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In this study, we evaluated the use of RAPD method to discriminate among

strains of Fusarium species including F. oxysporum and f. sp. of F. oxysporum. As a result of the
amplication, fifteen primers showed total 180 bands ranging from 0.2 to 3 Kb. Among those 180
bands, 126 polymorphic bands were used for bionominal matrix code (0, 1), and UPGMA den-
drogram anmalysis. Fusarium oxysporum isolate 355 showed high similarity with F. oxysporum iso-
late 358 at 0.9603. Fusarium roseum isolate 87 and F. oxysporum isolate 358, F. o. f. sp. lyco-
persici isolate 69 and F. o. f. sp. melongena 68 showed low similarity of 0.3809. Fusarium ox-
ysporum isolate 361 and F. o. f. sp. raphani isolate 218 showed similarity of 0.8730, F. oxysoprum
isolate 354 and unidentified Fusarium sp. isolate 228 showed similarity matrix of 0.7936, and F.
roseum isolate 87 and F. o. f. sp. raphani isolate 57 showed similarity matrix of 0.5873.
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Complex communities of fungal pathogens
are involved in various diseases of many crops.
In temperate regions, Fusarium species, in-
cluding F. oxysporum and f. sp. of F. oxys-
porum, are the most abundant and aggres-
sive pathogens. Infections of seedlings, roots
and basal stems of plants are initiated by
seed- or soilborne-inoculum, and major yield
losses result from damaged plants.

The asexual fungus Fusarium oxysporum is
a common inhabitant of soil and has a world-
wide distribution. All strains of F. oxysporum
are successful as saprophytes and are able to
grow and survive for long periods on organic
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matter in soil. However, some strains are
responsible for vascular wilt disease on many
plants of economical importance (Armstrong
and Armstong, 1981). These pathogenic strains
show a high level of host specificity and are
classified on this basis into more than 120 for-
mae speciales and races. These pathogenic
strains are not identifiable using phenotypic
characters. Molecular tools have been used to
characterize the diversity among pathogenic
strains of F. oxysporum with the aim of det-
ermining genetic relatedness among formae
speciales (Kim et al., 1993; Kistler ef al., 1991;
Namiki, 1994).

Pathogenic and nonpathogenic strains of F.
oxysporum played an important role in the
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ecology of Fusarium disease. Therefore, it would
be interesting to be able to characterize the
diversity among populations of nonpathogenic
and pathogenic F. oxysporum.

Genetic variation within populations of F.
oxysporum was assessed by vegetative com-
patibility analysis (Correll et al., 1986; Elias
et al., 1991). These studies were based on the
selection of nitrate non-utilizing mutants for
each isolate and performing complementary
pairing of the deficient mutants. This is a
time consuming and not always compatible
-with broad application in ecological studies
that require screening of large populations.
In addition, this method could not provide in-
formation about genetic relatedness between
strains that were not vegetatively compatible.

Direct analysis of DNA polymorphism is a
more general approach to establishing genet-
ic variation in organisms. Molecular methods
involving the use of the polymerase chain re-
action (PCR) have been recently described to
resolve genetic variation between strains. DNA

amplification by PCR with primers directed
against repetitive elements, arbitrarily cho-
sen or defined, is another strategy that can
be called interrepeat PCR. The analysis of
random amplified polymorphic DNA (RAPD)
was proposed for discrimination between iso-
lates of F. oxysporum within a particular for-
ma specialis (Assigbetse et al., 1994; Grajal-
Martin et al., 1993; Manulis et al., 1993). In
this study, we evaluated the use of RAPD
method to discriminate among strains of Fu-
sarium species including F. oxysporum and f.
sp. of F. oxysporum.

