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Hiroyuki SAWADA**, Hiroyuki IEKI***, Shozo KOBAYASHI** and
Iwao OIYAMA**'"  Grouping of Tumorigenic Agrobacterium spp.
Based on Ti Plasmid-Related Phenotypes

Abstract

Nineteen strains of Agrobacterium tumefaciens and 2 strains of A. rubi were tested for host range
(stems of grapevine, peach, pear, tomato, sunflower, Kalanchoe daigremontiana and Nicotiana tabacum,
and leaves of K. daigremontiana), tumor morphology on K. daigremontiana and grapevine, opine induc-
tion in tomato tumors, and agrocin 84 sensitivity. By principal component analysis using the mean
diameter of 60 tumors formed by each strain on each of the test plants as a variable, the total of 21 strains
were separated into the following seven groups named Groups 1-7. Group 1 (octopine and cucumopine-
inducing strains), Group 2 (vitopine-inducing strains) and Group 3 (opine class was not determined)
consisted of only biovar 3 strains, showed strong pathogenicity to grapevine, but differed in pathogenicity
to other plants. Group 4 (octopine, agropine and mannopine-inducing strains) consisted of only biovar 1,
whereas Group 5 (nopaline-inducing strains) comprised biovars 1 and 2, A. »ubi and unclassified strains
isolated from cherry, indicating its heterogeneity in chromosomal markers. Groups 4 and 5 showed weak
pathogenicity to grapevine, but strong pathogenicity to the other plants. Both of Group 6 (opine class
was not determined) and Group 7 (nopaline-inducing strains) contained unclassified strains (NCPPB
1650 and two kiwifruit isolates, respectively), and showed weak pathogenicity to all the inoculated
plants. Strains belonging to each group gave uniform reactions within the group in tumor morphology,
opine induction and agrocin 84 sensitivity, except for Group 5 which was divided into 2 subgroups (A and
B) based on agrocin 84 sensitivity. Agrocin 84-sensitive Group 5-A consisted of biovars 1, 2 and
unclassified cherry isolates, and resistant Group 5-B comprised only A. rubi. All the strains except for
Group 5-A were agrocin-84 resistant. Six Japanese strains of biovar 3 belonging to Group 2 induced
vitopine, indicating that the vitopine strains have a wide distribution in Japan.

(Received August 1, 1991)

Key words: Agrobacterium tumefaciens, Agrobacterium rubi, Ti plasmid, host range, opine induction,
agrocin 84 sensitivity.
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Table 1. Strains of Agrobacterium used in the present experiment
Taxon® Strain® Host Se?lzir)lce
Biovar 1
A. tumefaciens NCPPB 2437**9 (=ATCC 23308, B6)¥ Apple 1
MAFF 03-01276 Chrysanthemum 2
MAFF 03-01001 Cherry 3
ATCC 33970 (=C58) Cherry 4
Biovar 2
A. tumefaciens NCPPB 2303* Almond 5
Peach CG 8331 Peach 6
Biovar 3
A. tumefaciens NCPPB 2562* (=Ag63) Grape 7
YGAt 32-3 Grape 8
G-Ag-19 Grape 9
G-Ag-26 Grape 10
G-Ag-27 (=MAFF 06-63001) Grape . 11
K-Ag-1 Kiwifruit 12
K-Ag-2 Kiwifruit 13
NCPPB 1771 Grape 14
A. rubi
IFO 13261** (=ATCC 13335, NCPPB 1854) Rubus sp. 15
IFO 13260 (=ATCC 13334, NCPPB 1856) Rubus sp. 16
Unclassified
A. tumefaciens NCPPB 1650 Rosa sp. 17
K-Ag-3 Kiwifruit 18
K-Ag-4 Kiwifruit 19
Ch-Ag4 Cherry 20
Ch-Ag-5 Cherry 21

a) For the assignment of strains to taxa and their origin, see previous reports (Sawada, H. et al. (1990)?", (1992)®).
In this paper, the nomenclature presented in Bergey’s Manual (1984)'? is adopted.

b) Sequence numbers of strains are used to represent them in Tables 2 and 3.

c) ** I type strain ; * ! representative strain for the corresponding biovar (see Bergey’s Manual (1984)'?).

