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Abstract

Phoma foveatandP. exiguavariety exiguaboth infect potatoes and are morphologically very simifafoveata
produces a pigment which allows differentiation frérexiguain culture. Discrimination of the two species based

on the production of a secondary metabolite, which is dependent on the growth conditions, is not reliable. Therefore,
there is a need to develop nucleic acid based identification markers. A 482 bp random amplified polymorphic DNA
(RAPD) fragment fronP. foveatawas isolated and sequenced. Polymerase chain reaction (PCR) primers, developed
from the sequence of the RAPD product, amplified a 474 bp fragme# foveataandP. exiguavarietiesexigua
diversisporainoxydibilisandsambuci-nigraeThe similarity of the PCR fragments was demonstrated by sequence
analysis and by using the restriction enzyrbelel andDpnll. P. foveatavas distinguished from the four varieties of

P. exiguaon the basis of the RFLP patterns of the PCR fragment. Ten isolaRe$ovieataand nine ofP. exiguavar.
exiguafrom different geographic locations were tested and all isolates but one showed the restriction digest pattern
of the PCR fragment (PCR-RFLP) specific to each species. One isolRtdafeatademonstrated a PCR-RFLP
pattern similar td°. exiguavar. exigualeading to the conclusion that the isolate had been previously misidentified

as a strain oP. foveatdacking the ability to produce pigment.

Abbreviationsbp — base pairs; CTAB — hexadecyltrimethylammonium bromide; PCR — polymerase chain
reaction; RAPD — random amplified polymorphic DNA; Rf — rate of flow; RFLP — restriction fragment length
polymorphism; TLC — thin layer chromatography.

Introduction Potato gangrene causedByfoveatehas been often
confused with another potato rot caused by a mor-
Phoma foveatdFoister is the major cause of potato phologically similar pathogenP. exiguavar. exigua
gangrene which is a dry rot disease of potato tubers (Boerema, 1967), which has been isolated from a wide
(Boerema, 1967; Boyd, 1972). The principal host is variety of host plants and has wide geographical dis-
potato Solanum tuberosunbut it has been found on  tribution (Boerema and éiveler, 1967; Sutton, 1980).
other plant species near potato fields (Boerema, 1976). The two Phomaspecies cannot be distinguished by
The fungus has been reported mostly in Europe but alsotheir pycnidia or conidia (Boerema, 1967). However,
in Northern Africa, New Zealand and Australia (EPPO, P. foveataproduces an yellowish-brown to reddish-
1997). In additionP. foveatais found in the South-  brown anthraquinone pigment which is not produced
American Andes where the species is believed to have by P. exigua Since these twd®homa species are
originated (Otad et al., 1979). morphologically similar, it is believed that they are
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closely relatedP. foveatahas also been named as a Ouellet and Seifert, 1993; Paran and Michelmore,
variety of the specieB. exigua P. exiguavar. foveata 1993).

(Boerema, 1967). The Andean origin Bf foveata The objective of this work was to use RAPD finger-
and an extensive study based on physiological and printing to find polymorphisms betweé&hfoveataand
morphological characters #thomaspecies led to the  P. exiguavar. exiguaand to use the sequence informa-
hypothesis thaP. foveataandP. exiguavar. exiguaare tion to develop a PCR assay that would discriminate
distinct species (Boerema et al., 1987; Montel et al., between the two pathogens.

1991). It is important to distinguish between the two
species becauge foveatas more pathogenic and tol-
erates lower temperatures thBnexiguavar. exigua
(Boerema, 1967), resulting in different risks and dif-
ferent national and international regulations. Pigment
production byP. foveataappears to be a variable char-
acter and pigment production in culture is often lost
which makes these isolatesRffoveataifficult to dif-
ferentiate fromP. exiguavar. exigua(Boerema, 1967,
Malcolmson, 1958). To increase confidence in the dif-
ferentiation, other techniques have to be established.
These techniques could involve nucleic acid sequences
whose presence inthe genome is independent of growth
condition or life stages.

