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ABSTRACT. Testing of 23 isolates of Clavibacter michiganensis subsp. sepedonicus for analysis by 
rep-PCR (using BOX, ERIC, REP primer sets) was used for the purpose of localization of genetic markers 
for fluid and/or nonfluid strains. None of the primer sets was successful in detecting genetic differences bet-
ween the isolates and no polymorphism was generated. 

The Gram-positive coryneform bacterium Clavibacter michiganensis subsp. sepedonicus (SPICKER-
MAN et KOTHOFF 1914) DAVIS, GILLASPIE, VIDAVER et HARRIS 1984 (Cms) is a causal agent of a serious 
disease called bacterial ring rot of potato (BRR). This has occurred in major potato-growing areas on all 
continents except Australia (Hocker 1981). The name of BRR originates from the characteristic “ring rot” 
symptom (destruction of vascular ring) visible after cutting of infected tuber. Cms and other subspecies of 
Clavibacter michiganensis are highly biotrophic pathogens preferring colonization of the vascular system, 
particularly the xylem vessels (Rothwell 1968). Colonization of these tissues leads to blocking of the natural 
transport of water and nutrients followed by wilting of infected leaves and stems. Environmental conditions, 
cultivar susceptibility, inoculum dose and virulence of infecting bacterial strain are the main factors signifi-
cantly influencing the severity and character of the expressed symptoms (Bishop and Slack 1987; Westra 
and Slack 1994). Latent and asymptomatic infections are frequent and the pathogen could persist undetected 
in field or tissue culture for three generations (Schuld et al. 1992; De Boer and McCann 1990). These facts 
make routinely done diagnosis by visual inspection and eggplant bioassay (Lelliot and Sellar 1976; Olsson 
1976) unreliable and another confirmation method is necessary (Mills et al. 1997; Pastrik 2000). 

Reduced virulence of some Cms isolates could be caused by the absence of several known factors. 
Genes coding the protein(s) that elicit a hypersensitive response in non-host plant were discovered to be 
necessary for efficient multiplication of bacteria in the host (Nissinen et al. 1997). Cellulase encoded by the 
native plasmid pCS1 is important for symptom expression (Laine et al. 2000). The amount and composition 
of the extracellular polysaccharides (EPS) affects antigenic properties (Bishop et al. 1988), colony morpho-
logy (fluid and/or nonfluid) (Henningson and Gudmestad 1991) and influences the ability to form occlu-
sions on the membrane pits and to induce wilting (Van Alfen et al. 1983). 

The rep-PCR technique used here is based on three specific conserved repetitive sequences (BOX, 
ERIC, REP) distributed in diverse bacterial genomes. Three primer sets are commonly used for genomic 
fingerprinting analysis and correspond to repetitive sequences. The primers are designed to amplify inter-
vening DNA between two adjacent repetitive elements. Detected fingerprint polymorphism between closely 
related samples is caused either by different localization of a repetitive sequence in the genome or by chan-
ges in the region between repetitive sequences. In the second case we could accept the hypothesis in which 
the phenotypic change could be affected by the detected polymorphism. 

Despite the BRR importance, very little is known about the mechanisms by which the Cms induces 
the disease and the genetic background of these processes. This study is focused on the determination of gene-
tic differences between so-called fluid and nonfluid isolates of Cms. The main purpose was to discover a poly-
morphism that could occur after analysis used as a genetic marker for recognition of fluid or nonfluid strains 
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or starting point for genetic analysis of the EPS synthesis metabolism. Detailed knowledge of this factor will 
help to discover the ways leading to the change of the cell-wall composition and antigenic character. 

Bacterial strains. Each of 23 bacterial strains (Table I) was a well-characterized strain coming from 
collections of microorganisms. Colony morphology characterization of strains was done at the Research 
Institute of Crop Production in Prague by Dr. B. Kokošková. Strains were randomly chosen to make two 
groups displaying different colony morphology. 

Culture media and growth conditions. The 
isolates were grown on Nutrient Broth Yeast extract 
(NBY) (Vidaver 1967) at 23 °C for 3–5 d. 

Isolation of DNA. Genomic DNA was iso-
lated using a combination of the alkaline lysis me-
thod and boiling (Rademarker and de Brujin 1997). 
The DNA recovered was not further purified and it 
was directly added to the PCR reaction mixture. 

rep-PCR analysis and electrophoresis. PCR 
was performed on a Mini Cycler (MJ Research, 
USA). BOX, ERIC and REP primers (Versalovic et 
al. 1994) were synthesized by Generi Biotech (Cze-
chia). The reaction mixture contained 12.5 �L of 
2× PPP Master mix (75 mmol/L Tris-HCl, pH 8.8; 
20 mmol/L (NH4)2SO4; 100 ppm Tween 20; 
2.5 mmol/L MgCl2; dNTP 200 �mol/L each; 2.5 U 
Taq purple DNA polymerase and stabilization additi-
ves) obtained from TopBio (Czechia); 2.5 �L Me2SO; 
2 �L of each primer (20 pmol); 1 �L of DNA tem-
plate and 5 �L of double-distilled H2O (7 �L for the 
BOX variant). Amplification protocol followed rep-
PCR procedure of Louws et al. (1998). Amplified 
PCR products were separated on 1.5 % agarose gel 
for 3 h. DNA was stained with Sybr Green (Sigma–
Aldrich). 

