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Agrobacterium
Table 1. Agrobacterium isolates used in this study

Agrobacteriumstrain (9) Source of diseased sample and location

AR3, AR14 Rose (cv. Escimo); Taichung
AR32, AR37, AR42, AR44 Rose (cv. Escimo); Hualian
AR48 Rose; Tianchung , Changhua
AR49, AR53, AR55, ARS8 Rose (cv. Micle); Tianchung, Changhua
ARG61 Rose (cv. Escima); Tianchung, Changhua
ARG6 Rose (cv. First red); Dacun, Changhua
AR15, RHT1 Rose; Shizhou, Changhua
RPL4 Rose; Puli, Nantou
RTP1 Rose; Taiping, Taichung
AASW2-1, AASW4, AT1,AT2,  Adter; Pingtung
AT4, AT5 AT6, AT7, AT8
AASW3 Adter; Tianwei, Changhua
Reference’
A. tumefaciens B6 CCRC 13210
A. tumefaciens C58 CCRC 13876
A. rhizogenes CCRC 15722
A. rubi CCRC 12820
A. radiobacter CCRC 10372

1 CCRC, Cultural Collection and Research Center, Food Industry
Research and Development I nstitute, Hsinchu, Taiwan.

meliloti
campestris  Xanthomonas campestris pv. vesicatoria
Rhizobium leguminosar um YEM (0.05%
K2HPO., 0.02% MgSO4 7H,0, 0.02% NaCl, 0.04% yeast
extract, 1% mannitol, pH 7.2) 523
(1% sucrose, 0.8% casein enzymatic hydrolysate, 0.4%
yeast extract, 0.2% K,;HPOs-anhydrous, 0.03% MgSO. 7H20,
pH 7) 28
Ralstonia solanacearum

Rhizobium leguminosarum  Xanthomonas campestris pv.

15% -
80

DiM (5% cellobiose, 0.1% NH.CI, 0.03%
MgSOs 7H20, 0.3% KHPO4, 0.1% NaH,PO., 1.5% agar,
0.001% malachite green
0.025% cycloheximide, 0.01% bacitracin, 0.0001% tyrothricin
0.01% sodium selenite (Na;SeOs); Kado and Heskett,

unpublished) 1A 12 p-a @0 2

W New-Kerr ®" " Roy-Sasser "9 28
3-ketoglycoside

(8.36) (1% lactose, 0.1% yeast

extract, 2% agar) 4-6

28 1 2

(Benedict's reagent) 1 I
3-ketolactose Cu0
Ferric ammonium citrate
(2436) | _tyrosine 3238)  oxidase (24.36)
citrate @64 | itmus milk (%)
(9,11,36) (36)
35

16SrDNA PCR-RFLP

DNA (genomic DNA extraction kit
Qiagen GmbH, Hilden, Germany)
DNA PCR (DNA 2ng/ul)
(5'-AGAGTTTGATCCTGGCTCAG-3' 5'-
AAGGAGGTGATCCAGCCG-3) 34 16S
rDNA PCR (95
2.24 95 1.12 63 224 72
2.24 72 12 )
DNA 1,500 bp PCR
DNA/RNA (DNA/RNA gel extraction kit;
Viogene, Sunnyvate, CA) DNA
Haelll Mbol (New England Biolabs, Bervely, MA,
USA) Taqgl (Roche Molecular Biochemicals, Mannheim,
Germany) 2.5%
Ohio, USA)

(Amresco, Solon,
DNA

DNA

Kado Liu®@® Agrobacterium

Ti (26,50)
523 28 14-16
10,000 rpm 3
35Qu |

25Qu |

10Qu | (lysis
solution : 3% SDS, 50 mM Tris base 0.128% NaOH
pH 12.6) 55 60
phenol/chloroform/isoamyl alcohol (25:24:1)
10,000 rpm 10
phenol/chloroform/isoamy! alcohol
-20
PCR 300
523 28 24
10Qu1

10® cfu/ml 95 10



T-DNA iaaH @@ 6@

VirA (5-TGGTACGAGGACGTAAGTGCGG-3; 5'-

AGGCGGTGGCGAGTTCAAGAAG-3) (442

Virc1-D2 (5-

ATAACTTGAGCTCGATCG-3'; 5-GGATCAGAAGCAGGTTTGAG-

29

17 10
Agrobacterium Roy-Sasser 11
10 Agrobacterium 1A
DIM 2E New-Ker Roy-Sasser ( )
16SrDNA PCR-RFLP
4 (AR14 AR37 ARA49
AR61) 3 (T )

