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Foreword 
 

I would like to take the opportunity to thank everybody who made the 
12

th
 Root and Butt Rot meeting in California and Oregon, possible.  In 

reality, this meeting amounted to three separate meetings.  The idea 
behind the conference was to show the natural beauty of the 
American West to the attendees, while providing them with a flavor of 
the culture that characterizes this unique part of the world.  I am sure 
the memories of dragons dancing in San Franciscoôs Chinatown, as 
well as riding in a cart in a hidden valley in the Sierra Nevada, or 
singing on the shores of an Oregon lake will be indelible memories for 
everybody.  In these days of incredibly costly meetings, I hope 
everybody appreciated how affordable the meeting was, especially 
considering the quality of the lodging and food provided.  I hope future 
organizers will keep in mind that, while it is easy to organize a meeting 
by charging a lot of money, it is much more of service to the scientific 
community to organize the same meeting at a lower cost for the 
attendees.  Last yearôs meeting was also extremely rich from a 
scientific perspective, and these proceedings are a condensed version 
of the science that was presented there.  One interesting novel 
addition to the standard format of these meetings was that of the 
ñShort Talksò; these talks made up of a maximum of 7 slides and 
designed to last less than 5 minutes were a great idea and allowed for 
the communication of short or new projects. 
The meeting would have never been possible without funding 
provided by the Koret Foundation of San Francisco and by the United 
States Forest Service, and without all of the administrative work 
offered for free by the Department of Environmental Science, Policy, 
and Management at U.C. Berkeley.  Amy Smith and Doug Schmidt 
from U.C. Berkeley made the meeting possible through their complete 
dedication before and during the Conference.  William Woodruff, Pete 
Angwin, John Pronos, David Rizzo, Garey Slaughter, Patricia 
Maloney, Everett Hansen, Ellen and Don Goheen were instrumental 
for the field trips in California and Oregon. The most heartfelt ñThank 
you!ñ to all of them both from Greg Filip and myself.  Finally, thanks to 
Rachel Linzer, who made the publication of these proceedings 
possible. 
A scientific conference is not made up by the studies presented, but 
by the people who participated. I am grateful to all the attendees for 
their individual contributions, and I hope to see them all at the 13

th
 

Root and Butt Rot meeting in Italy. 
Your friend 

 

Matteo Garbelotto 
Organizing Chairman 
12

th
 International Conference 

IUFRO Working Party 7.02.01. 
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Morphology and ecology of three 
Heterobasidion spp. from Japan 

 
S. TOKUDA

1
, Y. OTA

2
 AND T. HATTORI

2 

 

1 
Hokkaido Forestry Research Institute, Koshunai, Bibai, 

Hokkaido 079-0198, Japan. 
2
 Forestry and Forest Products Research Institute, Tsukuba, 

Ibaraki 305-8687, Japan. 
 
CONFERENCE ABSTRACT 
Basidiocarp characters were examined to differentiate three Japanese 
Heterobasidion species: H. annosum sensu lato, H. insulare auct. jap., and an 
undetermined Heterobasidion sp. Heterobasidion annosum has perennial and 
effused-reflexed basidiocarps, pilei with a brown crust, small and round pores 
(4-5(-7) / mm). Heterobasidion insulare has annual and pileate to effused-
reflexed basidiocarps, pilei with a reddish crust, and round to labyrinthiform 
pores (2-3(-4) / mm). The undetermined Heterobasidion sp. has annual and 
distinctly pileate basidiocarps, pilei with a crust limited near the base, large and 
round pores (1-3(4) / mm) and long tubes (up to 20 mm long). The ecological 
features of these species also differ in Japan. Heterobasidion annosum is 
limited to sub-alpine and boreal areas and causes root and butt rot on Abies 
spp. and Picea spp. Heterobasidion insulare is widely distributed and is thought 
to be a saprobe on various conifers. The undetermined Heterobasidion sp. is 
distributed in warm temperate to subtropical areas and is thought to be a 
saprobe on Pinus spp. 

 
 

The polypore genus Heterobasidion Bref. is characterized by effused-

reflexed to sessile basidiocarps, dextrinoid skeletal hyphae, 
generative hyphae without clamps, finely asperulate basidiospores 
and a Spiniger Stalpers anamorph (1, 3). In Japan, H. annosum and 
H. insulare are hitherto well known. Recently, phylogenetic studies 
have revealed that Japanese H. annosum s.l. is close to European 
and Chinese populations of H. parviporum Niemelä & Korhonen (4). 
Dai et al. (2) detected several intersterility groups within the H. 
insulare complex in China but proper names were not yet given for 
them. Additionally, Ota et al. (4) suggested that an undetermined 
Heterobasidion sp. that occurs in southern areas of Japan is a distinct 
phylogenetic species and is closely related to H. araucariae P.K. 
Buchanan. However, the morphological characters of these Japanese 
Heterobasidion species have not yet been well investigated. In this 

study, we provide detailed descriptions of the morphology and ecology 
of these species to give proper names for them. 
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Basidiocarp characters were macro- and microscopically described 
based on dried specimens. We examined 33 specimens of H. 
annosum, 66 of H. insulare auct. jap. and 8 of the undetermined 
Heterobasidon sp. (Figure 1). Microscopic characters were examined 
from materials mounted in Melzerôs reagent. Non-dextrinoid and non-
amyloid reactions were described as IKI

-
. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 1. Map of Japan showing the locality of the basidiocarps 
collected. ǒ, H. annosum sensu lato; ƺ, H. insulare auct. jap.;   , an 
undetermined Heterobasidion sp. 

 
Heterobasidion annosum (Fr.) Bref. sensu lato 
Habitat: On fallen trunks and roots of fallen trees of Abies and Picea. 

Throughout the year. Rare. Perennial. Distribution: Hokkaido Isl., 
Honshu Isl.  
Macroscopic features: Basidiocarp effused-reflexed, solitary. Pilei 
irregular, 0.6-15 (30) cm, up to 3 cm thick. Pileus surface 

subtomentose to glabrous, sulcate, partly warty to rugose, brown to 
dark brown. Pore surface yellowish white. Pores round, 4-5 per mm. 
Tubes 0.1-0.3 cm deep in each layer, yellowish white. Context 

leathery, up to 0.5 mm thick, with a thin cuticle, same color with the 
tubes.  
Microscopic features: Context hyphae dimitic, contextual generative 
hyphae without clamps, thin-walled, IKI

-
, 1.5-3 ɛm across; contextual 

skeletal hyphae thick-walled, dextrinoid, 3-4 ɛm across. Trama 
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hyphae similar. Basidia clavate, 12-14 × 5-6.5 ɛm. Basidiospores 

finely asperulate, subglobose, hyaline, IKI
-
, (3.3-)3.5-5(-5.6) × (2.9-

)3.0-4.5(-4.8) ɛm. 
Remarks: The hairs on the upper surfaces of the basidiocarps are 
shorter compared with the European H. parviporum materials. 

Although the species described here is dependent on old-growth 
forests in the sub-alpine areas, severe root and butt rots damage 
caused by this fungus in a plantation was detected by molecular 
determination (5). 
 
Heterobasidion insulare (Murrill) Ryvarden, auct. jap. 
Habitat: On stumps and fallen woods of various conifers. Spring-fall. 
Widespread. Annual. Distribution: Hokkaido Isl., Honshu Isl., Kyushu 
Isl., Bomin Isls., Satsunan Isls. 
Macroscopic features: Basidiocarps usually sessile to effused-
reflexed. Pilei semicircular to flabellate, applanate to slightly convex, 
imbricated or solitary, pileus 1.6-9.5 cm across. Pileus surface 

glabrous, rugose when dried, reddish brown to graysh brown when 
dried, yellowish white on margin. Pore surface pale yellow. Pores 
angular to round or labyrinthiform, 2-3(-4) per mm. Tubes 0.2-0.8 cm 
deep. pale yellow. Context corky, up to 2 cm thick at base, pale 

yellow, with a thin crust except for the marginal part. 
Microscopic features: Context hyphae dimitic; contextual generative 

hyphae without clamps, thin-walled, 2-3.5 ɛm across; contextual 
skeletal hyphae thick-walled, moderately dextrinoid, 4-5 ɛm across. 
Trama hyphae slightly wide, otherwise as in context hyphae. Basidia 
clavate, 10.5-14 × 4-5 ɛm. Basidiospores finely asperulate, globose to 

subglobose, hyaline, IKI
-
, (3.5-)4.0-5.6(-6.4) × (3.0-)3.4-4.5(-5.1) ɛm. 