Selection and characterization of fluid and nonfluid isolates. Cms naturally occurs in two mor-
phological variants. The phenomenon of fluid and nonfluid morphology is common in other bacterial spe-
cies (Bodman and Farrand 1995; Martín et al. 2000). There are also other terms used for description of this 
phenomenon: mucoid vs. nonmucoid, smooth vs. rough. The main origin of colony morphology dissimilari-
ties is unequal production of EPS. Nonfluid variants differ in both the amount of produced EPS and parti-
cipation of individual sugar fractions. Previous studies allowed detailed characterization of these chemical 
compounds and separate them into four fractions by their molar mass (Henningson and Gudmestad 1992; 
Westra and Slack 1992).  

The tested strains were divided into two groups: (1) isolates with fluid morphology only, and 
(2) isolates with intermediate and nonfluid morphology. The separated bacterial strains were analyzed by the 
rep-PCR method. Changes of colony morphology could be induced artificially under laboratory conditions 
by temperatures above 28 °C and low contents of sugar in the cultivation medium (Kokošková and K�dela 
2002). However, these changes are not permanent and the colony returns to its original stage after cultiva-
tion under natural conditions. The bacterial isolates used in this work are of natural origin and no induction 
protocol was applied to them. 

DNA fingerprints were visually evaluated for the presence of distinct PCR products (Fig. 1). 
Reproducibility of rep-PCR fingerprints was comparable with the values published by Smith et al. 

(2001). Differences between single reactions were caused rather by reactions condition than by genetically 
based variability. We compared all fingerprints but no stable polymorphism for any isolate was discovered 
(data not shown). 

Determination of genetic dissimilarities by the rep-PCR method has been successfully used for taxo-
nomic determination and genetic variability analysis of important plant-associated bacteria, such an Erwinia 
amylovora, Burkholderia solanacearum and Xanthomonas campestris pv. vesicatoria (Louws et al. 1995; 
McMannus and Jones 1995; Frey et al. 1996). The rep-PCR method was used for its ability to detect dissimi-
larities between closely related specimens; its sensitivity allowed detection of genetic variability even bet-
ween single bacterial strains in a population of Clavibacter michiganensis subsp. michiganensis (Louws et 
al. 1998). We used three sets of primers (BOX, ERIC, REP) to obtain complex analysis of the genome of 13 

 
Table I.  Bacterial strains (fluid and nonfluid) of Clavi-
bacter michiganensis subsp. sepedonicusa 

No. Fluid No. Nonfluid 

  1 OFF-1 14 INM-1 
  2 As-1 15 SD-1 
  3 PD 54 16 PD 1487 
  4 PD 56 17 PD 1488 
  5 PD 59 18 PD 1849 
  6 PD 60 19 PD 2637 
  7 PD 328 20 PD 3799 
  8 PD 681 21 PD 3800 
  9 PD 1306 22 PD 3802 
10 PD 1664 23 NCPPB 3279 
11 PD 3538   
12 PD 3559   
13 NCPPB 3467   

aOrigin of strains: 
 PD – Dr. J. Janse (Plantenziektenkundige Dienst, Wage-
  ningen, The Netherlands); 
 OFF-1, As-1, INM-1, SD-1 – Dr. K. Pernezny (Univer-
  sity of Florida, Gainesville, USA); 
 NCPPB – National Collection of Plant Pathogenic Bac-
  teria, Harpenden (UK). 

 



684    J. FOUSEK  and  I. MRÁZ Vol. 48 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

F
ig

. 
1

.  
B

O
X

-P
C

R
 (
A

),
 E

R
IC

-P
C

R
 (
B

),
 R

E
P-

PC
R

 (
C

) 
fi

ng
er

pr
in

ts
 o

f 
fl

ui
d 

an
d 

no
nf

lu
id

 s
tr

ai
ns

 o
f 

C
m

s;
 M

 –
 1

00
-b

p 
la

dd
er

 (
N

ew
 E

ng
la

nd
 B

io
la

bs
);

 n
um

be
rs

 o
f 

la
ne

s 
1–
23

 c
or

re
sp

on
d 

to
 th

os
e 

in
 T

ab
le

 I
. 



2003 FLUID  AND  NONFLUID  VARIANTS  OF  C. michiganensis    685

fluid and 10 nonfluid strains. Although we selected a relatively wide testing file and used different primers 
we could not localize any size polymorphism of the generated PCR products that could set nonfluid variants 
apart from the fluid ones. This result corroborates previous rep-PCR work, which detected the population of 
Cms to be very uniform (Smith et al. 2001; Fousek et al. 2002). This opinion was also confirmed by some 
other techniques including RFLP analysis of the repetitive region IS1121 (Mogen et al. 1990), low-mo-
lar-mass RNA and fatty-acid profiling (Henningson and Gudmestad 1991; Palomo et al. 2000). 

The only effective method able to distinguish between strains with different virulence is genomic 
fingerprinting based on restriction analysis of high-molar DNA, and CHEF gel electrophoresis. Thus detec-
ted differences correlate with the occurrence of genes for hypersensitive response and cellulase but not with 
different colony morphology (Brown et al. 2001). There are many studies where the rep-PCR technique was 
able to differentiate between very closely related organisms, but it failed in our case. The explanation could 
be that genes belonging to the EPS synthesis pathway are necessary for the bacterial life cycle. And that is 
why we cannot detect any deviation at the DNA level by such a method as rep-PCR. The changes should be 
searched for on the RNA level where different regulation steps occur, but this hypothesis needs to be con-
firmed. 

This work was supported by the Grant Agency of the Czech Republic (grant no. GA 522/00/0887) and by the Grant Agency 
of the Academy of Sciences of the Czech Republic (grant no. S 5051014). The authors would also like to thank to Dr. Kokošková, 
Dr. Janse and Dr. Pernezny for providing the bacterial strains. 
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