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Abstract

A new multiplex PCR assay was developed for the detectidDla¥ibacter michiganensisubsp.sepedonicu

potato tubers. The assay combines two different tests in one reaction mixture. First, a highly specific and sensitive
detection of the pathogen and second, an indicator test for successful amplification (internal PCR control), which
monitors potentially false-negative PCR results, caused by inhibition of the PCR. For the simultaneous amplification
of two different targets in one reaction mixture, a mix of two different primer sets was used. For the detection
of C. michiganensisubsp.sepedonicusa pathogen-specific primer set PSA-1/PSA-R was used, based on the
intergenic spacer region of the 16S—-23S rRNA gené3 afichiganensisubspsepedonicud-or the simultaneous
amplification of the internal PCR control, the plant-specific primer set NS-7-F/NS-8-R was employed, permitting
amplification of target sequence from plant DNA presentin DNA extractions from potato core fluid. The applicability
of the multiplex PCR was verified in 3500 composite samples of 200 seed potato tubers from 143 different cultivars
in a survey forC. michiganensisubsp.sepedonicuby parallel testing using immunofluorescence, a bioassay in
eggplant seedlings and multiplex PCR.

Introduction techniques such as ELISA and immunofluorescence
(IF)-assay (Anonymous, 1993; DeBoer et al., 1988;
The gram-positive coryneform bacteriubavibacter Franken et al., 1993). However, they are not always
michiganensisubsp.sepedonicuss the causal agent reliable because of cross-reactions with other bacteria
of bacterial ring rot disease of potato, an economically (Calzolari et al., 1982; Bishop et al., 1988; DeBoer,
important disease for the potato seed industry. This 1982) and limited sensitivity (DeBoer et al., 1996;
pathogen causes wilting of potato plants and degra- 1994).
dation of vascular tissue in rotting tubers. However, = Several PCR assays have been developed for spe-
it can survive latently in potato tubers for long peri- cific and sensitive detection o€. michiganensis
ods without causing symptoms (Zielke and Naumann, subsp.sepedonicuglLee et al., 1997; Li and DeBoer,
1984). The main routes of transmission of the bac- 1995; Mills et al., 1997; Pastrik and Rainey, 1999;
terium are via infected seed potatoes or contaminated Schneider et al., 1993). In these assays, only pathogen-
potato handling equipment (Mansfield-Giese, 1997; specific primer sets are employed (‘uniplex PCR’).
Nelson, 1980). For the control and eradication of potato However, the interpretation of negative results is diffi-
ring rot, existing phytosanitary regulations (Anony- cult because these may be caused by the absence of the
mous, 1977) rely on the availability of disease-free pathogen or failed DNA isolation or by inhibition of
seed tubers. Current test procedures include serologicalthe PCR reaction. In the two latter cases false-negative
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results are obtained. Taq DNA polymerase is sensitive  This study describes the development of a multi-
to inhibition by factors present in biological samples plex PCR for the detection &. michiganensisubsp.
(Powell et al., 1994; Tsai and Olsen, 1992), and a num- sepedonicus potato tubers, in which coamplification
ber of chemicals used in the DNA extraction proce- of host DNA provides anovelinternal PCR control thus
dure were found to interfere with DNA amplification  improving the reliability of the PCR assay for routine
(Rossen et al., 1992). The exclusion of false-negative screening of potatoes for phytopathogenic bacteria.
results is essential for the use of PCR-based tests as
screening assays.

Hu et al. (1995) developed a competitive PCR, in Materials and methods
which an internal standard DNA template was artifi-
cially added to the ‘uniplex’ PCR mix. This standard Bacterial strains and growth conditions
DNA served as an internal PCR control and poten-
tially detected inhibitors in the DNA extracts, but did Bacteria tested in this study (Table 1) were obtained
not indicate the success of DNA isolation. This PCR either from the ®ttingen Collection of Phy-
assay employed specific primers (Schneider et al., topathogenic Bacteria (GSPB,0@ingen, Germany)
1993) derived from the indigenous plasmid pCS1 or the German Collection of Microorganisms and
of C. michiganensisubsp.sepedonicugMogen and Cell Cultures (DSMZ, Braunschweig, Germany). All
Oleson, 1987). However, this plasmid is not present Clavibacterspp. were grown on yeast extract glucose
in all C. michiganensissubsp. sepedonicusstrains mineral salts agar (YGM-Agar) (Anonymous, 1993)
(Mogen et al., 1988; Schneider et al., 1993) and assaysat 23°C. Other bacteria were cultured on YPN agar
based on this plasmid have been shown to cross-(Rhodes, 1959) at ambient temperature.
react withC. michiganensisubspinsidiosugDrennan
et al., 1993). Sample preparation

