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Crown Gall of Weeping Fig Caused by Agrobacterium larrymoorei
and A. tumefaciens
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Crown gall on lower stem of weeping fig (Ficus benjamina Roxb.) was first observed at Daejon in 2003.
Tumors were about 15 ¢m in size and semi-round with rough surface texture of dark brown color. Two viru-
lent isolates among ten bacteria isolated from the tumor tissues were characterized. Their colonies were con-
vex, glistening, circular with an entire edge, and white or tannish cream in color on potato dextrose agar
supplemented with 0.5% CaCO;. They were rod shape with peritrichous flagellae, gram-negative, aerobic
growth, oxidase-positive, and grew on D1M agar. The isolates were identified as Agrobacterium larrymoorei
and A. tumefaciens based on biochemical and physiological characteristics, fatty acid profiles and substrate
utilization patterns. Seedlings of some host plants excepting grapevine produced typical galls two to three
weeks after inoculation with cell suspensions of the virulent strains. This is the first report on crown gall of

weeping fig in Korea.
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Rhizobiaceae3}ol| &8+ Agrobacteriumr2
AT ANEF, T S5 ATEF 2 AAEF
el slo] 55:(A. mmefaciens, A. rhizogenes, A. vitis, A. rubi,
A. larrymoore) 2.2 E-F - WHE G S HZ, Rhizobium
£0 2 AEFEZ AHKersters®t De Ley, 1984; Sawada
=, 1993; Young %, 2001). o] A& A AAHcw B

Ao &R, B, B F o SN &
. WA Agrobacterium Ad-S 903} o] o] A}
< 718l (DeCleenes} De Ley, 1976)3to] 2] & o))
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ol dey g dolt IFUFEEIE 1919
W u]=9] Florida Everglades |G olX Ficus aurea2| B
o] & &) FAHA = X (Galloway, 1919)2} @}
RIGFUR8] 7hR]of] Fo] Akl HUTh= B3 (Chase,
1987)7F AAA T W Tl et F&aiA 715 &

£ Atk Bouzar 5(1995)2 1991 ©]=+<] Florida
Ao SHAGA Al WA LR 7Ex]9F A
Ak A EQQo M AR SO0 2HE Agrobacterium A
sto] EF/E ZAE A& AAEHAT vy
A. tumefaciensZ FAHH o HAN FFE
I8 FI A OE NEE ATYS EQ1s
st BREAE HdEE AA 7S Rad
M= A larrymoorei AT 2.2 YIS
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(Bouzarg} Jones, 2001). o= 1991 o|&g]o} Ak
ol Ae FuAGT 19969 ool et AUE
7P, 19979 WiE &= opdol A WiARl G B
ZZHo] AF AU CH o5 WA Eejeh
P79 AMFES A tumefaciensZ FRIFHJ 21} oA
Al 52 Bouzar 5(1995)°] B2 A. larrymoorei®t=
EA4o] AE tE AMEL Foluvt AEY ¥ Vs e
A A3 tHZoina 5, 2001).
WA STV (Ficus benjamina L.y= %521 Moraceae),
AFEVTE(Ficus L) &3k Al=24] Qm9) o]
Alet7t dikAioltt, et SRR HANME A 3-o] &
W ZA 3 Aurt &old Buk ohe}t WaFolE 7k
AEEA A HoME &5 EE 7I2FE 0|8
m gEvetet 22 AR 24 AFYERE B
o] o]-§H &, 1989). M= AFA A9 s7lolN
A aka A WA A e EEo
Z| 9k ol A 2
Ak 2003d AAFE
+ Shl g o] Wiz}
15T}, ot &
Lol H W94 AgrobacteriumSE
AXE 2% #3H3 5A4& 2Abste] W
527 &8sl 3]'53@. A Agrobacterium?:2) E-F - 3
‘3401] ohFgh =do] JYAINE - AfoM = WA 7]
238 A YE-F(Kersters$} De Ley, 1984)2} Young &

(2001)01] o &l /\},.QLEI 2} - AZEF U2S d¥xoa
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Al 2 99874, AR Re 7] %
gt 2719 &g AF3 Mg EE3A AE =
2 FEEE ZUE 7] HANZ 70% ANEEEFH
1% 2oLE A EFNaOCHeE B 4% & da5