Remarks: The morphological characters of the species described 
here is not consistent with the features of the H. insulare type material 
but identical to those of H. insulare N-type from China. 

 
Heterobasidion sp.  
Habitat: On dead standing trees and stumps of Pinaceae. Spring-fall. 

Not common. Annual. Distribution: Honshu Isl., Kyushu Isl., Okinawa 
Isls. 
Macroscopic features: Basidiocarps sessile. Pilei usually 

semicircular, convex, solitary or imbricated, pileus 1.5-9.0 cm in 
across. Pileus surface mostly glabrous, zonate, smooth or rugose, 

ivory to yellow brown, usually crusted only at the base, then dark 
brown. Pore surface smooth, cream to ivory, pores angular to round, 
rarely labyrinthiform, (1-)2-3(-4) per mm. Tubes 12-20 mm deep, pale 
yellow. Context corky, 1-2.5 mm thick, same color with the tubes.  
Microscopic features: Context hyphae dimitic, contextual generative 
hyphae without clamps, thin-walled, 2-4 ɛm across; contextual 
skeletal hyphae thick-walled, moderately dextrinoid, 3-4 ɛm across. 
Trama hyphae similar. Basidia clavate, 14.5-19 × 6-7 ɛm. 
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Basidiospores finely asperulate, globose to subglobose, hyaline, IKI-, 

(3.7-)4.2-5.9(-6.4) × (3.1-)3.4-4.8(-5.3) ɛm.  
Remarks: The morphological characters of the species described 
here is almost identical to those of H. insulare T-type from China. 
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CONFERENCE ABSTRACT 
Armillaria species in European forests have a wide distribution throughout 
continent. According to Roll-Hansen (1985) only three species of Armillaria 
occur in Norway. Armillaria borealis is the most common species and is found 
farther north than any other Armillaria species in Europe. Armillaria cepistipes 
and A. ostoyae are also found in Norway, while A. gallica is only found in the 
southernmost part of Sweden. Sixty five Armillaria isolates (previously 
identified as A. borealis, 20, A. cepistipes, 13, A. ostoyae, 5, and Armillaria 
spp., 27) were chosen from the fungal collection of NFLI. Identification was 
performed by PCR ï RFLP according to Harrington & Wingfield (1995). 
Isolates which showed some specificity were tested by pairing with haploid 
tester strains and sequenced for comparison with data in NCBI database. 
Three Armillaria species were found among isolates: A. borealis (42 isolates), 
A. cepistipes (22 isolates) and only one isolate of A. ostoyae. Armillaria gallica 
was not found among studied isolates. Some isolates (1999-20/5 and 2004-
276/1) have pattern (with bands 300, 200, 160 bp) for Alu I restriction enzyme, 
which was slightly different from patterns (b1 and b2) previously reported for A. 
borealis (Peréz-Sierra et al. 1999). We conclude that A. borealis is the most 
common and widespread Armillaria species in Norway. Armillaria cepistipes is 
also common, while A. ostoyae seems to be rare. 

 

 
Armillaria species are present in most natural and exotic forests 

throughout the world. Seven morphological species are present in 
Europe and some of them are among the most significant root 
pathogens of trees and shrubs (6). Different methods have been 
developed for species identification, but the most reliable is mating 
test (3) and PCR-RFLP based molecular identification (7). According 
to Roll-Hansen (5) only Armillaria borealis Marxmüller & Korhonen, A. 
cepistipes Velen. and A. ostoyae Romagn. occur in Norway. The other 

four species are more termophilous and have a more southern 
distribution.  
 
The goal of this work was to identify Armillaria species present in 

forest ecosystems in Norway and to determine phylogenetic 
relationshops between isolates. DNA based tools and somatic 
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compatibility tests were applied in order to obtain species 
identification. 

 
Sixty five Armillaria isolates, from 27 localities, were chosen from NFLI 
fungal collection. Isolates were obtained from different parts of the 
infected trees and from rhizomorphs and carpophores. Isolates were 
subcultured on MEA (1.5% malt and 1.5% agar) with cellophane 
membrane and incubated at room temperature (~23-25°C) for 25 
days. DNA isolation was performed with NucleoSpin Plant kit 
(MechereyïNagel GmbH & Co., Duren, Germany). IGS1 region 
between 3ô end of the 26S gene and the 5S gene of the rDNA of 
Armillaria was amplified using the universal primers LR12R and O ï 1, 
according to the amplification conditions of Harrington and Wingfield 
(2). The PCR products of IGS1 region were digested with AluI, Bsm 
and NdeI enzymes, according to the manufacturerôs protocol, and 

products are separated by electrophoresis on 3% agarose gels and 
visualized using UV light. 
 
Isolates which could not be identified by PCR-RFLP were paired with 
12 haploid testers of A. borealis, A. cepistipes and A. ostoyae, four of 
each. Prior to sequencing of IGS1 region amplicons were purified with 
QIAquick PCR Purification kit (Qiagen Ltd.), according to protocol. 
Comparison of sequences was performed with BLAST-Blastn ver 
2.2.8. with the sequences from NCBI database (updated on February 
2007). 

 
PCR-RFLP based identification showed that three Armillaria species 

are present among the studied isolates. Forty two isolates were 
identified as A. borealis, 22 isolates as A. cepistipes and only one 
isolate was identified as A. ostoyae. Five different patterns B1, B2, C1, 

C2 and O, previously reported by (4), were found among tested 
isolates (Table 1). 

 

Table 1. PCR-RFLP patterns found among studied isolates and 
identified Armillaria spp. 

 

 

Pattern AluI (bp) BsmI(bp) NdeI(bp) 
No. of 

isolates 
Armillaria 

spp. 

b1 
b2 
c1 
c2 
o 

unknown 

305, 200, 100 
305, 200, 135 
400, 200, 190 
305, 200, 135 
305, 200, 135 
305, 200, 160 

NRS 
NRS 
NRS 
NRS 

600, 300 
NRS 

565, 380 
NRS 
NRS 
NRS 

565, 380 
565, 380 

31 
9 

14 
8 
1 
2 

borealis 
borealis 
cepistipes 
cepistipes 
ostoyae 
borealis 
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By pairing tests two isolates with unknown pattern (Figure 1) and the 
isolates with patterns b2/c1/o were all identified as A. borealis, while 
four of five isolates previously identified as A. ostoyae were also 
identified as A. borealis and only one of them had positive reaction 
with A. ostoyae tester isolates. 
 

Similarities of the tested isolates from NCBI database ranged from 97-
99% (data not shown). Results of sequence comparison supported 
identification based on PCR-RFLP and mating tests. 
 
Phylogenetic trees generated from the IGS1 region sequence data 
separated all isolates into three strongly supported clades (Figure 2). 

 

 
 
Figure 1. Fragment sizes for restriction digestion with AluI enzyme, 
based on the sequences of amplified IGS1 region. Lane 1-100 bp 
ladder; 2, 3, 6, 7, 9, 10, 14ï A. borealis (b1); 4, 8- A. borealis (b2); 
lane 5, 12, 13 ï A. cepistipes; 11 ï U ï for unknown pattern; 15-100 
bp ladder. 

 
One clade contained isolates of A. ostoyae, second clade of A. 
borealis and third included isolates of A. cepistipes and a tester isolate 
of A. gallica. Clades with A. borealis, A. cepistipes/gallica and A. 
ostoyae were supported by consensus tree analysis in 100%, 100% 
and 98% respectively. 
 
