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Abstract. The diagnosis of Armillaria, a genus including distinct species of highly woody plant-
pathogenic root-infecting fungi with worldwide distribution, is usually based on morphological
characteristics and mating-tests, although the PCR-based restriction fragment length
polymorphism (RFLP-PCR), specifically in nuclear rDNA spacers, have also been applied. In the
present study, mating-tests and restriction analysis of Internal Transcribed Spacer 1 (ITS1) were
used to identify 20 isolates of a Portuguese Armillaria collection. Although the majority of the
diploid isolates (80%) could be identified in diploid-haploid pairings, the method is laborious,
takes too much time (up to 2 months), and presents a high rate of inconclusive results. The ITS1
region showed to be a reliable molecular marker for A. mellea, in particular when Hinfl
restriction analysis is applied, since two fragments with 245 bp and 125 bp have been obtained
for this most aggressive species whereas 290 bp and 70 bp were produced from isolates of the
other European species. As simple molecular techniques are involved and the whole procedure
can be performed in one day, A. mellea identification by ITS1 analysis is a clearly accessible and
more advantageous tool to plant pathology laboratories, mainly those involved on the control
and preservation of forest trees.
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Identificacao de Isolados Portugueses de Armillaria por Testes Classicos de Confrontacao
e Analise de RFLP-PCR da Regido ITS1 do DNA Ribossomal

Sumario. O género Armillaria inclui fungos de espécies muito agressivas que infectam raizes de
plantas lenhosas em todas as regides do globo. A identificagdo destas espécies tem sido
efectuada com base em caracteristicas morfolégicas, em confrontacdes haplonte-diplonte
("mating-tests") e também em andlise de DNA, nomeadamente anélise de polimorfismos de
restricdo de fragmentos amplificados (RFLP-PCR) das regides espacadoras (ITSs) dos genes
ribossomais (rDNA nuclear). Neste estudo, 20 isolados de uma colecgdo portuguesa de espécies
de Armillaria foram analisados por "mating-tests" e por andlise de restricdo da regido ITSI.
Ainda que tenha sido possivel identificar 80% dos isolados dipléides através das confrontacdes

1° Autor E-mail: helena.braganca@efn.com.pt



68 Braganca, H., et al.

haplonte-diplonte, o método é laborioso, demorado (2 meses ou mais) e apresenta uma taxa
elevada de resultados ndo conclusivos. A andlise de restri¢io da regido ITS1, com a enzima
Hinfl, permitiu discriminar claramente a espécie A. mellea (245 bp e 125 bp), uma das mais
agressivas, das outras espécies europeias deste género (290 bp e 70 bp).

A simplicidade das técnicas moleculares utilizadas, aliada a sua rapidez de execugdo (1 dia),
torna a identificacao de A. mellea por analise de ITS1 um método acessivel e de grande utilidade
em laboratérios de patologia vegetal, nomeadamente os envolvidos no controlo e preservagdo
de florestas.

Palavras-chave: RFLP-PCR; rDNA; Armillaria mellea; plantas lenhosas; sobreiro

Identification des Isolats Portugais d'Armillaria par Testes Classiques de Confrontation et
Analyse de RFLP-PCR de la Région ITS1 des Génes Ribosomiques

Résumé. Le genre Armillaria est présente dans le monde entier par différentes especes de
champignons pathogéniques trés agressives qui se développent principalement au niveau des
racines. L'identification de ces espéces a été effectuée avec des caractéristiques morphologiques,
par confrontation ("mating-tests"), et aussi par l'analyse de I'ADN, surtout par des
polymorphismes de restriction de fragments amplifiés (RFLP-PCR) des régions d'espacement
(ITSs) des genes ribosomiques (rDNA nucléaire). Dans ce travail, 1'identification d"une collection
de 20 isolats portugais de Armillaria a été effectuée en utilisant la méthode des confrontations et
l'analyse de restriction de la région ITS1. Bien que la plupart des isolats diploides (80%) soit
identifiée par confrontation diploide-haploide, la méthode s'avere laborieuse et longue (au
moins 2 mois) et présente un taux élevé de résultats non concluants. Les résultats obtenus par la
restriction de la région ITS1, en utilisant I'enzyme Hinfl, ont permit la discrimination nette de A.
mellea (245 bp et 125 bp), une espéce des plus agressives, des autres espéces européennes du
méme genre (290 bp et 70 bp). Les techniques moléculaires utilisées sont tres simples et les
procédés peuvent étre exécutés en un jour, ce qui rend l'identification de A. mellea par 'analyse
de ITS1 une méthode accessible et avantageuse pour les laboratoires de pathologie végétal,
surtout ceux qui sont engagés dans le contrdle et préservation des forets.

