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Arbuscular Mycorrhizal Fungi from Other Fungi Colonizing Plant Roots

Lee, Jae-Koo, Moon-Sung Tae, Ahn-Heum Eom' and Sang Sun Lee*

Graduate School, Biological Science and Education, Korea National University of Education, Chungbuk 363-791, Republic of Korea
"Institute of Natural Science, Korea National University of Education, Chungbuk 363-791, Republic of Korea

(Received April 1, 2003)

Roots of Glycine max and Miscanthus sinensis and soil samples were collected from various field sites at Goesan, Chungbuk
in Korea. Microscopic ohservations of the roots indicated high colonization rates of both arbuscular mycorrhizal fungi (AMF)
and other fungi. The partial small subunit of ribosomal DNA genes were amplified with the genoemic DNA extracted from
their roots by nested polymerase chain reaction (PCR) with universal primer NS1 and fungal specific primers AM1. Restric-
tion fragment length polymorphism (RFLP) was analyzed using the combinations of three restriction enzymes, Hinfl, Alul
and AsuC21. Nucleotides sequence analysis revealed that ten sequences from Miscanthus sinensis and one sequence from Gly-
cine max were close to those of arbuscular mycorrhizal fungi. Also, 33% of total clones amplified with NS31-AM1 primers
from M. sinensis and 97% from G. max were close to Fusarium oxysporum or other pathogenic fungi, and they were suc-
cessfully distinguished from AMF. Resulis suggested that these techniques could help to distinguish arbuscular mycorrhizal
fungi from root pathogenic fungi in the plant roots. Especially, DNA amplified by these primers showed distinct polymor-
phisms between AMF and plant pathogenic species of Fusarium when digested with AsuC21.
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Arbuscular mycorrhizal (AM) fungi (order Glomales, AMI to detect AM fungal species composition in roots.
Zygomycetes) are important for plants because they play a However, one of the problems applying these primers to
key role in plant nutrient uptake, especially phosphorus roots collected from field condition was amplification of
uptake (Smith and Read, 1996), and have protective role other fungal DNAs associated with roots as well. The
against various plant pathogenic fungi (Newsham et al., objective of this study was, therefore, to apply PCR based
1995). Previous studies have shown that individual spe- strategies to detect AM fungi in actively colonized roots
cies of arbuscular mycorrhizal fungi differ in their ability of Glycine max and Miscanthus sinensis.
to promote plant growth (van der Heijden et al., 1998),
therefore, identifying AM fungal species within plant  Materials and Methods
roots is critical factor for agricultural and ecological stu-
dies. However, taxonomy of AM fungi have been relied The soil and roots of G. max and M. sinensis were col-
on morphological features of spores collected from soil lected from field sites in Chungbuk, Korea in September
and it is not possible to identify AM fungal species within of 2001. Soil chemical composition was analyzed in soil
plant roots below the genus level using morphological fea- laboratory in Chungbuk National University. AM fungal
tures. In addition, it is difficult to discriminate active fun- spores were extracted from soil using wet-sieving and
gal symbionts of an individual plant from an AM fungal sucrose density gradient centrifuge methods (Daniels and
spore community in the soil around the roots due to the Skipper, 1982) and observed under light microscopes.
complex root system. Root samples were stained with 0.05% trypan blue
In recent years, molecular techniques have been used (Koske and Gemma, 1989) and colonization of AM fungi
to study phylogenetic relationships of AM fungi, and were observed.
attempts have been made to use ribosomal genes as a tool Total DNA was extracted from the plant roots accord-
for the identification of AM fungal species (Redecker ef ing to (Ausubel er al, 1999). Nested PCR were con-
al., 1997). However, only few studies have been focused ducted with genomic DNAs from plant roots. First
on the direct identification of mixed populations of AM amplification of a partial sequence of the SSU rRNA gene

fungi in actively colonized root using PCR based detec- were performed with universal eukaryotic primers NSI
tion methods with specific primers (Vandenkoornhuyse et (GTA GTC ATA TGC TTG TCT C, 10 pmol) and NS4
al., 2002). (CTT CCG TCA ATT CCT TTA AG, 10 pmol) for 30