Identification techniques involvin@homaspecies
and using the PCR technology have been used in the
last few years to differentiate between genera or species
(Faris-Mokaiesh et al., 1996; Keinath et al., 1995;
Rollo et al., 1990). The technique of PCR allows the
amplification of DNA fragments of specific or non-
specific sequences (Mullis and Faloona, 1987; Saiki
et al., 1985). The use of primers homologous to con-
served sequences of ribosomal DNA allows the amplifi-
cation of DNA through the internal transcribed spacers
(ITS) which may vary from species to species within
a genus (White et al., 1990). We have used these
primers to amplify the ITS1 and ITS2 regions from
P. foveataand P. exiguavar. exiguaand analysed the
sequences to find differences that would allow the dif-
ferentiation of the two fungi. The ITS1 sequences of
P. foveataand P. exiguavar. exiguawere identical, Thin layer chromatography
as were the ITS2 sequences. It was, therefore, not
possible to use these regions for identification (data P. foveataanthraquinone pigment was visualized by
not shown) (GenBank accession numbers: AF079892, TLC (Mosch and Mooi, 1979). Cross sections of agar
AF079893, AF079894 and AF079895). PCR using with myceliumwere placedin 2 mlof CHgbvernight.
random primers, RAPD, has been used to display After removing the agar, the CHQlas evaporated on
DNA polymorphisms between genomes (Welsh and a hot plate at a low setting for about 30 min. The sam-
McClelland, 1990; Williams et al., 1990). It is fast ples were redissolved in 1Q0 of CHCI; and 2—-1Qu
and does not require sequence information. Generat-were applied to a silica plate (Alltech, Deerfield, IL).
ing information from a RAPD fragment for the design After drying for 15 min the plates were developed in
of specific primer is a technique used when amplifica- toluene : acetone (95:5) and visualized under ultravi-
tion of conserved sequences, such as the ribosomal ITSolet light. An orange-yellow spot at Rf 0.79 corre-
primers, is not desirable (Garner and Slavicek, 1996; sponded to the presence of the pigment.

Materials and methods
Fungal strains

The Phomastrains used and their sources are listed
in Table 1. ATCC strains were maintained by the
American Type Culture Collection and DAOM strains
were maintained by the Canadian Collection of Fun-
gal Cultures (Eastern Cereals and Oilseeds Research
Centre, Agriculture and Agri-Food Canada, 960
Carling Ave., Ottawa, Ontario, Canada, K1A 0C6). The
other Phomastrains were provided by Dr. Hans de
Gruyter (Plantenziektenkundige Dienst, Geertjesweg
15, Wageningen, The Netherlands). Potato dextrose
agar plates (39 g/l) were inoculated with rehydrated
lyophilized cultures. After 4—6 days at room temper-
ature, plugs from the plates were used to inoculate
150 ml (in a 500 ml flask) of media #115 (Dhingra and
Sinclair, 1985) folP. foveatastrains and #113 (Dhingra
and Sinclair, 1985) for all othePhomaspecies iso-
lates. Cultures were grown for 2—3 weeks at room tem-
perature on an orbital shaker at 125 rpm. The spheres
of mycelium were washed with saline (0.85% NaCl),
dried on paper, then sliced open and pressed dry.



Table 1 List of thePhomaspecies and their origin

69

Phomaspecies Isolate # Origin

P. foveata ATCC 24771 Solanum tuberosunfreland
79/139 Chenopodium quinqd@eru
79/1040 S. tuberosumPeru
90/480 S. tuberosumunknown
90/481 S. tuberosurmunknown
94/1394 S. tuberosupBulgaria
ATCC 28763 S. tuberosumSwitzerland
ATCC 32160 S. tuberosupDenmark
ATCC 48902 S. tuberosumireland
ATCC 64355 S. tuberosupFrance

P. exiguavar. exigua 94/1396 S. tuberosupBulgaria
82/942 Salix Netherlands
90/482 S. tuberosuunknown
90/731 S. tuberosunPhilippines
90/835-3 Digitalis, Netherlands
ATCC 28964 S. tuberosumireland
ATCC 28967 S. tuberosunEngland
ATCC 28980 S. tuberosumGermany
ATCC 64336 S. tuberosuFrance