Multiplex PCR amplification (Chamberlain et al.,
1988) provides a means of reliable pathogen detec- In accordance with the official EC method for detection
tion in routine testing. Since several primer sets are and diagnosis of. michiganensisubspsepedonicus
used in the same PCR assay, simultaneous amplifi-in potatoes (Anonymous, 1993) composite samples
cation of more than one DNA region of interest is consisting of 200 potato tubers were washed in tap
possible in a single reaction mixture. Multiplex PCR  water to free them from adherent soil. A small core of
is already widely applied in detection &scherichia  tissue (containing vascular tissue) was removed from
coli, Salmonellaspp. and other bacterial pathogens the stolon end of each tuber and the cores were com-
(Bej et al., 1990; 1991; Rodriguez et al., 1991; Way bined in a plastic bag. Molecular grade sterile double-
etal., 1993). distilled water (30 ml) was added, and the potato tissue

Table 1 Bacteria used in this study

Strains No. of strains ~ Sources and strain designation

Clavibacter michiganenssubspsepedonicus 7 GSPB 1522, 2237, 2238, 2242, 2249, 2250, DSM 46300
C. michiganensissubspmichiganensis 6 GSPB 382, 390, 392, 2315, DSM 20134, 46364

C. michiganensisubspinsidiosus 3 GSPB 29, 2225, DSM 20157

C. michiganensisubsptesselarius 1 DSM 20741

C. michiganensisubspnebraskensis 4 DSM 7483, 20400, 20401, GSPB 2223

Erwinia carotovorasubsp carotovora 7 GSPB 133, 425, 440, 445, 1260, 1315, DSM 30168

E. carotovorasubspatroseptica 8 GSPB 401, 408, 410, 1255, 1401, 1698, 2232, DSM 60424
E. chrysanthemi 3 GSPB 413, 415, 421

Pseudomonas syringge. phaseolicola 4 GSPB 567, 1495, 2203, 2204

P. syringaepv. syringae 5 GSPB 870, 1005, 1150, 1441, 1686

P. fluorescens 3 GSPB 1499, 1560, 1713

Ralstonia solanacearum 6 GSPB 1958, 1960, 2113, 2124, 2126, DSM 9544
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was thoroughly macerated (2—3 min) using a ‘Homex’ of a bacterial culture was suspended in 1 ml PBS
apparatus (Bioreba, Switzerland). The macerate wasbuffer (0.14 M NaCl, 2.7 mM KCI, 10 mM N&PQ,,
filtered through a 60—-90m column filtration system 1.8 mM KH,PQO,, pH 7.4) and centrifuged for 2 min
(Macherey-Nagel, Germany) and collected in a cen- at 13,000x g at 4°C. The pellet was resuspended in
trifuge tube. The filtrate was centrifuged at 10,0609 320yl lysis-buffer (100 mM NaCl; 10 mM Tris—HClI,
for 10 min and the pellet was resuspended in 1 ml ster- pH 8.0; 1 mM EDTA, pH 8.0) and further DNA purifi-
ile water. Samples of individual leaves or small stem cation was performed by the procedure described

pieces (3—4cm in length) from tomato (cv. Money- above.
maker) or eggplant (cv. Black Beauty) were transferred
into plastic bags and treated as described above. Primers

Sensitivity of PCR Primers employed in this study (Table 2) were
HPLC-purified and purchased from Roth (Karlsruhe,
To determine the detection limit of the PCR, a cul- Germany). For the specific amplification @f michi-
ture of C. michiganensisubsp.sepedonicu¢GSPB ganensissubsp. sepedonicusthe pathogen-specific
1522; approximately Focolony-forming units (CFU) primer set PSA-1/PSA-R was used, which is based
per ml) was serially diluted by 10-fold increments in on the intergenic spacer region (16S5-23S rRNA)
sterile water. Aliquots (10Ql) of the serial dilutions of C. michiganensisubsp.sepedonicugPastrik and
were added into plastic bags containing tissue samplesRainey, 1999) with a predicted PCR product of 502 bp.
(200 tissue cores) of healthy potatoes. Samples wereFor the amplification of the internal PCR control, the
macerated with the ‘Homex’ apparatus and treated primer set NS-7-F/NS-8-R (Dams et al., 1988; White
as described above. Concentrations of viable bacteriaet al., 1990) was employed. These primers are based
were estimated as the number of CFU which devel- on conserved nucleotide sequences from 18S rRNA
oped after plating 100l of the serial dilutions on YGM genes fromSaccharomyces cerevisiae, Dictyostelium
medium. discoideumand Stylonicha pustulatgd Dams et al.,
1988) and they amplify a DNA fragment of 377 bp from

DNA extraction potato, eggplant and tomato.

