st F/3H 54
. 0.5% CaCOy7} 7+ PDA HjA|)|A] A8
33 BE5HA FHo] Ve Iy
@Fe e HRE TR 23] Ao
WA 71802 st o DIM agar
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