Analysis of sixty-five isolates from different regions of Norway showed 
that three European Armillaria species are present in Norway. 
Armillaria gallica was not found among the studied isolates, which is in 

agreement with previous reports of species distribution in Europe (1). 
A. borealis was the most common species with distribution throughout 

the country. Earlier it has been reported as far north as Troms county, 
about lat. ca. 69° N, by Korhonen (3) and during this study it was 
found further north in Troms, in Lyngen 69° 33´ N. In both occasions 
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A. borealis was isolated from planted Norway spruce trees (Picea 
abies). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Phylogenetic tree based on the neighbor-joining (NJ) 
method of the nucleotide sequences of the IGS1 region for 12 
isolates from Norway and 4 isolates from Finland. Values of 
percentages for bootstrap (1000 replicates) are given on each 
branch. 

 
 
Armillaria cepistipes seems to be common in southern and central 

parts of Norway. In earlier work of RollïHansen (5) this species has 
been recorded in southern Norway. According to available data this 
species is widespread and has many coniferous and broadleaved 
host, but does not spread as far north as A. borealis. 

 
Only one isolate has been identified as A. ostoyae, so this species 

seems to be pretty rare in Norway. However, it should be looked for in 
sandy pine forests which is the most common site for it in Finland (3).  
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CONFERENCE ABSTRACT 
Five species belonging to the Armillaria mellea complex have been recorded 
earlier in the European part of Russia. They are A. borealis (from the following 
regions: Moscow, Voronezh, Ekaterinburg), A. cepistipes (Moscow, Perm', 
Ekaterinburg), A. gallica (Voronezh), A. mellea (Krasnodar) and A. ostoyae 
(Moscow). Armillaria ostoyae has been reported also from the Russian Far 
East. We identified with the aid of mating tests 51 specimens of Armillaria 
collected in 2003-2006 in the regions of Moscow (30 specimens), Mordovia (5) 
and Voronezh (16). Armillaria borealis and A. cepistipes were common in the 
Moscow region, and A. gallica was found in one locality. Most specimens 
collected in the Voronezh region (650 km south of Moscow) represent A. 
gallica; A. borealis was recorded once. The five specimens collected from 
Mordovia (ca. 500 km SE from Moscow) also represent A. gallica. In the 
Tellerman forest (38000 ha) at the territory of experimental forestry (2000 ha) 
of Voronezh region, in upland and flood-plain types of forest, the main host of 
A. gallica is common oak (Quercus robur L.), and rhizomorphs of the fungus 
are numerous in the forest litter in oak stands. However, A. gallica in Tellerman 
forest is a weak pathogen, infesting weakened and declining oaks and causing 
their early death. 

 

 
Identification of biological species of Armillaria in the former USSR 
with the aid of mating tests was started by M.G. Radzievskaya in 
1980s. Within the present Russian territory, she identified A. borealis 
and A. cepistipes in the Moscow region and A. mellea s.s. in the 

Krasnodar region of Russian Caucasus (6). In addition, she reported 
A. borealis from Belarus, A. mellea from Georgia and A. gallica from 
Ukraine. In 1990s, A. ostoyae was reported from the Russian Far East 
(2), and A. borealis and A. cepistipes were identified from the Ural 

Mountains, from the provinces Sverdlovsk and Perm (3, and 
unpublished records). 
 
In 2002-2004 in a joint project of the RAS Forest Science Institute and 
the PAN Institute of Dendrology (Kurnik) was carried out for the 
identification of Armillaria species in Moscow regions. In this study (7), 
A. borealis, A. cepistipes and A. ostoyae were found in the Moscow 
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region while A. gallica and A. borealis were found in the same time in 

the southern forest-steppe of the Voronezh region, with participation 
of K. Korhonen. 
 
The authors of the present report identified more Armillaria material in 

2004 - 2007. Pure cultures obtained from fruit-body tissue or from 
single basidiospores were isolated from 47 specimens of Armillaria. 

Twenty-one specimens originate from Moscow forest-parks, reserves, 
and mixed boreal forests with spruce predominance.  Eight specimens 
originate from Vladimir province, all of them from the same forest 
(Alexandrov forest, ca. 100 km NE from Moscow). Five specimens 
come from a broadleaved forest in Mordovia province (Saransk, ca. 
500 km SE from Moscow). Thirteen specimens were collected in 
forest-steppe oak stands of Voronezh province (Tellerman forest, ca. 
500 km from Moscow). The collection sites in Moscow and Voronezh 
were different from those where the collection was carried out in 2002 
- 2004. 
 
Mating tests revealed that Armillaria borealis and A. cepistipes 

dominated in the Moscow region as well as in the adjoining Vladimir 
province. A. gallica was recorded on one site in Moscow. This species 

was the only one identified in the material collected in the provinces of 
Mordovia and Voronezh. 
 
Fruiting of Armillaria in the Moscow region has some particular 

features. Summer fruiting appears often in July and the fruiting 
species seems to be always A. borealis. In dry years the summer 

fruiting may appear later, in August, but so happened also in the 
unusually cool and humid summer 2006. Autumn fruiting of Armillaria 
starts in September and continues through October. In this period A. 
borealis and A. cepistipes may fruit in the same stand but the latter 
species usually a little later. A. gallica was found fruiting in October 
2004 and 2006 at the same site in a private garden (Uspenskoye, 50 
km of Moscow). 
 
In the Tellerman Forest of Voronezh province, the common oak 
(Quercus robur L.) is the main host of A. gallica, and in October its 

basidiocarps appear around oak trees, whether living or dead. The 
rhizomorphs are very frequent in the forest litter and at the base of 
oak trees: on bark between root branches where they are less 
exposed for drying. However, A. gallica is a weak pathogen in 

Tellerman Forest, infesting only weakened and declining oak trees 
and causing early death. Sapwood decay begins at the stem base, 
starting from rhizomorphs that penetrate the bark, and the decay then 
spreads up in the stem. Root rot appears only after the tree crown 
dies out.  
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Armillaria species in Russia have been identified also on the basis of 

morphological characteristics of the fruit bodies, without genetic 
confirmation of the species identification. So, the species A. mellea 
and A. tabescens were reported from the Moscow region (8). 
However, the A. mellea appears to represent the species complex A. 
mellea sensu lato, and the occurrence of the thermophilic species A. 
tabescens in the rather northern Moscow region looks unlikely, 

particularly because this species has never been reported from 
southern parts of Russia and from the former Soviet Union. Four 
Armillaria species were identified in the Usmansky Forest of Voronezh 
region: A. mellea, A. obscura, A. gallica and A. cepistipes (1). A 
morphological study of Armillaria species in Krasnoyarsk region of 
central Siberia indicated the presence of A. ostoyae, A. borealis and 
A. cepistipes (4).  

 
To summarize, the presence of five Armillaria species in European 
Russia has so far been shown with the aid of mating tests (Table 1).  

 
 
Table 1.  The Armillaria species so far identified with the aid of 
mating tests in Russia. 

* All identifications were made by K. Korhonen 

 
These species are A. borealis, A. cepistipes, A. gallica, A. mellea s.s. 
and A. ostoyae. Eastwards of Europe, the distribution area of A. 
cepistipes and A. ostoyae seems to extend over Siberia to eastern 

ðððððððððððððððððððððððððððððððððððððððððððððð 
Species Region Host Reference  

ððððððððððððððððððððððððððððððððððððððððððððððð 

 

A. borealis Moscow region: Zvenigorod, Picea abies, Betula pendula, Pinus Radzievskaya 1989 

 Voskresensk and Pushkino districts sylvestris 

 Moscow and Zvenigorod, Borodino, P. abies, B. pendula, Tilia europaea, 

 Ruza, Dubna, Klin districts. Larix europaea, Populus tremula, Selochnik et al. 2005 

 Vladimir region: Alexandrov distr. Corylus avellana, Quercus robur  

 Voronezh region: Tellerman forest.* Quercus robur ï ñ ï  

 Ural region: Sverdlovsk district Populus tremula Korhonen 2004 

 

A. cepistipes Moscow and Zvenigorod, Borodino, P. abies, B. pendula, P. tremula Radzievskaya 1989 

 Alexandrov districts  Selochnik et all. 2005 

 Ural region: Sverdlovsk district, unknown K. Korhonen, unpubl. 