DNA was extracted as described by Pastrik and Rainey PCR amplification
(1999). Potato macerate (100 was mixed with

220ul of lysis buffer (100 mM NaCl; 10 mM Tris—HClI, PCR was performed in a PTC 200 thermocycler (MJ

pH8.0; 1 mM EDTA, pH 8.0), placed on a heating block
at 95°C for 10 min and cooled on ice for 5min. Then
80ul lysozyme (Boehringer Mannheim, Germany)
stock solution (50 mg/ml in 10 mM Tris—HCI, pH 8.0)

Research, USA). The PCR reaction mixture (25
contained X reaction buffer (20 mM Tris—HCI, pH
8.4; 50mM KCI); 1.5mM MgC}; 100uM of
each dNTP (Boehringer Mannheim, Germany); 0.1%

was added, and the sample was incubated for 30 minbovine serum albumin fraction V (Serva, Germany);

at 37°C. The DNA was purified using the Easy-DNA-

0.2uM each of primers PSA-1/PSA-R and0d uM

Extraction-kit (Invitrogen, Netherlands). Solution A each of primers NS-7-F/NS-8-R; 1 U ‘Platinum’ Taq

(220ul) was added to the homogenate, and the mix- DNA polymerase (Life Technologies, Germany) and
ture was incubated for 30 min at 66. After addition

of 100ul solution B and mixing, 50@ chloroform

was added and the mixture was centrifuged for 20 min Table 2 Primer sequences and sizes of amplified DNA fragments
at 20,000x g. The aqueous phase was transferred to

a new tube, DNA was precipitated with 96% ethanol Primer _Primer sequence § Size of PCR product
and the resulting pellet was washed with 80% ethanol. Egﬁ'; ctecttgtgggg tgg gaa aa 502bp
After the final centrifugation, the DNA was dried and i tactgagatgtticacttece e
the pellet was dissolved in 1Q0 of sterile water. ~ N>-/-F  gaggcaataacaggtcigigatge  377bp
NS-8-R tccgcaggttcacctacgga

For the isolation of bacterial genomic DNA, a loopful
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5ul of the DNA solution. The following PCR condi-  Table 3 Potato cultivars tested in this study
tions were used: initial denaturation at‘@for 3 min, _ . ,
followed by 10 reaction cycles of 98 for 1 min, 64C Adretta  Elvira Lady Claire  Rita
for 1min and 72C for 1 min, and 25 reaction cycles Afra Exempla Lady Rosetta  Rosara
! . Agave Exquisa Leyla Rosella
of 95°C for 30s, 62C for 30s and 72C for 1 min. Agria Likaria Roxy
The rate of heating (ramp) from 64 (or 82) to 72°C Aiko Fasan Linda Rustica
was regulated to 0.%/s. After the final reaction cycle, Albatros  Fausta Liu Russet Burbank
the mixture was kept at 7Z for 5min and stored at ~ Ardenta  Filea Lyra
4°C. After the PCR, 12 aliquots of the reaction mix- ~ Arkula — Florijn Sandra
ture were resolved by electrophoresis on a 2% agarose ﬁm'ka Franka Marabel Sanira
. . 2T rtis Friesbnder ~ Mentor Satina
gel, and DNA fragments were visualized by stainingin  agsia Milva Saturna
0.5 ug/ml ethidium bromide. Astarte Gambria Miriam Sava
Atica Gloria Molli Secura
Aula Goya Selma
Restriction analysis Aurora Grandifolia  Natalie Sempra
Granola Nicola Serafina
The specificity of the PCR was confirmed by restric- gehta Grata Nagore Sibu
. . - erber Sieglinde
tion analysis withBglll. Samples of 1Ql of PCR Berolina  Hansa Padea Simone
product were digested with 5U &glll (Boehringer Bintje Hela Paola Sirtema
Mannheim, Germany) at 3T for 2h. Restriction Blondy Hercules Pallina Sjamero
products were analysed by electrophoresis on a 2% Bonanza Palma Solara
agarose gel and visualized by staining with fg/ml Impala Panda Sommergold
ethidium bromide. Calgary Indira Patrona Stabilo
Calla Irmgard Pepo
Christa Petra Taiga
Cilena Jetta Pia Tempora
Potato samples Cinja Juvena Planta Thomana
Colette Ponto Tomba
Composite samples of 200 seed potato tubers were sub- Combi Kanjer Premiere Tomensa
mitted to Pflanzenschutzamt Hannover as required for _ Karakter Producent
official ring rot surveys of seed potatoes and were tested D2Wina  Karatop Provita Ukama
. . Desiree Kardal Prudenta Ulla
in pa_1ra||e| using the IF-gssay (Anonymous, 1_993) and  pinia Karida Ute
multiplex PCR. Approximately 3500 composite sam-  pitta Kardent Quarta
ples of 143 different cultivars (Table 3) were tested. Donald Karlena Quinta Vebeca
Sample preparation was performed by the procedure Donella Karnico Velox
described above. Kennebec Rebecca Vinetta
Eersteling  Kolibri Renate
Elkana Kuras Rex Walli
Elles Rikea Wilja