Helgason er al. (1998) designed a primer pair NS31- cycles (1 cycle at 94°C for 3 min, at 42°C for 1 min, at
72°C for 1 min 30secs; 28 cycles at 94°C for | min
*Corresponding author <FE-mail: sslee@knue.ac kr> 30 sec, at 42°C for 1 min, 72°C for 1 min 30 sec; 1 cycle
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at 94°C for 30 sec, at 42°C for 1 min, at 72°C for 10 min)
using AccuPower PCR premix (Bioneer Co., 1 U Taq
DNA polymerase, 250 uM dNTP, pH 9.0 10mM Tris-
HCl, 40 mM KCl, 1.5mM MgClL). PCR product was
diluted to 1:100 and used for template of the second
PCR. The second amplification was performed using gen-
eral fungal primer AM1 (GTT TCC CGT AAG GCG
CCG AA, 10 pmol) designed to exclude plant DNA (Hel-
gason et al., 1999) and universal eukaryotic primer NS31
(TTG GAG GGC AAG TCT GGT GCC, 10 pmol;
(Simon et al., 1992). The PCR was performed for 30
cycles (10 cycles at 95°C for | min, 58°C for | min, 72°C
for 2min, 19 cycles at 95°C for 30 sec, 58'C for 1 min,

Table 1. Chemical properties of soil planted with Miscanthus
sinensis and Glycine max at Chungbuk, Republic of

Korea

M. sinensis G. max
pH 6.98 6.19
Organic matter (g kg ) 19.99 16.03
NO,-N (mg kg™ 6.23 7.58
NH,-N (mg kg™) 6.64 12.68
Av. PO, (mg kg") 5595 14.84
K (cmol’ kg ") 0.61 0.35
Ca {cmot” kg 19.06 15.35
Mg (cmol” kg 1.56 1.39
Cation Exchange Capacity (cmol” kg™) 10.07 8.71

Table 2. Arbuscular mycorrhizal fungal spores collected from soils planted with Miscantius sinensis and Glycine max at Chungbuk,

Republic of Korea

Number of spores/10 g dry soil (%)

Glomalean fungal species

Miscanthus sinensis Glycine max

Acaulosporaceae
Acautospora scrobiculata
Gigasporaceae
Gigaspora margarita
Scutellospora erythropa
S. sp.i
Glomaceae
Glomus mosseae
GlL sp. |
GL sp.
Gl sp.
Gl sp.
GL sp.

[FE I ]

s

Total

133 (61.9)
34 (15.8) 4 (4.8)
17 (7.9) 13 (15.5)
1 (1.2)
12 (5.6) 40 (47.6)
7 (8.3)
11 (5.1 17 20.2)
| ©.5)
I 0.5)
6 2.8) 2 (2.4)
215 (100) 84 (100)

Fig. 1. Roots colonized by AM fungi (v: vesicle, a: arbuscules) and other fungal hyphae (o) stained with trypan blue. A and B:
roots of Glycine max, B and C, roots of Miscanthus sinensis.
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72°C for 3min and 1 cycle at 95°C for 30 sec, 58°C for
Imin and 72°C for 10 min). PCR products were sepa-
rated by electrophoresis on a 1% agarose gel and stained
with EtBr. Expected fragments for cloning were removed
from the gel and purified with gel purification Kit (Bion-
eer, Korea).

Purified DNAs were inserted to pGEM"-T Easy Vector
and transformed to Esherichia coli strain JM109. Thirty
putative positive E. coli transformants were selected from
each plant sample. Recombinant plasmid DNAs were
extracted from the bacterial transformants and used for
PCR reaction using primers AMI1 and NS31. The PCR
products were digested with restriction enzymes, Hinfl
and Alul, and AsuC21. Restriction fragments were sepa-
rated on a 3% agarose gel. Nucleotide sequence of one
clone from each RFLP type was determined using auto-
matic sequencer (ABIPRISM™, USA). DNA sequence
analyses were performed with the BLAST software avail-
able through the National Center for Biotechnology Infor-
mation (NCBI). Clustal X (ver. 1.81) was used for
alignment of DNA sequence.