 Perm district  new records 

 

A. gallica Moscow region: Uspenskoye Prunus sp. (felled) new record 

 Mordovia region: Saransk unknown new record 

 Voronezh region: Tellerman forest.* Quercus robur Selochnik et al. 2005 

 

    

A. ostoyae Moscow region: Zvenigorod P. abies Selochnik et al. 2005 

 Far East: Vladivostok region Pinus koraiensis Filip et al. 1995 

 

A. mellea s.s. Krasnodar region Ulmus glabra Radzievskaya 1989 

ððððððððððððððððððððððððððððððððððððððððððððððð 
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Asia, and the distribution area of A. borealis to central Siberia at least. 

Besides the species mentioned above, some East Asian species of 
Armillaria probably occur in Russian Far East (5), and the occurrence 
of the rare species A. ectypa in Russia is likely although to our 
knowledge there are no reports of it.   
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CONFERENCE ABSTRACT 
In the basidiomycete species complex, Heterobasidion annosum, the 
widespread P intersterility group (ISG) is an indigenous pathogen in Eurasia 
and North America, where it primarily attacks pines. Our earlier phylogenetic 
study showed three major lineages within the H. annosum P ISG ï a Eurasian, 
eastern and western North American lineages, but was not sufficient to 
elucidate dispersal history of the fungus. Here, we report results of an 
expanded study including isolates from the known global distribution of the P 
ISG and utilizing more extensive analytical methods. We analyze DNA 
sequences from portions of two nuclear and two mitochondrial loci using 
maximum parsimony and Bayesian phylogenetic methods and median-joining 
networks. Notably, samples from Mexico included both eastern and western 
North American genotypes. This lineage intermingling is unique in the study 
area and suggests that Mexico is an evolutionary bridge between the North 
American groups. Our analyses also yielded evidence of potential inter-ISG 
genetic transfer in North America. After an ancient divergence, the P ISG is 
likely to have acquired a mitochondrial rDNA insertion from the H. annosum S 
ISG, with which it is sympatric in the western US. These results expand our 
current knowledge of the evolutionary history of this pathogen. 

 

 



SESSION I: SYSTEMATICS, TAXONOMY AND PHYLOGEOGRAPHY 

Proceedings of the 12
th
 International Conference on Root and Butt Rots of Forest Trees 

16 

In the basidiomycete species complex, Heterobasidion annosum, the 

widespread P intersterility group (ISG) is an indigenous pathogen in 
Eurasia and North America, where it primarily attacks pines.  Although 
these two taxa share many phenotypic similarities, including mode of 
pathogenicity, their phylogenetic relationship and evolutionary history 
have not previously been determined with certainty. An earlier 
phylogenetic study showed three major lineages within a 
monophyletic H. annosum P ISG clade ï Eurasian, eastern and 
Western North American lineages (2). However, as areas at the limits 
of the pathogenôs distribution were not sampled, the results were 
insufficient to elucidate the dispersal history of the fungus.  Here, we 
report results from an expanded study, which included 116 P ISG 
isolates from throughout the known global range of this intersterility 
group: from the Altai region in Siberia and throughout through Europe 
and from southern Canada and the southeastern US through Mexico 
and the western US. Seventeen isolates of the related taxa H. 
abietinum, H. parviporum, North American H. annosum S ISG and H. 
insulare were included for comparison. 

 
We analyzed DNA sequences from portions of two nuclear and two 
mitochondrial loci: parts of the nuclear coding elongation factor 1-
alpha and glyceraldehyde 3-phosphate dehydrogenase genes and 
portions of the mitochondrial ATP synthase subunit 6 and of two non-
homologous forms of an insertion into the ML5-ML6 region of the 
mitochondrial rDNA.  Sequences were analyzed using maximum 
parsimony and Bayesian phylogenetic methods.  As we were 
investigating intraspecific evolution, we also utilized median-joining 
network analysis, which allows for phenomena that happen below the 
species level such as incomplete reproductive isolation, 
recombination, more than two descendents of one ancestral allele, or 
coexistence of ancestral and descendent alleles.   
 
Notable results of this expanded study include finding samples from 
Mexico had high genotypic diversity and included genotypes from both 
eastern and western North American lineages.  The widespread 
intermingling of eastern and western North American lineages in 
Mexico is unique in the study area and suggests that Mexico 
represents an evolutionary bridge between the North American 
groups.  This leads to two alternate hypotheses about the dispersal of 
the P ISG in North America: the P ISG may have dispersed in three 
stages ï southward though eastern North America, then to Mexico 
and finally northward to western North America.  Alternatively, the 
North American P lineage may have been confined to Mexico during a 
period of glaciation, later recolonizing both eastern and western North 
America.   
 
Our analyses also yielded evidence of potential inter-ISG genetic 
transfer in North America.  Phylogenetic and median-joining network 
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analysis revealed that in North America, both forms of the 
mitochondrial rDNA insertion were most closely related to the North 
American S ISG sequences and were separated by only a few 
mutational steps.  This pattern is at odds with the pattern of all other 
sequenced regions in which the North American S ISG is most closely 
related to H. parviporum and H. abietinum, while it is distantly related 

to the North American P-type.  This mitochondrial rDNA insertion is 
absent from all sampled Eurasian P ISG isolates.  After an ancient 
divergence then, the P ISG is likely to have acquired a mitochondrial 
rDNA insertion from the H. annosum S ISG, with which it is sympatric 

in the western US.  Interestingly, a stable SP hybrid has been 
recovered from a western US forest, indicating the two taxa have the 
potential to exchange genetic material in nature (1).  These results 
expand our current knowledge of the evolutionary history of the global 
P ISG lineage in ancient and more recent time. 
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CONFERENCE ABSTRACT 
Root-rot disease caused by Fusarium spp. can cause severe loses in conifer 
nurseries. Isolates of Fusarium spp., morphologically indistinguishable from F. 
oxysporum, were collected from healthy and diseased conifer seedlings and 
nursery soils in the western USA. Over 300 isolates with F. oxysporum-like 
morphology were characterized using DNA sequences (mitochondrial small 
subunit and nuclear translation elongation factor 1 alpha). These isolates were 
characterized as non-pathogenic isolates of Fusarium oxysporum and 
pathogenic F. commune using laboratory/greenhouse pathogenicity tests and 
phylogenetic analyses. Although the morphology of F. commune appears 
indistinguishable from F. oxysporum, these two species are quite distinct 
genetically. Greenhouse studies on Douglas-fir seedlings were conducted to 
evaluate non-pathogenic F. oxysporum isolates for biological control of 
pathogenic F. commune. The potential use of non-pathogenic F. oxysporum as 
a biological control agent for managing Fusarium root disease in a forest 
nursery setting will be presented. 
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CONFERENCE ABSTRACT 
Heterobasidion annosum isolates from the UK and other European areas were 
compared using microsatellite markers (RAMS) and multi-locus sequence 
typing (MLST). Average linkage of RAMS obtained with GAG and CGA 
grouped the 110 isolates tested according to geographical area, although some 
anomalies occurred. MLST, an unambiguous procedure for characterizing fungi 
using house-keeping genes, was used to sequence approx. 450-500 bp 
internal fragments of each of 10 nuclear and mitochondrial genes (both 
strands). For each gene, the different sequences present were assigned as 
distinct alleles and, for each isolate, the alleles at each of the loci used to 
define the allelic profile (sequence type; ST). The method allowed highly 
reproducible and extreme discrimination typing between the isolates. A major 
advantage of MLST is that sequence data are unambiguous: allelic profiles of 
isolates can easily be compared to those in large web-databases, simplifying 
inter-laboratory data exchange. 

