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         Abstract 
Correlation was examined among immunoflurorescence, eggplant pathogenicity bioassays and a PCR assay for identification of Clavibacter 
michiganensis subsp. sepedonicus (Cms) using the novel primer pair Cms A/Cms B designed based upon the sequence of the 16S rRNA gene. 
These primers identified 11 Cms isolates in eggplant extracts and an additional 14 isolates in pure culture, and results of PCR using these primers 
correlated 100% with results of IFAS and eggplant pathogenicity assays. Cmm, Clavibacter michiganensis subsp. michiganensis, did not produce 
symptoms in eggplant and was not identified by IFAS or PCR. These results demonstrate that PCR with the primer pair Cms A/Cms B can be as 
a complimentary test to IFAS and eggplant pathogenicity assays for the detection of Cms isolates found in the Midwestern United States. 
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Introduction 
Clavibacter michiganensis subsp. sepedonicus (Cms) 5 formerly 
known as Corynebacterium sepedonicum ([Spieck. & Kotth.] 
Skapt. & Burkh.) is the causal agent of ring rot of potato. 
Symptoms of bacterial ring rot infection appear late in the growing 
season if at all 8, and the bacterial pathogen is carried in the seed 
tuber and is easily mechanically transmitted. Infected tubers serve 
as a source of inoculum for uninfected tubers during handling, 
planting and harvesting. Consequently, ring rot is a disease of 
quarantine significance and many potato seed programs have 
adopted a “zero tolerance” policy toward the pathogen. Hence, 
early detection of the Clavibacter infection is important, especially 
in seed potato fields. 
   Several assays have been developed to detect Clavibacter in 
field material. The eggplant (Solanum melongena L.) assay is 
specific and sensitive, but requires a long incubation time from 
inoculation to symptom development 2. ELISA (enzyme-linked 
immunosorbent assay) using monoclonal antibody 1H3 is easy 
and inexpensive, but detects only the mucoid strains 7. More 
recently, monoclonal antibodies Mn-Cs1 were developed that 
can distinguish between the Cms and other related species, 
however, no available data on ability to detect various isolates 15. 
   Previously developed probes for specific hybridization have 
been shown to provide a sensitive detection method 24, but the 
use of radioactive materials requires extensive training and is too 
impractical and expensive for routine use in screening procedures. 
IFAS (immunofluorescent antibody staining) using monoclonal 
antibody 9A1 is more time consuming and requires more training 
than ELISA 6, but is an accepted and successful detection method. 
   PCR (polymerase chain reaction) techniques have been shown 
to be sensitive 12, 14, specific for Cms 10 and can be used for routine 

testing 28. Several PCR-based assays for detection of Cms were 
developed. These assays used different techniques to generate 
primers specific for Cms detection. These can be summarized as 
follows: (1) 16S rRNA gene sequences as a target for specific 
PCR for detection purposes 14, 16, (2) new procedure named TP- 
RAPD based on DNA fingerprints 20, (3) PCR based on repetitive 
sequence using the BOX-AIR primers 25, (4) PCR based on an 
RNA intergenic region 11, (5) RAPD based assay using 30 
synthetic decamers 22 and finally (6) nested PCR using primers 
derived from the sequences of 16S rRNA gene and insertion 
element IS1121 9. Moreover, PCR was used for differentiation 
between the different subspecies of Clavibacter 
michiganensis 13, 17, 18. 
   Several methods for the detection of the products were also 
used in addition to agarose gel-based method, TaqMan technique 
based on automated real time PCR 23; a technique named AmpliDet 
RNA, based on molecular beacon and automated PCR 
machine 26, and plate capture assay 1. 
   Comparisons were made between the different methods of 
detection 19. Dig-labeled PCR was found to be more sensitive 
than ELISA in diagnosis of symptomless field potato tubers 12. 
PCR, ELISA and DNA hybridization had 36.2, 35.8 and 29.1% 
efficiency, respectively 24. PCR, bioassay and immunofluorescence 
microscopy, all have similar sensitivity and are better than 
fluorescent in situ hybridization 21. 
   Due to the potential economic impact of a bacterial ring rot 
diagnosis to seed growers, it is the widespread view in the seed 
potato certification industry that reliance on the results of one 
test alone should not be used to diagnose bacterial ring rot in a 
seed lot. Thus, correlation among results of different tests needs 
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to be thoroughly examined, particularly among biological, 
serological and molecular tests. When PCR was compared to 
IFAS and eggplant bioassays as standards for comparison 16, 
100% correlation among these tests was not observed, possibly 
due to detection of non-pathogenic or non-viable cells, and a 
strict threshold for IFAS positives. 
   In this report, we describe a PCR assay with 100% correlation 
with IFAS identifying Cms isolates causing characteristic bacterial 
ring rot symptoms in eggplant. 