Results and Discussion

Chemical propertics, species richness of AM fungi and
mycorrhizal root colonization rate showed significant dif-
ference in soil planted with G. max and higher phospho-
rus in soil planted with M. sinensis (Table 1). High
nitrogen composition in soil planted with G. max should
be due to presence of nitrogen fixing bacteria with G.
max. As shown in Table 2, total 10 species of AM fungi
were found in soils from both sites and five Glomus spe-
cies could not be placed into described taxa. Eight spe-
cies within 4 genus and 7 species within 3 genus were

Hinf)
M 105 104 106 108 115 120 142 126 120 139 130 7 323 330

10% 104 106 108 135 120 123 126 AN A5 1M SIY 330 1m0 M

Fig. 2. The DNA fragments digested with restriction enzymes,
Hinfl, Alul and AsuC21 from the partial 185 tDNA
bands; Lane M indicates molecular size marker (100
bp ladder) and lane numbers labled as 103 through
330 indicate isolates listed in Table 3.

detected based on morphological features of spores from
M. sinensis and G. max planted soils, respectively (Table
2). Total spore numbers and species composition in each
soil were different between two sites. Total 215 spores of
AM fungi were found from M. sinensis planted soil, com-
pared to 84 spores from G. max planted soil. Among
them, Acaulospora scrobiculata were dominated in soil

Table 3. Glomalean and other fungi identified by DNA sequences from roots of Glycine max and Miscanthus sinensis

Fungal species identified by sequences from NCBI

Number of clones (%)

Isolates
Fungal species Accession number Sequence similarity (%) G. max M. sinensis

Glomalean fungi 1 3.3) 20 (66.7)
C103 Glomus fasciculatum GFA 17640 540/550 (98%) 1 3.3) 1 (3.3)
C104 G. fasciculatum GFA 17640 546/549 (99%) 5 (16.7)
C106 Glomus sp. Glo22 AF437698 499/508 (98%) 2 6.7)
Cl109 Glomus sp. MO-G8 GSP418868 507/508 (99%) 1 (3.3)
Cl15 G. sinuosum GSI133706 514/545 (94%) 2 6.7)
C120 Glomus sp. WUM3 GVE3(1864 523/550 (95%) 2 6.7)
Cl26 G. mosseae BEG69 GMU96141 522/545 (95%) 1 (3.3)
C128 Glomus sp. Glol13 AF437660 495/307 (97%) 2 6.7)
C129 Glomus sp. Glod AF074353 496/507 (97%) 4 (13.3)
Pathogenic fungi and others ‘ 29 (96.6) 10 (33.3)
C130 Chaetomium globosum AB048285 534/538 (99%) 1 (3.3)
Cl122 Fusarium equisetium AF141949 523/545 (95%) 1 (33
C317 F oxysporum AF219124 540/543 (99%) 24 (80) 8 (26.7)
C323 Myrothecium sp. BBA691 MSP301998 540/543 (99%) 4 (13.3)

C330 Cordyceps takaomontana AB044631 521/545 (95%) 1 3.3

‘Number of clones/total 30 clones.
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planted with M. sinensis (62%), but Glomus mosseae was pared to soils of . max. Significant differences in
dominated in soil planted with G. max (79%). Host plant mycorhizal colonization rate and mycorrhizal structure

species has been suggested a possible factor for affecting
AM fungal sporulation and communitiy composition
(Bever et al., 1996; Eom et al., 2000). However, AM fun-
gal composition in soils tested might be influenced by
other factors as well as host plant species (Eom et al.,
1999). Mycorrhizal structures such as arbuscules and vesi-

cles as well as other fungi with septate hypha were found study.

in both roots (Fig. 1). Mycorrhizal root colonization rate
was 70% in M. sinensis and 68 % in G. max, in spite of
higher phosphorus content in soils of M. sinensis com-

le@
C109
Cll3
C323
c317
C130
C122
C330

Fig. 3. The sequence alignment of partial 18s rDNA. Sequences were aligned using Clustal X.
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between the sites were not detected under microscopes.
However, there was much evidence that the spore counts
or microscopic observations of roots do not reflect com-
position or abundance of AM fungi (Clapp et al., 1995).
Thus, molecular techniques were used to assess commu-
nity composition of AM fungi colonizing on roots in this

Thirty of amplified PCR products from each plant were

analyzed. Restriction analysis using enzymes Hinfl, Alul
and AscuC21 showed 14 distinct polymorphisms. Ten