(AASW2-1 AT1 AT2) 2

(AT5 AT8)
16SrDNA PCR
PCR Haelll

A. tumefaciens C58
1,500 bp
Taql

3) 2 virC1-D2 Sawada “¥ VCF
Hass @ A (antisense strand)
PCR 0.8u M 0.8mM MgCl, 50
MM dNTP  10% 10x Taq (200 mM Tris-HCI, pH 8.3,
0.5M KClI, 0.1% gelatin, 15 mM MgCl,) 3l
1U Taq 30u | PCR
(RoboCycler Temperature Cycler; Stratagene, La Jolla, CA)
95 2 9% 1
55 2 72 2 72 10
) 4 2@ PCR
DNA
17 10
5 I
(biovar 1) I
(1A DM D-1 )
Il (biovar 2) (2E New-Kerr )
A. rubi
Agrobacterium I
( T)
T I T

)

citrate propionic acid

I
(3% NaCl)
T 0l
T 2E
oxidase I
L(+) tartaric acid

I 35
I
T A. rubi
D-1
T
A. rubi 35

(1A DIM D-1

3-ketoglycoside

melezitose
T 35

New-Kerr
litmus milk
L-tyrosine
I T

A. rubi D-1
35

A. tumefaciens C58 (CCRC13876)
Ponsonnet Nesme | C58
A. rubi T )
Ponsonnet  Nesme “? | 1904
16SrDNA PCR-RFLP
1904 C58 A. rubi
T AASW?2-1
1904 ATl AT2
Ponsonnet Nesme “Y C58
AT5 ATS8
1904 ()

A. rubi

vir PCR

virC1-D2
(95 10 )
VirA
Kado Liu®@® Ti
virA virCl-D2 A.
tumefaciens A. rhizogenes A. rubi
DNA A. rubi VirA
1,337 bp DNA
800 bp ( )
A. radiobacter 10 Agrobacterium
PCR
A. radiobacter VirA
600 bp DNA ( )
virA virCl-D2
17 10
(1,337bp 1,096 bp) DNA (
-1,2 -1,2)

T-DNA PCR

6a iaaH T-DNA
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Table 2. Biochemical and physiological characteristics of rose and aster strains of Agrobacterium in Taiwan

Reaction *
Rose Aster strains Agrobacterium * 5
Test strains ? Group | Group 1 Biovar 1 Biovar 2 A. rubi Nonag(];(())t))actena
17) ®) ©) ©) 1) (1)

Selective medium

1A medium

D1M medium + 6

D-1 agar + + nt

2E medium

New and Kerr's medium

Roy and Sasser's medium
3-Ketolactose production
Ferric ammonium

utilization nt
Citrate utilization nt
L-tyrosine utilization
Oxidase activity nt
Growth in litmus milk Alkali Alkali Alkali Alkali Acid Alkali nt
Acid from

erythritol nt

ethanol nt

mel ezitose ! nt

sucrose 8 nt
Alkali from

malonic acid nt

L(+) tartaric acid nt

propionic acid nt
Growth at 35 nt
Growth in 2% NaCl nt
Growth in 3% NaCl nt
1 Strength of reaction or bacterial growth was divided into four levels ( , ,%, ;nt nottested)

% Seventeen rose strains were tested.

% Five aster strains of group I, AT1, AT2, AASW2-1, AASW3, and AASW4, and five aster strains of group Il, AT4, AT5, AT6, AT7, and
ATS8, were tested.

4 A. tumefaciens strains C58 and B6 and a strain of A. radiobacter (CCRC10372) were used as references of biovar 1. A strain of
A.rhizogenes (CCRC15722) was used as the reference of biovar 2. A strain of A. rubi (CCRC12820) was used as another reference.

® Ten kinds of bacteriain other genera were tested.

5 Rhizobium meliloti showed variable reaction.

" A tumefaciens strain C58 showed variable reaction.

