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Abstract

Genetic diversity of 14 isolates of Clavibacter michiganensis subsp. michiganensis
(Cmm), the causal agent of bacterial canker of tomato, was examined using two
DNA-based methods: Restriction Fragment Length Polymorphism (PCR-RFLP) of
165-23S rRNA genes intergenic spacer region and Randomly Amplified Polymor-
phic DNA (RAPD). High heterogeneity was found within the tested isolates using
RAPD method, whereas PCR-RFLP differentiated them slightly. Both techniques
separated studied isolates into two clusters. On the basis of this analysis no rela-
tionship between genetic diversity and origin, host or virulence of Cmm isolates
was found.
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Introduction

Bacteria belonging to Clavibacter michiganensis [(Smith) Davis, Gillaspie, Vidaver
et Harris] are divided on the basis of host specificity, biochemical and genetic char-
acters into five subspecies: C. michiganensis subsp. insidiosus (Cmi) [(Mc Culloch) Da-
vis, Gillaspie, Vidaver et Harris], C. michiganensis subsp. nebraskensis (Cmn) [(Vidaver
et Mandel) Davis, Gillaspie, Vidaver et Harris], C. michiganensis subsp. sepedonicus
(Cms) [(Spieckermann et Kotthoff) Davis, Gillaspie, Vidaver et Harris], C. michiga-
nensis subsp. tesselarius (Cmt) [(Carlson et Vidaver) Davis, Gillaspie, Vidaver et Har-
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ris] and C. michiganensis subsp. michiganensis (Cmm) [(Smith) Davis, Gillaspie,
Vidaver et Harris] (Davis et al. 1984, Jahr et al. 1999, Metzler et al. 1997).

Clavibacter michiganensis subsp. michiganensis (Cmm), the causal agent of bacte-
rial canker of tomato, is of special interest because of its worldwide distribution on
an economically important crop, i.e. tomato plants, and status as a quarantine or-
ganism in Europe (EPPO/CABI 1997). It was reported that disease incidence
reached from 10% (Vasinauskiené 2002) to even 80% of tomato plants grown in
some greenhouses (Burokiené unpublished).

Analysis of DNA polymorphisms has become a useful tool for detecting and dif-
ferentiating between subspecies and strains of a wide range of bacterial plant
pathogens (Brown et al. 2002, “New approaches...” 2003, Horita and Tsuchiya
2001), including Cmm (Lee et al. 1997, Louws et al. 1998, Pastrik and Rainey
1999).

However, little is known about genetic variability of Cmm strains. The objec-
tive of this study was to determine a genetic diversity among Cmm isolated during
2003-2004 in Lithuania. Cmm isolates were tested by two DNA-based methods:
PCR-RFLP of ITS region between 16S and 23S rRNA genes and RAPD analysis.

Materials and methods

Bacterial isolates

A total of 14 isolates of C. michiganensis subsp. michiganensis were recovered from
diseased tomato plants (Lycopersicon esculentum L.) (Cmm 3 — Cmm 14) and egg-
plants (Solanum melongena L.) (Cmm 1 and Cmm 2) exhibiting symptoms of bacte-
rial canker, grown in different plantations and greenhouses in Lithuania. Two
reference strains Cm 78-S and Cm 8 (Federal Centre for Breeding Research on Cul-
tivated Plants, Institute of Resistance Research and Pathogen Diagnostics,
Aschersleben, Germany) were used in this study for comparison. When required,
each bacterial isolate was cultured on nutrient dextrose agar (NDA) medium at
25°C for two-three days (Lelliott and Stead 1987).

Isolation of DNA

DNA preparation for species specific PCR and PCR-RFLP

Total DNA from the bacterial isolates of Cmm was prepared according to the
method of Aljanabi and Martinez (1997).

DNA preparation for RAPD

Bacterial genomic DNA was isolated using Genomic DNA Prep Plus purifica-
tion kit (A&A Biotechnology, Poland) according to manufacturer’s descriptions.
Additionally 20 pl of lysozyme stock solution (50 mg/ml lysozyme in 10 mM
Tris-HCI, pH 8.0) was added to the lysis step. Afterwards the sample was incu-
bated for 30 min at 37°C. After the final centrifugation the DNA was washed out
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from columns with 100 pl of 10 mM Tris-HCI (pH 8.5) buffer and diluted to the fi-
nal concentration of 10 ng/pl. DNA concentration was estimated using
spectrophotometer BioPhotometer (Eppendorf, Germany). Extracted nucleic acid
samples were stored at —20°C.