Immunofluorescence (IF)-test

The IF-test was performed according to the stan-

dard EC-protocol for the detection and diagno- the number of cellsX) per ml of resuspended pel-
sis of the ring rot bacterium in batches of potato let were calculated. Samples with 3 IFU per micro-
tubers (Anonymous, 1993). For screening, a poly- scope field in undiluted resuspended pellet (IFU per
clonal antiC. michiganensissubsp. sepedonicus  microscope fielck dilution factor) were considered
antiserum (obtained from Dr. Rohloff, Federal Bio- positive for infection (threshold- 3 IFU per micro-
logical Research Centre for Agriculture and Forestry scope field= 1 x 10° cells per ml of undiluted resus-
(BBA), Braunschweig, Germany) was used. Bacterial pended pellet) according to the standard EC-protocol
concentrations were estimated from visual counts of (Anonymous, 1993). Samples which were IF- and/or
typical fluorescing cells observed in 60 microscope PCR-positive were additionally tested using a mono-
fields and recorded as the mean number of immunoflu- clonal antibody (9A1, Agdia Inc., USA) as described
orescing units (IFU) per microscope field from which by DeBoer and McNaughton (1986).
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Bioassay of primer set NS-7-F/NS-8-R resulted in increased
amplification of the plant-specific DNA fragment, but
Samples positive in IF- and/or PCR-tests were decreased detection sensitivity f@r michiganensis
further tested by bioassay in eggplant seedlings subspsepedonicugdata not shown).
(cv. Black Beauty) according to the standard EC-  Using the optimized multiplex PCR protocol, it was
protocol (Anonymous, 1993). Plants were grown in possible to detect artificially adde@. michiganensis
a computer-controlled glasshouse ar@3Eggplants subspsepedonicus potato core fluid in the range of
were examined for symptoms over 40 days. From egg- 2—20 CFU per PCR reaction mixture (20-200 CFU per
plants showing symptomes, isolation, identification and ml potato core fluid) (Figure 2, lanes 6 and 7). This is
confirmation of the causal organism was performed equivalent to the detection sensitivity of the ‘uniplex
according to the standard EC-protocol (Anonymous, PCR’ using primer set PSA-1/PSA-R (Figure 1). Mul-
1993). If eggplants showed no symptoms after 40 days, tiplex PCR with DNA extracts of potato tubers infected
approximately 2-cm stem pieces were removed just with C. michiganensisubsp.sepedonicugenerated
above the inoculation site and surface-disinfected with 2 discrete DNA fragments in the size of 502 bp
70% ethanol. Sample preparation was performed by (C. michiganensissubsp.sepedonicuspecific) and
the procedure described above and the homogenates377 bp (plant-specific) (Figure 2, lanes 1-7). Samples
were tested by IF and PCR. Samples positive in
IF- and/or PCR-tests were further tested in a second
eggplant-bioassay for 40 days. If symptoms were not
observed in the second bioassay, the samples wereh
considered negative according to the standard EC- |
protocol (Anonymous, 1993). Additionally, however, i
homogenates of symptomless eggplants after the sec-} =] - 502 bp
ond bioassay were further tested with IF- and PCR.
Samples which tested positive in IF- and/or PCR-tests
were re-tested in up to 3 further bioassays until symp-
toms appeared in the eggplants. Figure 1 Sensitivity of the ‘uniplex’ PCR fo€. michiganensis
subsp sepedonicu potato core fluid employing th€. michi-
ganensissubsp.sepedonicuspecific primer set PSA-1/PSA-R.
Results Healthy potato tuber extracts were mixed with 10-fold dilutions
of C. michiganensisubsp.sepedonicusells. Lanes 1-7, dilu-
In the multiplex PCR, the primer sets PSA-1/PSA-R tzioni ;ftC-g;cgigﬁnensi:gtéwserigdonic_:utsellslranggng from
H H H H ' X 0 0. per reaction mixture; lane o, genomic
(Ncé-;r-]llflrl]\:gség-egseﬁaunbti%ztcaiplzi?:?(\)/\?gr:gsugeegﬂs%Slrt]:ne- DNA of C. michiganensisubsp.sepedonicu{GSPB 1522);
) ) . i lane 9, negative control; lanes M, DNA size marker (100 bp ladder,
o_u_sly in the same reaction mixture. The reaction con- | jfe Technologies, Germany).
ditions of the multiplex PCR were carefully optimized
with respegt to yieI.o! pf the differgnt PCR products wn 1 2 3 4 5 6 7 8 9 10 11 M
and detection sensitivity fo€. michiganensisubsp. [
sepedonicusThe optimization experiments were per-
formed with DNA extracts from potato tuber sam-
ples artificially inoculated with a dilution series of
C. michiganensisubspsepedonicusells. The relative
concentrations of the primer sets PSA-1/PSA-R and
Ns-7-F/Ns-8-R were critical for the sensitivity of the  Figure 2 Sensitivity of the multiplex PCR fo€. michiganensis
C. michiganensissubsp. sepedonicusPCR assay.  subsp.sepedonicusn potato core fluid. Healthy potato tuber
Several combinations of primer concentrations were extracts were mixed with 10-fold dilutions o€. michiga-
tested and the detection sensitivity was compared nensis subsp. sepedonicuscells. Lanes 1-8, dilutions o€.