P. exiguavar. diversispora ATCC 58123 Phaseolus vulgariKenya

P. exiguavar.inoxydibilis ATCC 32161 Vinca minor Netherlands

P. exiguavar. sambuci-nigra ATCC 32811 Sambucus nigraNetherlands

P. exiguavar. linicola ATCC 32332 Linum usitatissimurNetherlands

P. eupyrena

P. glomerata

P. medicaginis
P. multirostrata

P. pomorum

P. sorghina

DAOM 167330
DAOM 169241
DAOM 169235
DAOM 214574
DAOM 214575
DAOM 174525
DAOM 216035
DAOM 216036
DAOM 216038
DAOM 172382
DAOM 191265
DAOM 215170
DAOM 170848
DAOM 170849
DAOM 194920
DAOM 214589

Soil, Alb., Canada

Pine needles, Ont., Canada
Juniperus Que., Canada
Juniperus Que., Canada
Ulmus pumilaQue., Canada
red clover, Que., Canada
Lupinussp., Que., Canada
Lupinussp., Que., Canada
Lupinussp., Que., Canada
Brassica napusOnt., Canada
Avena fatusSask., Canada
Ambrosia artemisiifoligSask., Canada
Corn, Ont., Canada

Corn, Ont., Canada
Mucuna aterrimaZambia
Atherigona soccataBurkina

!Plant host/substrate and country of origin.
DNA extraction

DNA was extracted following the method of dMer

et al. (1992) with modifications. Mycelia were ground
in liquid nitrogen with a mortar and pestle. Approx-
imately 100mg of powdered mycelia were trans-
ferred to a 1.5 ml microcentrifuge tube with 5aDof
extraction buffer (100 mM Tris—HCI, pH 8.0, 10 mM
EDTA, 2% SDS); 10Qug of Proteinase K (Boehringer
Mannheim, Indianapolis, IN) was added to the mix-
tures and incubated at 56 for 60 min. After the

incubation, 143d of 5N NaCl was added followed
by 65ul of 10% CTAB. After 10 min at 65C, one
volume of chloroform :isoamyl alcohol (24:1) was
added and the mixtures were placed on ice for 15 min.
After 10 min centrifugation at 14 000 g, the super-
natants were transferred to fresh microcentrifuge tubes
with 0.55 volume of isopropanol, mixed well and cen-
trifuged for 10 min at 14 00Q g. The DNA pellets were
resuspended in 104 of 0.1 TE (1 mM Tris—HCI, pH
8.0, 0.1 mM EDTA). DNase-free RNase (Boehringer
Mannheim, Indianapolis, IN) was addedy(d) and the
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DNA extracts were incubated at 3Z for 10-15 min.

an initial denaturation at 9% for 1 min followed

The DNA concentration was determined on agarose by 30 cycles of 94C for 15s, 62C for 30s, an

gels by comparison with a DNA mass ladder (Gibco-
BRL, Gaithersburg, MD).

DNA amplification

RAPD reactions were performed using the GeneAmp
kit (Perkin-Elmer Cetus, Norwalk, CT). Approxi-
mately 100-250 pg of DNA extracts (d of 1:40
dilution) were amplified in 10 mM Tris—HCI, pH 8.3,
50 mM KCI, 250uM of each dNTP, 1.5 mM MgG|
1.2uM 10-mer random primer and 0.6 unit of Ampli-
Taq (Perkin-Elmer Cetus, Norwalk, CT) for a total
volume of 20ul. The reactions were carried out in a
Perkin-Elmer 9600 thermocycler (Perkin-Elmer Cetus,
Norwalk, CT) with an initial denaturation at 9€ for

3 min followed by 35 cycles of 94C for 5s, 35C

for 30s, a 2min ramping to 7Z (0.3°C/s) and an
extension at 72C for 2.5 min. After 35 cycles, there
was a final extension at 7& for 5min. The ran-
dom primers for DNA polymorphism screening were
purchased from the University of British Columbia
(Dr. John Hobbs Nucleic Acid—Protein Service (NAPS)
Unit Biotechnology Laboratory). Primers #304, #305,
#308—#329 and #357—-#365 were tested (Table 2).

extension at 72C for 1.5min and, at the end of
the last cycle, a final extension at @ for 3 min.
The specific primers were synthesized by Gibco-
BRL (Gaithersburg, MD) and were: Phoma-2 (forward
primer): B-GGACCCCTG TACTGACGT C-3 and
the reverse primer Phoma-7-AGC GGC TAG GAT
AGA CAG GCG-3.