Mots clés: RFLP-PCR; rDNA; Armillaria mellea; plantes ligneuses; chéne liége

Introduction Marxmuller and Romagnesi and

Armillaria ostoyae (Romagnesi) Herink.

Armillaria (Fr.: Fr.) Staude is a genus
including distinct species of pathogenic
root-infecting fungi with worldwide
distribution. In Europe, there are seven
intersterile groups or biological species
(KORHONEN 1978; GUILLAUMIN et al.,
1991, 1993): the exanulates Armillaria
tabescens (Scopoli: Fries) Emel and
Armillaria ectypa (Fries) Lamoure and the
other species with annulate basidiomes,
Armillaria mellea (Vahl: Fries) Kummer,
Armillaria  gallica  Marxmuller and
Romagnesi  (synonymous: Armillaria
bulbosa (Barla) Velenovsky), Armillaria
cepistipes Velenovsky, Armillaria borealis

Armillaria root rot has been found in
Portugal affecting forestry species,
ornamental and fruits species, as well as
vineyards. Regarding forest ecosystems,
the stands of Criptomeria japonica (L. £.) D.
Don, the most important forestry species
of Azores islands, is threatened for a long
time with high incidence rates
(AZEVEDO, 1958; SANTOS and ALMEIDA,
1997). Besides the work further
developed in C. japonica (AZEVEDO 1963,
1966, 1976a) and Quercus suber L.
(AZEVEDO, 1976b), minor efforts had
been made to clarify the Armillaria role in
Portuguese forest ecosystems and to
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evaluate the distribution and ecology of
Armillaria species in Portugal.

The need for experienced staff and
the time consuming identification proce-
dures are long standing problems asso-
ciated with the diagnosis of Armillaria
(HARRINGTON and WINGFIELD, 1995;
PEREZ-SIERRA et al., 1999). In fact, as
basidiomes are seasonal and rather un-
common, the identification of Armillaria
biological species is usually performed
with mycelium or rhizomorphs obtained
from infected wood and currently invol-
ves analysis of characteristics in culture
(GUILLAUMIN and BERTHELAY, 1981;
RISHBETH 1986) and mating analysis
with known haploid tester strains
(KORHONEN, 1978; GUILLAUMIN and
BERTHELAY, 1990; LEGRAND et al., 1996;
TSOPELAS, 1999). Among the new alter-
native methods proposed for the identi-
fycation of Armillaria isolates, the ampli-
fycation and subsequent restriction ana-
lysis of the internal transcribed spacers
(ITS) and intergenic spacers (IGS) of
nuclear ribosomal RNA genes have
shown high taxonomical potential
(HARRINGTON and WINGFIELD, 1995;
CHILLALI et al., 1998a; PEREZ-SIERRA et
al., 1999).

In the present study, mating analysis
with known haploid tester strains and
ITS1 restriction analysis (RFLP-PCR) were
applied to 20 isolates of an Armillaria
collection, obtained from several hosts
and regions of Portugal. To assess the
identification potential and the discrimi-
native ability of the molecular method,
isolates of known European species were
used as reference.

Material and methods
Fungal isolates and cultivation

The twenty Portuguese isolates used

in this study were obtained from a
collection of Armillaria cultures maintain-
ned at the Estacdo Florestal Nacional,
Portugal (Table 1). Except for those
obtained from basidiomes (A. mellea), all
isolates had been identified as A. mellea
sensu lato by the morphological patterns
of pure culture.

