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ABSTRACT
Jones, J. B, Stall, R. E., Scott, J. W., Somodi, G. C., Bouzar, H., and Hodge, N. C. 1995.
A third tomato race of Xanthomonas campestris pv. vesicatoria. Plant Dis. 79:395-398.

Strains of Xanthomonas campestris pv. vesicatoria were isolated from several tomato fields
in Florida that differed from tomato race 1 (T1) strains commonly found in Florida. The
strains produced a compatible reaction on tomato genotype Hawaii 7998 (H7998), were amylolytic
and pectolytic, and were classified originally as T2 strains. However, these strains produced
arapid hypersensitive response when infiltrated into the tomato genotypes Hawaii 7981 (H7981),
PI 126932, and P1 128216, whereas T2 strains produced a compatible reaction. In an experiment
where electrolyte leakage was determined in leaflets of tomato cv. Bonny Best (compatible
with all tomato strains), H7998 (resistant to T1 strains), and the two PIs, a member of these
new strains induced a rapid hypersensitive response in the three tomato genotypes, whereas
a T2 strain did not. After low concentrations of bacteria were infiltrated into the mesophyll
of leaflets of PI 126932, PI 128216, H7998, and cv. Walter (compatible with all tomato strains),
internal populations of the amylolytic, pectolytic Florida strain were reduced when tested in
the first two genotypes but not in the latter two genotypes. Populations of the T1 strain were
reduced only in H7998. These new strains are designated tomato race 3 (T3). When the T3
strains were compared with a representative group of T1 and T2 strains by fatty acid analysis
and carbon substrate utilization patterns, the new T3 strains clustered distinctly from representa-
tive T1 and T2 strains. The evidence suggests the T3 strain is a recent introduction to Florida.
An amylolytic, pectolytic strain isolated from seed grown in Thailand reacted similarly to the
T3 strains on the tomato differentials. It also clustered with the T3 strains in the fatty acid
and carbon substrate utilization dendrograms.

Bacterial spot of tomato, incited by
Xanthomonas campestris pv. vesicatoria
(Doidge) Dye, is a major problem in
tomato production areas where high
temperature and moist conditions prevail
(15). Because the pathogen is endemic
to Florida (10) and control with bacteri-
cides is difficult to achieve (9), recent
emphasis has been placed on developing
varieties with high levels of resistance to
bacterial spot (19,20). The possibility of
success in breeding for resistance to this
bacterial pathogen has been strengthened
by the availability of a high level of resis-
tance in Hawaii 7998 (H7998) (19,20),
the first tomato genotype discovered in
which X. c. vesicatoria induced a hyper-
sensitive reaction (11).

Prior to 1989, all strains collected in
Florida and from other areas of the world
induced a hypersensitive reaction on
H7998 (11). However, a strain from
Brazil was identified that did not induce
a hypersensitive reaction on H7998
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(22,23). Using the race nomenclature of
Bouzar et al (4), this strain was identified
as tomato race 2 (T2). Eventually other
T2 strains were identified from several
locations around the world (4,21). T2
strains were phenotypically different
from race 1 (T1) strains (3,4,8). Among
other characteristics, T2 strains were
amylolytic and pectolytic, whereas T1
strains were not (4,21). No tomato geno-
types were identified that induced an
incompatible reaction with T2 strains.
Thus, all strains that were amylolytic and
pectolytic and also produced a compat-
ible reaction on H7998 were identified
as T2. T2 strains, although prevalent in
South America and found more spora-
dically in a worldwide collection than T1
strains, have been isolated from several
locations outside of Florida in the United
States (4).

Since 1991, amylolytic and pectolytic
strains of X. c. vesicatoria increasingly
have been isolated in Florida, and in
particular, at the Gulf Coast Research
and Education Center, Bradenton, FL,
these type of strains have been isolated
numerous times. The strains were iden-
tified initially as T2 because they produced
a compatible reaction on the tomato
genotype H7998. In this paper, we pre-
sent results that identify these strains as
a new race, based on their ability, unlike
T1 or T2 strains, to induce a hypersensi-
tive reaction on three tomato genotypes.

