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The biochemical and genetic characteristics of 11 Erwinia carotovora strains from potato
were compared with those of reference strains, £. carotovora subsp. atroseptica (Eca) and £.
carotovora subsp. carotovora (Ece). On the basis of 26 phenotypic characters, four of the 11
strains showed intermediate characters between Eca and Ecc, and the rest of the strains were
identified as typical members of Ecc. Current methods for differentiation of Eca and Ecc are
both imprecise and time consuming. We have used enterobacterial repetitive intergenic consen-
sus (ERIC)—PCR to differentiate the bacteria. Similarity of ERIC—PCR patterns within the
Eca strains was very high, whereas within the Ecc group extensive genetic diversity was found.
ERIC—PCR patterns of biochemically intermediate strains showed low similarity to those of Eca
strains. An ERIC—PCR fragment from Eca type strain was isolated, and it was used as probe
for Southern hybridization. The probe hybridized only with Eca strains. One reference strain
(MAFF 301296) originally described as Ecc, was identified as Eca by ERIC— PCR analysis, and
this result was confirmed by biochemical tests. ERIC—PCR analysis for differentiation of Eca
and Ecc provides a relatively fast and sensitive alternative to routinely applied biochemical
tests.

INTRODUCTION

Erwinia carotovora (Jones) Bergey et al. is the causal agent of bacterial soft rot in
many different plant species, including potatoes (Solanum tuberosum L.). Under
temperate conditions, soft rot of potato crops is primarily caused by two E. carotovora
subspecies. While E. carotovora subsp. atroseptica (Eca) is specifically associated with
potato, E. carotovora subsp. carotovora (Ecc) is widespread and has a wide host range’
besides potato (Perombelon and Kelman, 1980). Thus, differentiation of the two
subspecies is important for potato growers in making adequate crop rotation choices
when they face a field contamination problem.

Differences were reported between Eca and Ecc strains regarding their pathogenicity
and biochemical characteristics (Lelliot and Dickey, 1984; Smith and Bartz, 1990).
Biochemical tests are accepted as a standard for differentiation of Eca and Ecc (De Boer
et al., 1978, 1987; Dye, 1969). However, the biochemical tests are lengthy and costly.
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Moreover, E. carotovora strains that are intermediate between Eca and Ecc in bio-
chemical properties were also found (Tanii, 1984; Thomson et al., 1981).

A nunber of other methods have been used to differentiate the subspecies, but all
have limitations. The high serological heterogeneity and cross-reactivity between the
subspecies have limited the use of serology (De Boer et al., 1987). Fatty acid profiling
has been used to differentiate the subspecies but has been of only limited success (De
Boer and Sasser, 1986). DNA-DNA hybridization is accurate but time-consuming and
unsuitable for routine use, especially when large numbers of strains are involved
(Vandamme et al., 1996). :

Recently, rep-PCR (ERIC, REP and BOX) technique for subspecific differentiation of
some pathovars of Pseudomonas syringae and Xanthomonas species has been reported
(Louws et al., 1994). Enterobacterial repetitive intergenic consensus (ERIC) sequences,
which are short repetitive DNA sequences with highly conserved central inverted repeats,
are dispersed throughout the genomes of diverse bacterial species. The objectives of this
study were to determine whether ERIC-PCR genomic fingerprinting could be used to dif-
ferentiate the two Erwinia subspecies (Eca and Ecc). Furthermore, the result is
compared with that obtained using biochemical tests.