Twenty-two isolates of known
European species originating from
several countries were also obtained
from a collection of Armillaria cultures
maintained at the INRA centre of
Clermont-Ferrand, France (Table 1). Nine
additional isolates used as haplont
testers were obtained from J. Guillaumin:
isolates A2 and A5 (A. borealis); B3 and
B5 (A. cepistipes); C4 (A. ostoyae); D1 and
D4 (A. mellea); E4 (A. gallica); and T3 (A.
tabescens).

All isolates were grown in Petri
dishes containing MEA medium (2% w/v
malt extract; 1.5% w/v agar) at 24°C.

Pairing tests

The Portuguese diploid isolates were
identified in compatibility tests with
known haploid tester strains of the
European Armillaria species according to
KORHONEN (1978) and GUILLAUMIN et
al. (1991).

Every diploid isolate was paired with
three different tester strains of each
Armillaria species (original reference: A.
mellea — D1, D4, D5; A. borealis - A1, A2,
A5; A. ostoyae - C2, C4, C5; A. gallica - E4,
E5, E6; A. cepistipes - B2, B3, B5 and A.
tabescens - 12, T3, T4). The inoculum for
pairing consisted of undifferentiated
mycelium without crust or rhizomorphs,
cut from the margin of a growing
culture. These plugs, 3 mm side, were
placed side by side. Two different
pairings were performed in each Petri
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dish and each pairing was repeated
twice. The plates with diploid-haploid
pairings were checked after days 15, 25,
35 and until two months.

DNA extraction

The mycelium was collected from 3-
week growing cultures and stored at -
80°C. Total DNA was extracted from 0.1 g
of frozen mycelium, using the method
described by CENIS (1992), resuspended
in 50 pL of TE (10 mM Tris, HCl, 2 mM
EDTA, pH 8,0) and stored at 4°C until
use.

Amplification of ITS1

The ITS1 region, located between the
185 and the 5.85 ribosomal RNA genes,
was amplified by PCR using primers ITS5
(5'-GGAAGTAAAAGTCGTAACAAGG-3};
annealing in the 3' terminal region of 185
rDNA) and ITS2 (5'-GCTGCGTTCTTCATC
GATGC-3'; annea-ling in the 5' terminal
region of 5.85 rDNA) described by WHITE
et al. (1990).

The PCR reaction mixture (50uL)
included 400 ng of template DNA, 2 U of
Taqg DNA polymerase (Gibco-BRL,
Paisley, UK), 50 pmol of each primer
(Gibco-BRL), 1 x PCR buffer supplied
with the enzyme, 4mM MgCl, and 200
uM of each dNTP (Gibco-BRL). To each
PCR tube ca 50 pL of mineral oil were
added and amplification occurred in a
RoboCycler 96 (Stratagene, La Jolla, CA,
USA), according to the following ampli-
fication program: 4 min at 95°C; 35 cycles
of 1 min at 95°C, 1 min at 56°C and 1 min
at 72°C; 5 min at 72°C.

Each reaction sample was run on a
1.2% w/v agarose gel, in 0.5 x TBE (50
mM Tris, 45 mM boric acid, 1 mM EDTA)
at 100 V for 2 h, using 100 bp DNA

Ladder (Gibco-BRL) as molecular size
marker. After ethidium bromide stai-
ning, the gels were analysed with
KODAK 1D 2.0 software (Gibco-BRL).

Restriction analysis of ITS1

The amplified DNA was purified
before restriction enzyme digestion using
the procedure described by JOHNSTON
and JONES (1997).

To perform restriction analysis of ITS1
regions, 5 puL. samples of each purified
PCR product were digested with 3 U of
each one of two restriction endonu-
cleases, Alul and Hinfl (New England
Biolabs, Beverly, MA, USA), in a final
volume of 10 pL, according to manu-
facturer's instructions. After overnight
incubation at 37°C, 1.5 uL of bromo-
phenol blue solution (0.25% bromo-
phenol blue, 0.25% xylene cyanol, 10 mM
EDTA, 15% Ficoll in water) were added
to each sample to stop the reaction. Each
reaction sample was run on a 3% w/v
agarose gel (2% agarose standard; 1%
agarose 1000, Gibco-BRL), in 0.5 x TBE at
100 V for 2 h 30 min, using 50 bp or 100
bp standards (Gibco-BRL) as molecular
size markers. After ethidium bromide
staining, the gels were analysed with
KODAK 1D 2.0 software.