FrE 38 AA ARAAY. 25E & 229 U S
w2z 2 Wi = 23S Smm AR =2

UE 2]
712 22 0.5m/9 m&%‘%-’r: 7} 91 0= Eppendorf
tubeoll ¥ AE HEE
302 A= o AAE AL 0.5% CaCO37} 3
718 potato dextrose agar(PDA, Difco) #1219} DIM agar
v} 2] (Perry®} Kado, 1982)0l Zhz} Z=E3ls1 00 28°CellA]
2~547F wiokatAA SR FHl, A, ASEE, B4
& 2elste Agrobacterium® FAGE FEUE A
gt g e AR 2EE Aad 10% =

HT

—oEﬁi *

YA &l deste -70°C Z;ﬂi W 7] BEst
fou, Ay AH8-H dFEL 0.5% CaCO7F F7ke
PDA AbHulz]el] wiF £ 4°C W@ ore] fAI&HATh

23+ Ao WAL AR TN (Ficus benjamina)
3ted ERlstgtt. Bl ArEste] selrt &
g FEE M EEEA, At &(F )7t 22
E@Z 10.5cm, =°] 8.5cm)ol| o]23le] EFHol 4-5
o} 2ds] AAHUE W HEFROE AMESAY EEl
£ 0.5% CaCOy7} A71E PDA Hjx|o] w=3led 28°Cel
A 2477 W & BEEFTol e85 E(0Dggom
~0.)E 2Esgon FH Z7)8t AXE W
10 pA FEFsoth HEFHAE LR 7Wu 25°CE
z4% AMJ(APEHH% 100%)°l 24A17F & F 249
fFrAHAA = F4 AEE ZAMSHAT

WA # 4. 283 100 &5 F WAz
F-o] &7]o FFst] Yol ElE 345 (YK6109,
YK6110, YK6112)] 75 Z9iA] 274]5(YK6110 YK6112)
o] #F& Ho AgATh EEATE AFES A
tumefaciens KACC107362 &t oAl 2R EAH (KACC,
Korean Agricultural Culture Collectlon)oﬂf\i WoF Who} A}
Sttt HdFe Pei= 0.1% uranyl acetate= E A3}
o EapAdxEnF oz dFston wjoks, e - A3t
g4 54 & Schaad 5(2001)9] ¥l el ZASHR
‘:]r. Ao e A7) fJste] 2g-E, 37144

, DIM agar 8129} 40°ColA AA-FF-E AP
f?} -3 24317] Y3l ketolactose A4, pH 7.0
L54, 2% NaCla} 35°C A litmus milk §H&, AF
UzHe) A, ferric ammonium citrate B-2, oxidase ¥k
5, citrate O] 81578 XAl H7H 22 PDA-CaCO;
(Bouzar®} Jones, 1992)9} mannitol-CaCO; | X| (Bouzar
T, 1995) dellA A A F-57E 24T

29 o] 84 4. Tryptic soy agar(TSA) ¥iA]ol =
dote] 28°CollM 2477 Wi FR Mg AF St 0.85%
*@E]é]%‘—’? g ¥ dEsta] 3X10° CFUMm! %=
zAstch Al :‘:‘_%9114 S Z+7} GN2 MicroPlate™
(Blolog, Inc., Hayward, Calif)2] 96 wellell 150 p/% &5
s1e 28°CollA 24A17F B & MlcroLog 3-Automated
Microstation system= ©]-835tc] g4 Atsld R g ZA}
3l 2™ MicroLog Gram-negative database(ver. 4.02)%}

|45t FA sk

Airgre 24, gl
of =ate] 28°CollA] 24417 HiSE 22 4 FZ AT
3l AEFHEA 1.3 em, =°] 10 cm)oll =71 & Miller
(1982)2] gl wat S FE239 S8 MIDI
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(Microbial ID, Inc., Newark, DE) GC systems ©}-8-3t
A8 7t #7953 A4 242 MIDI Library
ver. TSBA 3.903} Library Generation system software(ver.
390y ol8-sto] EA3i-