. . o , michiganensisubspsepedonicusells ranging from 2 10° to
with the primer set PSA-1/PSA-R in ‘uniplex PCR 0.2 CFU per PCR reaction mixture; lane 9, healthy potato sam-

(Figure 1). The highest sensitivity was achieved with pe: jane 10, genomic DNA of. michiganensisubsp.sepe-
0.2uM of primers PSA-1/PSA-R and .@4uM of donicus(GSPB 1522); lane 11, negative control; lanes M, DNA
primers NS-7-F/NS-8-R. Using higher concentrations size marker (100 bp ladder, Life Technologies, Germany).

M 1 2 3 4 5 6 7 8 9 M

_J /502 bp
= 377bp
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with increasing amounts of bacteria resuted ina ™M 1 2 3 4 § 6 M
stronger signal intensity of th@. michiganensisubsp.
sepedonicuspecific PCR product, but decreased
amplification of the plant-specific DNA fragment.
Samples of potato core fluid withoGt michiganensis
subsp.sepedonicuwnly amplified the plant-specific
fragment in the size of 377 bp (Figure 2, lanes 8 and
9). Multiplex PCR with genomic DNA extracts of
C. michiganensisubsp.sepedonicugproduced only

theC. michiganensisubspsepedonicuspecific DNA Figure 4 Multiplex PCR with various DNA extracts as tem-

fragment and no pIant—speC|_f|c DNA fragment, due t_o plate. Lane 1, DNA of tomato (cv. Moneymaker); lane 2, DNA
the absence of plant DNA in the bacterial genomic of eggplant (cv. Black Beauty); lane 3, DNA of potato: lane 4,

DNA extracts (Figure 2, lane 10). DNA of potato extracts mixed wit. michiganensisubspsepe-
Different Taqg DNA polymerases were tested for donicuscells (2x 10°); lane 5, genomic DNA of. michiganensis
their use in multiplex PCR. Not all these poly- Subsp.sepedonicufGSPB 1522); lane 6, negative control;
merases amplified both targets in the same PCR reac_Ianes M, DNA size marker (100 bp ladder, Life Technologies,
. . . Germany).
tion (data not shown). Consistently reliable results
were obtained with ‘Platinum’ Taq DNA polymerase
(Life Technologies, Germany), which is a ‘hot-start’ To test the specificity of the multiplex PCR, ampli-
Taq DNA polymerase. The activity of this enzyme is fication was carried out with genomic DNA of the
blocked at ambient temperature but is regained after bacterial strains listed in Table 1 and DNA of tomato
the denaturation step in PCR cycling. This poten- (cv. Moneymaker), eggplant (cv. Black Beauty) and
tially reduces non-specific amplification in PCR. Nev- potato. The amplified DNA fragment of 502 bp was
ertheless, comparable results were obtained employingspecifically obtained with strains &. michiganensis
the native Taq DNA polymerase (Life Technologies, subspsepedonicugrigure 4, lane 5). No amplification
Germany) (data not shown). However, with both of products were observed with related subspecies or with
these enzymes, sometimes an additional weak PCRother bacteria tested (data not shown). PCR with DNA
product of 650 bp was observed, which was easily dis- of tomato, eggplant and potato generated a ‘universal’
cernible on agarose gel (Figure 3, lanes 2, 3 and 7, 8). amplicon of 377 bp (Figure 4, lanes 1-3).
This DNA fragment appeared independent of thetested The specificity of the multiplex PCR was con-
potato cultivar and was probably due to non-specific firmed by restriction analysis of the amplified prod-
‘background’ amplification of unknown origin. ucts with Bglll, whose restriction site is present in
theC. michiganensisubspsepedonicuspecific PCR
product. The restriction fragments obtained from the
C. michiganensissubsp. sepedonicuspecific DNA
fragment were 282 and 220bp in size (Figure 5,
lanes 1 and 2). No restriction site was present in
,502bp the plant-specific amplicon (Figure 5, lanes 5 and 6).
T 377bp Restriction analysis of multiplex PCR products of a
C. michiganensisubsp.sepedonicupositive potato
sample resulted in 3 DNA fragments, 377, 282 and