     Materials and Methods 
Bacterial isolates: The names and sources of the isolates used 
in this study are shown in Table 1. 

Confirmation of pathogenicity: Cms isolates and Clavibacter 
michiganensis subsp. michiganensis (Cmm) were grown on NBY 
agar medium 27. Suspensions of isolated colonies were prepared 
in 0.1% proteose peptone No. 3 and 100 µl inoculated into 
seedlings of ‘Black Beauty’ eggplant by injection. Seedlings were 
inoculated immediately after the first set of true leaves emerged. 
Eggplants were observed for symptoms of Cms infection 2. 
Symptomatic tissue was surface sterilized with 70% ethanol and 
macerated in sterile water with a mortar and pestle. These extracts 
were plated on NBY agar medium and observed for colony 
morphology characteristic of Cms. 

IFAS: The undiluted eggplant extract described above and 1:10 
and 1:50 dilutions of this extract in 1X phosphate buffered saline 
were analyzed via indirect IFAS 6 using monoclonal antibody 9A1 
(Agdia Inc.). Fluorescein-conjugated anti-mouse IgM (Agdia Inc.) 
was used as the detection antibody. 
   10 µl of each extract and dilutions were applied to each well in 

12- well teflon coated slides (Erie Scientific) and allowed to dry at 
room temperature. IFA was performed according to the protocol 
described in DeBoer 6, using 10 µl each of monoclonal antibody 
and fluorescein-conjugated anti-mouse IgM preparations per well 
and incubation periods of one hour. Slides were mounted with 
2 µl mounting fluid (90 ml glycerol, 10 ml 1X PBS, 0.1 g p- 
phenylenediamine), covered with a coverslip, and observed using 
an Olympus microscope with a fluorescein filter. 
   Eggplant tissue extract that was inoculated with Cmm was used 
as the negative control. A sample was considered positive if it 
had >150 fluorescing cells with the Cms characteristic 
morphology, wedge-shaped and with dimensions of  0.8–1.2 µm 
x 0.4–0.6 µm 3, at any dilution in 30 fields. 

Design of specific primers for use in PCR: The conserved region 
of the Cms and Cmm 16s rRNA genes were amplified using forward 
(5’-GAGTTTGATCCTGGCTCAG-3’ and reverse (5’- 
GGTTACCTGTTACGACTT-3’) primers designed for E. coli  4. 
The sequences of these amplified fragments were used to design 
specific Cms primers A (5’-CGCACATCTCTGCACGTTTCC-3’) 
and  B (5’-CCCCCGACTCTGGGATAACTGCTG-3’). These primers 
are 100% identical to nucleotides 940-960 (primer A) and 99-120 
(primer B) of the Cms LMG 2889 16S rRNA sequence as reported 
to  GenBank (accession U09764, Li & De Boer 10). 

PCR for identification of Cms isolates: PCR was performed on 
the 1:10 dilution of the eggplant extracts described above, and on 
isolated colonies of pure bacterial cultures described above. DNA 
was extracted as follows: 100 µl of the eggplant extract or a single 
bacterial colony suspended in 100 µl sterile water was boiled for 
five minutes, and debris was pelleted by centrifugation at 10,000 x 
G for three minutes. Extract from an uninoculated eggplant leaf 
and one from an eggplant inoculated with Cmm (asymptomatic) 
were treated in parallel to generate negative controls. Five µl of 
the supernatant was used as template in a 50 µl PCR reaction 
containing 100 ng of each primer, 0.25 mM each dATP, dCTP, 
dGTP and dTTP, 2 mM MgCl2 and 1U Taq polymerase in 1X reaction 
buffer (Promega). Thermocycling was as follows: 94°C 2 minutes, 
followed by 27 cycles of  94°C 1 minute, 63°C 3 minutes, followed 
by a final step of 60°C 6 minutes. 5 µl of PCR products were 
analyzed by electrophoresis through 1% agarose and subsequent 
staining with ethidium bromide. 
   The fragment was amplified from Cms with primers A and B is 
820 bp in length. Bacterial cultures were considered positive by 
PCR if a 820 bp amplicon was present in the PCR products. 