71598 22h Wdwe] 71T AT Agrobacteriumss
o] HagAAR &3] o] &HAY FU T B 7]
FA B Z3}(Dendranthema grandiflorum cv. ‘Lerbin’),
hill (Nicotiana tabacum cv. ‘Samson’), S<(Daucus carota
cv. ‘Sunhongbom 5 chon’), 7 "|(Rosa hybrida cv. ‘Red
Sandra’), EVFE (Lycopersicon esculentum cv. ‘Seogwang’),
SV (Vitis vinifera cv. ‘Kyoho’), 38K Cucurbita moschata
cv. ‘Jangsootozwa’)S ©l8-3e] ZAMSIATH BM, T2,
Ente, 3uke o4 FEEIEA, AEulel2G)7H '
70 ZEEZ 105cm, 0] 85cm)l TAE AH I
SR =3, A, EEUYFE AEsder ZE e
Ae Bgol 4~51) &3] AAE FEE ARSI A
e WA AR F3ke Ar s

0 =

Al 2 99434, 20033 9€ gjdFHA
Aol aAshe stdldo e shEo] AAK Wz}
B 2704 BaZye] BAS 5. 2
77t 15em BER A3 FEEH] UUeH
e B9 Fo|AtkFig. 1A). &
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w0z ANZAF FASIACHEg. 1B). Fo22
B 288 ATE oA YK6110 755 CaCOy7F H7t

Aol thEig 16). 28 1071¢] FF& AR LT Y
Fo) 27100 JAHFAAS W 8 F5(YK6109, YK6110,
YK6111, YK6112, YK6114)= 2~4%F ol HFF oA
fuae] .o Pt on A7te] X m} 5o ¥

Fig. 1. Symptoms of crown gall naturally formed on lower stem of weeping fig (A, B), and galls developed 4 weeks after artificial
inoculation with Agrobacterium tumefaciens YK6110 (C) and A. larrymoorei YK6112 (F) on lower stem of weeping fig. Colonies of A.
tumefaciens YK6110 (D) and A. larrymoorei YK6112 (G) on PDA supplemented with 0.5% CaCO;. Transmission electron micrographs

of A. tumefaciens YK6110 (E) and A. larrymoorei YK6112 (H).
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Hol 2 on Fojut AT B e Alol= ¢l
A thFig. 1C,F). g o] &91d 57 FF= 374 A
Z(YK6109, YK6110, YK6112)0] o v gAlow 3

NE FF5 A tumefaciensZ A F AT B Aol A
S WA IR o] B2 3712 AlFe] WAt 9

lo] BAlE Ao = solgy
A= Aoz Mzt
HYAZe 4. A AFe WddE T 347“77}7‘]
B Agrobacterium® 3 AX3HA] Z= YK6lO9ﬁL
A 2% 2712 AB(YK6110, YK6112)2] B o] tHokﬂ
7t 545 AT Hdde @EH% T2t
dn|g oz Al Ax, 2879 AEe b HEE
74z Zhtol ot FejA o2 Zfol7t UATH(Fig. 1E, H).
BE Al O SAoHA 718z st on
DIM agard| A %= 43Tl King's medium B(KB)el
A g A yeast extract-dextrose-CaCO;(YDC) T+
nutrient-broth yeast extract agar(NBY)o| A =ghoju} Q
AR FRUE WA FRom, 40°CAX A3t

oo v Lol &8

F

Y - T - A

A %SkTH(Table 1). ¥e] S AlF7
7] 918t 3-ketolactose A4t 5 157FA1 9] A
A RS AN A3 2 dF BT &FA0 AL
H, 2% NaClZ} 35°Col| A AAto] 715319 2, 11tmus milk
Vi gz gAS e 2, oxidase ¥H&o] FAL
W, CaCOy7F 71 iAo A A A4 0}7‘1 2tk
™, erythritol 3 7FlA oA 4HAY/3, malonic acid, tartaric
acid®} mucic acid F7HiAAA GZE] AL 4901
o citrateg ©]&3kA EEATH YK61105F YK6112 &
9] 7]"“ & Apol= 37HA] REgAlA] JrERRETE. YK6110
455 3-ketolactose} melezitose”7} F71E wix] oA Ak
S *@ ARey femc ammonium citrate Hr-3-¢] A9l