Figure 3 Representative multiplex PCR results in surveys for 220 bp in size (Figure 5, lanes 3 and 4).

|- 502 bp
- 377bp

M 12 3 45 6 7 8 9101112M

C. michiganensisubsp.sepedonicusn potato seed samples. Approximately 3500 composite potato tuber sam-
Lanes 1-8, DNA of various potato seed samples; lane 9, DNA ples of 143 different cultivars (Table 3) were tested for
of potato extracts mixed witlC. michiganensisubsp.sepe- C. michiganensisubspsepedonicus parallel using

donicuscells (2x 10°); lane 10, DNA of potato extracts mixed the IF-assay and multiplex PCR. In most cases (99%)
with Ralstonia solanacearurcells (2 x 1(°); lane 11, genomic

DNA of C. michiganensisubspsepedonicuGSPB 1522); lane the samples teSted_ negative with IF a”?' multiplex
12, negative control: lanes M, DNA size marker (100bp lad- PCR. Out of approximately 3500 composite samples
der, Life Technologies, Germany). Arrows indicate ‘background’ tested, 36 were positive in IF-assay and/or multiplex
amplification. PCR (Table 4). Eleven samples were positive in IF
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Therefore, a multiplex PCR assay (Chamberlain
M123456M et al.,, 1988) was developed, which amplified
simultaneously two different targets in the same
PCR reaction mixture by two different primer sets.
For the detection ofC. michiganensisubsp.sepe-
donicus the pathogen-specific primer set PSA-1/PSA-
R (Pastrik and Rainey, 1999) was used and for the
-500 bp amplification of the internal PCR control, the plant-
specific primer set NS-7-F/NS-8-R (Dams et al., 1988;
- 300 bp White et al., 1990) was employed. The plant-specific
primers were able to amplify the predicted ‘univer-
sal’ PCR fragment in the size of 377 bp from DNA
- 100 bp of potato, tomato (cv. Moneymaker) and eggplant (cv.
Black Beauty). The eggplant is used in the bioassay
Figure 5 Re_striction analysis of multiplex PCR products With for detection ofC. michiganensisubsp.sepedonicus
O e s sonbmeeee . (Anonyous, 1993). The applcation of s targe
PCR product; lanes 3 and 4, undigested and digested multi- sequence for the internal PCR C.OntrOI was possible,
plex PCR products of €. michiganensisubsp.sepedonicus because plant DNA was present in DNA from potato
positive potato sample; lanes 5 and 6, undigested and digested€Xtracts.
plant-specific universal PCR product; lanes M, DNA size marker ~ The use of an internal positive control was previ-
(100 bp ladder, Life Technologies, Germany). ously described by Hu et al. (1995). However, this
assay does not indicate the success of DNA isola-

. . . tion and lacks specificity t&€. michiganensisubsp.
(both antisera), multiplex PCR and bioassay (Table 4, sepedonicugDrennan et al., 1993).

Nos. 1-11). Seven samples were negative in IF (both 15 astablish a robust two-amplicon multiplex
antisera), but positive in multiplex PCR and positive pcgr system, it was necessary to optimize reac-
in the bioassay (Table 4, Nos. 12-18). Seven samplesy,,, components and cycling conditions very care-
were positive in'IF (,bOth an.tisera) and multiplex PCR, fully (Chamberlain et al., 1991). Optimization of the
but were negative in the bioassay (Table 4, Nos. 19— imer concentrations was important with respect to
25). Eight samples were negative in IF (both antisera), 1,6 pcR product yield of the different targets and the
but positive in multiplex PCR and negative in the bloas—. detection sensitivity fo€. michiganensisubspsepe-
say (Table 4, Nos. 26-33). Three samples were posi- yonic s The sensitivity of the detection system was
tive with the polyclonal antiserum, but negative with o, haireq at high concentrations of the plant-specific
the monoclonal antlseru.m, the multiplex P,CR and the primer set, resulting in increased amplification of the
bioassay. Among 143 different potato cultivars tested ,nt gpecific DNA fragment, but decreased detection
(Table 3), all amplified the expected universal PCR gengitivity for C. michiganensisubsp.sepedonicus
product of 377 bp (data not shown). This effect of primer ratio on signal intensity prob-