{Fig. continued)
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* 300 * 320 * 340 *
€103 : ATCCTATTTTGTTGGTTTCTAGGATTGACGTAATGATTAATAAGGGATARGTTGGGGGCATTAGTATTCA ¢ 350
Cc104 ATCCTATTTTGTTGGTTTCTAGGATTGACGTAATGATTAATA-GGGATA-GTTGGGGGCATTAGTATTCA + 348
C106 : ATCCTATTTTGTTGGTTTCTAGGATTGACGTAATGATTAATA-GGGATA-GTTGGGGGCATTAGTATTCA : 348
C120 : ATTCTATTTTGTTGGTTTCTAGGATCGATGAAATGATTAATA-GGGATA-GTTGGGGGCATTAGTATTCA 348
C126 : ATTCTATTTTGTTGGTTTCTAGGATCGATGTAATGATTAATA-GGGATA-GTTGGGGGCATTAGTATTCA & 348
C128 : ATTCTATTTTGTTGGTTTCTAGGATCGACGTAATGATTAATA-GGGATA-GTTGGGGGCATTAGTATTCA & 347
C129 : ATTCTATTTTGTTGGTTTCTAGGATCGACGTAATGATTAATA-GGGATA-GTTGGGGGCATTAGTATTCA 347
€109 : ATTCTATTTTGTTGGTTTCTAGGATCGACGTAATGATTAATA~GGGATA-GTTGGGGGCATTAGTATTCA @ 347
C115 : ATCTTATTTTGTTGGTTTCTAAGATCGACGTAATGATTAATA-GGGATA-GTTGGGGGCATTAGTATTCA + 345
Cc323 GTTCTATTTTGTTGGTTTCTAGGACCGCCGTAATGATTAATA-GGGACA-GTCGGGGGCATCAGTATTCA « 347
c317 GTTCTATTTTGTTGGTTTCTAGGACCGCCGTAATGATTAATA-GGGACA-GTCGGGGGCATCAGTATTCA & 347
C130 GTTCTATTTTGTTGGTTTCTAGGACCGCCGTAATGATTAATA-GGGACA-GTCAGGGGCATCAGTATTCA & 347
C122 : ATTCTATTTTGTTGGTTTCTAGGATCGACGTAATGATTAATA-GGGATA-GTTGGGGGCATTAGTATTCA « 347
C330 : ATTCTATTTTGTTGGTTTCTAGGATCGACGTAATGATTAATA-GGGATA-GTTGGGGGCATTAGTATTCA « 347
aT cTATTTTGTTGGTTTCTAGGAtcGacGtAATGATTAATA GGGAtA GTtgGGGGCATTAGTATTCA
360 * 380 * 400 * 420
€103 : ATTGTCAGAGGTGAAATTCTTGGATTTATTGAAGACTAACTACTGCGAAAGCATTTGCCARGGATGTTTT 420
C104 : ATTGTCAGAGGTGAAATTCTTGGATTTATTGAAGACTAACTACTGCGARAGCATTTGGCARGGATGTTTT 418
C106 : ATTGTCAGAGGTGAAATTCTTGGATTTATTGAAGACTAACTACT GCGARAGCATTTGCCARGGATGTTTT 418
C120 : ATTGTCAGAGGTGAAATTCTTGGATTTATTGAAGACTAACTACTGCGAAARGCATTTGCCAAGGATGTTTT 418
C126 : ATTGTCAGAGGTGAAATTCTTGGATTTATTGAAGACTAACTACTGCGAAAGCATTTGCCAAGGATGTTTT 418
C128 : ATTGTCAGAGGTGAAATTCTTGGATTTATTGAAGACTAACTACTGCGAAAGCATTTGCCAAGGATGTTTT 417
C129 : ATTGTCAGAGGTGAAATTCTTGGATTTATTGAAGACTAACTACTGCGAARAGCATTTGCCAAGGATGTTIC 417
Cl109 : ATTGTCAGAGGTGAAATTCTTGGATTTATTGAAGACTAACTACTGCGARAGCATTTGCCARGGATGTTTT 417
€115 : ATTGTCAGAGGTGAARATTCTTGGATTTATTGAAGACTRACTACTGCGARAGCATTTGCCARGGATGTTTT 415
C323 : ATTGTCAGAGGTGAAATTCTTGGATTTATTGAAGACTAACTACTGCGAAAGCATTTGCCAAGGATGTTTT 417
c317 ATTGTCAGAGGTGAAATTCTTGGATTTATTGAAGACTAACTACTGCGAARGCATTTGCCAAGGATGTTTT 417
€130 : ATTGTCAGAGGTGAAATTCTTGGATTTATTGAAGACTAACTACTGCGAAAGCATTTGCCAAGGATGTTTT 417
€122 : ATTGTCAGAGGTGAAATTCTTGGATTTATTGAAGACTAACTACTGCGAAGGCATTTGCCAAGGATGTTTT 417