R EL

REL]

W YK6112 5 A ol9T}
(Table 1).

v A, e - At vhga e FRP A 5A4E
2 Ao Holu & Efdte 4% S4elv 2 4
oA 5HE WY AldES Schaad 5(2001)0] EF
Eige: R R Agmbactertum—’—»]' RE Exo] dx3tgr)

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

Present isolates

A. tumefaciens

Characteristics
YK6110

A. larrymoorei®

YK6112 KACC10736

Gram positive ~b

Grows aerobically +

Colonies yellow or orange on
YDC or NBY

Fluorescent pigment on KB -
Growth on DIM 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 -

+ o+ +

ALK

Ferric ammonium citrate
Oxidase reaction
Citrate utilization -

+ + +

- - ND

+ o+ +
+ o+ 4+

ALK ALK

“Data from Bouzar et al. (1995) and Bouzar & Jones (2001).
b+, positive;

—, negative; v, variable; ALK, alkaline; ND, not determined.
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Fo A - A3 E4300 3lolA YK6110 = Schaad
T(2001)°] 7S A rumefaciens L NZAFE AL
A. tumefaciens KACC107369} TU 3 vk-g-& Yehfd2
O 2 A tumefaciensZ FFF] F&7t flch YK6112
a45e 7180 Ra" A¥ AR 4 larrymooreiBouzar

%, 1995; Bouzar®t Jones, 2001)9 E 7}A] wh-g-olA =}
o] 7} AR 2 3-ketolactoseS AJAHEFA] Bt A,
melezitose 2 H-E] 42to] AAAEZR FeEtheE A feric
ammonium citrate ¥+8°] 2-301}Ch= HelX 4. larrymoorei
2 A3k Aol 83E Ao FE AzZtHA

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

Present isolates

A. tumefaciens

Substrate
YK6110

YK6112 KACC10736 A. larrymoorei

b

Glycogen +

Tween 40/80

N-Acetyl-p-galactosamine

N-Acetyl-p-glucosamine

i-Erythritol

a-p-Lactose

Lactulose

p-Melibiose

[B-Methyl-p-glucoside

p-Raffinose

Xylitol

Acetic acid

cis-Aconitic acid

Citric acid

Formic acid

p-Galactonic acid lactone

»-Gluconic acid

p-Glucosaminic acid

po-Glucuronic acid +

a-Hydroxybutyric acid +
+
+

+ + +

+ + + + o+ +

+ o+

B-Hydroxybutyric acid
a-Ketobutyric acid
a-Ketoglutaric acid -
Malonic acid -
Propionic acid +
p-Saccharic acid -
Succinamic acid
p-Alanine
Glycyl-L-aspartic acid
Hydroxy-; -proline
L-Leucine
L-Pyroglutamic acid
L-Threonine

p.-Carnitine
y-Aminobutyric acid
Uroncanic acid

Inosine

Glycerol
a-p-Glucose-1-phosphate
p-Glucose-6-phosphate

I+ + + + + +

+ o+ o+ o+ o+ o+

+ + +
+ + -

|
!
!

+

o+ F o+ o+ 4
+ o+

|
|

+ 4+ + + +++++ + A+ +
+ + +
|

|
|
)