We also present information that these
strains form a distinct phenotypic group
based on bacterial fatty acid profiles and
utilization of carbon substrates.

MATERIALS AND METHODS

Bacterial strains. Strains used in this
study were grown on nutrient agar (NA)
or trypticase soy broth agar at 28 C for
24 h prior to analysis. All T1 and T2
strains (Table 1) were representative of
the diversity within X. c¢. vesicatoria as
reported previously (4).

Plant materials and growth of plants.
For electrolyte leakage and population
dynamics studies, seed of tomato geno-
types H7998, PI 126932, P1 128216, and
H7981, and cvs. Bonny Best and Walter
were planted in Plug-mix (W. R. Grace
& Co., Cambridge, MA), and the
emerged seedlings were transferred after
2 wk to Metromix 300 (W. R. Grace)
in 10-cm plastic pots. Seedlings were
grown in a greenhouse at temperatures
ranging from 25 to 35 C (night/day). A
soluble 20-20-20 (N-P,05-K,0) fertilizer
(W. R. Grace) was added to the pots at
0.4 g per pot every 2 wk. Plants were
transplanted after 2 wk and grown for
4 wk in 15-cm plastic pots, and about
1 wk later, the main stem was removed
above the fully expanded sixth true leaf.
Approximately 7 days after topping,
plants were inoculated and transferred
to a growth chamber kept at 24 C with
a daily 16-h light period.

Hypersensitive reaction. Three methods
were used to evaluate the hypersensitive
reaction in the tomato genotypes: 1)
determination of the time necessary to
reach confluent necrosis (complete tissue
collapse in infiltrated area) in leaflets
infiltrated with high concentrations of a
bacterial suspension; 2) measurement of
electrolyte leakage over time in leaflet
tissue infiltrated with high concentra-
tions of a bacterial suspension; and 3)
measurement of internal bacterial popu-
lations in leaf tissue infiltrated initially
with low populations of the bacterium.
For visual assessment of the development
of rapid confluent necrosis (<24 h),
leaflets were infiltrated with 10® cfu/ml
of sterile deionized water using a hypo-
dermic syringe (12). Inoculated plants
were incubated in a growth room at 24
C. Plants were evaluated at 24, 48, and
72 h for confluent necrosis.

Electrolyte leakage was determined in
leaflets of several tomato genotypes by

Plant Disease/April 1995 395



Table 1. Strains of Xanthomonas campestris pv. vesicatoria compared in this study, their tomato race identity, and sensitivity to copper and

streptomycin

Strain Source* Year Location Race Cu® Str®
XV1147, XV1149, XV1150, XV1153, XV938, Authors 1991 GCREC* 3 0 0
XVI1156, XV1157, XV1159, XV1160, XV1162
Ti12, T13 K. Pernezny 1991 Palm Beach Co., FL 3 0 0
91-103 Authors 1991 Manatee Co., FL 3 0 0
XV1129, XV1132, XV1133, XV1136, XV1137, Authors 1992 GCREC 3 0 0
XV1138, XV1127, XV1129, XV1139, XV1141
XVI1119, XV1121, XV1122 Authors 1992 Manatee Co., FL 3 0 0
BV5-3A, BV5-4A, BV5-4B, BV20-3A, BA27-1, Bouzar et al (4) ... 2 3 4
BA28-1, 0350, ATCC35937, 81-6, X525-85,
8020, 0350
62, 75-3, 85-16, 86-22, 86-46, 87-13, 87-21, 87-44 Bouzar et al (4) 1 8 11
87-47, 87-56, 89-10, ECWI11, A2, 91-68,
91-77, 91-79, 820, BA26.1, 123
7B-0-1 W. Wiebe 1992 Tomato seed 3 0 0