 

 
Anecdotal evidence suggests that UK isolates of Heterobasidion 
annosum may differ from other European isolates, being better 

adapted to oceanic conditions than isolates from more continental 
climates. No classical or molecular studies have previously been 
performed to investigate this possibility.  A collection of isolates 
obtained from all over Europe were tested using RAMS markers (3), 
and further analyses are underway utilizing multi-locus sequence 
typing (MLST) based on 10 nuclear and mitochondrial genes. 
 
Average linkage of RAMS obtained with GAG and CGA (2) grouped 
the 110 isolates tested according to geographical area of origin, 
although some anomalies occurred (Figure 1). UK isolates grouped 
into two clades, but were also distinct from isolates from other areas. 
A between population variance of 0.214 (phi) was recorded, indicating 
high levels of differentiation within the European H. annosum 
population as a whole. The population tested appeared to vary along 
a cline, according to a logical stepping stone model, where genetic 
flow is maximal between neighbouring populations, but minimal at 
extremes of geographical distance.  
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Preliminary results from MLST indicated that the method was highly 
discriminatory in establishing within-population variation in H. 
annosum isolates, based on the UK population (data not shown). 

Separate isolates shown to be from the same genetic background in 
previous work (1) grouped together in UPGMA analyses.  
 

 

 
Figure 1. Phylogenetic relationships between 74 European isolates 
of Heterobasidion annosum, based on combined RAMS analyses 
using GAG and CGA. 
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Separation of the UK isolates into 2 clades by RAMS, and minimal 
overlap with isolates from other European areas suggests that the 
population is distinct. Separations between isolates obtained from 
different parts of Europe, however, were too small to draw definitive 
conclusions on the differentiation between UK and other European 
genotypes of H. annosum using RAMS alone. 

 
These results demonstrate that both microsatellite- and MLST-based 
techniques are of great potential value in population studies of 
Heterobasidion.  
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CONFERENCE ABSTRACT 

Relationships among three Japanese Laetiporus taxa (óL. sulphureus var. 
sulphureusô auct Japan, óL. sulphureus var. miniatusô auct Japan and L. 
versisporus) and the European L. sulphureus were assessed with phylogenetic 
analysis and incompatibility tests. Phylogenetic analysis of the internal 
transcribed spacer region of nuclear ribosomal DNA and elongation factor 1 Ŭ 
gene regions suggested that Japanese Laetiporus divide into 4 groups: 1) the 
yellow pore form of L. sulphureus var. miniatus, 2) the white pore form of L. 
sulphureus var. miniatus, 3) L. versisporus/L. sulphureus var. sulphureus I, and 
4) L. versisporus/L. sulphureus var. sulphureus II. European L. sulphureus 
divided into two clades: a hardwood type and a conifer type. The hardwood 
type formed a distinct clade and the conifer type shared a clade with the yellow 
pore form of L. sulphureus var. miniatus. Single spore isolates of the European 
conifer type were compatible with the yellow pore form from Japan. Single 
spore isolates from the three Japanese groups and the European hardwood 
type were incompatible with each other. Our results strongly support the new 
recognition of three Laetiporus taxa in Japan and two in Europe. 

 

 
Laetiporus spp. occur worldwide from boreal to tropical zones and 

cause red-brown cubical heart-rot in the wood of many deciduous and 
coniferous trees. The Laeitporus sulphureus complex was divided into 

6 taxa in North America (1) and into two taxa depending on the host 
type in Europe (2). In Japan, two species and one variety of 
Laetiporus were reclassified into three taxa: the white pore form of L. 
sulphureus var. miniatus (Jpn white pore form), the yellow pore form 
of L. sulphureus var. miniatus (Jpn yellow pore form) and the L. 
sulphureus/versisporus group (Jpn sulphureus group). 

 
To establish the nomenclature of the Japanese taxa, comparative 
studies including phylogenetic studies, mating tests and type studies 
should be made. The objective of this study was to assess the 
relationships between Japanese and European taxa based on 
incompatibility tests and DNA analyses.  
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Nineteen isolates from Japan and 10 isolates from Europe were used 
in this study.  DNA was extracted using a DNeasy extraction kit 
(Qiagen, Valencia, CA, USA). The nrDNA ITS and the EF1Ŭ genes 
were used as molecular markers. Some isolates were cloned into a 
pGEM-easy vector (Promega, Wisconsin, USA). All sequences were 
determined with the Applied Biosystems 3100 sequencer. 
Phylogenetic analyses of the aligned sequences were performed 
using distance and parsimony methods in PAUP ver.4.0b. 
Incompatibility tests were conducted by the method described by 
Banik et al. (1999).  

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure 1. One of the 14 most parsimonious trees obtained from the 
ITS sequence data of Japanese and European Laetiporus isolates. 
Bootstrap value (>70%) is given above the branches. Tree 
length=59, CI=0.8644, RI=0.9697.   

 
 

Phylogenetic analysis of the ITS and EF1Ŭ showed that Japanese 
Laetiporus could be divided into 4 groups: 1) Jpn yellow pore form, 2) 
Jpn white pore form, 3) Jpn sulphureus group I, and 4) Jpn sulphureus 
group II. The European L. sulphureus isolates from hardwood (Eur 

hardwood type) formed a distinct clade in the ITS and EF1Ŭ trees 
(Figure 1 and Figure 2). European isolates from conifers (Eur conifer 
type) shared a clade with the Jpn yellow pore form in the ITS tree 
(Figure 1), but one isolate possessed two sequence types which were 
assigned to the Eur hardwood type clade and the Jpn yellow form 
clade in the EF1Ŭ tree (Figure 2).  

 
 
 

WD820

WD153

L54s7

L47

L48

L6

L50s5

L55s6

L34s2

L42s9

L43s4

L39

L67s5

L72s1

abh

44

48

50

LEC3c1

LEC4c1

L23s4

L27s4

L114s1

iq

LEC3c2

LEC4c2

WD820

WD153

L54s7

L47

L48

L6

L50s5

L55s6

L34s2

L42s9

L43s4

L39

L67s5

L72s1

abh

44

48

50

LEC3c1

LEC4c1

L23s4

L27s4

L114s1

iq

LEC3c2

LEC4c2

100

96

100

96

96

Jpn sulphureus

group I

JPN sulphureus

group II

Jpn yellow pore form

of miniatus

Eur conifer type

Jpn white pore form

of miniatus

Eur

hardwood type

Eur conifer type

Fig.2 EF



SESSION I: SYSTEMATICS, TAXONOMY AND PHYLOGEOGRAPHY 

Proceedings of the 12
th
 International Conference on Root and Butt Rots of Forest Trees 

24 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.  One of the 8 most parsimonious trees obtained from the 
EF sequence data of Japanese and European Laetiporus isolates. 
Bootstrap value (>70%) is given above the branches. Tree 
length=41, CI=0.9756, RI=0.9925.   

 
 
Single spore isolates from the three Japanese taxa and the Eur 
hardwood type were incompatible with each other. The Eur conifer 
type was compatible with the Jpn yellow pore form. 
 