PCR procedures

All Cmm amplifications were performed using T3000 Thermocycler (Biometra,
Germany) and analyzed on 2% agarose gel stained in 0.5 pg/ml ethidium bromide
solution (Sambrook et al. 1989).

Cmm specific PCR

PCR was carried out using primers CMM5 (5’-GCG AAT AAG CCC ATA TCA
A-3’) and CMM6 (5’-CGT CAG GAG GTC GCC TAA TA-3’) (Dreier et al. 1995).
Amplification was performed using a total volume of 15 ul containing 1 pM of each
primer DNA, 1 pul of a prepared DNA, 0.5 U of Taq DNA polymerase (Invitrogen,
USA), 1.5 uM MgCl, and 0.2 mM of each dNTP, 10 x PCR reaction buffer under
the following reaction conditions: initial denaturation at 95°C for 3 min, 30 cycles
of amplification — at 94°C for 30 s, at 55°C for 30 s and at 72°C for 1 min. Final elon-
gation step was done at 72°C for 5 min.

PCR-RFLP

PCR amplification for intergenic spacer regions (ITS) of rRNA genes was per-
formed using universal primers 1406f (5-TGC TAC ACA CCG CCC GT-3’) and
23Sr (5’-GGG TTC GTC CCC ATT CGA G-3’) (Fisher and Triplett 1999). The reac-
tion mixture (25 pl) contained 30 ng template DNA, 0.7 U Taq DNA polymerase
(Invitrogen, USA), 1 uM of each primer, 1.5 uM MgCl, and 0.2 mM of each dNTP,
10 x PCR reaction buffer. PCR was carried out under the following conditions: ini-
tial denaturation at 94°C for 2 min, 30 cycles of amplification — at 94°C for 15 s, at
55°C for 15 s and at 72°C for 45 s, followed by a final elongation step at 72°C for 2
min.

PCR products were precipitated as described previously (Sambrook et al.
1989). DNA was suspended in 7 pl of TE buffer.

The restriction endonucleases were selected on the basis of ITS (between 16S
and 23S rRNA) nucleotide sequence of Cmm strain LMG 7333 (Accession No.
U09380) obtained from GeneBank, using Lasergene package program (Dnastar,
USA). PCR products were digested with restriction endonucleases Bsh1236I,
BshNI, Bsp143II and Hpall in separate reactions, which were conducted overnight
with 2 U of each endonuclease in the restriction mixture (10 pl) using the buffer
and temperature recommended by the manufacturer (Fermentas, Lithuania).

After digestion, the DNA fragments were separated in 8% (w/v) polyacryl-
amide gel at 120 V for 10 h in TBE buffer. The samples were visualized with UV
light on Transilluminator TI-1 (Biometra, Germany) after staining in ethidium
bromide solution (0.5 pg/ml) (Sambrook et al. 1989).
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RAPD analysis

17 random 10-mer oligonucleotide primers (Operon Technologies Inc., USA)
with 60-70% G + C content were used (Table 1). The reaction mixture (15 ul) con-
tained 10 ng of template DNA, 0.75 U of Taq DNA polymerase, 0.7 uM of a single
primer, 2.5 uM MgCl,, 0.2 mM of each dNTP, 10 x PCR reaction buffer. PCR reac-
tion conditions: initial denaturation at 94°C for 3 min, 40 reaction cycles of ampli-
fication at 94°C for 45 s, at 36°C for 45 s, at 72°C for 1 min and reaction was
completed at 72°C for 10 min.

The reliability of RAPD results was tested by repeating the reactions at least
twice under the same conditions. No changes in DNA fingerprints were observed
in any of the repeated experiments.

Table 1

The sequences of RAPD primers used for Cmm isolates analysis
Primer Sequence 5'—3’ Primer Sequence 5'—3’
OPAO1 CAGGCCCTTC OPCO02 GTGAGGCGTC
OPAO3 AGTCAGCCAC OPCO06 GAACGGACTC
OPA10 GTGATCGCAG OPCO08 TGGACCGGTG
OPA1l CAATCGCCGT OPD04 TCTGGTGAGG
OPA15 TTCCGAACCC OPE14 TGCGGCTGAG
OPARO03 GTGAGGCGCA OPU19 GTCAGTGCGG
OPBO06 TGCTCTGCCC OPWO06 AGGCCCGATG
OPBI10 CTGCTGGGAC OPW20 TGTGGCAGCA
OPB18 CCACAGCAGT

Cluster analysis

All isolates of Cmm were used for cluster analysis based on RAPD and
PCR-RFLP results. Each amplification band restriction fragment was scored as 1
(present) or O (absent) for all isolates. Average of dissimilarity was calculated us-
ing formula established by Nei and Li (1979) with program Multi-Variate Statisti-
cal Package (version 3.13m, Kovach Computing Services). The isolates were
clustered by the unweighted average pair group method (UPGMA).