+ o+ o+ o+ L+ 4+ o+
L+ 1+ 1+ + + + +
P+ e |

+ 4+ + + + + + +

+ + + + +
+ 4+ +
+ o+ +

*Data from Bouzar et al. (1995).
b+ positive; —, negative; v, variable.
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B9 o8 ) wAAd 79 eAY o]f P
GN2 MicroPlate™& o83l 2=}t 0w 95714 714
oA 41714 71Eeo] g ¥E-8-& B2kt Biolog
A AlZEHA YK6110 dF& wld 2447 & 4.
tumefaciensSt 100%2] FEZ 61.6%2 FAI=S YERd
B YK6112 255 38.8%9] % FAIEE vERd .
EE dF+ glycogen, N-acetyl-p-glucosamine, lactulose,
p-melibiose, xylitol, |-threonine, glycerol, a-p-glucose-
1-phosphate, p-glucose-6-phosphateE  ©] &35}H 21} -
glucosaminic acid®} malonic acide= ©]&3tA] X It
YK6110 59 YK6112 #F= H2FoE AR 4.
tumefaciens KACC107369} &HA-9] o] &eFdo] A8l
o} 28y YK6110 #FE YK6112 w59 H|s] oz
T2 AMESE 4. tumefaciens KACC107363 B¢ o &
Fdol ok FARSIRA LT 4. larrymooreiSt= 2o)7t B
Skth YK6112 &5 HE YK6110 2 A. rumefaciens
KACC107365} &9 o] &¢4dol FASIRAIR 4
larrymoorei®} = §-ATS o] B TH(Table 2).

Biolog A2l €49l o] &¢ts vt MdS
A&sta HelsH #3E  Uvt. Agrobacteriums A
ol AAME o] 7]715 o]&3te F7F e AR F
83 73 BEo] tkBouzar 5, 1993, 1995).
29 AR F2he] FElo] THEEH 4 rubi Al

S A& 74, hydroxy--proline 4. fumefaciens?t
[¢]
=]

oft W tfo

[

183813, ierythritolS A. rhizogenestt ©|-&3lth= Hol
P & Solct. g tiF22] 4. tumefaciens= propionic

acid, p-glucuronic acid, glucose-1-phosphate, glucose-6-

N

S - R - A

G

S

i
oo rob L %

phosphate, glycyl- -aspartic acid, acetic acidE ©]&-
W, A. larrymooreis= E} Agrobacterium Z°] ©]8-3
A% AHSIAI7) AT cis-aconitic acidS AFSFA] 7]
e o] 744 2 5oy g2 @ AR gael o

ot

UAT T8 Ho] Utk Bouzar 5, 1993, 1995). & AL
oA YK6110 @3+ hydroxy- -prolineS o] &35S #

7+ o} g} propionic acid, p-glucuronic acid, glucose-1-
phosphate, glucose-6-phosphate, glycyl- -aspartic acid, acetic
acidE o] &3t the AollAM 4. mumefaciensZ 57 3he=
ol ettt} YK6112 &5 Y] E cis-aconitic acid,
glucose-1-phosphate, glucose-6-phosphate, glycyl- -aspartic
acid, acetic acidg ©|-8-3F4AI%F hydroxy- -proline, propionic
acid, p-glucuronic acidg ©]-8-3}A EsIPomzE 4
larrymoorei=. 4 3l= Zlo] ElFE Aoz ALEEHI .

AL 2. WY #Eke] ARt 244v|aE MIDI
Al&=®o]l &4 AFRE o83t BlaLstith. YK6110 +
FE A tumefaciensSt 84.8%2 FAIEE UERlon 4
rubiSt%. 66.6%2] FAFEE YERiTh ¥ YK6112 &5
= A. tumefaciens®}t 743%S] FAISE JERIO ™ 4. rubi

= 42.8%9 FAFEE UElTh 2452 Bl A
WAk 22 EollA] Addsl Afolzt YU 4. larrymoorei
(Bouzar &, 1995)¢} Ak Th YK61102 YK6112
Zrofl vl8ll cyclopropane 71%5-2] lactobacillic(19:0 cyclo,scis),
hydroxy acid Al%$] 3-hydroxypalmitic acid(16:0 30H)$}t
unsaturated acid A|52] palmitoleic acid(16:1,7cis) $FEH]
&o] Ao m =gt} YK6112 5= B 4550 ¥
3l saturated acid Al%E2| palmitic acid(16:0)2} unsaturated