These results give strong supporting evidence that three Laetiporus 
taxa in Japan and Eur hardwood type are distinct species. The Eur 
conifer type is considered to be closely related to the Jpn yellow pore 
form but it has a relationship with the Eur hardwood type. More work is 
needed to clarify the phylogenetic and taxonomic status of the Eur 
conifer type. 
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CONFERENCE ABSTRACT 
Armillaria ostoyae is a root pathogen with circumboreal distribution; however, 
this species appears genetically variable with distinct ecological behavior in 
different regions. For example, A. ostoyae in the Colorado Plateau exists in 
drier habitats than A. ostoyae in the northwestern USA. Also, A. ostoyae of the 
Colorado Plateau appears more pathogenic on hardwoods, which are seldom 
affected in the northwestern USA. Previous reports indicate that A. ostoyae 
commonly causes root disease on Larix sp. in China; whereas, this pathogen 
only rarely impacts Larix sp. in the USA. In contrast, A. ostoyae is apparently 
absent from south-central Idaho, USA, even though suitable habitat, 
susceptible hosts, and other Armillaria species are present. These examples 
indicate that intercontinental and interregional movement of A. ostoyae could 
represent an invasive species risk. Furthermore, intraspecific hybridization 
could create pathogens with new ecological behavior and disease activity. 
Phylogeographic studies can provide a basis to assess potential invasive risks 
associated with A. ostoyae. 
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CONFERENCE ABSTRACT 
Coniferous trees are often dominant species in both boreal and temperate 
forests, wherein they play critical roles in ecosystem function. In natural 
environments, ecosystem stability appears to be the norm, notwithstanding the 
co-occurrence of insect and microbial species inherently capable of killing their 
host trees. Adaptive plasticity of host trees involving inducible mechanisms of 
resistance against invading organisms is likely to play a crucial role in these 
interactions. We hypothesize that systemic resistance induced by pathogens 
represents a common and important phenomenon in coniferous trees, allowing 
for a balanced allocation of resources between growth and defense. This 
hypothesis will be discussed in the context of root disease complexes, 
including those incited by root and butt rot pathogens. 

 

 
It is well known that host plant-mediated interactions between 
microbes and insects can be significant factors affecting the survival of 
coniferous trees, and thus the structure and function of temperate 
forest ecosystems, where they are often dominant species. For 
example, conifers visibly suffering from root disease (i.e. symptomatic 
trees) are more susceptible to colonization and immediate mortality 
caused by bark beetles. Eruptive bark beetle populations can then 
attack and kill virtually any host tree over extensive areas, irrespective 
of whether or not trees are infected with pathogens. Thus, root 
pathogens can directly and indirectly affect the survivability of trees to 
insect-caused mortality. Yet, the annual probability of the death of any 
particular tree caused directly by insect attack is relatively low. Many 
environmental factors undoubtedly contribute to tree susceptibility to 
insect attack, e.g. climatic extremes, soil conditions and nutrient and 
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water availability. However, extensive research suggests that tree 
survival is due, in large part, to effective defensive mechanisms 
against pathogen/insect colonization (2). For example, it is well known 
that localized defense responses make induced tissues more resistant 
to a subsequent insect attack (e.g. 4). But if this is true, why are trees 
showing symptoms of pathogenic infection usually more susceptible to 
pathogen and insect attack, since defenses should be induced in 
those trees? This apparent contradiction may have more to do with 
spatio-temporal relationships between attack by pathogens and 
insects than with species-specific host defense responses. In other 
words, the specific phenotype that one observes may depend on how 
and when a pathogenic infection alters whole-tree physiology in a way 
that affects subsequent insect behavior. 
 
Coniferous trees have evolved both constitutive and inducible defense 
systems that deter or kill insects and inhibit or exclude pathogens 
physically and/or chemically. Recent fossil evidence suggests that 
these systems have been operating for at least the past 45 million 
years in the Pinaceae (4). Traditionally, defense mechanisms have 
been classified as constitutive (available pre-attack) and induced 
(expressed post-attack). Induced defense mechanisms can be 
manifested as localized induced resistance and/or systemic induced 
resistance (SIR).  
 
SIR phenotypes against stem and branch pathogens have been 
observed in pine in response to pathogens. For example, Bonello et 
al. (3) demonstrated that resistance against the pitch canker 
pathogen, Fusarium circinatum, can be induced systemically in 
Monterey pine (Pinus radiata) in the field using mechanical 

inoculations with the same pathogen. Induced resistance was 
sustained and intensified with boost inoculations over the course of at 
least one and a half years. The natural occurrence of induced 
resistance to pitch canker has also been documented (5). 
 
Blodgett et al. (1) showed that SIR also occurs in Austrian pine (Pinus 
nigra).  When trees are inoculated with the necrogenic canker 
pathogen Diplodia pinea the whole stem becomes more resistant to 
subsequent inoculations with D. pinea. The phenomenon is 

bidirectional, suggesting that molecular signals move both acropetally 
and basipetally in the tree to elicit the SIR response (1). Work on this 
model pathosystem is beginning to reveal anatomical and biochemical 
changes that are associated with SIR in the stems. In particular, SIR 
may be linked to an integrated host defense response including 
enhanced lignin deposition, accumulation of certain soluble phenolics 
(1) and specific proteins (8), and induction of traumatic resin ducts and 
resin flow (7). Based on this evidence as well as other studies, we 
have proposed the systemic induced resistance hypothesis (SIRH), 
which predicts a dynamic interplay between trees, microbes, and 
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herbivores, underscored by SIR which can be sustained or transiently 
expressed, depending on the damage level resulting from the 
induction event (2) (Figure 1). 
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Figure 1. SIR hypothesis.  Diagram illustrating the interplay between 
systemic induced resistance and induced susceptibility in trees 
against microbes and herbivores.  A baseline level of constitutive 
resistance is present in all trees, but an induction event is predicted 
to induce SIR against both microbes and insects.  SIR is predicted to 
remain sustained for extended periods of time (a), unless the 
induction event results in severe impairment of the treeôs defensive 
machinery, with subsequent collapse of tree resistance (b) and 
expression of systemic induced susceptibility (SIS).  An example of 
this would be pines infected with a root pathogen.  Initially, i.e. in pre-
symptomatic stages, the pines would be more resistant to bark 
beetle attack and infection by bark beetle-associated fungi.  If the 
pine becomes symptomatic, then resistance begins to decline and 
results in the often observed increased susceptibility of symptomatic, 
root diseased pines to bark beetle infestation.  Response scales are 
arbitrary. From Bonello et al. (2). 

 
Besides providing a framework for understanding specific pathogen-
tree-insect associations, the SIRH offers a foundation for expansion of 
current plant defense theory, specifically those hypotheses addressing 
environmental effects on expression of host defense such as the 
growth differentiation balance hypothesis (GDBH) (6). 
 
The GDBH focuses primarily on plastic responses of constitutive 
secondary metabolism to variation in resource availability, and does 
not make predictions about expression of more or less rapidly induced 
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responses such as SIR to resource availability or pathogen infection. 
GDBH predicts a nonlinear, parabolic response of constitutive 
secondary metabolism across a resource gradient (Figure 2a). Rapidly 
growing plants in resource-rich environments are predicted to have 
low secondary metabolite concentrations due to a resource-based 
trade-off between primary and secondary metabolic pathways. 
However, secondary metabolism is predicted to increase under 
moderate water or nutrient limitation, as growth is more sensitive to 
resource limitation than is carbon assimilation. Consequently, 
substrate available for secondary metabolism may increase. However, 
in extremely resource-limited environments, carbon assimilation will 
also decrease, and secondary metabolism is predicted to be low due 
to energy and substrate constraints on biosynthesis. As pathogens 
can have a significant effect on carbon assimilation, we postulate that 
the time-course of pathogen infection may have a quadratic effect on 
the strength of SIR that is similar to spatial variation in constitutive 
secondary metabolism generated by resource availability (Figure 2b). 

A) B)A) B)

 
Figure 2. Postulated nonlinear effects of resource availability (A) and 
pathogen infection (B) on constitutive secondary metabolism and 
systemic induced resistance, respectively.  The quadratic response 
for SIR in (B) is somewhat different from that shown in Figure 1 to 
highlight the similarities with the model described in (A). 