ably reflects a form of competitive PCR described

by Hu etal. (1995). The simultaneous amplification
Discussion of two different targets in one reaction mixture was

not associated with a lower sensitivity of the assay.
The main objective was the development of a reliable The detection level of the optimized multiplex PCR
screening PCR assay for the detection of the pathogenwas in the range of 2—20 CFU per PCR reaction mix-
C. michiganensisubsp sepedonicui potato tubers.  ture which is equivalent to that found in ‘uniplex’
The new PCR assay should combine two different tests PCR protocols (Lee et al., 1997; Li and DeBoer,
in one reaction mixture. First, a highly specific and sen- 1995; Mills et al., 1997; Pastrik and Rainey, 1999).
sitive detection of the pathogen, second, an indicator As with most PCR reactions, equivalent sensitivity
test for successful amplification (internal PCR control), of detection under different laboratory conditions is
which monitors potentially false-negative PCR results, likely to require additional optimization of reaction
generated by reaction failure of the PCR. conditions.
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Table 4 List of the 36 out of 3500 composite samples of seed potato tubers having at least one
positive result in IF, PCR or bioassay

Sample No. IF-tesdt IF-test PCR-test Bioassa§
(polyclonal) (monoclonal)
1 pos(2.9 x 10°) pos(2.9 x 1(%) pos @-++) pos (1)
2 pos(2.3 x 1(°) pos(2.3 x 10%) pos (¢+++) pos (1)
3 pos(1.6 x 10°) pos(1.5 x 1(%) pos @-++) pos (1)
4 pos(1.5 x 1(°) pos(1.5 x 10%) pos (+++) pos (1)
5 pos(4.9 x 107) pos(4.9 x 107) pos (+++) pos (1)
6 pos(4.2 x 10) pos(4.2 x 107) pos (+++) pos (1)
7 pos(3.9 x 10) pos(4.2 x 107) pos (+++) pos (2)
8 pos(2.1 x 10%) pos(2.0 x 107) pos (+++) pos (1)
9 pos(6.4 x 10°) pos(4.9 x 1(F) pos @-++) pos (2)
10 pos(6.2 x 10°) pos(6.7 x 10°) pos ¢++) pos (1)
11 pos(9.8 x 10°) pos(9.1 x 10°) pos (++) pos (2)
12 neg(6.5 x 10%) neg(4.9 x 104 pos ) pos (3)
13 neg(4.6 x 10%) neg(2.9 x 104 pos &) pos (4)
14 neg(2.6 x 10% neg(2.6 x 10% pos ¢+) pos (3)
15 neg(1.6 x 10%) neg(1.3 x 10 pos ¢+) pos (4)
16 neg (0) neg (0) post(+) pos (4)
17 neg (0) neg (0) posH) pos (5)
18 neg (0) neg (0) post(+) pos (5)
19 pos(1.3 x 10%) pos(1.3 x 1(%) pos (+++) neg (2)
20 pos(2.6 x 107) pos(2.7 x 107) pos (+++) neg (1)
21 pos(3.8 x 1(F) pos(4.1 x 1(F) pos @-++) neg (2)
22 pos(1.1 x 10°) pos(8.2 x 10°) pos ¢+) neg (2)
23 pos(6.5 x 10°) pos(7.2 x 10°) pos &+) neg (1)
24 pos(5.9 x 10°) pos(6.2 x 10°) pos ¢+) neg (2)
25 pos(3.6 x 10°) pos(2.6 x 1) pos ¢+) neg (1)
26 neg(7.5 x 10%) neg(7.8 x 10%) pos ¢++) neg (2)
27 neg(4.6 x 104 neg(5.9 x 104 pos ) neg (1)
28 neg(4.6 x 10%) neg(1.3 x 10% pos ¢+) neg (2)
29 neg(3.6 x 104 neg(4.2 x 104 pos ) neg (1)
30 neg(3.3 x 104 neg (0) pos{+) neg (2)
31 neg(3.3 x 1%) neg(1.6 x 10°) pos (+) neg (1)
32 neg (0) neg (0) posH+) neg (1)
33 neg (0) neg (0) posH) neg (1)
34 pos(2.1 x 1(F) neg (0) neg neg (1)
35 pos(7.2 x 10°) neg (0) neg neg (1)
36 pos(6.2 x 10°) neg (0) neg neg (1)

aThreshold> 3 IFU per microscope fielg: 1 x 1 cells per ml of resuspended pellet, positive.
bIntensity of the amplifiedC. michiganensisubsp.sepedonicuspecific fragment+ =weak;

++ =medium;+4-+ = strong band.