€330 : ATTGTCAGAGGTGAAATTCTTGGATTTATTGAAGACTAACTACTGCGAAAGCATTTGCCAAGGATGTTTT 417
ATTGTCAGAGGTGAAATTCTTGGATTTAT TGAAGACTAACTACTGCGARAGCATTTGCCAAGGATGTTTL
* 440 * 460 * 480 *
c103 CATTAATCAAGAACGAAAGT TAGGGGATCGAAGACGATCAGATACCGTCGTAGTCTTAACCATARACTAT 490
C104 CATTAATCAAGAACGAAAGTTAGGGGATCGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTAT 488
Cc106 CATTAATCAAGAACGAAAGTTAGGGGATCGAAGACGATCAGATACCGTCGTAGTCTTARCCATARACTAT 488
Cc120 CATTAATCAAGAACGARAGTTAGGGGATCGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTAT 488
Cc126 CATTAATCAAGAACGARAGT TAGGGGATCGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTAT 488
c128 CATTAATCAAGAACGAAAGT TAGGGGAT CGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTAT 487
c129 CATTAATCAAGAACGAAAGTTAGGGGAT CGAAGACGATCAGATACCGTCGTAGTCTTAACCATABACTAT 487
c109 CATTAATCAAGAACGAAAGT TAGGGGATCGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTAT 487
C115 CATTAATCAAGAACGAARAGTTAGGGGATCGAAGACGATCAGATACCGTCGTAGTCTTAACCATARACTAT 485
c323 CATTAATCAGGAACGARAGT TAGGGGATCGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTAT 487
c317 CATTAATCAGGAACGAAAGT TAGGGGATCGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTAT 487
C130 CATTAATCAGGAACGAAAGT TAGGGGATCGAAGACGATCAGATACCGTCGTAGTCTTAACCATARACTAT 487
c122 CATTAATCAAGAACGAAAGT TAGGGGATCGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTAT 487
€330 CATTAATCAAGAACGAAAGTTAGGGGATCGAAGACGATCAGATACCGTCGTAGTCTTAACCATARACTAT 487
CATTAATCAaGAACGARAGTTAGGGGATCGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTAT
500 * 520 * 540 >
c103 GCCGACTAGGGATCGGATGATGTTA-~TTTTTAATGACTCATTCGGCGCCTTACGGGARRA @ 549
C104 GCCGACTAGGGATCGGATGATGTTAATTTTTTAATGACT CANMN 549
Cc106 GCCGACTAGGGATCGGATGATGTTAA-TTTTTAATGACT CAHEN 548
C120 GcCGACTANGGATCGGATGATGTTGATTTTTTAATGACTCATTCNGCCCCTTACNGGAAAc 549
c126 GCCGACTAGGGATCGGATGATGCTTATTTTT TAATGACTCAT TCGGCGCCTTACGGRARC - 548
c128 GCCNACTAGGGATCGGATGATGTTAATTTTT TAATGACTCAR 548
c129 GCCGACTAGGGATCGGATGGTGTTAATTTTT TAATGACTCA 548
c109 GCCGACTAGGGATCGGATGATGTTAATTTTTTAATGACTCA 548
c115 GCCGACTAGGGATCGGATGATGTTAATTTTTTAATGACTC 546
c323 GCCGACTAGGGATCGGACGATGTTA- - GARAT - ~TGACTCG [NEEHS ; 544
€317 GCCGACTAGGGATCGGACGGTGTTA--TATTT~-TGACCCG RS - : 544
Cc130 GCCGACTAGGGATCGGACGGTGTTA-~TTTTT--TGACCCG|NNS C 544
c122 GCCGACTAGGGATCGGATGATGTTA~-TTTTTAATGACT CAINY . 546
€330 GCCGACTAGGGATCGGATGATGTTA~-TTTTTAATGACTCATTCGGCGCCTTACGGGARA~ + 545
GCCYACTAgGGATCGGALGaTGtTa ttttTaaTGACECaTTCgGCGCCTTACgGgARAC
< AMI