Results and discussion
Mating analysis

To identify the Portuguese isolates, a
total of 720 pairings was performed
using a set of three testers from each of
the six Armillaria species. Using the
criteria defined by GUILLAUMIN and
BERTHELAY (1981), successful identifica-
tion was assumed whenever compatible
reactions were only obtained with testers
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from a sole species.

The results from the pairing-test
method allowed the identification of
sixteen isolates (Table 1). Fourteen isola-
tes were identified as A. mellea, one as A.

71

them (304 and 311) displayed unconclu-
sive reactions with all testers and the
other two (319 and 357) showed some
compatible pairings with A. mellea testers
not associated with clear incompatibility

gallica and the other as A. tabescens.

Among the unidentified isolates, two of

with all other species.

Table 1 - Summary characteristics and results of the mating analysis and ITS1 RFLP-PCR
patterns of the Armillaria isolates used in this study

. . . Year of Pairing-tests ITS1 RELP-
Reference! Species Host? Geographical origin . . Collector PCR
isolation results?
pattern*
270 (Armillaria sp.  |Quercus suber (M) Portugal, Sant.Cacém [1991 Fonseca A. mellea I
303 (Armillaria sp.  |Ulmus sp. (M) Portugal, Bucaco 1998 Braganca A. gallica I
304 (Armillaria sp.  |Cryptomeria japonica (M) Portugal, Acores 1958 Azevedo INC I
305 Armillaria sp. |Cryptomeria japonica (M) Portugal, Agores 1958 Azevedo A. mellea I
306 Armillaria sp.  |Cryptomeria japonica (M) Portugal, Acores 1958 Azevedo A. mellea 1
307 Armillaria sp. |Ficus elastica (M) Portugal, St Tirso 1998 Chicau A. mellea I
308 (Armillaria sp. |Vitis vinifera (nr) Portugal, Pen.Castelo {1998 Braganca A. mellea I
309 (Armillaria sp.  |Prunus persica (nr) Portugal, Alcobaga [Unknown[Sousa A. mellea I
310 (Armillaria sp.  |Olea europaea (nr) Portugal, Alcobaga [Unknown [Sousa A, mellea I
311 (Armillaria sp. |Citrus sinensis (nr) Portugal, Alcobaga [Unknown [Sousa INC I
312 Armillaria sp.  |Quercus suber (nr) Portugal, Alcobaga [Unknown [Sousa |A. tabescens 1I
313 A. mellea Quercus suber (B) Portugal, Grandola 1997 Braganca A. mellea I
314 A. mellea Quercus suber (B) Portugal, Grandola 1997 Braganca A. mellea I
315 A. mellea Quercus suber (B) Portugal, Grandola 1997 Braganca A. mellea I
317 (Armillaria sp.  |Cryptomeria japonica (M) Portugal, Acores 1997 Melo A, mellea I
318 (Armillaria sp.  |Cryptomeria japonica (M) Portugal, Acores 1997 Melo A, mellea I
319 (Armillaria sp.  |Cryptomeria japonica (M) Portugal, Acores 1956 Azevedo INC I
328 Armillaria sp.  |Cryptomeria japonica (M) Portugal, Agores 1958 Azevedo A. mellea I
339 (Armillaria sp.  |Cryptomeria japonica (M) Portugal, Acores 1960 Azevedo A. mellea I
357 Armillaria sp.  |Ulmus pumila (nr) Portugal, Chamusca {1964 Azevedo INC I
Bl (PA84-5) |A. borealis Betula verrucosa (M) France 1984 Guillaumin 1I
B2 (Al) A. borealis Betula sp. (B) Finland, Ruovesi 1979 Guillaumin HT I
C1 (PB71-1) |A. cepistipes Tilia platyphyllus (M) France 1971 Guillaumin I
C2  (PB93-9) |A. cepistipes Pinus sylvestris (R) Sweden, Uppsala 1993 Guillaumin I
C3  (B2) A. cepistipes Alnus sp. (B) Finland, Tampere 1979 Guillaumin I
G1 (PE80-37) |A. gallica (Aesculus hippocastanum (nr) |Germany, Munchen 1980 Marxmiiller HT 1I
G2 (PE88-23) |A. gallica Populus nigra (nr) Italy, Piemont 1988 [Anselmi I
G3  (E5) A. gallica Corylus sp. (B) France Puy-de-Dome {1980 Guillaumin HT I
G4 (E6) A. gallica Unknown (B) France, Corrése 1981 Guillaumin HT I
M1 (PD82-68) |A. mellea Unknown (nr) Unknown 1982 Unknown I
M2 (PD69-2) |A. mellea Prunus persica (M) France, Vénegen 1969 Guillaumin I
M3 (PD84-78) |A. mellea Opuntia ficus-indicae (M) Italy, Sicily 1984 San Lio I
M4 (PD-92-3) |A. mellea (Abies cephallonica (nr) Greece, Iti 1992 Tsopelas I
M5 (D5) A. mellea Prunus persica (B) France, Perpignan 1979 Guillaumin HT I
O1 (PC79-4) |A. ostoyae Pinus pinaster (M) France, Gironde 1979 Lung-Escarmant I
02 (PC82-4) |A. ostoyae Picea omorika (M) German, Gottingen 1982 Siepmann Korhonen I
O3 (C2) A. ostoyae Pinus sylvestris (B) Finland, Nurmijarvi {1979 Guillaumin HT I
O4 (C5) A. ostoyae Pinus uncinata (B) France, Font-Romeu {1982 Guillaumin HT I
T1 (PT84-12) |A. tabescens Eucalyptus gummii (M) France, Boissede 1984 g:rltlkllaetlxamym and I
T2  (PT90-5) |A. tabescens Prunus amygdalus (nr) Spain, Malaga 1990 Lopez Herrera I
T3 (T2) A. tabescens Quercus robur (B) France Puy-de-Dome {1983 Guillaumin HT I
T4 (T4) A. tabescens Quercus robur (B) France, Gers 1985 Guillaumin HT I