Amplified products were visualized following elec-
trophoresis in 1.5% agarose gels, stained with ethidium
bromide and visualized under ultraviolet light.

Cloning and sequencing RAPD or PCR products

Selected amplified DNA products were isolated from
agarose gels by electroelution (International Bio-
technologies, New Haven, CT), and ligated into
the EcaRV site of vector pBluescript Sk (Gibco-
BRL, Gaithersburg, MD). After transformation of
Escherichia coliwhite colonies were selected, plasmid
DNA was prepared and after restriction digest, clones
containing the expected size insert were sequenced
using the T7 Sequenase v2.0 Quick-Denature plasmid
sequencing kit (Amersham Life Science, Cleveland,
OH). GenBank accession numbers for the sequences

PCR reactions using sequence-specific primers wereare: AF079896, AF079897 and AF079898.

performed using Gibco-BRL reagents (Gaithersburg,
MD). Approximately 200-500pg of DNA extracts
(1wl of 1: 20 dilution) were amplified in 20 mM Tris—
HCI, pH 8.4, 50mM KCI, 20@M of each dNTP,
2.5 mM MgCl, 0.4uM of each of the specific primers
and 0.25 unit of Tag DNA polymerase (Gibco-BRL,
Gaithersburg, MD) in a total volume of 10. The
reactions were carried out in a PTC-200 DNA engine
thermocycler (MJ Research, Watertown, MA), with

Restriction digests of PCR products

Half of each PCR reaction mixture (#) was digested
with 10 units of the restriction enzym@xle or Dpnll

(New England Biolabs, Beverly, MA) in a final vol-
ume of 10ul. The reactions were incubated at*&7for

2 h and separated on a 4% nuseive : agarose (3:1) gel
(FMC Bioproducts, Rockland, ME). The DNA bands

Table 2 List of 10-mer primers used for RAPD analysisRifomaspecies

Primer  Sequence Primer  Sequence Primer  Sequence

304 B8-AGTCCTCGCC-3 317 B-CTAGGGGCTG-3 328 B-ATGGCCTTAC-3
305 5-GCTGGTACCC-3 318 B-CGGAGAGCGA-3 329 B8-GCGAACCTCC-3
308 B8-AGCGGCTAGG-3 319 B-GTGGCCGCGC-3 357 B-AGGCCAAATG-3
309 B-ACATCCTGCG-3 320 B-CCGGCATAGA-3 358 B-GGTCAGGCCC-3
310 B-GAGCCAGAAG-3 321 B-ATCTAGGGAC-3 359 B8-AGGCAGACCT-3
311 B-GGTAACCGTA-3 322 B-GCCGCTACTA-3 360 B-CTCTCCAGGC-3
312 B-ACGGCGTCAC-3 323 B-GACATCTCGC-3 361 B-GCGAGGTGCT-3
313 5-ACGGCAGTGG-3 324 B-ACAGGGAACG-3 362 5-CCGCCTTACA-3
314 B-ACTTCCTCCA-3 325 B-TCTAAGCTCG-3 363 B-ATGACGTTGA-3
315 B-GGTCTCCTAG-3 326 B-CGGATCTCTA-3 364 B5-GGCTCTCGCG-3
316 B-CCTCACCTGT-3 327 B-ATACGGCGTC-3 365 B-TAGACAGAGG-3




were visualized under ultraviolet light after staining the
gel with ethidium bromide.

Results
Thin layer chromatography

All isolates of P. foveata and all varieties of

P. exiguawere assessed by TLC for the presence
of anthraquinone pigment. None of the varieties of
P. exiguashowed the pigment (Table 3). However, pig-
ment was present in 8 of the 10 foveataisolates.