K. L. Pernezny, University of Florida, EREC, Belle Glade; W. Wiebe, Rogers Seed Co., Woodland, CA.
®Gulf Coast Research and Education Center, Bradenton, FL.
“Value represents the number of strains out of the total tested that was positive for growth on media containing streptomycin (Str) or copper
(Cu).
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Fig. 1. Effect of infiltrating 10% cfu/ml of
Xanthomonas campestris pv. vesicatoria
tomato strains T1, T2, or T3 on electrolyte
leakage from tomato leaflets of (A) Walter,
(B) Hawaii 7998, (C) PI 126932, and (D) PI
128216.

infiltrating inoculum, consisting of 5 X
10° cfu/ml of a T1 (75-3), T2 (XV56),
or amylolytic, pectolytic Florida stram
(XV938), into approximately 5 cm?® of
leaf area as described above. Electrical
conductivity of water in baths containing
inoculated tissues was determined as
previously described (7), with samples
taken every 12 h after infiltration. Each
treatment was replicated three times.

In bacterial population studies, ap-
proximately 2 cm’ of a leaflet of the most
recently developed mature leaf were
infiltrated with a bacterial suspension
containing 5 X 10° cfu/ml of a T1 strain
and an amylolytic, pectolytic Florida
strain in tests to determine populations
in inoculated leaves. Populations were
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determined on each of three leaflets five
times over a 14-day period by a dilution
plate method as described previously (7).

Amylolytic and pectolytic activity.
Starch degradation was determined on
nutrient agar containing 1% soluble
starch. Starch hydrolysis was evidenced
by an opaque zone surrounding bacterial
growth in the medium. For confirmation,
plates were flooded with Lugol’s iodine,
and clear zones confirmed that the starch
had been hydrolyzed.

Pectolytic activity was assayed on
modified crystal violet-pectate medium
(18) devoid of crystal violet and thallium
nitrate (1). After incubation for several
days at 28 C, a depression developed in
the medium surrounding the growth of
each pectolytic strain.

Carbon substrate utilization. The
ability of the test strains to utilize 95
compounds as sole carbon sources was
determined using the Biolog GN Micro-
Plate (Biolog, Inc., Hayward, CA).
Strains were compared with selected
representative X. c. vesicatoria strains
(Table 1) that were determined in a pre-
vious study (4) to have diverse reaction
patterns on GN MicroPlates. Processing
of the strains and cluster analysis were
performed as described previously (2).

Fatty acid analysis. Procedures used
to determine fatty acid profiles of
bacterial strains have been described pre-
viously (2,16,17). The fatty acid profiles
of strains were compared with those of
selected strains of a representative X. c.
vesicatoria population. A dendrogram
that represented clusters of the profiles
was constructed with Microbial Identi-
fication System software (version 3.6;
MIDI, Newark, DE).

Sensitivity to streptomycin and cop-
per. Sensitivity of all strains to strepto-
mycin and copper was assayed by streak-
ing the strains on NA amended with
streptomycin or CuSO,5H,0 at 200 ug/
ml each. Growth on these media was

‘compared with growth on unamended NA.

RESULTS

In 1991 and 1992, 26 amylolytic and
pectolytic strains of X. c. vesicatoria were
collected from tomato in one field on
the east coast of Florida and several
tomato fields on the west coast of Florida
(Table 1). An additional amylolytic,
pectolytic strain isolated originally from
seed produced in Thailand also was ob-
tained. All 27 strains were sensitive to
copper and streptomycin. All strains
induced a compatible reaction on H7998
and Walter when infiltrated at 10® cfu/
ml. One strain, XV938, was selected and
infiltrated into a number of tomato geno-
types with low levels of resistance to T2
strains. Rapid confluent necrosis was
induced in plants of PI 126932 and PI
128216, whereas a T1 strain, 75-3, did
not induce rapid confluent necrosis. A
third genotype, H7981, was later iden-
tified that developed rapid confluent
necrosis when infiltrated with high
numbers of cells of strain XV938 but not
when infiltrated with high numbers of
the T1 or T2 strains. When the 27 strains
(including the strain from Thailand) were
compared with strains 75-3 and XV56
(T2), only the 27 strains induced rapid
(<24 h) confluent necrosis on the three
tomato genotypes (H7981, PI 126932,
and PI 128216). The T1 strain induced
rapid confluent necrosis in H7998,
whereas none of the strains induced rapid
confluent necrosis when infiltrated in the
susceptible cultivars, Bonny Best and
Walter.