Results

Species specific PCR for Cmm

Using PCR primers CMM5 and CMMS6 all studied isolates gave amplification
product 614 bp, characteristic fragment to C. michiganensis subsp. michiganensis
(Phot. 1). Also analyzed Cmm isolates demonstrated not specific DNA amplifica-
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Phot. 1. Clavibacter michiganensis subsp. michiganensis confirmation by PCR using primers CMM5 and
CMMB6. Lane M - DNA size marker GeneRuler 100 bp DNA Ladder Plus (Fermentas, Lithuania),
lane 1 - reference strain Cm 8, lane 2 — reference strain Cm 78-S, lane 3 — Cmm 1, lane 4 - Cmm 2,
lane 5 - Cmm 3, lane 6 — Cmm 4, lane 7 — Cmm 5, lane 8 - Cmm 6, lane 9 - Cmm 7, lane 10 - Cmm
8, lane 11 - Cmm 9, lane 12 — Cmm 10, lane 13 - Cmm 11, lane 14 - Cmm 12, lane 15 - Cmm 13,
lane 16 - Cmm 14, K - negative control (photo by D. Burokien¢)

tion products (~1200 bp and ~1500 bp), when concentration of DNA in PCR re-
action mixture was high.

PCR-RFLP analysis

Results of RFLP analysis of ITS showed that only endonuclease Hpall did not
differentiate isolates. The comparison between ITS regions of Cmm isolates was
accomplished by scoring restriction fragments obtained with other endonucleases:
Bsh12361, BshNI and Bsp14311. With each endonuclease used - three different pat-
terns were obtained (Phot. 2, Table 2).

i

Phot. 2. Agarose gel showing representative patterns of Clavibacter michiganensis subsp.
michiganensis obtained by PCR-RFLP after digestion with: a — Bsh12361, b — BshNI, ¢ — Bsp143II. Lane
M - DNA size marker GeneRuler 100 bp DNA Ladder Plus (Fermentas, Lithuania),
lanes 1, 2, 3 — numbers correspond to the PCR-RFLP patterns obtained for each endonuclease
as shown in Table 2 (photo by D. Burokiené)
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Table 2

RFLP patterns of Clavibacter michiganensis subsp. michiganensis isolates obtained
on the basis of restriction analysis of ITS region with three restriction endonucleases

Lo PCR-RFLP patterns for specific restriction endonucleases
Strain, isolate
Bsh12361 BshNI Bsp14311

Cm 8 1 2 1
Cm 78-S 1 1 2
Cmm 1 1 1 1
Cmm 2 1 1 1
Cmm 3 1 1 1
Cmm 4 1 1 1
Cmm 5 1 1 2
Cmm 6 1 1 1
Cmm 7 1 2 1
Cmm 8 1 2 1
Cmm 9 2 2 2
Cmm 10 3 3 3
Cmm 11 1 2 1
Cmm 12 1 1 1
Cmm 13 1 2 1
Cmm 14 1 1 2
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Nei & Li's Coefficient

Fig. 1. Cluster analysis of profiles generated following restriction enzymes digest of the ITS
sequence of Clavibacter michiganensis subsp. michiganensis. The genotypes are indicated
by a similarity value of 1.0
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The genomic fingerprints derived from three restriction endonucleases showed
variability between Cmm isolates and PCR-RFLP cluster analysis of the ITS region
and divided them into two genotypes: A and B, but only one isolate Cmm 9 ob-
tained from tomato belonged to the group A (Fig. 1). The observed sizes of the re-
striction fragments for each type of pattern in cluster B showed small differences
between Cmm isolates. Simultaneously, the identical patterns among some iso-
lates were obtained.

Genetic polymorphism revealed by RAPD PCR

Out of 17 10-mer random primers used to differentiate Cmm isolates four
(OPB06, OPB10, OPB18 and OPD04) did not generate informative products. The
uniform profiles of Cmm isolates were obtained only with primer OPA15 which
amplified two 1300 bp and 1500 bp products. Therefore, the results obtained from
these primers were not included in the analysis.