P. foveataisolates 90/480 and 28763 did not produce
a pigment detectable either in culture or by TLC.

Screening for polymorphic RAPD patterns

Thirty-three random primers (Table 2) were analysed
in RAPD reactions usinB. foveataandP. exiguaDNA

Table 3 Biochemical and molecular characterizatiorPéfoma
foveataandP. exiguavar. exiguaisolates

Isolates PigmehAt PCRDdd? PCRDpnII®

Phoma foveata
ATCC 24771 + A A
79/139 + A A
79/1040 + A A
90/480 - A A
90/481 + A A
94/1394 + A A
ATCC 28763  — B B
ATCC 32160  + A A
ATCC 48902 + A A
ATCC 64335 + A A

Phoma exigua
94/1396 - B B
82/942 - B B
90/482 - B B
90/731 - B B
90/835-3 - B B
ATCC 28964  — B B
ATCC 28967 - B B
ATCC 28980 — B B
ATCC 64336 — B B

!Presence or absence of pigment on TLC.

2RFLP pattern obtained after digestion of the PCR product with
Dddl.

SRFLP pattern obtained after digestion of the PCR product with
Dpnll.

“Phoma exiguavar. exigua isolate 82/942 was recently re-
identified asP. exiguavar. populi (H. de Gruyter, pers. comm.).
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to find a polymorphic DNA band between the two
species. RAPD patterns were characteristic for each
pathogen. AlIP. foveataisolates except one (28763)
shared similar RAPD patterns and all isolatesPof
exigua var. exigua shared similar patterns as well.
Using primer #308 (Table 2), a 482 bp fragment was
amplified strongly fronP. foveatabut only weakly or

not at all fromP. exiguavar. exigua(Figure 1). This
482 bp fragment was chosen for its strong intensity and
its size, which would facilitate its cloning.

Characterization of the 482 bp RAPD fragment

The 482 bp RAPD fragment amplified frof foveata
isolate 24771 was cloned for sequence analysis. From
the sequence obtained, two specific primers (1L and
Phoma-7) containing all or most of the RAPD primer
#308 sequence were synthesized. Amplification of
P. foveata(isolate 79/139) andP. exiguavar. exigua
DNA produced a 478 bp fragment. The 478bp PCR
fragments fronP. foveatasolate 79/139 anB. exigua
var.exiguaisolate 94/1396 were cloned and sequenced.

12345678

Figure 1 RAPD assay on selected isolates Pffoveataand
P. exiguavar. exiguausing primer #308. Lane 1, 100bp lad-
der (Gibco-BRL, Gaithersburg, MD); lane R, foveata24771);
lane 3,P. foveata(90/480); lane 4pP. foveata(94/1394); lane
5, P. exiguavar. exigua(94/1396); lane 6P. exiguavar. exigua
(90/482); lane 7P. exiguavar. exigua(28980); lane 8, negative

Significant genetic differences between the two varieties other control. The sizes (bp) of selected fragments of the 100 bp ladder

than a lower PCR yield for theopuli DNA were not detected.