 
We suggest that integration of the SIR and GDB hypotheses will 
provide a foundation for a better understanding of complex 
interactions among tree pathogens, their hosts, and associated 
pestiferous insects. 
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CONFERENCE ABSTRACT 
Lesions lengths were measured on inner bark of 2 year old clones of Picea 
sitchensis 35 days after inoculation with Heterobasidion annosum. 
Monoterpene responses were compared in 2 clones with short lesions (less 
susceptible) and 2 with long lesions (more susceptible). Less susceptible 

clones had higher proportions of (+)- -pinene, (-)- -pinene and unknown 
terpene 15 in constitutive resin, whereas more susceptible clones had higher 
amounts of (-)-limonene, and 3 unknowns. In secondary resin produced around 

lesions there was a decrease in -phellandrene and corresponding small 
increases in certain minor terpenes. Amounts of most monoterpenes increased 
in infected tissues. Inoculation with H. annosum resulted in an increase in 

unknown 19, whereas in more susceptible clones, concentrations of -3-carene 
and unknowns 13 and 16 increased. Differences in both constitutive and 
induced resin monoterpene profiles may provide useful markers for resistance 
to H. annosum for use in selection programmes. 

 

 
Clones of spruce vary in susceptibility to Heterobasidion infection, but 

the basis for this apparent resistance is unknown. Inoculations suggest 
that disease development is partly determined by host tree 
characteristics, with strong correlations between infection progress in 
4-year-old plants and 15-year-old trees. Resistance to Heterobasidion 

in spruce can be detected using inoculations and measuring lesion 
development, and with quantitative PCR (1, 6).   
 
Resin components of conifers are potential defensive responses, 
providing barriers to invading parasites (7); secondary resin with 
differing terpene profiles, is induced by pathogen attack (5). These 
traits may be suitable markers for host genotypes showing varying 
resistance or susceptibility to pathogens (3). 
 
The aim of the work reported here was to determine the potential of 
differential monoterpene responses in clones of Picea sitchensis as 
markers for susceptibility to H. annosum. 

 
Clones of Sitka spruce were inoculated with H. annosum (2).  Plants 
were harvested 35 days later and lesion lengths estimated; a cortical 
sample was collected from immediately around the lesion for each 
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ramet, avoiding healthy tissue.  A second cortical sample was excised 
25 cm above the wound (control: no wounding). 
 
Cortical tissues (0.2-0.5 g) from 4 less- and 5 more susceptible clones 
were used in gas chromatographic analysis following established 
methods (4). GC-FID analysis was performed using a Perkin-Elmer 
Autosystem XL GC and enantiomeric monoterpenes separated on a 
30 m Cyclodex-B capillary column, 0.25-mm-diam. Terpenes were 
identified by comparison of retention times with standards under the 
same conditions. Relative and total amounts of monoterpenes were 
calculated. 

Proportions (%) of terpene components were transformed (arcsine-
square root) to normalise data and subjected to ANOVA and Tukey 
post hoc tests. Differences between two groups were analyzed using 
T-tests. Data not normally distributed were analysed using Kruskalï
Wallis

 
ANOVA followed by the Mann-Whitney U Test for multiple 

comparisons and differences were accepted when P<5%. 

 
Lesion lengths varied significantly with clone (Figure 1). Regardless of 

clone or treatment, (-)- -pinene, (-)- -pinene, and -phellandrene 
were the major resin monoterpene constituents; minor components 

were (+)- -pinene, myrcene, sabinene, ŭ-3-carene (+)- -pinene, (-)-

limonene, (+)-limonene, -terpinene, terpinolene and 7 unknown 
compounds (Figure 2).   
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Figure 1. Lengths of lesions SE in the vascular cambium of Sitka 
spruce clones 35 days after inoculation with Heterobasidion 
annosum arranged, left to right, in order of increasing length. 
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Figure 2. Comparisons of terpene profiles in cortical samples 
collected 25 cm above the wound of Sitka spruce clones less 
susceptible (g) or more susceptible (c) to Heterobasidion 
annosum. Vertical bars represent SE. Different letters above bars 
indicate significantly different means (Mann-Whitney test).  

 
Relative contents of several terpenes varied significantly between 4 
less- and 5 more susceptible  trees (Figure 3a,b). 

 
The availability of Sitka spruce genotypes resistant to H annosum is 

relevant for re-planting sites badly affected by the disease.  The 
conclusions of earlier work on inoculated clones of Norway spruce 
were reinforced by the considerable and significant variation in lesion 
development observed in this study and by quantitative PCR (1). 
Enantiomeric monoterpene contents differed between clones; further 
differences emerged following wounding only or wounding plus 
inoculation with H. annosum. 
 
These data suggest that terpenes may be useful markers for 
resistance/ susceptibility of different host genotypes to H. annosum.   

Further research is needed to investigate the role of monoterpenes in 
defenses mobilized in P. sitchensis in response to attack by H. 
annosum and in elucidating the possible use of enantiomeric 

monoterpene profiles as an aid to selection of Sitka spruce 
chemotypes less susceptible to infection. 
 
Heterobasidion spp. pose serious threats to all spruce plantings and, 

as found with other clonal crops, lack of genetic variability could lead 
to pest and disease outbreaks more serious than found in 
heterogeneous host populations. It is important, therefore, to explore 
the full range of susceptibility of spruce clones to H. annosum, and to 

establish long-term trials to examine the durability of any observed 
resistance with time. 
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Figure 3. Changes in Sitka spruce terpene profiles in (A) less 
susceptible and (B) more susceptible clones in the absence of 
wounding (c), wounded plus inoculated with Heterobasidion 
annosum (g) or wounded only (    ).  Vertical bars represent SE. 
Different letters above bars indicate significantly different treatment 
means (Mann-Whitney test). 
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CONFERENCE ABSTRACT 
The recent finding of the North American P (Nam-P) type of Heterobasidion 
annosum in Italian pinewoods opens up some intriguing questions about its 
behaviour on the hosts and also on the possible interactions with local fungal 
pathogens. This study showed that infection of Italian stone pine (Pinus pinea) 
with H. annosum, both European P (Eur-P) and Nam-P isolates, increases 
susceptibility of pine to Diplodia pinea shoot blight. This systemic increase in 
susceptibility was associated with systemic alteration of terpene metabolism. 
The study showed that pines inoculated with the Nam-P isolate became more 
susceptible to D. pinea than hosts inoculated with the Eur-P isolate. The 
significance of these results will be discussed in the context of current models 
of conifer defense against pathogens as well as the effects of exotic pathogens 
on native ecosystems. 

 

 
Heterobasidion annosum s.s. is an important root and butt-rot fungal 

pathogen of coniferous trees, especially pines (6). In the last few 
years, H. annosum s.s. North American P-group (Nam-P), has been 
found along the coastal Latium Region of Italy, where this species 
coexists, possibly since the 1940s, with the native European P-group 
in Italian stone pine (Pinus pinea L.) forests (3, 5). 

 
The new finding of Nam-P on the Italian peninsula opens some 
intriguing ecological questions. Tree-mediated cross-induction of 
resistance and/or susceptibility between two different pathogens, and 
between a pathogen and an insect, has been documented in Austrian 
pine (Pinus nigra Arnold) (2, 4).  Furthermore, pathogen-induced 

systemic resistance and susceptibility in Austrian pine are associated 
with changes in host biochemistry and physiology (1). 
 
The aim of this study was to characterize the behavior of both P-
groups of H. annosum  in P. pinea and the possible interactions with 
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other endemic fungal pathogens like Diplodia pinea, a mitosporic 
fungus that causes shoot blight and canker in conifers, including P. 
pinea (8). 

 
Three-yr-old, potted P. pinea seedlings were inoculated (induced) with 
either H. annosum Eur-P or Nam-P inoculations on the stem, 8-cm 

above ground. Three weeks later a second inoculation (challenge) 
was carried out with D. pinea on the apical shoot, 3-cm above the 
terminal node. Unwounded and mock-inoculated trees were used as 
controls. 
 