The other 12 RAPD primers generated 151 different PCR bands. The size of
amplified bands ranged from approximately 200 bp to 2200 bp. The highest (23)
number of amplified DNA fragments was obtained with primer OPWO06 (Phot. 3
a), whereas with primer OPA10 only seven bands were obtained (Phot. 3 b). RAPD
patterns obtained with primers OPA03, OPA10 and OPCO08 distinguished only Cm
8 and Cmm 3 from all Cmm isolates (Phot. 3 b). In contrast, other nine primers
were more suitable for Cmm differentiation (Phot. 3 a). The dendrogram obtained
with the combined RAPD patterns of these nine primers generated two main clus-
ters (A and B), but only two isolates, Cmm 3 and the reference strain Cm 8, could
be differentiated from others and were clustered into group A with a similarity
value of 0.72 (Fig. 2). However, the other Cmm isolates within group B demon-
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Phot. 3. PCR amplification products of genomic DNA generated from the Clavibacter michiganensis
subsp. michiganensis strains using 10-base RAPD primers: a - OPW06, b - OPA10. Lane M - DNA
size marker GeneRuler 100 bp DNA Ladder Plus (Fermentas, Lithuania), lane 1 - reference strain
Cm 8, lane 2 — reference strain Cm 78-S, lane 3 - Cmm 1, lane 4 - Cmm 2, lane 5 - Cmm 3, lane 6 —
Cmm 4, lane 7 - Cmm 5, lane 8 - Cmm 6, lane 9 - Cmm 7, lane 10 - Cmm 8, lane 11 - Cmm 9,
lane 12 - Cmm 10, lane 13 - Cmm 11, lane 14 - Cmm 12, lane 15 - Cmm 13, lane 16 - Cmm 14,
K - negative control (photo by D. Burokien¢)

a
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Fig. 2. Dendrogram representing computed identity and similarity values among isolates
of Clavibacter michiganensis subsp. michiganensis based on RAPD data. The genotypes are indicated
by a similarity value of 1.0

strated a great variability of RAPD fingerprints but there were no identical Cmm
isolates as shown on dendrogram.

Discussion

The phenotypic characteristics of 14 studied isolates of C. michiganensis subsp.
michiganensis determined on the basis of pathogenic, morphological and biochemi-
cal tests showed their high similarity to the reference strains Cm 8 and Cm 78-S
(Burokiené et al. 2005). These characteristics corresponded to description of
Bradbury (1986), Davis et al. (1984) and in “Bergey’s manual...” (1994).

PCR-RFLP analysis of ITS region between 16S and 23S rRNA genes with four
endonucleases revealed, that only Hpall did not differentiate studied Cmm iso-
lates. Cmm isolates showed a high coefficient of similarity and almost all of them,
except Cmm 9, belonged to group B. It has been reported previously, that the abil-
ity to detect differences among strains depended on the choice of restriction en-
zyme (Brown et al. 2002). Limitations locating differences within this region
determined the possibilities of usage of phylogenetic analysis to determine the dif-
ferences between subspecies. Our results are similar to the PCR-RFLP analysis of
16S rDNA sequences or PCR-RFLP of ITS between 16S and 23S rDNA regions
used for species and subspecies of the Clavibacter genus differentiation. A close
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phylogenetic relationship between C. michiganensis subspecies was observed (Lee et
al. 1997, Pastrik and Rainey 1999).

RAPD analysis of 14 Lithuanian Cmm isolates showed that five out of 17 used
primers did not differentiate them. In regard to the rest of the primers used, infor-
mation on variability at the isolate level was obtained and RAPD analysis distin-
guished the strains into two different groups. Most of the Cmm isolates were
grouped in cluster B with varying degrees of genetic dissimilarities and contained
several sub-clusters indicating that the bacterial isolates are genetically heteroge-
neous. These results confirmed investigations of Pastrik and Rainey (1999), where
RAPD primers used for subspecies differentiation of C. michiganensis showed, that
Cmi, Cmn, Cms and Cmt strains were more homogeneous than Cmm strains.
However, Putawska et al. (in press) found that this PCR-based technique is useless
for Erwinia amylovora (Burrill) Winslow et al. strains differentiation. All 14 Polish
strains of fire blight causal agent showed almost identical patterns.

Louws et al. (1998) used rep-PCR method and only in the case of BOX primers
could subdivide Cmm isolates into four distinct groups. However, this method did
not allow to differentiation between the virulent and avirulent isolates of Cmm
used in their studies. RAPD was more suitable for distinguishing the genetic diver-
sity between isolates. In our studies RAPD analysis revealed high heterogeneity of
studied Cmm isolates, and showed differences in virulence (Burokiené et al.
2005). Primers used in PCR-based analysis could not distinguish more and less
virulent isolates.