are indicated on the left.
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#308 ——m >
1L >
phoma-2 >
10 20 30 40 50
P.foveata 1 AGCGGCTAGG ACCCCTGTAC TGACGTCAAT TGAGACCAAA TTCACGACTC
P.exigua 1 o e it teeeee. G.. ..G.......
60 70 80 90 100
P.foveata 51 GGAACTATTT CCGACTTGCG GTATCCTAGA GATTGCGCCA GCAAACAATT
P.exigua L P o Geve eeeeedBGet weBiiiiiee soeesenann
110 120 130 140 150
P.foveata 101 CTTCGTTCAA AAGTTCAATG TAACGGCTAT CCACTTCCCC TCTTTGCTAC
P.exigua O ¢
160 170 180 190 200
b.foveata 151 CGGCCAAGAT GCGGAGTACG GGTGAACCAC GGCAGAGATG GAAGGAGCTC
P.exigua B vese svevessnss sGinverann
210 220 230 240 250
P.foveata 201 GTTACGAGGC TCATGCAGCG CACATGCATC ACGTATGTGC GGGTACGGCA
P.exigua 1 0 A o P - W
260 Ddel 270 DpnII 280 290 300
P.foveata 251 TGGTGTGCTC TYCTAAGTGGA GiGATaATAT AGAGTATAAG ACCAGCCTCT
P.exigua 251 ..A....... ceeesdAll.. LLAGALC.. Lo Ciiiiee ceeens ceee
310 320 330 340 350
P.foveata 301 CATTCAACCT CARAATCTTCA CCCATAACCT CACGAGACCT CCAGCAGGCT
P.exigua 301 .G...... Te eveeeeessG ....C.C... o......A.. .T.A.C....
360 370 380 _Ddel 390 400
P.foveata 351 GCACGATGAA ATCCTCTCAT CTTCTTGCCC TGAJCATAGC CCTATTCTCG
P.exigua’ 351 tiiiiiiies GulBALiChith tesnenaan s secefecsens cesesanoann
Dpnll 410 420 430 440 450
P.foveata 401 GGCTCATCAC TATCTCAAGG CTATACCAAC GAGTCAGAGG TACCACTGTA
P.exigua 401 ceee seeen cesee seesseecae cerceectes saserecena
460 470 480 490
P.foveata 451 TGGCCAGAGT CCGCCTGTCT ATCCTAGCCG CT
P.exigua 451 ........ v Tmmmm———— e me e
€ phoma-7

<« #308

Figure 2 Alignment of P. foveataand P. exiguavar. exiguamarker sequencep. foveataisolate 24771 was sequenced from a cloned,
random amplified DNA band arfél foveatasolate 79/139 an®. exiguavar. exiguaisolate 94/1396 were sequenced from a cloned PCR
fragment. The twdP. foveataisolate sequences are identical and therefore are combined in this figure. Matches between the two fungi
are indicated with dots and hyphens indicate unknown sequences. Primers used in this study are indicated by arrows. Boxes indicate
restriction enzyme sites allowing the identificationRofoveatafrom P. exigua

This allowed confirmation of thé. foveataRAPD P. foveata(Figure 2: bases 26-436). There are 3 open
marker sequence and detection of sequence differ-reading frames of over 40 amino acids and 1 of the 3
ences betweeR. foveataand P. exiguavar. exigua continues past the’ &nd of the sequence. Using the
(see Figure 2). The sequence of tRefoveataiso- BLAST search program (National Center for Biotech-
late 24771 RAPD band is identical to the sequence nology Information), there were no obvious similari-
of the P. foveataisolate 79/139 specific PCR band. tieswith any of the sequences available in the GenBank
TheP. exiguavar. exiguasequence is 92% identical to  database.
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PCR analysis oPhomaspecies the reason for the absence of the specific PCR band
(data not shown).

The first set of primers tested for PCR analysis of

Phomaspecies, were 1L and Phoma-7 (Figure 2). pcR-RFLP analysis d®. foveataand

Primer 1L contained 60% of the RAPD primer #308 p_exiguavarieties

sequence and Phoma-7 contains all of the #308

sequence. The stringency of the PCR conditions had The 474 bp PCR fragment amplified using primers
to be reduced to reproducibly generate a PCR prod- phoma-2 and Phoma-7 was digested using the restric-
uct for P. exiguavatr. exigua.ConsequentIy, we devgl- tion enzymeDde and Dpnll. As expected, théde
oped another 'Send primer, Phoma-2, that contains  gigestion generated DNA fragments of 254, 118 and
only 20% of the RAPD primer sequence. Amplifica- 102 pp from theP. foveataPCR product and frag-
tion with Phoma-2 and Phoma-7 consistently produced yents of 372 and 102 bp frof exiguavar. exigua
a474bp PCR product. Allisolates described in Table 1 55 wel| as from the varietiediversispora, inoxydibilis
were tested with Phoma-2 and Phoma-7. ADNA frag-  andsambuci-nigradFigure 4A). Using the restriction

ment of the expected size was amplified for all iso- anzymeDpnil, P. foveatavas distinguished by its pat-

lates of P. foveataand P. exiguavars.exigua, diver-  tarp of 264 and 210 bp fragments from tReexigua
sispora, inoxydibilisand sambuci-nigrag(Figure 3). varieties that generated a restriction pattern of 393 and
There were no PCR products of the same intensity for gq bp fragments (Figure 4B).