Materials and Methods

Fungal strains

A collection of strains of F. oxysporum was
made by either direct isolation from soils cul-
tivated with various crops or from plant parts
showing symptoms of disease (Table 1). Iso-
lates were collected by single spore transfer
and were stored by cryopreservation at -

Table 1. Isolates of Fusarium spp. from various locations and sources

Isolate No. Fusarium species Sources Locations
80 F. oxysporum carnation Suwon
214 F. oxysporum cucumber Japan
354 F. oxysporum gladiolus Suwon
355 F. oxysporum gladiolus Kimhae
358 F. oxysporum spinach Whasung
361 F. oxysporum - Unknown
218 F. o. f. sp. raphani turnip Haenam
69 F. o. f. sp. lycopersici tomato Japan
68 F. o. f. sp. melongena egg plant Japan
64 F. o. f. sp. melonis melon Japan
57 F. o. f. sp. raphani turnip Taejon
79 F. o. f. sp. cucumerinum cucumber Chungyang
87 F. roseum pepper Suwon
293 Fusarium sp. - -
212 Fusdrium sp. pepper Taejon
298 Fusarium sp. strawberry Gongju
369 Fusarium sp. arrowhead Taejon
372 Fusarium sp. arrowhead Taejon
492 Fusarium sp. egg plant Taejon

294 Fusarium sp.
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70°C. The strains were characterized mor-
phologically as F. oxysporum and other uni-
dentified Fusarium species. Their patho-
genicity was not investigated on those host
plants.

DNA extraction

For large-scale preparations of pure DNA,
fungal strains were cultivated at 25°C for
seven days with shaking (150 rpm) in 500 ml
of potato-dextrose broth inoculated with a
spore suspension. The mycelium was harvest-
ed by filtration, washed, lyophilized, and ground
with liquid nitrogen. A 1.5 ml microtube was
filled halfway up to the conical portion with
ground lyophilized mycelium, and 750 m! of
extraction buffer (500 m! Nacl, 100 mM Tris-
Hcl pH 8.0, 50 mM EDTA, 1.25% SDS) was
added. The extraction then was performed by
following Rogers and Bendich's procedure
(Roges and Bendich, 1988). Finally, DNA was
dissolved in TE buffer (10 mM Tris-HCl, pH
8.0 and 1 mM EDTA) with a final concentra-
tion of 2 ug/l and stored at 4°C until use.

PCR reaction

For PCR amplication, 10 ng of genomic
DNA was added into 20 mM dNTP and 0.5
uM of random primers (Operon Tech., Inc.,
USA) (Table 2). One unit of Taq polymerase
(Dynazyme™) was then mixed and the final
volum of 20 W was used for the reaction. Re-
action conditions were consisted of 5 min at
95°C (preheating), 1 min at 94°C, 1 min at
35°C, 2 min at 72°C for 45 cycles followed by
storage at 4°C. Ten or fifteen ! of the amplifi-
ed reaction products were run in 1.5% agarose
gel containging ethidium bromide (0.5 pg/mi)
in 0.5XTBE buffer for two hours and the re-
sults were viewed on UV transilluminator.

Data analysis
A computer program, NTSYS-pc, Version
1.61 (Rohlf, 1990), was used for analysis of

Table 2. List of primers (10-mer) and their base se-
quences used for RAPD analysis

Primer No. Base sequences No. of bands
OPD-1 CAGGCCCTTC 11(7)
OPD-2 TGCCGAGCTG 10(7)
OPD-3 AGTCAGCCAC 10(5)
OPD-5 AGGGGTCTTG 11(8)
OPD-7 GAAACGGGTG 13(9)
OPD-8 GTGACGTAGG 12(8)
OPD-9 GGGTAACGCC 12(6)
OPD-10 GTGATCGCAG 14(9)
OoPD-11 CAATCGCCGT 14(10)
OPD-12 TCGGCGATAG 12(10)
OPD-13 CAGCACCCAC 10(4)
OPD-14 TCTGTGCTGG 10(9)
OPD-15 TTCCGAACCC 12(12)
OPD-16 AGCCAGCGAA 16(11)
OPD-17 GACCGCTTGT 13(11)

Total 180(126)

*The number in the parentheses are the numbers
of polymorphic bands for each.

the electrophoretic data. Simple matching coef-
ficients (Ssm) for each pair of isolates were
calculated as described by Sneath and Sokal
(1973) by formular: Su=m/(m+u) where m=the
number of bands fround in common between
two isolates, and u=the total number of bands
unique to each sample. The matrix of sim-
ilarity coefficients were then subjected to a
cluster algorithm, the unweighted pair-group
method with an arithmatic average (UPGMA),
that was then used to generate a dendrogram
(Romesburg, 1984; Sneath and Sokal, 1973).

