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Abstract

Physiological/biochemical tests were inadequate in separating
Xanthomonas campestris pv. manihotis, X. ¢. pv. cassavae, and some
Colombian yellowish isolates. However, serological techniques such as the
Ouchterlony double diffusion and direct immunofivorescence indicatad
antigenic differences between X c. pv. manihotis and X. c. pv. cassavae. The
Colombian yeliow isolates were serologically similar to X. ¢. pv. cassavae but
not to X. c. manihotis. Therefore, retaining the distinction between X: c. pv.
manihotis and X. c. pv. cassavae is probably justified.

Introduction

Xanthomonas campestris pv. manihotis (Berthet and Bondar 1215) Dys
1978 and X c. pv. cassavae{ Wiehe and Dowson 1953) Maraite and Wevn:
1979 are two of four bacterial pathogens which attack cassava (Mian/ho!
esculenta Crantz) (24,37). While X. c. pv. manihotis occurs in most cassavea
growing areas of the world (25), X. ¢. pv. cassavae is limited to the Airican
highlands of Rwanda and Kenya at 1,600 m (26) and, possibly, sea-levelin
the eastern plains of Colombia (4). Because the early leaf spot symptoms
are so similar, workers frequently have difficulty distinguishing the two
pathogens. It has been reported that the pathogens are synonymous (29),
but other evidence (16, 26) suggests the contrary.

Taxonomically, X. c. pv. manihotis and X. c. pv. cassavae are grouped in
Bergey's Manual of Determinative Bacteriology (2) under X. campestris
group, but as two distinct pathovars. However, the newly proposed
nomenclature which came into use January 1, 1980 (39) considers X.
cassavae as a nomen dubium, probably on the basis of controversial
evidence (29). Therefore, the relationship between these two pathogens
needs a clear distinction to avoid confusion for quarantine purposes (26).
Moreover, reports that X. c. pv. cassavae may have evolved from X. ¢. pv.
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manihotis need to be confirmed. “Deeper” taxonomic studies have been
suggested to resolve this probiem (26) and such studies could include
genetics, bacteriophage, and serology (36).

This study was undertaken in a continued effort to clarify the relationship
between X. ¢. pv. manihotis and X, c. pv. cassavae.

Materials and Methods

‘Physiological and biochemical tests were used, methods and references
are indicated in Table 1. The replica plating technique (22) was used to
study the utilization of carbohydrates, nitrates, fatty acids, amino acids,
amines, organic acids, and sodium and tetrazolium chloride salts.

Antisera were produced against X. c¢. pv. manihotis and X. c. pv.
cassavae. Cultures used for antisera production were prepared according
to the method of Allan and Kelman (1), i.e., using glutaraldehyde fixed
whole cells to immunize New Zealand white rabbits. Part of the crude
antiserum was preserved for the agglutination test (35) and the
Ouchterlony double diffusion assay (19), while another portion was
fractionated following the methods of Allan and Kelman (1) and Cherry (5).
The precipitated globulin was conjugated with Fluorescein isothiocyanate
(FITC) (5). Samples were stored in vials at -20°C until needed.

To determine the serological relationship between X. c¢. pv. manihotis
and X. ¢. pv. cassavae and some Colombian xanthomonads, isolates were
grown for 48 hours on Pseudomonas isolation agar (7). Dilutions of
samples were smeared onto alcohol cleaned slides, air-dried, heat fixed
and later stained with fluorescent antibody conjugate. The stained
preparations were examined under an X 100 objective fitted to an
Orthomat microscope with an oil immersion condenser.

The relationship between X. ¢. pv. manihotis, X. c. pv. cassavae, and the
Colombian yeliowish isolates was studied by the method of Klement (19).
All gel-diffusion tests were made at rcom temperature (25°C)Photographs
of double diffusion plates were taken in an immunodiffusion Camera
{Cordis) using Polaroid 107 black and white film.

Results

Results shown in Table 2 indicate that the three xanthomonads could not
be separated adequately by physiclogical and biochemical tests. However,
all tests marked with two asterisks showed some differential value
between X. c¢. pv. manihotis and X. c¢. pv. cassavae on the one hand
and the Colombian isolates on the other hand. The differences cited were
mainly in the rate of utilization of several carbohvdrate and other
nutritional sources. Other tests showing differences inciuded the hyper-
sensitivity tests, tolerance to tetrazolium chloride salt, growth rate,
pigmentation, and sodium polypectate. Tests marked with one asterisk
showed an inconsistent differential value. Fatty acids, amino acids,
amines, and organic acids were not useful in separating the species.

Glutaraidehyde-fixed whole cells were used as antigens, and they
induced the production of highly specific antisera. The agglutination titre of
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Table 1. Tests and methods used for physiological and biochemical tests.

Test

Method (Reference)

Oxidades

Catalase

Mode of glucose utilization
Gelation liquefaction
Hydrolysis of starch

Indole production

Nitrate reduction

Tyrosinase

Hydrolysis of Lipase

NaCl tolerance

Tetrazolium chloride tolerance
Urease

H, S production

Carbohydrate utilization
Nitrate utilization

Fatty acids

Organic acids

Amino acids

Amines

Soft rot of potato and cassava roots
Tobacco hypersensitivity reaction
Pectate liquefaction

Hydrolysis of casein

Litmus milk reaction
Ammonia production
Phenylalanine deaminase
Methyl red and Voges proskeur
Arginine dihydrolase
Hydrolysis of Esculin

Sodium polypectate
B-glucosidase

Levan production

Fluorescence on King's B Medium
Growth rate

Pigmentation

Sensitivity to antibiotics

M7
( 8,35)
(15)
(17,28)
(17)
(17)
(17)
( 8,38)
(31)
(30)
(23)
( 6,13)
(17)

(27)

(25)
(20)
(13)
(12)
{750
(17)
(32)
(17)
(27)
(34)
(3)
(14)
(27)
(18)

(7
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Table 2. Physiological/biochemical characterization of Xanrhomonas campestris
manihotis, X. c. pv. cassavae, and some Colombian yellowish isolates.