8 Rose strain RHT1showed negative reaction.

(95 10 ) tumefaciens B6 C58 A. rubi iaaH
A. radiobacter DNA (180 bp) A
10  Agrobacterium rhizogenes DNA
6a A. tumefaciens B6 aaH
Cc58 DNA (260 bp) A DNA - (180bp) 4 )
rhizogenes A. rubi DNA
6a
DNA (260 bp) A. tumefaciens

DNA ( -3 -3) Rhizobiaceae (5:30:31.3)
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16SrDNA PCR-RFLP
Table 3. PCR-RFLP analysis of 16SrDNA of rose and aster strains of Agrobacterium in Taiwan

Enzymeand cutsite '  Aster strains Roseand - . Reference : . .
aster strains©  Biovar 1 (C58) Biovar 1(1904) Biovar2 Biovar3 A.rubi
Ndell 248 + + + + + + +
(Mbol) 272 + + + + + + +
355 + + + + + + +
N1 +
N2 +
1300 + + + + + + +
1474 + + + + + + +
Tagl 64 + + + + + + +
T +
913 + + + + + + +
1218 + + + + + + +
1266 + + + + + + +
Haelll H1 + +
234 + + + + + + +
300 + + + + + + +
H2 (385) + + + + + +
871 + + + + + + +
H3 (982) + + + + +
1153 + + + + + + +
1332 + + + + + + +

N1 and N2 indicate the cut sites within 16Ssss and 16S;300 region generating 65, 175 and 725-bp DNA fragments. T indicates the cut sites
within 16Ses and 16Sg13 region generating 355 and 455-bp DNA fragments. H1 indicates the cut sites within 16S;4 and 16Sy34 region
generating 20 and 200-bp DNA fragments. The presence or absence of the cut site(s) is denoted as + or

2 Two aster strains of group |, AT1 and AT2, were tested.

3 Four rose strains, AR14, AR37, AR49, and AR61, and three aster strains, including AASW2-1 of group | and AT5 and AT8 of group 1
were tested

“ Dataof PCR-RFLP analysis of 16S rDNA of Agrobacterium biovar 1, biovar 2, biovar 3 and A. rubi reported by Ponsonnet and Nesme “Y.

(10) (5
Agrobacterium PCR
Table 4. PCR analysis of Agrobacterium strains with four
primer pairs
, Primer pair * Agrobacterium

Bacterium virA virCl-D2 jaaH 6a L1 1) (0313643

Rose strains2

Agter strains®

A. tumefaciens B6 (CCRC 13210)

A. tumefaciens C58 (CCRC 13876) I

A. rhizogenes (CCRC 15722) A. rubi

A. rubi (CCRC 12820) 4 | I

A. radiobacter (CCRC 10372) °

Bacteriain other genera®

L Expected DNA fragment (1,337 bp from virA primers, 1,096 16S rDNA Agrobacterium
bp from virC1-D2 primers, 180 bp from iaaH primers, 260 bp (20,33,41,49,51) 16SrDNA PCR-RFLP
from 6a primers) was amplified. , Expected DNA fragment
was not amplified.

2 Seventeen rose strains were analyzed. AASW2-1 ( ) AT5 AT8

% Ten aster strains were analyzed. ( ) Haelll

“ An extra band about 800 bp was visualized on the gel. (41)

> A band about 600 bp was visualized on the gel. I 1904 ATl AT2

® Bacteria of other generawere listed in Materials and Methods. ( ) 16SrDNA PCR-RFLP
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Fig. 1. PCR analysis of rose strains of Agrobacterium in Taiwan. DNA fragments were amplified from rose strains of
Agrobacterium with primer pair of virA (A), virC1-D2 (B), iaaH (C), or 6a (D). The results from Agrobacterium strains, AR3
(lanel), AR14 (lane 2), AR15 (lane 3), RHT1 (lane 4), AR32 (lane 5), AR44 (lane 6), AR48 (lane 7), AR49 (lane 8), AR58 (lane
9), and ARG66 (lane 10) were shown. A. tumefaciens C58 (lane 11), A. tumefaciens B6 (lane 12) and A. radiobacter (lane 13) were
used as reference strains. Lane 14: negative control without DNA. One-kb DNA ladder (M1) and 100-bp DNA ladder (M2) are
molecular size standards. Arrow indicates the expected PCR product.