In the electrolyte leakage analysis, the
T1 strain produced a sharp increase in
electrolyte leakage after 24 h in H7998
(Fig. l) Strain XV938 (T3) produced a
sharp increase in electrolyte leakage after
24 hin PI 126932 and PI 128216, whereas
the T1 and T2 strains did not. Maximum
internal populations of the T1 strain were
1-2 log units lower in leaflets of H7998
than in the other genotypes (Fig. 2).
Strain XV938 reached a concentration
greater than 7 log units in leaflets of



H7998 and Walter and 1 log unit lower
in P1128216. PI 126932 had a population
level intermediate between P1 128216 and
the other two genotypes.

Cluster analysis of carbon substrate
utilization patterns revealed two clusters
of the amylolytic, pectolytic strains (T3)
within six dendrogram distance units
(Fig. 3). The strain collected from seed
produced in Thailand was within the top
large cluster of strains. Only one T3
strain (XV1160) did not cluster with the
other T3 strains. There was a small
cluster of five T1 strains that was closely
related to the two T3 clusters. The re-
mainder of the T1 and T2 strains were
interspersed throughout the dendro-
gram. With fatty acid analysis, the
amylolytic strains formed one tight
cluster that was distinct from the T1 and
T2 strains (Fig. 4). Again, the strain from
Thailand was in that large group.

DISCUSSION

In this study, a group of strains of X.
c. vesicatoria was distinguished based on
the differential reactions on tomato
genotype H7998 and three other tomato
genotypes, H7981, PI 126932, and PI
128216. The fact that the new group, but
not the T1 and T2 strains, caused rapid
confluent necrosis, as measured by elec-
trolyte leakage and lower internal popu-
lations in the latter three genotypes (data
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Fig. 2. Population dynamics of Xanthomonas
campestris pv. vesicatoria tomato strains (A)
T1 and (B) T3 when infiltrated at 10° cfu/ml
into leaflets of four tomato genotypes: Hawaii
7998, PI 128216, PI 126932, and Walter.

not presented for H7981), allows for it
to be designated as a new race, T3. This
new group of strains causes a strong
hypersensitive reaction on all types of
pepper (Capsicum spp.); therefore, it is
a tomato race (13) and is designated as
tomato race 3 (T3).

This group of strains can be distin-
guished by fatty acid profiles and carbon
utilization profiles, which probably
means that this group has significant
genetic differences from the T1 and T2
groups, whereas strains in the T1 and
T2 groups only have negligible DNA
homology (21) even though both groups
cause bacterial spot symptoms on tomato
and pepper. The genetic relationship of
the T3 group to the T1 and T2 groups
has not been determined.

There is evidence that T3 is a recent
introduction into Florida. First, in a
survey of over 200 strains collected in
Florida over 20 yr (5), not one patho-
genic, amylolytic, pectolytic strain was
isolated. Also, we previously screened a
large collection of strains from the
Caribbean as well as a worldwide collec-
tion and did not find T3. Furthermore,
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Fig. 3. Cluster analysis of tomato strains T3
of Xanthomonas campestris pv. vesicatoria
and representative T1 and T2 strains based
on the differential utilization of the 95 carbon
substrates available on the Biolog GN
MicroPlate.