Test Reaction

X. manihotis X. cassavae Colombian
Yeliowish isolates

Carbohydrate utilization? +-¢ B o
Nitrate utilization - - -
Amines * * +
Amino acids L5 G 5 +
Organic acids - - —
Antibiotic sensitivityb + - 44
Hydrolysis of casein - - .
Hydrolysis of gelatin * i +
Hydrolysis of starch e y <
Litmus milk reaction + + i
Production of ammonia + o *
Production of HQS — - —
Production of indole - — -
Nitrate reduction - — -
Methy! red and V.P. test - — —
Mode of glucose utilization Oxidative Oxidative Oxidative
Lipase 55 * T
Catalase % e ¥
Oxidase - - -
Arginine dihydrolase - - -
Phenyialanine deaminase A 2 +
Tyrosinase — - -
Urease — - -
Aesculin hydrolysisb + 2 +
B-glucosidase * + *
Soft rot of potatoes & cassava roots - — -
Levan production i + *
Hypersensitivity in tobacco leaves® - - *
Salt tolerance (Max.) 2.5%0 2.5%0 2.5%0
Tetrazolium chloride (tolerance ®Max.) 0.02%0 0.02%0 0.1%0
Sodium polypectate? utilization - - F
Fluorescence on King's B. medium - — -
Growth rate® moderate slow fast
Yellow pigment? - + +
8 Tests with distinct differential value.

b Tests with non-consistent differential valu‘e‘.

Ct4= strongly positive; += positive; —_= negative.
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Table 3. Serological identity between Xanrhomonas campestris pv. manihotis (Berthet
and Bondar 1915) Dye 1978, X. ¢ pv. cassavae Wiehe and Dowson 1953 (Maraite and
Weyns 1953) and some Colombian yellowish isolates.

Antigen Antibody ReactiondP

(Whole cells)
1x 10°/ml Double Diffusion Immunofluorescence

B Xce XemA/FITC  Xcca/FITC

Xcm

X. manihotis
(60 isolates) + = & )

X. cassavae
( 6 isolates) - + = +

Colombian yellowish
isolates
( 3isolates) = + = -

2 Xem = X ¢ pv. manihotis;, Xcc = X, ¢. pv. cassavae; XemA/FITC = X, manihotis antibody

conjugated with Fluorescein isothiocyanate; XccA/FITC = X. cassavae antibody labelled with
Fluorescein isothiocyanate,

+= positive reaction; — = negative reaction.




antisera produced against X. ¢. pv. manihotis and X. c¢. pv. cassavae was
between 2560 and 5120. Some cross-agglutination occurred between X, c.
pv. manihotis and the Colombian yellowish isolates but this was not
confirmed by the Ouchterlony double diffusion or by the im-
munofluorescence tests. No cross-reaction occurred between X. c. pv.
manihotis and X. ¢. pv. cassavae by any of the serodiagnostic methods used
(Table 3). However, Immunodiffusion plates showed the presence of
antigens common to all the isolates studied (Fig. 1 and 2). In both the double
diffusion (Fig. 1 and 2) and immunofluorescence tests, all isolates of X. c.
pv. manihotis were serologically identical and through these tests X. c. pv.
manihotis could be differentiated from X. c. pv. cassavae and the
Colombian yellowish isolates. The Colombian isolates were serologically
identical to X. c. pv. cassavae (Fig. 1)and related to X. c. pv. manihotis. All X.
¢. pv. cassavae isolates were also serologically identical.

Fig. 1 Centralwell holds antiserumtoX. Fig. 2. Central well contains crude
c. pv. cassavae (CIAT 1148). Peripheral antiserum to X. ¢. pv. manihotis (CIAT
wells contain: (1) X. ¢. pv. manihotis 1105). Peripheral wells: (1) X. ¢. pv.
antigen; (2) X. c¢. pv. cassavae; (3) manihotis antigen (washed whole
Colombian yellowish isolate. cells); (2) X. ¢. pv. cassavae antigen

(washed whole cells); (3) Colombian

yellowish isolate (washed whole cells).

Discussion

Results show that X. c¢. pv. manihotis anc X c¢. pv. cassavae are
biochemically similar and serologically relatec but distinct. This agrees
with previous findings (11, 16). While X. c. pv. rmanihotis was serologicalily
distinct from X. c¢. pv. cassavae, X. pv. cassazvae and the Colombian
yellowish isolates had common antigenic properties, even though
differences were found in their pathogenicity 7he synonymy between X. c.
pv. manihotis and X. ¢. pv. cassavae reported by Robbs et a/. (29) was based
on biochemical and a few pathogenicity characteristics, but not on
serology. ;
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Therefore, the decision to consider X. cassavae as a nomen dubium (39)
1s probably unjustified. Based on our results on the serological and
pathogenicity relationships between these two pathogens, and thejr
geographical distribution, it is probably unlikely that X. c. pv. cassavae
evolved from X. c. pv. manihotis. The presence of X. ¢. pv. cassavae in
Colombia or elsewhere in Latin America therefore remains to be
established.

The specificity of our XMA /FITC and XCA/FITC conjugates indicates the
high specificity of antiserum produced using glutaraldehyde-fixed whole
cells as reported by Allan and Kelman (1) in studies on Erwinia carotovora
var. atroseptica. Similar results have recently been reported (33) in studies
with Corynebacterium segedonicum.
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