              Results and Discussion 
All Cms isolates except SS13 produced definitive symptoms of 
infection in eggplant (Table 2), including wilting and chlorotic 
lesions. All of the resulting Cms eggplant extractions except SS13 
tested positive via IFAS and PCR (Table 2), thus there was perfect 
correlation between eggplant pathogenicity, PCR and IFAS results. 
Our inability to identify isolate SS13 as Cms could be the result of 
a low inoculation dose in eggplant, or the result of this isolate not 
being Cms. Uninfected eggplant and Cmm were negative by PCR 
(Fig. 1). 
   We have demonstrated that IFAS and PCR with the primer pair 
Cms A/Cms B could in combination be useful to many Seed Potato 
Certification programs. Although this study was performed using 

Isolate Source Geographical origin 
Cmm Slack USA 

2 (INM) Gudmestad Idaho, USA 
3 (OFF) Gudmestad North Dakota, USA 
4 (SD-1) Gudmestad South Dakota, USA 

5  Clarke Idaho, USA 
6 Clarke Idaho, USA 
7 Clarke Idaho, USA 

8 (SS-34) Slack USA 
9 Chaudoir USA 
10 Chaudoir Minnesota, USA 
11 Chaudoir USA 
12 Chaudoir Wisconsin, USA 
20 Slack Wisconsin, USA 
29 Slack New Brunswick, Canada 
34 Slack Alberta, Canada 
44 Slack Wisconsin, USA 
45 Slack Wisconsin, USA 
46 Slack Wisconsin, USA 
48 Slack Wisconsin, USA 
68 Slack Idaho, USA 
73 Slack North Dakota, USA 
92 Slack Maine, USA 
93 Slack Alaska, USA 
94 Slack Alaska, USA 
95 Slack Alaska, USA 

SS13 Slack California, USA 

Table 1. Source and geographical origin of Clavibacter 
isolates used in this study. 
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pure bacterial cultures and eggplant extracts, both IFAS and PCR 
can be performed directly on extracts from field materials. The 
diagnosis of this pathogen is of critical importance to the seed 
potato certification process because association of Cms with a 
seed lot can lead to de-certification of the infected lot, and in 
certain situations, de-certification of all lots on a seed farm. Since 
the economic effects of these actions can be extreme, the decision 
is often contentious and sometimes results in litigation. As a result, 
the procedures used to identify Cms infection are of critical 
importance, and sometimes formally called into question. It is 
therefore important to examine a variety of information involving 
cultural practices, seed lot data, and laboratory diagnostic 
procedures to make a determination as to the presence of the 
pathogen in a seed lot. The data presented here demonstrates 
that our primer set can be used as an additional tool in the growing 
arsenal of techniques to insure the integrity of the diagnostic 
process, providing additional information to be considered in the 
context of making certification determinations. 
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Table 2.  Comparison of reactions of isolates to PCR, IFAS, and in 
 eggplant. 

Reactions of isolates in eggplant: “++” indicates strong symptoms or severe wilting with chlorotic 
lesions on all or most leaves, “+” indicates moderate symptoms or moderate wilting with localized 
chlorotic lesions on some leaves, “-” indicates no symptoms.  Reactions of eggplant extracts of isolates 
to indirect IFAS: “+” indicates >150 fluorescing cells in 30 fields in at least one dilution, “-” indicates 
no fluorescing cells in any fields at any dilution.  Reactions of isolates to PCR: “+” indicates presence 
of the expected amplicon, “-” indicates no product. 

Isolate Eggplant 
reaction 

PCR  IFAS 

Cmm - - - 
2 (INM) ++ + + 
3 (OFF) ++ + + 
4 (SD-1) + + + 

5  + + + 
6 + + + 
7 ++ + + 

8 (SS-34) ++ + + 
9 ++ + + 

10 + + + 
11 ++ + + 
12 + + + 
20 + + + 
29 + + + 
34 ++ + + 
44 + + + 
45 ++ + + 
46 ++ + + 
73 ++ + + 
92 ++ + + 
48 ++ + + 
93 ++ + + 
94 ++ + + 
95 + + + 
68 + + + 

SS13 - - - 

Figure 1.  Products of PCR reactions using Cmm, leaf sap from uninfected eggplant, 
eggplant extracts, or Cms isolates isolated from eggplant, separated by electrophoresis and 
visualized by ethidium bromide staining.  A standard for size comparison is shown in the far 
left lane (marker). 
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