Pastrik and Rainey (1999) noticed that only random primers with GC-content
of 80% were able to generate reproducible informative patterns of C. michiganensis
amplified DNA fragments but not primers with 60 or 70% of GC. In contrast, our
results revealed that the isolates examined had good informative bands with prim-
ers that had a GC-content of 60-70%. GC-content of the primers did not affect on
the amount or sizes of the obtained bands. We also observed the influence of DNA
extraction method on RAPD results. The method of Aljanabi and Martinez (1997)
even when modified for gram-positive bacteria by adding lysozyme 100 mg/ml in
10 mM Tris-HCI, pH 8.0, failed in case of Cmm, whereas in case of RAPD analysis
for E. amylovora was successfully applied (Putawska et al. in press, Putawska un-
published). Difficulties in obtaining informative and repeatable results suggest
that reaction conditions for RAPD PCR need to be carefully optimized. Some au-
thors list various reasons affecting the reliability of tests like concentrations of
primers, Taq pol, MgCl, and DNA, annealing temperatures used (Atienzar et al.
2000, Caetano-Anollés et al. 1991, Gzyl and Augustynowicz 1999, “New appro-
aches...” 2003, Pastrik and Rainey 1999, Williams et al. 1990).

The fingerprint types of our tested Cmm isolates did not depend on their origin:
e.g. host type (tomato or eggplants) or growing conditions (fields or greenhouses)
and phenotypic feature like virulence (Table 3). These results correspond with ear-
lier work of Louws et al. (1998). However, data has shown that PCR-based meth-
ods can distinguish genetic diversity related to geographical and/or host origin,
biochemical features, pathogenicity (Brown et al. 2002, Horita and Tsuchiya 2001,
Peters et al. 2004, Seo et al. 2002).
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Table 3

The comparison of virulence and genetic diversity of Clavibacter michiganensis
subsp. michiganensis strains and isolates

o Origin Virulence on 5-week-old
Strain, isolate (country, plant species) tomato plants PCR-RFLP group|RAPD profile
(Burokiengé et al. 2005)
Cm 8 Germany Low B4 A
Cm 78-S Germany Low B2 B
Cmm 1 Lithuania, eggplant High B3 B
Cmm 2 Lithuania, eggplant Low B3 B
Cmm 3 Lithuania, tomato High B3 A
Cmm 4 Lithuania, tomato Low B3 B
Cmm 5 Lithuania, tomato Medium B2 B
Cmm 6 Lithuania, tomato Medium B3 B
Cmm 7 Lithuania, tomato High B4 B
Cmm 8 Lithuania, tomato Low B4 B
Cmm 9 Lithuania, tomato High A B
Cmm 10 Lithuania, tomato High B1 B
Cmm 11 Lithuania, tomato Medium B4 B
Cmm 12 Lithuania, tomato Low B3 B
Cmm 13 Lithuania, tomato Low B4 B
Cmm 14 Lithuania, tomato High B2 B

In conclusion, RAPD method was more suitable for differentiation of Cmm iso-
lates compared to with PCR-RFLP and was more useful for analyzing the diversity
of this bacteria. The ability to differentiate between individual isolates may be of
potential use in the studies determining the epidemiology of bacterial canker of to-
mato and host-pathogen interactions relating to tomato cultivar infection as well
as developing improved strategies for breeding for resistance to Cmm.

Streszczenie

GENETYCZNE ZROZNICOWANIE IZOLATOW CLAVIBACTER
MICHIGANENSIS SUBSP. MICHIGANENSIS POCHODZACYCH Z LITWY

Badano genetyczne zréznicowanie 14 izolatow Clavibacter michiganensis subsp.
michiganensis (Cmm), sprawcy raka bakteryjnego pomidora, z zastosowaniem anali-
zy restrykcyjnej (PCR-RFLP) regionu ITS polozonego miedzy genami 16S i 23S
rRNA oraz techniki RAPD (losowo wzmocnione polimorficzne DNA). Duze zr6z-
nicowanie zaobserwowano w otrzymanych profilach amplifikacji z zastosowaniem
techniki RAPD, natomiast analiza restrykcyjna rejonu ITS wykazala tylko niewiel-
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kie zréznicowanie w obrebie badanej sekwencji testowanych izolatéw. Obydwie
techniki pozwolily na podzielenie badanych izolatéw na dwie grupy. Nie znalezio-
no korelacji miedzy przynaleznoécig badanych izolatéw Cmm do danej grupy a ich
pochodzeniem geograficznym, roéling zywicielska lub wirulencja.
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