the T3 strains appear to be fairly homog-
eneous with regard to fatty acid and
carbon substrate utilization patterns.
Carbon substrate utilization and fatty
acid profiles of T1 and T2 strains from
diverse geographic regions showed
considerable diversity among strains.
The uniformity of the T3 group com-
pared to the T1 and T2 strains tends to
support the hypothesis that they are a
recent introduction from a specific
region. The fact that the T3 strain was
isolated from seed produced in Thailand
and that it clustered with the T3 strains
based on fatty acid and carbon substrate
utilization patterns tends to suggest that
Thailand could be a possible source of
this new race. We have very few strains
from mainland Asia, although some were
obtained from South Korea and Taiwan.
Thus, extensive sampling of mainland
Asia for the bacterial spot pathogen
could be useful for determining the
distribution of T3 strains.

The change in races of X. c. vesicatoria
in Florida without host selection is not
new. Cook and Stall (6) determined that
the pepper race 2, which is now desig-
nated P2, was formerly the predominant
race in Florida. Pohronezny et al (14)
noted a dramatic shift toward pepper
race 1 (P1) in recent years. The shift was
not apparently due to a major increase
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Fig. 4. Cluster analysis of tomato strains T3
of Xanthomonas campestris pv. vesicatoria
and representative T1 and T2 strains based
on fatty acids composition data.
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of pepper cultivars resistant to P2. They
hypothesized that it may have been
introduced via infested seed. A similar
situation appears to have occurred with
the establishment of T3 in Florida.

The designation of this new group of
strains is significant, because a high level
of resistance has been identified. A breed-
ing program has been initiated to incor-
porate the gene(s) for resistance to the
T3 strains into commercial tomato
genotypes. Crosses have been made to
determine the inheritance of the hyper-
sensitive reaction to T3 strains. If the
inheritance is simple, as expected for
such a resistant reaction, a backcross
program will be used to transfer the
resistance into commercially acceptable
cultivars.

LITERATURE CITED

1. Beaulieu, C., Minsavage, G. V., Canteros, B.
1., and Stall, R. E. 1991. Biochemical and genetic
analysis of a pectate lyase gene from Xantho-
monas campestris pv. vesicatoria. Mol. Plant-
Microbe Interact. 4:446-451.

2. Bouzar, H., Jones, J. B., and Hodge, N. C. 1993.
Differential characterization of Agrobacterium
species using carbon-source utilization patterns
and fatty acid profiles. Phytopathology 83:733-739.

3. Bouzar, H., Jones, J. B., Minsavage, G. V., Stall,
R. E., and Scott, J. W. 1994. Proteins unique
to phenotypically distinct groups of Xantho-
monas campestris pv. vesicatoria revealed by
silver staining. Phytopathology 84:39-44.

4. Bouzar, H., Jones, J. B., Stall, R. E., Hodge,
N. C,, Minsavage, G. V., Benedict, A. A., and
Alvarez, A. M. 1994. Physiological, chemical,

398 Plant Disease/Vol. 79 No. 4

serological, and pathogenic analyses of a world-
wide collection of Xanthomonas campestris pv.
vesicatoria strains. Phytopathology 84:663-671.

. Canteros, B. 1. 1990. Diversity of plasmids and

plasmid-encoded phenotypic traits in Xantho-
monas campestris pv. vesicatoria. Ph.D. dis-
sertation. University of Florida, Gainesville.

. Cook A. A., and Stall, R. E. 1982. Distribution

of races of Xanthomonas vesicatoria pathogenic
on pepper. Plant Dis. 66:388-389.

. Hibberd, A. M., Stall, R. E., and Bassett, M.

J. 1987. Different phenotypes are associated
with incompatible races and resistance genes in
the bacterial spot disease of pepper. Plant Dis.
70:337-339.