Two weeks after the shoot challenge with D. pinea stem and shoot 
lesion lengths were measured. Fungal presence in stems and shoots 
was confirmed by re-isolation from the lesion margins, following (7). At 
the same time, small tissue samples (< 0.3 g fresh weight) were 
removed near the margins of the lesions on shoots and stems to 
determine absolute and relative concentrations of monoterpenes by 
gas chromatography-flame ionization detection.  Lesion length and 
monoterpene concentrations were analyzed by ANOVA to determine 
the effects of basal inoculation with H. annosum on susceptibility to D. 
pinea, as well as the association between susceptibility and altered 

monoterpene concentrations in the shoots. 
 
Results showed cross-induction of susceptibility between H. annosum 
and D. pinea: Seedlings inoculated with H. annosum (both Nam-P and 
Eur-P isolates) had significantly longer lesions caused by D. pinea in 
the shoots than the controls. Furthermore, D. pinea shoot lesions were 

significantly longer in seedlings inoculated with Nam-P than Eur-P. 
 
The analysis also showed that the main monoterpenes accumulating 

in the tissues were (-)-limonene (~ 60.0%), (-)- -pinene (~25.0%). 

Minor compounds, ranging between 1-7%, were (-)- -pinene, p-

cymene, -caryophyllene, (+)- -pinene, -terpineol and (+)- -pinene. 
Significant differences were found in the amounts of monoterpenes 
accumulating in shoots infected with D. pinea: Seedlings induced with 
H. annosum (both Nam-P and Eur-P) accumulated lower amounts of 
monoterpenes than the induction controls. 
 
In summary, two major results were obtained in this study: (i) the 
Nam-P isolate of H. annosum increased systemic susceptibility of 
Italian stone pine to D. pinea, compared to the indigenous Eur-P; and 

(ii) such increased susceptibility was associated with decreased 
amounts of monoterpenes, suggesting that this class of compounds 
may be one of the resistance mechanisms used by Italian stone pine 
to restrict D. pinea in the shoots. 
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CONFERENCE ABSTRACT 
A microarray profiling of juvenile P. sylvestris roots harvested at 1, 5 and 15 
days after challenge with Heterobasidion annosum revealed multiple 
overlapping strategies employed for defence purposes. Production of 
pathogenesis-related enzymes and antimicrobial proteins was supplemented 
by a major shift in primary and secondary metabolism. A wide range of 
oxidative stress protecting mechanisms was documented, possibly related to 
the programmed cell death.  Analysis of defence response of the matured 
woody spruce clones with varying level of resistance to H. annosum identified 
genes differentially expressed by all clones that might have a role in basic 
defence. On the other hand, genes expressed only by highly resistant clones 
might contribute to the most successful defence against the pathogen and may 
be useful candidates for breeding. The spruce clone with low resistance to H. 
annosum responded to the infection with down-regulation of few defence 
related genes which may account for its susceptibility to the pathogen. 
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CONFERENCE ABSTRACT 
Laminated Root Rot, an important disease of the Pacific coastal Douglas-fir 
(DF, Pseudotsuga menziesii var. menziesii [Mirb.] Franco), is caused by the 
fungus Phellinus sulphurascens Pilát. Little is known about the hostïpathogen 
interaction between Douglas-fir and P. sulphurascens at cellular and molecular 
levels. Microscopic investigations showed that P. sulphurascens hyphae 
colonize the surface of DF seedling roots within 2 days. Penetrating hyphae, 
which are both intra and intercellular, also form a variety of haustoria-like 
structures. We found variation in the cellular localization of PR proteins in 
infected DF roots. A thaumatin-like protein (PmTLP) and an endochitinase-like 
protein (ECP) were highly expressed and localized in specific regions of host 
cell walls. A DF-PR10 protein was localized in cell walls and in the cytoplasm, 
while PmAMP1 occurred mostly around cell walls. Proteomic analysis showed 
that the major proteins differentially expressed in infected seedlings included 
those in six functional groups, namely- disease/defense, metabolism, 
secondary metabolism, signal transduction, transcription factors, and energy. 
Our future research includes investigation of gene expression in families of DF 
known to be differentially susceptible to P. sulphurascens. 

 

 
Laminated root rot (LRR), caused by Phellinus sulphurascens Pilát, is 
an important disease of Douglas-fir (Pseudotsuga menziesii var. 
menziesii [Mirb.] Franco) in northwestern North America (2). The 
fungus is capable of attacking and killing trees of all ages and can 
have a profound effect on forest productivity. Little is known about the 
hostïpathogen interaction between DF and P. sulphurascens, 

especially at the cellular and molecular level. Previously, we identified 
several pathogenesis-related (PR) proteins upregulated in infected 
trees. These proteins include a thaumatin-like protein (PmTLP), an 
endochitinase protein (ECP), a PR-10 protein (Pse m I) and a 10.6-
kDa antimicrobial peptide, PmAMP1 (1). Using histochemical and 
proteomics techniques we have gained additional information on the 
role of these four proteins and others, in the DF-P. sulphurascens 

interaction. 
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DF seedlings were inoculated with P. sulphurascens using an in vitro 

technique that we developed to study this pathosystem (1). Protein 
accumulation and localization in control and infected root tissues was 
evaluated using an array of techniques such as fluorescence light 
microscopy (we used fluorescein isothiocyanate - FITC), scanning 
electron microscopy (SEM), and transmission electron microscopy 
(TEM) employing colloidal gold (10 nm conjugated ovomucoid- wheat 
germ agglutinin and 20 nm-protein A conjugated with selected 
antibodies). 
 
Total proteins extracted at 7 days post inoculation (dpi) from infected 
and control DF roots were separated, silver-stained and analyzed 
using a computer interfaced Imaging Densitometer and PDQUEST

® 

software (Bio-Rad). Selected proteins were further analyzed by liquid 
chromatographyïtandem mass spectrometry (LCïMS/MS) analysis, 
followed by sequence homology searches against MASCOT and 
PEAKS databases. 
 

Our SEM work revealed that the early stages of infection of DF roots 
by P. sulphurascens includes mycelial adhesion on the root surface at 
2 dpi, the formation of appressoria-like structures, disintegration and 
penetration of host cell walls, and the development of haustoria inside 
host tissues (Figure 1). We previously reported the presence of P. 
sulphurascens mycelia inside host tissues at 3 dpi and colonization in 
root cortical tissues at 7 dpi. FITC-conjugated immuno-labelling of our 
four specific proteins showed an increasingly prominent fluorescence 
throughout cortical tissues from 7 dpi to 12 dpi (1). 
 
We also found variation in cellular localization of the four PR proteins. 
Our TEM work showed that PmTLP and ECP were highly expressed 
and localized in the appositions of host cell membranes. Pse m I was 
localized in cell walls and in the cytoplasm, while PmAMP1 mostly 
occurred in cell walls (Figure 2). 
 
Gold labelling of the four PR proteins was often associated with P. 
sulphurascens hyphae. For example, ECP-gold labelling occurred in 
fungal cell walls along with WGA-gold labelling. PR-10 labelling was 
observed in the walls and cytoplasm of fungal cells and PmAMP1 
labeling occurred either inside P. sulphurascens hyphal cells or very 

close to them (Figure 3). 
 
2-DE gels resolved a total of 1303 proteins from control and 7 dpi root 
samples; of these, 74 upregulated and 85 downregulated proteins 
were statistically significant (P <0.05). 
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Figure 1. SEM micrographs of (A) P. sulphurascens hyphae (PsH) 
adhered to the surface of a DF root and the host tissues (HT) 
penetrated by hyphae, and (B) the development of an 
appressorium (see arrow) on DF root surface; TEM micrographs 
showing (C) a host cell (HC), in this case an epidermal cell, 
covered by P. sulphurascens hyphae (stars) and its cell wall (HCW) 
penetrated by an haustorium (see arrow), and (D) fungal-induced 
disintegration of one of the hostôs cortical cells. 
 

 
Figure 2. TEM micrographs showing the labelling of (A) PmTLP- 
(B) ECP-, (C) Pse m I- and (D) PmAMP1-conjugated protein A-gold 
particles in host cells (HC) and host cell walls (HCW) of DF infected 
by P. sulphurascens. 

 