groups of restriction pattern were from roots of M. sinen-
sis and 4 groups from roots of G. max. A PCR product
for each polymorphism was sequenced (Fig. 2). BLAST
searches revealed that 9 sequences amplified using NS31-
AM]1 belong to the Glomales and all of the sequences
were within genus Glomus. No sequences were detected
within the Acaulosporaceae and Gigasporaceae. Also,
Archaeosporaceae or Paraglomaceae were not detected but
this was expected because the AMI1 primer does not
match the highly divergent sequences of these taxa
(Redecker, 2000). Sequence analysis showed that § spe-
cies of AM fungi were colonized in roots of M. sinensis
(67% of the total number of clones). However, only 1

sequence of total 4 clones from roots of G. max was
related to AM fungi (Table 3).

NS31-AM 1 primers used in this study would be one of
the useful primers to study AM fungal community in
roots because these primers were designed to exclude
plant DNA from DNA extracts from plant roots {Helga-
son, 1998 #4529}. However, these primer pairs do not
exclude other root inhabiting fungi such as Fusarium, and
plant DNA (Redecker, 2000; Tae et al., 2002). It was dif-
ficult to distinguish those non Glomalean sequences using
enzymes, Alul and Hinfl. In this study, several other
restriction enzymes were screened for efficient detection
of non-Glomalean clones (data not shown) and AsuC21]
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were selected. RFLP with AsuC21 (CCHC/GYGG) revealed
three more groups in M. sinensis, but these group showed
same restriction pattern with Hinfl and Alul (Fig. 2). How-
ever, non-Glomalean species such as Fusarium oxysporum
and Joinvillea ascendens (102 and 124 in Fig. 2, respec-
tively) had restriction sites with AsuC21, but Glomalean
species such as Glomus sinuosum and G. mosseae (115
and126 in Fig. 2, respecitively) had no restriction site
(Fig. 2). Using this enzyme, 33% of amplified product
with NS31-AM1 primers from M. sinensis was close to £
oxisporum and other pathogenic fungi; they were 97%
from G. max.

One of problems of AMI-NS31 primers was that they
could not amplify a certain group of AM fungi including
genus Archaeospora and Paraglomus and it should be
solved for further ecological and physiological studies of
AM fungi. Although species in Archacosporaceae and
Paraglomaceae have restriction sites with AsuC21, it is
useful as long as amplified with AMI-NS31 primers
because they could not amplify DNA of these species.

Analyses revealed that soil nutrient composition and
mycorrhizal root colonization rate were similar in both
plant growing sites. However, fungal species composition
in roots significantly differed in two plant roots. In roots
of M. sinensis, 67% of clones were Glomalean fungi,
compared to 3% of clones in G. max. This was consistent
with higher spore numbers in M. sinensis than that in G.
max (Table 2). Only one species, G. mosseae, was found
in both root and soil and the most dominant species, A.
scrobiculata in M. sienesis and G. mosseae in G. max was
not found in their roots. These discrepancies of AM fun-
gal species composition between roots and soil confirmed
that spore communities in soil would not necessarily
reflect active AM fungal community in host plant root.

Most of sequences amplified from roots of G. max
were Fusarium species related to root pathogen. A possi-
ble explanation is that G. max was a crop species and
more vulnerable to pathogens than wild species, M. sinen-
sis. Alternatively, soil nitrogen contents or geographical
difference would be other factors. However, there was not
enough samples in this study to explain this result and
further experiments are needed.

Results in this study suggest that a PCR-based tech-
nique could be useful to distinguish arbuscular mycor-
rhizal fungi from other root pathogenic fungi. Especially,
DNA amplified by these primers showed distinct poly-
morphisms between AMF and plant pathogenic species of
Fusarium when digested with AsuC21.
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