1 The original reference in Guillaumin's collection is presented in parenthesis.
2 Derivation of isolates: B = basidiome; M = mycelium; R = rhizomorph; nr = no data available
3 NC: no conclusive ; HT: haplont tester
4 Hinf I RFLP-PCR patterns: I =125 bp + 245 bp; II = 70 bp + 290 bp
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Although the majority of our diploid
isolates (80%) could be identified in
diploid-haploid pairings, the method is
laborious, takes too much time (up tp 2
months) and presents a high rate of
inconclusive results. In fact, only 55% of
the performed pairings produced clear
results of compatibility or incompati-
bility, with the remainder displaying
weak or equivocal reactions. This is a
usual difficulty, specially in initial
experiments (GUILLAUMIN et al. 1991;
TSOPELAS, 1999), that restrains this
identification approach to laboratories
with the necessary expertise.

Analysis of ITS1 region

The amplification of the ITS1 region
with primers ITS5 and ITS2 resulted in a
single fragment in all Portuguese and
European reference isolates, that inclu-
des a small portion of the 3'end of the
18S rDNA and of 5' end of the 5.85 rDNA.
The length of the amplicon was
estimated as 370 bp for A. mellea and 360
bp for the remainder Armillaria species.
This size difference can be used for the
direct identification of A. mellea, as
shown in Figure 1a (lanes 3, 4 and 7) and
Figure 1c (lanes 7 and 8, since some
minor amount of ITS product is still
present above Hinfl restriction frag-
ments, due to an incomplete digestion).

Nevertheless, the reliability of the
difference as a molecular marker is
reduced, since it will depend on the
achieved electrophoretic separation in
this molecular size range. In fact, this
difference was not even detected in the
amplification of the overall ITS region,
producing a ca. 840 bp fragment
(CHILLALI ef al., 1998a) and led to the
misinterpretation of absence of ITS rDNA

length  variation
Armillaria species.