MATERIALS AND METHODS

Bacterial strains
The bacterial strains used in this work are listed in Table 1. All the strains were
stored at -70°C in 10% skim milk and cultured on MGY agar (mannitol 10.0 g, L-glutamic

Table 1. Strains used in this experiment

Species Strain designation® Plant host Geographic origin
E. carotovora subspecies 4933 Solanum tuberosum L. Thailand
493-5 v ”
3/95 4 4
6/95 4 Korea
11/96 z ”
14/96 z 2
3/97 ” 4
1/94 Z »
1/96 Z ”
Sr79-33-3 ” Japan
E. carotovora subsp. ATCC 332607 4 . United Kingdom
atroseptica LMG 6693 v Sweden
MAFF 301614 4 Japan
E. carotovora subsp. ATCC 157137 ” Denmark
carotovora MAFF 301296 v Japan

» ATCC, American Type Culture Collection, Rockville, Md, USA; LMG, Laboratorium voor
Microbiologie, Gent., Belgium; MAFF, Ministry of Agriculture, Forestry and Fisheries Gene
Bank, Japan
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acid 2.0g, KH.PO, 0.5g, NaCl 0.2g, MgSO,-7TH,0 0.2g, yeast extract 0.25g, agar 15.0g,
distilled water 1 liter, pH 7.0) at 28°C for 2 days (Keane et al., 1970).

Biochemical tests

Twenty-six physiological and biochemical tests were performed according to the
authentic methods reported by various researchers (Dye, 1969; Schaad, 1980; Lelliot and
Dickey, 1984). Tests included: growth at 36 °C; anaerobic growth; ability to cause soft rot
in potato; presence of oxidase; production of yellow pigment on YDC; mucoid growth,
urease activity; H.S production; tolerance to KCN and 5% NaCl; production of reducing
substances from sucrose; casein hydrolysis; indole production; acid production from
carbohydrates utilized as a sole source of carbon; and utilization of various organic
compounds.

ERIC-PCR and Southern hybridization

PCR was performed in a thermal cycler (Astec, Japan) by using primers, ERIC2 and
ERICIR (Versalovic et al., 1991). Total DNA for PCR was extracted according to the
method of Sambrook et al. (1989). Amplification was performed in a total volume of 50 ul
containing 67 mM Tris/HCI (pH 8.8), 2.0 mM MgCl;, 0.125mM each of dATP, dCTP, dGTP
and dTTP, 2.0 units of Taq DNA polymerase (TOYOBO, Japan), 50 pmol each primer, and
1l of a 50ng/ml solution of purified DNA. PCR reactions were performed under the
following conditions; 94 °C for 4 min for the first cycle, 30 cycles of 94°C for 1 min, 52°C
for 1 min and 72 °C for 1 min, and a final cycle of 72°C for 10min. Aliquots were analyzed
on 1.5% agarose gels and the PCR products were visualized by staining with ethidium
bromide.

The DNA fragments amplified with primers ERIC2 and ERIC1R were transferred from
the gel onto nylon membranes (Hybond™ NT, Amersham Pharmacia Biotech, UK). An
unique band detected in Eca strains was extracted and used as a DNA probe. The probe
was labeled with peroxidase and hybridized DNA was detected by ECL gene detection
system (Amersham Pharmacia Biotech, UK). Hybridization was performed as recom-
mended by the supplier at 42°C overnight. The membranes were washed twice in pri-
mary washing buffer (6 M Urea, 0.4% SDS, 0.5XSSC) at 42°C for 20 min and then twice in
secondary washing buffer (2XSSC) at room temperature for 5min before chemilumi-
nescence detection.

RESULTS AND DISCUSSION

We determined the phenotypic characteristics of all the strains listed in Table 1.
Eleven strains from potato were positive in the following phenotypic characters: anaer-
obic growth, ability to cause soft rot of potato, H.S production, tolerance to KCN, utiliza-
tion of polygalacturonate, acid production from: lactose, D(+ )cellobiose, inositol,
mellibiose and levulose; and were all negative for the presence of oxidase, production of
yellow pigment on YDC, mucoid growth, urease activity and utilization of malonate.
Bacteriological characteristics useful for distinguishing Eca from Ecc are considered to be
the ability to grow at 36°C, and to product acids from a-methyl glucoside and reducing
substances from sucrose (De Boer et al., 1978). Two strains (1/94 and 1/96) were nega-
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Table 2. Bacteriological characteristics of Eca and Ecc strains