Results and Discussion

Genomic DNA was extracted from the my-
celiuin of the total twenty isolates of Fusar-
ium species, and the amplified genomic DNA
showed bands with different molecular weights.
As a result of the PCR reaction, 15 OPD pr-
imers produced total 180 bands. Among these
180 bands, 126 polymorphic bands were ob-
served and their sizes ranged form 0.2 Kb to 3
Kb. Bionominal matrix code (1; presence of
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Fig. 1. UPGMA dendrogram showing the relation-
ship among the Fusarium species based
on the bands on 1.5% agarose gel in RAPD.

band, 0; absence of band) was constructed
with 180 bands reacted with 15 primers. Bas-
ed on the bionominal matrix code constructed,
similarity matrix was made (Table 3) with
NTSYS-Pc (Rohlf, 1990). F. oxysporum isoal-
tes 355 and 358 showed the highest similari-

ty of 0.9603 among the compaired isolates.
Fusarium sp. isolates 369 and 224 showed
the lowest similarity of 0.3730. F. oxysporum
isolate 80 showed the similarity of 0.5714 with
unidentified Fusarium sp. isolates 228 and 212,
and showed low similarity of 0.4603 with
Fusarium sp. isolate 223. F. oxysporum iso-
lates 214 and 361 showed high similarity of
0.8650, and isoalte 214 showed low similarity
of 0.4761 with isolate 372. F. oxysporum iso-
late 354 showed similarity of 0.7936 with Fu-
sarium sp. isolate 228 and of 0.4841 with Fu-
sarium sp. isolate 369. Fusarium sp. isolate
355 showed similarity of 0.4603 both with the
isolates 223 and 492. F. oxysporum isolate 358
showed similarities of 0.7301 and 0.4285 with
F. o. f. sp. lycopersici isolate 69 and F. o. f. sp.
melongena isolate 68, respectively. F. oxyspo-
rum isolate 361 showed similarity of 0.8730

Fig. 2. PCR amplified DNA fragments using the primers listed in Table 2. A, B,C,D,E,F, G, H, L J, K, L,
M, N, and O indicate the primer number OPD-1, -2, -3, -5, -7, -8, -9, -10, -11, -12, -13, -14, -15, -16,
and -17, respectively. The numbers on top of the lane indicate the Fusarium isolates shown in

Table 1 in order.
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Fig. 2. continued.

with F. o. f. sp. raphani isolate 218 and of
0.4523 with isolates 57 (F. o. f. sp. raphani)
and 372 (Fusarium sp.). F. roseum isolate 87
and F. oxysporum showed low similarity of
0.3809. F. o. f. sp. cucumerinum isolate 72

showed similarity of 0.7460 with F. oxyspo-
rum isolate 214, and showed similarity of
0.444 with Fusarium sp. isolate 224. F. o. f.
sp. melonis isolate 64 showed similarity of
0.7222 with 212, and showed similarity of
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0.4126 with Fusarium sp. isolate 372. Based
on these results, UPGMA dendrogram was
constructed to show the relationships among
the compaired isolates (Fig. 1). The UPGMA
dendrogram showed the compaired Fusarium
isolates could be divided inte 2 different
groups. The first group (from isolate 73 [F. o.
f. sp. cucumerinum] through isolate 80 [F. ox-
ysporum]) can be divided into three sub-
groups. The second group (from isolate 87 [F.
roseum] through isolate 492 [Fusarium sp.]
can be divided into four sub-groups.

¥ e
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