d) The code number in the parenthesis is another designation of the strain. Abbreviations for culture collections :
ATCC, American Type Culture Collection, U.S.A. ; IFO, Institute for Fermentation, Osaka, Japan ; MAFF,
Ministry of Agriculture, Forestry and Fisheries, Japan ; NCPPB, National Collection of Plant Pathogenic

Bacteria, UK.
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Fig. 1. Dispersion of 1st (2;) and 2nd (z;) component scores of 21 strains of Agrobacterium in the principal
component analysis of host specificity patterns. Mean diameter of 60 tumors formed by each strain
on each of 8 plants listed in Table 2 was used as variable. The analysis was made on a variance-
covariance matrix, by using these 8 variables. The calculation was carried out with the “Multivariate
Analysis Program (MAP)” of the Computing Center for Research in Agriculture, Forestry and

Fisheries, MAFF, Japan.

m I biovar 1, A ! biovar 2, @ ! biovar 3; O ! A. »ubi; © : NCPPB

1650 ; & : unclassified strains isolated from cherry . O : unclassified strains isolated from kiwifruit
(see Table 1 and Sawada, H. ef al. (1992)*).
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Table 2. Host specificity patterns and tumor morphology of the
Tumor diameter
Group® Strain® Biovar®
Grape Peach Pear Tomato  Sunflower
1 7 3 3.0 0.0 2.3 2.6 1.8
2 8,9,10,11,12,13 3 3.0+0.1 0.0 3.0+0.3 6.2+x0.4 2.4%0.3
3 14 3 3.6 0.0 2.5 2.6 6.9
4 1,2 1 1.1£0.1 6.6x2.5 4.1£0.5 8.1£0.3 7.8%0.0
5 3,4,5,6,15,16, 1,2,A. rubi 1.3+0.2 6.5x1.1 3.2+0.6 6.5£1.2 4.9£0.9
20,21 unclassified
6 17 unclassified 0.0 0.0 0.0 2.0 0.0
7 18,19 unclassified 0.0 0.0 2.3+0.1 4.8+0.1 2.2+0.1

a) Twenty one strains of Agrobacterium listed in Table 1 were divided into 7 groups based on the principal

component analysis of host specificity patterns (see Fig. 1).
b) Strains are represented by their sequence numbers (see Table 1).

Table 3. Opine synthesis and agrocin 84 sensitivity of the 7 groups discerned by principal component

analysis
Synthesis in tumors of Agrocin
Group®  Strain®  Biovar® 84
Octopine ~ Nopaline ~ Agropine Mannopine Mikimopine Cucumopine Vitopine sensitivity
1 7 3 + - — - — + — _
2 8,9,10,11, 3 — - — — — _ + _
12,13
3 14 3 - — — — — — — _
4 1,2 1 + - + + — — — _
5-A? 3,4,5,6, 1,2, - + - - - - - +
20,21 unclassified
5-B® 15,16 A. rubi - + — — — — — —
6 17 unclassified — - - — — — — _
7 18,19 unclassified - + — — — — — _

a) See Fig. 1 and Table 2.
b) See Tables 1 and 2.

¢) Eight strains of Group 5 (see Fig. 1 and Table 2) were divided into 2 subgroups (A and B) based on agrocin 84

sensitivity.
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7 groups discerned by principal component analysis

[mean+SD(mm)] Tumor morphology
Kalanchoe - Kalanchoe  Nicotiana Kalanchoe stems Kalanchoe leaves Grape
leaves stems tabacum  Morphology ~ Root ~ Teratoma Morphology Root  Teratoma Morphology
0.0 1.6 2.4 A - - - - - A
0.0 1.6+:0.1 4.1+0.2 A — — — — — A
0.0 0.0 7.3 - — — — - — A
3.9+0.2 6.6+x1.3 7.7x0.4 A + — A - — A
5.3£0.5 7.2+1.2 3.3x1.2 B + — B - + B
0.0 0.0 0.0 - — — — — — —
0.0 3.7x0.1 0.0 B — — - — — —

c) Biovars to which the strains of the group belong (see Table 1).
d) A : light-brown in color with rough surface, B : white in color with smooth surface.
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