°neg: no symptoms and negative IF/PCR-test; pos: symptoms; numbers indicate the number of
times the bioassay was repeated until a positive or negative result was obtained.

Furthermore, it was important to standardize the (Dinesen, 1984), which was not tested in this study, the
method of sample preparation from potato tubers. Dif- removed tissue cores of the tubers are only incubated in
ferent procedures have been published (Anonymous, buffer and not crushed. The multiplex PCR described
1993). Depending on the method, different concentra- in this study was standardized for DNA extracts from
tions of plant DNA, which is the target sequence for potato samples prepared with a maceration procedure,
the internal PCR control, may be obtained. For exam- by which all 200 tissue cores in a sample were com-
ple with the ‘shaking’ method of sample preparation pletely homogenized.
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To verify the applicability of the multiplex PCR  although in 6 of them fluorescing cells were observed
described in this paper, the method was employed in in IF at populations lower than the threshold. It was

surveys forC. michiganensisubsp.sepedonicusn not possible to determine whether these results were
potato seed samples. The threshold of detection by due to cross-reaction in both PCR and IF, or due to the
IF-assay was set at X 10° cells per ml of resus- inoculum concentration being below the borderline for

pended pellet. Although it is recognized that the pres- detection by the bioassay (Janse and Van Vaerenbergh,
ence of any fluorescing cells potentially indicates the 1987).
presence o€. michiganensisubsp sepedonicyshe The specificity of the multiplex PCR was demon-
occasional presence of cross-reacting bacteria requiresstrated by the discrimination of three ‘false-positive’
the setting of a threshold level (DeBoer et al., 1994; IF results obtained with the polyclonal antiserum,
1996; Samson etal., 1987). Nevertheless, samples withattributed to cross-reactions with other bacteria
bacterial concentrations estimated to be lower than (Bishop et al., 1988; Calzolari et al., 1982; DeBoer,
this threshold were tested in the bioassay in order to 1982). These 3 potato samples tested negative in subse-
fulfil the standard EC-protocol for the detection and quent IF with the monoclonal antibody, the multiplex
diagnosis of the ring rot bacterium in potato tubers PCR and the bioassay.
(Anonymous, 1993). It should be noted that higher Inhibition of PCR by plant compounds in crude
threshold levels than this used in this study have been extracts from the potato cultivar Desiree has been
established elsewhere (DeBoer et al., 1996). reported (Elphinstone et al., 1996). In our surveys,
In most cases the potato seed samples tested negal43 different cultivars were tested, among them sev-
tive with both IF and multiplex PCR. A good correla- eral samples were of cultivar Desiree. With all of these
tion of the results were observed with 11 potato seed cultivars, the universal amplicon in the size of 377 bp
samples, which tested positive with IF, multiplex PCR was obtained, indicating that no inhibition of PCR reac-
and bioassay. For these samples the estimated numbetions had occurred. However, PCR failure was observed
of IFU (N) per ml of resuspended pellet ranged from with samples of potato tubers with adherent soil, due to

9.8 x 10°to 29 x 10, inhibitory effects of humic acids (Abbaszadegan et al.,
However, with multiplex PCR it was possible to 1993; Tsai et al., 1993; Tsai and Olsen, 1992). To cir-
confirm the presence o€. michiganensissubsp. cumvent these inhibitory effects, all potato samples

sepedonicu# 7 potato samples in which fluorescent were washed before removing the tissue cores from the
cells were not observed in IF (in 3 cases) or where stolon ends.
observed in numbers below the threshold of 1.0° In conclusion, the multiplex PCR protocol described
cells per ml. In all 7 of these cases it was eventually here is sensitive and specific for the detection of
possible to obtain a positive bioassay result (although C. michiganensisubspsepedonicus potato tubers.
only after repeating this test up to 5 times), indicat- It provides a useful tool to monitor the occurrence of
ing a false-negative IF result. Positive results by mul- C. michiganensisubspsepedonicums potato samples
tiplex PCR, were attributed to the higher sensitivity of and to manage the availability of pathogen-free potato
this test. seed tubers.
Seven potato samples tested positive with IF (both
antisera) and multiplex PCR, but tested negative in the
bioassay, possibly due to detection of non-viable or Acknowledgements
avirulent cells by PCR and IF. Other parameters known
to affect sensitivity of the bioassay are concentration The author is grateful to J. Elphinstone, D. Stead,
of plant debris in samples taken from infected tubers E. Mail3, W. Burgermeister, P. Wler and V. Zahn for
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