Digestion of ITS1 amplicon with Alul
produced the same restriction pattern for
all isolates of A. borealis, A. cepistipes,
A.gallica, A. ostoyae and A. tabescens,
consisting of two fragments with 215 bp
and 145 bp, respectively (Figure 1b).
Regarding the A. mellea isolates, four
apparently distinct profiles were obser-
ved, consisting of two to four fragments
(see lanes 7 to 9 in Figure 1b) with a size
between 40 bp and 225 bp. A comparison
of the observed profiles with the
expected ones, taking in account the
location of Alul restriction sites
(CHILLALI et al., 1998a; 1998b), showed
that the differences could be explained
by partial restriction digestion and that a
sole real pattern for A. mellea would be
found with four fragments containing
145 bp, 95 bp, 90 bp and 40 bp in length.
Although Alul restriction of ITS1 could
be used for identification of A. mellea
isolates, the possible occurrence of
undetected partial restriction digestion
and the high similarity of some A. mellea
partial digestion profiles with the
restriction pattern obtained for other
Armillaria spp. (see lanes 6 and 9 in Fig.
1b, where larger fragments are 215 bp
and 225 bp in length, respectively) makes
this approach not advisable.

When Hinfl was used to digested the
ITS1 amplicon, two clearly distinct
patterns were obtained (Figure 1c and
Table 1), one specific for all A. mellea
isolates (further referred as the mellea
pattern) and the other common to the
remaining Armillaria spp. (non-mellea
pattern). Both patterns consisted of two
fragments as follows: fragments with 245
bp and 125 bp in length (mellea pattern;
see lanes 6 and 7 in Figure 1C) and

among European
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fragments with 290 bp and 70 bp in
length (non-mellea pattern; see for
example, lanes 8, 9 and 10 in Figure 1C).

The non-mellea pattern was unexpec-
ted as, according to the ITS sequence
analysis performed by CHILLALI ef al.
(1998a; 1998b), no Hinfl sites were
detected in the ITS1 rDNA of A. borealis,
A. cepistipes, A. gallica, A. ostoyae , A.
tabescens and A. ectypa. Restriction
mapping of this Hinfl site using reference
isolates (data not shown), allowed its
location in the 5' terminal region of the
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amplicon (inside ITS1 region) and
upstream to the available ITS sequences,
thus enlightening the discrepancy.

Taking in account the distinctiveness
of the mellea and the non-mellea
patterns above mentioned and the easy
detection of incomplete restriction
digestions (as could be detected by a sole
fragment with 360 or 370 bp in length)
Hinfl restriction of ITS1 revealed to be a
reliable method to distinguish A. mellea
(one the most aggressive species) from
other European species.

12345678910
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Figure 1 - ITS1 RFLP-PCR analysis of Armillaria isolates used in this study.
(a) Intact ITS1 amplicons of Armillaria isolates. Lanes: 1,9, 100 bp DNA ladder; 2, 303 (G); 3, 304

(M); 4, 308 (M); 5, T2; 6, O3; 7, M5; 8, G3.

(b) Restriction profiles of ITS1 region with Alul. Lanes: 1, 50 bp DNA ladder; 2, G3; 3, G2; 4, 303
(G); 5, T3; 6, 03; 7, M5; 8, M4; 9, 357 (M); 10, 314 (M).

(c) Restriction profiles of ITS1 region with Hinfl. Lanes: 1, 100 bp DNA ladder; 11, 20, 50 bp
DNA ladder; 2, T4; 3, T3; 4, O3; 5, B2; 6, M2; 7, M1; 8, 02; 9, O1; 10, C1; 12, 303 (G); 13, 304 (M);
14, 308 (M); 15, 312 (T); 16, O3; 17, M5; 18, G2; 19, G3. (B = A. borealis, C = A. cepistipes, G = A.
gallica, M = A. mellea, O = A. ostoyae, T = A. tabescens).
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The identification obtained with
pairing-tests and the ITS1 RFLP-PCR
analysis showed total agreement (see

Table 1), as all identified isolates
displayed the expected restriction
pattern. Regarding the unidentified

isolates, all of them could be identified as
A. mellea by the molecular approach.