Strains of Eca® Strains of Ecc
1 2 10 11 12 13 14 15 16

Characteristic
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© 1, ATCC 332607, 2, LMG 6693; 3, MAFF 301296; 4, MAFF 301614; 5, ATCC 157137, 6, 493-1;
493-3; 8, 493-5; 9, 3/95; 10, 6/95; 11, 11/96; 12, 14/96; 13, 3/97; 14, 1/94; 15, 1/96; 16, Sr79-33-3
» 4 positive reaction; —, negative reaction; w, weakly positive reaction; N, not tested

tive in the test of growth at 36°C and two strains (3/95 and 11/96) were positive in the
tests of reducing substances from sucrose (Table 2). These results indicate that the tests
for growth at 36°C and production of reducing substance from sucrose appeared to be
unreliable for differentiation of the two subspecies. MAFF 301296 used as Ecc reference
strain was unable to grow at 36 °C and was positive in the tests of acid production from «
-methyl glucoside and reducing substances from sucrose, which are typical characters of
Eca.

The ERIC-PCR of Eca and Ecc strains gave different ERIC banding patterns (Fig.
1A). There was only a limited variation in polymorphism found in the Eca strains by
ERIC--PCR while there was a large variation within the Ecc group. This indicates that the
two subspecies are different at the DNA level. Helias et al. (1998) reported that atypical
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Fig. 1. A) Agarosc gel electrophoresis of ERIC-PCR products generated from genomic
DNA of E. carotovora subsp. atroseptica (Eca) and carotovora (Ecc).
ERIC-PCR fragments were separated in a 1.5% agarose gel. 1, ATCC 33260%; 2,
LMG 6693; 3, MAFF 301296, 4, MAFF 301614; 5, ATCC 15713%; 6, 493-1; 7,
493-3; 8, 493-5; 9, 3/95; 10, 6/95; 11, 11/96; 12, 14/96; 13, 3/97; 14, 1/94; 15, 1/96;
16, Sr79-33-3. B) Southern hybridization analysis of Eca and Ecc strains. ERIC
sequences of Eca and Ecc strains were amplified with primers ERIC2 and
ERICIR, and the PCR products were blotted onto nylon filter after elec-
trophoresis. The ERIC-PCR fragment from Eca group (arrow in Fig. 1A) was
isolated and was used to probe the Southern blot.

strains, such as unable to grow at 36°C, were genetically related to Ecc. In our study,
ERIC-PCR patterns of two atypical Ecc strains (1/94 and 1/96), which were unable to
grow at 36 °C, showed also low similarity to those of Eca strains (Fig. 1A). Moreover, the
patterns of two atypical Ecc strains (3/95 and 11/96), which were positive in the tests of
reducing substances from sucrose, showed similar resuits described above. ERIC-PCR
patterns of MAFF 301296 strain that was originally described as Ecc, were similar to
those of Eca strains. This result was confirmed by the biochemical tests. ERIC-PCR
analysis clarified the status of strains with atypical biochemical features.

In order to test if Eca specific ERIC-PCR fragments were amplified from Ecc isolates,
we purified an ERIC-PCR fragment from amplified DNA of Eca type strain (ATCC
332607), which produced a clear and unique band dissimilar to those found in amplified
Ecc DNA. Purified DNA (arrow in Fig. 1A) was labeled with peroxidase to use as a probe
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and the probe hybridized only with ERIC-PCR products of Eca isolates in Southern
hybridization, indicating that the fragment are useful for PCR-based detection of Eca
isolates (Fig. 2B).

We have shown the potential for rapid identification of E. carotovora subsp. atrosep-
tica and subsp. carotovora strains by ERIC-PCR analysis. Furthermore, we demon-
strated a convenient method to generate a probe derived from an ERIC-PCR fragment
useful for PCR-based detection of Eca strains.
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