Table 3. Fatty acid composition of present isolates and reference strains

Present isolates

A. tumefaciens

Fatty acid® VK610 VKe112 KACCI10736 A. larrymoorei®

Saturated acid

14:0 tr tr tr ND

16:0 8.9+0.1 10.8+0.2 78+0.1 8.1+0.6
Unsaturated acid

16:1,5cis 33+0.1 28+0.2 2.1+0.1 62+0.2

18:1,5cis 704 +25 74009 73.0+£0.6 710+ 14
Branched acid

19:0 10 methyl tr tr tr tr
Cyclopropane

19:0 cycloggcis 30+06 tr 46+0.5 25+06
Hydroxy acid

16:0 30H 4005 29+02 3602 4.1+02

*Fatty acid data were mean percent of three replications.
®Data from Bouzar et al. (1995).
“tr, trace amounts (<2.0%) detected; ND, not determined.
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acid Al52| cis-vaccenic acid(18:1,7cis) o] Eho™
cyclopropane #1%%2] lactobacillic(19:0 cyclo,scis)?} hydroxy
acid Al 2] 3-hydroxypalmitic acid(16:0 30H) 3} ZH|-&
o] Hjdo g Yk rH(Table 3).

A& Agrobacterium Al cis-vaccenic acid(18:1,;cis)
o] ggFo] g A JeR= Aol Aol 3-hydroxypa-
Imitic acid(16:0 30H)$} 15:0 iso 30H &Hu &L F&
TESke 8 AEolt}. T3k Fof wel 3-hydroxymyristic
acid(14:0 30H), palmitic acid(16:0)2} lactobacillic(19:0
cyclogseis) 52 Agabe 7R3 9lthBouzar &, 1993).
Aol 4 tmefacienso| X FAFSE 74 g0l U THBouzar
=, 1993) ¥ A larrymoorei= ¥} Agrobacterium A&
o] H)E| palmitoleic acid(16:1,,cis) o] Aoz =
o B AgoME WiAR 2ol A E2E WA
Agrobacterium M52 A Awat FEFe] oF 70~74%
7} cis-vaccenic acid(18:1,,cis)Z E} X HFAbe] vlE] €%
3] ®%2 3-hydroxypalmitic acid(16:0 30H)4}+ palmitic
acid(16:0) & Foluk AFEE o]zt AAA
Agrobacterium 0.5 FHFA A 7F ik 2y
YK6112 &5 BF 4. larrymooreitt= 5740 433
b2 Aoz AU

71599, 2A15S] HYAd #5E 1A AEY £7]
oF o] ol ATt HAd Aol E BlaLskd

ok 270 @59 WA W2 fAMEIR e TR
Me Zo] A 2t} YK6110 5= hA=Z 1

H7do] ofglot Frtolle o] AT YK6112 +F
F= gzt EU}EOH wWelAdol Ao 2gFFEE A}
Hedo] e 2
?% of w2t & 6““4‘301] 2ol 7t AU THTable 4).

WHAA Agrobacterium? M- 903} ©]/¢e] WXP@ 2]

&2 718 (DeCleene} De Ley, 1976) sled AlEAo] =

Table 4. Pathogenicity of present isolates and reference strain to
seven plants®

Present isolates A. tumefaciens

Plant

YK6110 YK6112  KACC10736

Carrot ++° 4+ ++
Chrysanthemum + + ++
Grapevine - - +—+
Rose 4+ ++ +

Squash +++ ++ +++
Tabacco + + +++
Tomato ++ +++ +++

*Pathogenicity was investigated 4 weeks after artificial inoculation.
®Gall size: —, 0 mm; +, <5 mm; ++, 5~10 mm: +++, >10 mm.

olv} B8l FAY 4 Utk 4. mmefaciense THFT
712N BEy 7158 7F B8 wEA 4. larrymoorei
© FE AR ZEUR A EejET). A FA o] Y
£ YASh= A rhizogenesE A YA Agrobacterium
$2l8 /)58 oz e ABNE FUT
dod  UFeE %*é"ﬂ 17401'021 T

iSZ
N
)
°
o 0%
ot
>
itd
2
R
dor 1
tle o
ot H
41 ox H

A. tumefaciens=. S =ofoF gt} YK6112
e EHFA 54004 dFARI 4. larrymoorei(Bouzar
%, 1995; Bouzar®t Jones, 2001)9} 2ol 7| Al on 4
tumefaciensS}= FAFSH EAdo] Bol FE3 HE& AR
& = vt et FEH e s HAIE 16S rDNA
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