P. exiguavar. linicola or all the otherPhomaspecies PCR-amplified bands for all isolates Bf foveata
listed in Table 1 (data not shown). Occasionally, there 5,qp. exiguavar. exiguawere digested witidde and

was a weak PCR product fdt. exiguavar. linicola Dpnll (data not shown). AlIP. foveatasolates but one

and P. medicaginisprobably due to the presence of (28763) showed the pattern described in the previous
sequences resembling the PCR priming site. However, haragraph foP. foveataand labelled as A in Table 3.
the DNA fragment(s) amplified for these two isolates p_exijguavar. exiguaisolates andP. foveataisolate
were too weak to be visualised after restriction enzyme 28763 showed the same pattern described previously

digestion. ThePhomaDNAs that did not amplify the  for varieties ofP. exiguaand labelled as B in Table 3.
474 bp fragment were tested with random primers to

demonstrate that DNA quality and quantity were not

Discussion

12345678910112BKAIS

A RAPD fragment obtained in large quantity from
P. foveatawas characterized to develop PCR primers.
Primer pair Phoma-2 and Phoma-7 consistently ampli-
fied the P. exiguavar. exigug diversispora, inoxy-
dibilis and sambuci-nigraesequences as well as the
P. foveatasequence. After digestion of the PCR prod-
uct, P. foveatahad a different PCR-RFLP pattern from
those ofP. exiguavarieties (Figure 4). Isolates &
foveataandP. exiguavar. exiguaincluding P. foveata
isolates 90/480 and 28763, which did not show any

Figure 3 PCR assay on select&homaspecies using primers pigment on TLC, were also assayed. .
phoma-2 and phoma-7. Lanes 1 and 15, 100 bp ladder (Gibco- 1he€ RAPD and PCR-RFLP patterns of isolate

BRL, Gaithersburg, MD); lane 2. foveata(24771); lane 3P. 90/480 were similar to al. foveatdsolates that exhib-
exiguavar. exigua(94/1396); lane 4P. exiguavar. diversispora ited pigment. Isolate 90/480 is possiblpdoveatahat
(58123); lane 5P. exiguavar. inoxydibilis (32161); lane 6P. has lost its ability to produce pigment. If identification
eX:QL(‘g;’ggzs)a’lnbucggigrad328;%7'§§§)7|P- exég“a?’ar-””i; of isolate 90/480 relied only on pigment production
cola , lane . eupyren , lane Y. glomerata . . .

(214574); lane 10P. medrit):laginis(174525); lane 12119. mui-  han the failure of the isolate to produce pigment could
rostrata (216036); lane 12P. pomorum(191265); lane 13p. result in misidentification of a quarantine pest which

sorghina(194920); lane 14, negative control. The sizes (bp) of Ccould have severe consequences. Isolate 28763 also did
selected fragments of the 100 bp ladder are indicated on the left. not produce any pigment but RAPD and PCR-RFLP
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B

A 1234567 ] 234567

400bp -
300bp-

200bp -

100bp -

Figure 4 PCR assay and restriction digest of the amplified fragmeRhafmaspecies. Panel A corresponds to the patterns obtained
using the restriction enzynigdd and panel B corresponds to the patterns obtained using restriction eyymieLane 1, 25 bp ladder
(Gibco-BRL, Gaithersburg, MD); lane 2, undigested PCR product; lafe fBveata(24771); lane 4P. exiguavar. exigua(94/1396);
lane 5,P. exiguavar.diversispora(58123); lane 6P. exiguavar.inoxydibilis(32161); lane 7P. exiguavar.sambuci-nigrag32811). The
sizes (bp) of selected fragments of the 25 bp ladder are indicated on the left of each panel.
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