A. tumefaciens C58 ( D)
Ponsonnet Nesme (1994) Agrobacterium
I A tumefaciens C58 A. rubi 16SrDNA PCR-
RFLP “1) 16S rDNA 6a
Agrobacterium I PCR VirA
A. rubi virC1l-D2 iaaH
16S rDNA PCR-RFLP

PCR Agrobacterium
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Fig. 2. PCR analysis of aster strains of Agrobacterium in Taiwan. DNA fragments were amplified with primer pair of virA (A),
virC1-C2 (B), iaaH (C), or 6a (D). Theresults from Agrobacterium strains, AT1 (lane 1), AT2 (lane 2), AT4 (lane 3), AT5 (lane
4), AT6 (lane 5), AT7 (lane 6), AT8 (lane 7), AASW3 (lane 8), AASW4 (lane 9) and AASW2-1 (lane 10) were shown. A.
tumefaciens C58 (lane 11), A. tumefaciens B6 (lane 12), and A. radiobacter (lane 13) were used as reference strains. Lane 14,
negative control without DNA. One-kb DNA ladder (M 1) and 100-bp ladder (M2) are molecular size standards. Arrows indicate

the expected PCR products.

T| DNA (19,23,39,44)
PCR (18:39) ViIrA
(95 10 )
VirA
DNA VirA PCR
Ti DNA PCR
® Ti PCR
virD1 A. tumefaciens C58

444 bp DNA A. tumefaciens

BG (16)
Agrobacterium virD1
Agrobacterium virCl VCF @ \irD2
A 23 vircl
virD2 virD1 VCF A
(23,44)

A. tumefaciens A. rhizogenes A. vitis
A. tumefaciens A.
rhizogenes A. rubi
DNA
Agrobacterium

A. radiobacter
DNA
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virC1-D2 Agrobacterium

A. tumefaciens C58
VirA 5' A.
tumefaciens A. rhizogenes A. rubi

DNA Agrobacterium
VirA Agrobacterium DNA
PCR
DNA
Eastwell @ T-DNA 6a
A. tumefaciens 260 bp DNA
C58 DNA PCR
A. tumefaciens C58 B6
PCR 6a octopine
nopaline % nhos ocs nopaline
octopine 9 Chen @ nos A
tumefaciens C58 nos ocs
A. tumefaciens B6 ocs 6a
DNA ©
nos ocs A. rhizogenes A. rubi
DNA 6a
A. rhizogenes A. rubi
DNA nos ocs
6a Chen @© nos ocs
DNA 6a
DNA
nos ocs
iaaH (auxin) (47.50)
iaaH A. tumefaciens C58 B6
A. rubi 180 bp PCR
A. rhizogenes iaaH A.
rhizogenes A4 iaaH A. tumefaciens Ach5
1522 pong @9 iaaH
A. rhizogenes Ri iaaH
A. tumefaciens Ti
iaaH PCR Dong (1992)
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Agrobacterium
10 Agrobacterium
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Agrobacterium
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ABSTRACT

Liao, H. L.}, Huang, T. C.,% and Chen, C. Y.%*® 2001. Characteristics of rose and aster strains of
Agrobacterium in Taiwan. Plant Pathol. Bull. 10:27-36. (* Department of Plant Pathology, National Taiwan
University, Taipei, Taiwan., > Taitung Agricultural Improvement Station, Taitung, Taiwan., * Corresponding
author, E-mail: cychen@ccms.ntu.edu.tw; Fax no. 02-23657735)

The characteristics of Agrobacterium strains isolated from rose and aster in Taiwan were investigated.
Based on physiological and biochemical traits, the rose strains were characterized as single group whereas
aster strains were divided into two groups (group | and group I1). Aster strains of group Il were
physiologically and biochemically identical to Agrobacterium strains of biovar 1. Aster strains of group I,
and rose strains were closely related to A. rubi, but considerably different from Agrobacterium strains of
biovar 1 and biovar 2. According to PCR-RFLP analysis of 16S rDNA, the rose strains were categorized
into one group; aster strains were still divided into two groups that did not coincide with the category based
on physiological and biochemical traits. sccording to the physiological, biochemical, and 16S rDNA PCR-
RFLP analysis, the rose strains were grouped into one type while the aster strains were distinguished as
three types. Furthermore, four primer pairs were used to detect the genes on Ti plasmid. Primer pair of 6a,
related to the secretion of nopaline and octopine, amplified expected DNA fragment from aster strains but
not from rose strains. Primer pairs of virA, virC1-D2, and iaaH, could amplify target DNA from all of the
tested rose and aster strains and would be applicable in quick identification and detection of tumorigenic

strains of Agrobacterium.

Key words : Agrobacterium, physiological and biochemical characteristics, 16S rDNA, polymerase chain reaction,
restriction fragment length polymorphism, Ti plasmid, virulence gene, T-DNA, rose, aster,

crown gall