In spite of the close association of A.
ostoyae with coniferous species, all
isolates  obtained from Criptomeria
japonica in Azores were clearly identified
as A. mellea. The work developed on A.
mellea - C. japonica relationships (under
ecological conditions in Azores) makes
clear that this fungus behaves as primary
pathogen (AZEVEDO, 1958, 1963, 1966,
1976a,b).

As it concerns to cork oak, a species
with considerable social economical and
ecological importance in the Mediter-
ranean basin, A. mellea has been found as
the most frequent Armillaria species (see
Table 1), mainly in decaying stands. This
suggests that A. mellea is probably
involved in cork oak decline such as
reported by BRUHN et al. (2000) for two
other oak species (Quercus coccinea and
Quercus velutina), and COETZEE et al.
(2001) for dying oaks.

Conclusions

The comparison made in this study
between mating analysis and Internal
Tanscribed Spacer ITS1 restriction
analysis, as tools for the identification of
Armillaria  isolates, confirmed the
potential of the latter for reliably
discriminate A. mellea from the other
European species.

As simple molecular techniques are
involved (DNA extraction, PCR, enzyma-
tic restriction and agarose gel electropho-

resis) and the whole procedure can be
performed in one day, A. mellea
identification by RFLP-PCR based ITS1
analysis is clearly accessible and more

advantageous to forest pathology
laboratories.
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	Species
	Armillaria sp.
	Quercus suber (M)
	Portugal, Sant.Cacém
	1991
	Fonseca
	A. mellea
	I
	Armillaria sp.
	A. gallica
	Armillaria sp.
	Cryptomeria japonica (M)
	Portugal, Açores
	1958
	Azevedo
	NC
	I
	Armillaria sp.
	A. mellea
	Armillaria sp.
	A. mellea
	Armillaria sp.
	Ficus elastica (M)
	Portugal, St Tirso
	1998
	Chicau
	A. mellea
	I
	Armillaria sp.
	Vitis vinifera (nr)
	Portugal, Pen.Castelo
	1998
	Bragança
	A. mellea
	I
	Armillaria sp.
	Prunus persica (nr)
	Portugal, Alcobaça
	Unknown
	Sousa
	A. mellea
	I
	Armillaria sp.
	Olea europaea (nr)
	Portugal, Alcobaça
	Unknown
	Sousa
	A. mellea
	I
	Armillaria sp.
	NC
	Armillaria sp.
	A. tabescens
	A. mellea
	A. mellea
	I
	A. mellea
	A. mellea
	I
	A. mellea
	A. mellea
	I
	Armillaria sp.
	A. mellea
	I
	Armillaria sp.
	A. mellea
	Armillaria sp.
	NC
	Armillaria sp.
	A. mellea
	I
	Armillaria sp.
	A. mellea
	I
	Armillaria sp.
	Ulmus pumila (nr)
	Portugal, Chamusca
	NC
	I
	A. borealis
	Betula verrucosa (M)
	France
	1984
	Guillaumin
	Betula sp. (B)
	A. cepistipes
	Tilia platyphyllus (M)
	France
	1971
	Guillaumin
	Pinus sylvestris (R)
	Sweden, Uppsala
	1993
	Guillaumin
	Alnus sp. (B)
	A. gallica
	Populus nigra (nr)
	Italy, Piemont
	1988
	Anselmi
	Corylus sp. (B)
	A. mellea
	Prunus persica (M)
	France, Vénegen
	1969
	Guillaumin
	Opuntia ficus-indicae (M)
	Italy, Sicily
	1984
	San Lio
	Abies cephallonica (nr)
	Greece, Iti
	1992
	Tsopelas
	I
	Prunus persica (B)
	I
	A. ostoyae
	Pinus pinaster (M)
	France, Gironde
	1979
	Lung-Escarmant
	Picea omorika (M)
	German, Gottingen
	1982
	Siepmann Korhonen
	Pinus sylvestris (B)
	Pinus uncinata (B)
	A. tabescens
	Eucalyptus gummii (M)
	France, Boissède
	1984
	Guillaumin and Berthelay
	Prunus amygdalus (nr)
	Spain, Malaga
	1990
	Lopez Herrera
	Quercus robur (B)