. Jones, J. B., Minsavage, G. V., Stall, R. E.,

Kelly, R. O., and Bouzar, H. 1993. Genetic
analysis of a DNA region involved in expression
of two epitopes associated with lipopolysac-
charide in Xanthomonas campestris pv. vesica-
toria. Phytopathology 83:551-556.

. Jones, J. B., and Jones, J. P. 1985. The effect

of bactericides, tank mixing time and spray
schedule on bacterial leaf spot of tomato. Proc.
Fla. State Hortic. Soc. 98:244-247.

. Jones, J. B., Pohronezny, K. L., Stall, R. E.,

and Jones, J. P. 1986. Survival of Xanthomonas
campestris pv. vesicatoria in Florida on tomato
crop residue, weeds, seeds, and volunteer tomato
plants. Phytopathology 76:430-434.

. Jones, J. B., and Scott, J. W. 1986. Hypersensi-

tive response in tomato to Xanthomonas
campestris pv. vesicatoria. Plant Dis. 70:337-339.

. Klement, Z. 1982. Hypersensitivity. Pages 149-

177 in: Phytopathogenic Prokaryotes. Vol. 2.
M. S. Mount and G. H. Lacy, eds. Academic
Press, New York.

. Minsavage, G. V., Dahlbeck, D., Whalen, M.

C., Kearney, B., Bonas, U., Staskawicz, B. J.,
and Stall, R. E. 1990. Gene-for-gene relation-
ships specifying disease resistance in Xantho-
monas campestris pv. vesicatoria-pepper inter-
actions. Mol. Plant-Microbe Interact. 3:41-47.

. Pohronezny, K., Stall, R. E., Canteros, B. L,

20.

21.

22.

23.

Kegley, M., Datnoff, L. E., and Subramanya,
R. 1992. Sudden shift in the prevalent race of
Xanthomonas campestris pv. vesicatoria in
pepper fields in southern Florida. Plant Dis.
76:118-120.

. Pohronezny, K., and Volin, R. B. 1983. The

effect of bacterial spot on yield and quality of
fresh market tomatoes. HortScience 18:69-70.

. Sasser, M. 1990. “Tracking” a strain using the

microbial identification system. Tech. Note 102.
MIDI, Newark, DE.

. Sasser, M. 1990. Identification of bacteria

through fatty acid analysis. Pages 199-204 in:
Methods in Phytobacteriology. Z. Klement, K.
Rudolph, and D. Sands, eds. Akademiai Kiado,
Budapest.

. Schaad, N. W., ed. 1980. Laboratory Guide for

Identification of Plant Pathogenic Bacteria.
American Phytopathological Society, St. Paul,
MN.

. Scott, J. W., Jones, J. B., and G. C. Somodi.

1991. Disease severity of tomato hybrids hetero-
zygous or homozygous for resistance to bacterial
spot: Commercial outlook. Proc. Fla. State
Hortic. Soc. 104:259-262.

Scott, J. W., Somodi, G. C., and Jones, J. B.
1989. Genetic resistance to bacterial spot in
tomato. Pages 200-207 in: Proceedings of
Tomato and Pepper Production in the Tropics.
S. K. Green, ed. AVRDC Shanhua, Tainan,
Taiwan.

Stall, R. E., Beaulieu, C., Egel, D., Hodge, N.
C., Leite, R. P., Minsavage, G. V., Bouzar, H.,
Jones, J. B., Alvarez, A. M., and Benedict, A.
A. 1994. Two genetically diverse groups of
strains are included in a pathovar of Xantho-
monas campestris. Int. J. Syst. Bacteriol. 44:47-53.
Wang, J.-F. 1992. Resistance to Xanthomonas
campestris pv. vesicatoria in tomato. Ph.D.
dissertation. University of Florida, Gainesville.
Wang, J. F.,, Jones, J. B., Scott, J. W., and
Stall, R. E. 1990. A new race of the tomato
group of strains of Xanthomonas campestris pv.
vesicatoria. (Abstr.) Phytopathology 80:1070.



